
ORIGINAL PAPER

Animal Cognition           (2025) 28:46 
https://doi.org/10.1007/s10071-025-01972-z

from a distance and thus forage more efficiently. In addi-
tion, cattle can visually discriminate between green (alive) 
and brown (dead) grass, which allows them to increase their 
nutritional intake (Hirata et al. 2019; Hirata and Kusatake 
2020). However, cows are only able to make these colour 
discriminations over small spatial scales (i.e., 1–3 m).

Colour vision varies greatly across taxa (Jacobs 1983; 
Bowmaker 1998). It is highly developed in birds (Bow-
maker 1980; Finger and Burkhardt 1994; Kelber 2019) and 
insects (Menzel 1979; Stavenga 2002; Warrant and Somana-
than 2022), but very few mammals can detect a wide range 
of colours (Jacobs 1993, 2009; Jacobs and Rowe 2004). For 
example, the occurrence of dichromacy varies in the order 
of primates, with incidences of red-green colour blindness 
being shown within tamarins (Saguinus spp.), Geoffroy’s 
marmosets (Callithrix geoffroyi), long-tailed macaques 
(Macaca fascicularis) and chimpanzees (Pan troglodytes) 
(Caine et al. 2003; Dominy et al. 2003; Smith et al. 2003; 
Saito et al. 2005). In addition, elephant shrews (Order Mac-
roscelidea) have been shown to have dichromatic colour 

Introduction

A key challenge of any animal’s life is locating food. This 
is especially true for mammalian herbivores where the 
quality and availability of vegetation varies both spatially 
and temporally with the changing seasons (Grunow et al. 
1980; Shrader et al. 2006). Nevertheless, these herbivores 
can use a range of cues to locate food such as odour and 
visual signals. Colour vision can be beneficial while forag-
ing as it can help animals select high-quality food and food 
patches. For example, Belding’s ground squirrels (Urocitel-
lus beldingi) utilise flower colour to locate preferred plants 
(Eshelman and Jenkins 1989; Duncan and Jenkins 1998). 
By using colour as a cue, these squirrels can detect food 
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Abstract
Finding food is one of the most important aspects of an animal’s life. Yet, locating it can be challenging as the avail-
ability and quality of food varies both spatially and temporarily. To overcome these challenges, mammalian herbivores 
may use spatial memory or senses such as smell and vision. Recent studies have found that African elephants (Loxodonta 
africana) use olfactory cues to locate food patches and to select plants to eat within these patches. However, the extent 
to which they may also use visual cues, such as those associated with leaf colour, a proxy for food quality, when mak-
ing foraging decisions is unknown. To address this knowledge gap, we tested whether African elephants were able to 
discriminate differences in leaf colour (i.e., light green: high-quality new growth, dark green: lower quality old growth, 
brown: poor-quality senesced vegetation) over a range of distances (i.e., 3, 5, 10, 20, 40, 80 m). Testing four semi-tame 
elephants using visual-based choice experiments between different coloured canvases, we found that the elephants were 
able to discriminate colour differences at close range (i.e., ≤10 m), but not beyond. This suggests that when feeding within 
a patch, African elephants may utilise the visual cues associated with leaf colour to help locate high-quality food (e.g., 
individual trees, branches, and leaves) and thus increase their foraging efficiency. However, as they were unable to dis-
criminate between the different colours over distances > 10 m, it is unlikely that they use colour when making long-range 
foraging decisions such as selecting feeding patches.
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vision as they are able to distinguish blue and green from 
different shades of grey at close distances (Thüs et al. 
2020). Furthermore, both African (Loxodonta africana) 
and Asian (Elephas maximus) elephants have dichromatic 
colour vision, which prevents them from observing shades 
of red and green (Yokoyama et al. 2005). However, one of 
the evolutionary advantages of red-green colour-blindness 
is the ability to detect the contrast of colour-camouflaged 
foods, such as flowers and fruits that are similar in colour to 
background foliage (Judd 1943; Morgan et al. 1992; Regan 
et al. 2001).

As leaves develop, their colour tends to change. Spe-
cifically, new growth is generally light green, but as leaves 
mature, they become a darker shade of green (Lucas et al. 
1998; Loarie et al. 2009). Then, as the leaves senesce, they 
turn brown due to the photodegradation of chlorophyll 
(Maunders and Brown 1983). Linked to these colour changes 
are changes in food quality for herbivores. The highest qual-
ity food is generally found in new growth as it tends to be 
low in fibre, and the ratio of secondary compounds to crude 
protein (i.e., nitrogen) is generally low (Thoma et al. 2002; 
Loarie et al. 2009; Shrader et al. 2012). However, as leaves 
develop, fibre content increases, as does the secondary com-
pound to crude protein ratio (Choong et al. 1992; Lucas 
et al. 1995), which lowers the nutritional content. Finally, 
when plants senesce and turn brown, they reabsorb nutrients 
from the dying leaves, which greatly reduces leaf quality 
for herbivores (Bloom et al. 1985; Lajtha 1987; Aerts 1996; 
Killingbeck 1996).

Due to the link between colour and leaf quality (Macan-
dza et al. 2004; McNaughton 2013), it would make evo-
lutionary sense for herbivores to use colour cues when 
deciding on what to eat. Moreover, depending on from 
how far away they can distinguish between these colours, 
they may use canopy colour as a visual cue to determine 
between and within patch foraging decisions. If this is the 
case, then the use of colour cues would help reduce a her-
bivore’s search time while foraging, likely increasing daily 
nutritional intake, and ultimately foraging efficiency. How-
ever, as some mammals are dichromatic, their perception of 
leaf colour would differ to our own (Yokoyama et al. 2005). 
Nevertheless, they may still associate visual cues linked 
to these colours (e.g., contrast, brightness) to food quality 
(Judd 1943; Morgan et al. 1992; Regan et al. 2001).

To explore the extent to which African elephants may use 
visual cues associated with leaf colour when making both 
between and within patch foraging decisions, we conducted 
a series of visual-based choice experiments with four semi-
tame adult African elephants. Using coloured canvases, 
we tested the distance at which these elephants could dis-
criminate between visual cues associated with different leaf 
colours (i.e., light green, dark green, brown). Due to the 

foraging benefits (e.g., increased nutritional gain, greater 
foraging efficiency) that African elephants would gain from 
using the visual cue of leaf colour as a visual cue, we pre-
dicted that they would be able to discriminate between these 
colours. In addition, we predicted that as distance increased 
the elephants’ ability to discriminate between the colours 
would decrease. Alternatively, since making foraging deci-
sions over larger spatial scales would be beneficial with 
regards to reducing search time and increasing daily intake 
rate, it was possible that the elephants would be able to dis-
criminate the visual cues associated with colour differences 
over the full range of distances. Finally, it may be that the 
colour-limited vision of elephants prevents them from using 
colour as a visual cue while foraging across the different 
distances.

Methods

Sampling

Our study was conducted at Adventures with Elephants, 
Bela Bela, South Africa from mid-August to mid-October 
2022. This facility holds Performing Animal Protection Act 
(PAPA) and Threatened or Protected Species (TOPS) per-
mits. Study animals comprised four semi-tame adult (ages 
22 to 30 years) African elephants (3 females, 1 male). The 
heights of these individuals (i.e., 2.45–3.50 m at the shoul-
der) are not drastically different and are therefore unlikely to 
result in differences in visual range and thus inter-individual 
variation. This apparently small sample size if offset by the 
fact that semi-tame African elephants are very rare. As such, 
these individuals represent a relatively large sample size 
under the circumstances. All procedures were conducted 
by the elephants’ experienced handlers to ensure that the 
animals’ wellbeing was maintained. The training phase was 
conducted over ~ 6 weeks and the experimental phase for 
~ 2 weeks (see details below). Before the training and final 
experiments were conducted in the morning, the elephants 
were given water, but no food so as to increase their interest 
in taking part in the experiments. After which, they foraged 
across the landscape feeding on natural vegetation (grass 
and woody plants), as well as being provisioned with wild 
game pellets (ALZU Feeds, South Africa) during interac-
tions with guests.

Experimental procedure

To determine the extent to which elephants may use the 
visual cue of leaf colour when making foraging decisions, 
we conducted a series of visual-based choice experiments. 
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For the experiments, we had the elephants make choices 
between three 1  m diameter circles of different colour 
printed on separate 1.2 m x 1.2 m canvases (Fig. 1). The 
colours represented the different stages of leaf development 
(i.e., light green: new growth, high crude protein to fibre 
ratio; dark green: old growth, lower crude protein to fibre 
ratio compared to new growth; brown: senesced vegetation, 
low quality, high fibre; Loarie et al. 2009). We extracted 
these colours from images of fruit bush willow (Combretum 
zeyheri) leaves using Canva– Colour Palette Generator (​h​
t​t​p​​s​:​/​​/​w​w​w​​.​c​​a​n​v​​a​.​c​o​​m​/​c​​o​l​o​​r​s​/​​c​o​l​​o​r​-​p​​a​l​​e​t​t​e​-​g​e​n​e​r​a​t​o​r​/). We 
found the images by searching “fruit bush willow leaves” 
on Google. We used the colour of fruit bush willow leaves 
as it is both a preferred and principal species in the diet of 
the elephants used in this study (see Schmitt et al. 2016; 
Schmitt et al. 2018).

To conduct the experiments, one handler stood in front 
of the elephant being tested and instructed it to stand with 
its front feet on a mat placed on the ground and the tip of its 
trunk touching the ground (i.e., the starting position; Fig. 2). 
Three metres in front of the mat, were two small (~ 30 cm 
tall) orange cones (one on the left and one on the right) 
separated by three metres. Each canvas was inserted into 
a free-standing metal frame that was located at a specific 
distance behind the cones (see details below). These frames 
held the canvases 70 cm above the ground (Fig. 2a). This 
allowed the elephants to view the canvases without the can-
vases having to be held by the handlers. By using frames for 
the canvases, we eliminated the possibility of the elephants 
making choices based on the handler holding a canvas and 
not the colour of the circle on the canvas. To give the ver-
bal commands, the handler in front of the elephants stood 
between and a little behind (~ 50 cm) the cones during the 

Fig. 2  The experimental set up (a) from the elephants’ perspective 
showing the mat used as the starting position, the two orange cones, 
the handler, and the 1.2 m x 1.2 m canvases (light green on the left, 

dark green on the right) sitting in the metal frames 5 m from the start-
ing position, and (b) a side view with an elephant and the handler that 
gave the commands standing at the starting position

 

Fig. 1  The three 1.2 m x 1.2 m leaf colour canvases each with a circle of 1 m in diameter. Colours represent new growth (light green), old growth 
(dark green), and senesced (brown) leaves of the fruit bush willow (Combretum zeyheri)
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20, 80 m) were determined randomly. Moreover, when we 
tested an individual, we determined the initial position of 
the canvases, either left or right, randomly with a coin toss. 
As such, we are confident that the extent to which we ran-
domised the majority of the factors was more than sufficient 
to prevent order effects.

Once an elephant had made its choice, the handler had 
the elephant back up and turn so that it faced away from 
the canvases. While the elephant was facing the opposite 
direction, a coin was flipped to determine whether the posi-
tion of the canvases should be swapped (e.g., heads = swap, 
tails = no swap). A “fake swap” was conducted if the can-
vases were meant to stay in place. This is where two han-
dlers each picked up one of the canvases, walked towards 
each other until they met in the middle between the frames 
and then walked back to their original position. This simu-
lated the sound and time it took to swap the canvases. This 
prevented the elephants from potentially using time or 
sound as an indicator of the canvases being swapped, and 
thus knowing where the high-quality colour was located 
without having to look.

Once the canvases were back in place, the handler ver-
bally instructed the elephant to turn and face the canvases, 
stand at the starting position, and then make their choice. 
To ensure that the elephant being tested did not cue off any 
mucous deposited from the previous elephant (i.e., olfactory 
cues), the cones were wiped with a damp cloth after each 
test. In addition, the cones were cleaned with soap and warm 
water, and allowed to dry in the sun after each session. This 
ensured that any lingering odours deposited by any of the 
elephants from the previous session were removed.

When we tested the elephants at a distance > 5 m (i.e., 10, 
20, 40 and 80 m), we first ran three tests at 5 m to remind 
the elephant of the experimental design. The canvases were 
then moved to the correct distance while the elephant was 
watching, but we had the elephant look away while we 
determined which side the canvases should be placed. We 
did this as we were unsure how good the elephants’ vision 
was, and thus wanted to ensure that they knew where the 
canvases were placed for these more distant trials. We then 
ran the tests at these farther distances as described above.

Training

Prior to conducting the experiments, we trained the ele-
phants to understand the experimental procedure and 
what each of the canvases represented. This was done by 
first getting them to understand that selecting the higher-
quality colour circle (i.e., light green > dark green, light 
green > brown, dark green > brown) would result in them 
getting a food reward (i.e., positive reinforcement), while 

experiments (Fig. 2a). To prevent the handler from uncon-
sciously signalling to the elephant, we did not let the han-
dler know which side the higher-quality colour circle was 
located.

Once the elephant was at the starting position, the han-
dler verbally instructed the elephant to choose one of the 
printed canvases from the dyad comparison (i.e., the com-
parison of two printed canvases) in front of them. To do 
this, the elephant walked forward and touched the cone in 
front of the canvas they wanted (i.e., right cone indicated 
right canvas, left cone indicated left canvas; Fig. 2a). Dur-
ing the experiments, if the elephant chose the canvas with 
the higher-quality colour (i.e., light green > dark green, light 
green > brown, dark green > brown) in the dyad compari-
son, they were given 100–125 g (i.e., four handfuls) of wild 
game pellets (ALZU feeds, South Africa) as a food reward 
(i.e., positive reinforcement). This amount of food provided 
is comparable to a medium trunkful of food that elephants 
take while feeding (Schmitt et al. 2016). If, however, the 
elephant chose the lower quality circle in the dyad compari-
son, they did not receive a food reward. After making their 
choice and receiving the reward (or not), the elephant was 
then verbally instructed to back up to the starting position.

To test the elephants’ ability to distinguish differences in 
colour with increasing distance, we used the same experi-
mental procedure, but the elephants were tested with the 
canvases set up at 3, 5, 10, 20, 40 and 80 m away from the 
starting position. For every 1 m the canvases were moved 
away from the elephants, the distance between the canvases 
was increased by 0.14  m. This resulted in the distances 
between the canvases being 3.0  m at 3  m, 3.3  m at 5  m, 
4.0 m at 10 m, 5.4 m at 20 m, 8.3 m at 40 m, and 14.0 m at 
80 m. We did this to make it easier for the elephants to dis-
tinguish between the canvases with increasing distance. Yet, 
despite the canvases being 14 m apart at 80 m from the start-
ing position, both canvases were still within the elephants’ 
field of vision (313°) (Suedmeyer 2006) such that they did 
not have to move their head from side-to-side to be able to 
see both canvases.

All choice experiments were conducted at 08:00. For 
logistical reasons, during a session, all four of the elephants 
were tested at the same distance using one dyad compari-
son, which resulted in five tests per elephant per session. 
This totalled 90 tests per elephant conducted over 18 days. 
This is calculated as each elephant was tested five times 
per combination (new growth vs. old growth, new growth 
vs. senesced, senesced vs. old growth) at each of the six 
distances (3, 5, 10, 20, 40, 80  m). However, the order in 
which the elephants were tested, the order of the colour 
comparisons (i.e., light green vs. dark green, light green 
vs. brown, dark green vs. brown), and the order of the dis-
tances at which the elephants were tested (i.e., 5, 10, 40, 3, 
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(Ballinger 2004; Ma et al. 2012; Naseri et al. 2016). In our 
study, the GEEs modelled the overall average proportion of 
the elephants making a specific choice and compared that 
proportion to the expected random selection of 50%. For 
the training analysis, we defined the subject variable as the 
individual elephants and the within-subject variable as the 
week of training (weeks 1–4). These training trials ran for 
thirty days (i.e., 4 weeks; N = 1144 trials).

We also used GEEs for the main experiments to deter-
mine the elephants’ overall ability to discriminate between 
the different colours across the different distances. As in the 
previous analysis, the GEEs incorporated an exchangeable 
correlation matrix and binomial error distribution with a 
logit link function. We defined the subject variable as the 
individual elephants, and the within-subject variables as the 
combination of colour choices presented to the elephants, 
the distances at which these choices were presented, and the 
interaction of colour and distance.

GEEs model the proportion of the choices made by the 
elephants between the different colours, with the p-value 
indicating whether the variable influenced the choices made. 
For example, whether the elephants consistently chose the 
highest quality colour across the different distances. To 
determine the specific choices at the different distances, we 
back transformed the data from the logit-scale for graphi-
cal representation. We then used the estimated marginal 
means and the asymmetrical 95% confidence intervals (CIs) 
to determine whether the elephants’ choices differed to the 
expected 50% random selection (i.e., CIs not overlapping 
the 50% line). If the CI were above the 50% line, it indicated 
that the elephants consistently selected the colour represent-
ing the higher-quality leaves in the comparison. However, 
if the CI overlapped the 50% it indicated random selection 
(i.e., guessing), while CIs below the 50% line indicated the 
elephants consistently selected the colour representing the 
lower-quality leaves. All analyses were conducted using 
IBM SPSS 29.0.0.0. (241) (IBM Corp. 2020).

Results

The elephant’s ability to select the highest-quality leaf colour 
differed between the different leaf colour combinations 
(GEE: χ2 = 9.251, df = 2, p = 0.010). However, the elephants 
consistently selected the highest-quality colour across all 
three combinations (Fig. 3). Yet, their ability to make cor-
rect decisions varied with distance (GEE: χ2 = 89.929, df = 3, 
p < 0.001), with the elephants only being able to consistently 
select the highest-quality colour at distances ≤ 10 m (Fig. 4). 
At the greater distances (i.e., > 10 m) the elephants’ selec-
tion was random indicating that they were unable to distin-
guish between the different colours at these greater distances 

selecting the lower quality circle would result in them not 
receiving anything. Due to the small sample size, we did not 
counterbalance the design by training half of the elephants 
to select for the lower-quality vegetation. These initial train-
ing experiments were conducted with the canvases 5  m 
away from the starting position, and having the elephants 
walk up and touch the canvas with their trunk to make their 
choice.

Once all the elephants were consistently selecting the 
highest quality colour canvas, we then introduced the cones 
and trained the elephants to make the link between touching 
a cone and selecting the canvas associated with that cone. 
For the cone training experiments, the canvases were placed 
5 m away from the starting position and the two cones were 
placed 3 m in front of the canvases. The elephants were then 
verbally instructed to walk up and touch one of the cones 
with their trunk. Similar to when we trained the elephants 
to understand the differences between the colours, if the 
cone they selected corresponded with the higher-quality 
colour canvas, we gave them a food reward, but we gave 
them nothing if they selected the cone corresponding to the 
lower quality colour canvas. We ran the training trials for 
thirty days, and once the elephants were consistently select-
ing the cone associated with the higher-quality canvas, we 
collected and analysed the data to determine whether the 
elephants understood the experimental design (i.e., signifi-
cantly selected the higher-quality colour canvas) prior to 
running the experiments (see Figure OR1, Online Resource 
1). Having determined that the elephants could significantly 
make the correct choices (Generalized Estimating Equation: 
χ2 = 12720912.62, df = 2, p < 0.0001), we stopped the train-
ing period and started collecting data across all the distances 
as described above.

Data analysis

To determine whether the elephants understood the experi-
mental procedure and could tell the difference between the 
canvases during the training period, we used Generalized 
Estimating Equations (GEEs) with an exchangeable correla-
tion matrix and binomial error distribution with a logit link 
function. We did this as the data comprised a set of binary 
choices, with each elephant being tested multiple times (i.e., 
repeated measures; Ballinger 2004) (see Schmitt et al. 2018 
and Wood et al. 2022 for a similar procedure). However, 
despite collecting repeated measures, our small sample 
size did not allow us to generate meaningful results on 
the variation of choices made by the individual elephants, 
and thus we did not employ mixed-effects models (Ma et 
al. 2012; Naseri et al. 2016). Rather, we used GEEs which 
focus on population-level responses, compensate for non-
independence in the data, and can handle small sample sizes 
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Mollon 2000; Melin et al. 2017a, b). As colour can indi-
cate the ripeness of fruit (e.g., Medlicott et al. 1986; Cox et 
al. 2004; Mikulic-Petkovsek et al. 2015) and the nutritional 
quality of vegetation (Macandza et al. 2004; McNaughton 
2013), it would make evolutionary sense that mammals 
would use colour cues to help make foraging decisions. 
However, the extent to which African elephants may use 
colour as a visual cue, and the distance at which they can 
discern colour differences, is unknown. Despite African 
elephants being dichromatic (i.e., red-green colour blind; 
Yokoyama et al. 2005), we found that when we presented 
them with the different leaf colours (i.e., light green, dark 
green, brown), the elephants were able to discriminate 
between them, and select the highest-quality colour at close 
distances (i.e., 3, 5 and 10 m). However, at distances > 10 m 
(i.e., 20, 40 and 80 m), the elephants’ choices became ran-
dom, suggesting poor distance vision (Suedmeyer 2006).

The fact that the elephants in our study were unable to 
discriminate between the colours at distances > 10  m sug-
gests that they have better close vision, compared to dis-
tance vision (i.e., they are near sighted). This is similar 
to previous studies which highlight that both African and 

(Fig. 4). This same pattern was relatively consistent across 
all three colour combinations at the different distances 
(GEE: χ2 = 129.779, df = 3, p < 0.001; Fig. 5), with the only 
exceptions being at five metres where the elephants ran-
domly selected between light green and brown, and at 20 m 
where they were able to consistently select dark green over 
brown. Nevertheless, the elephants never displayed a con-
sistent preference for any of the lower quality colours across 
the different distances (Fig. 5). Throughout the experiment, 
each individual elephant did make “mistakes” in that they 
periodically selected the lower-quality colour. As such, the 
overall pattern observed was not driven by one individual 
consistently making “mistakes”, while the others consis-
tently made correct choices (i.e., inter-individual variation).

Discussion

Colour vision is important in many aspects of animals’ lives 
including mate choice (Bennett et al. 1996; Andersson and 
Amundsen 1997; Changizi et al. 2006), predator detection 
(de Moraes et al. 2021, 2023), and foraging (Sumner and 

Fig. 3  Proportion of choices made by the elephants for the higher-
quality leaf colour in the different dyad comparisons. Marginal means 
(+ 95% CI) for the proportion of selection for each option are plotted. 
Overlap of the error bars with the expected of 0.5 (dashed line) indi-

cates random selection (i.e., no preference). Error bars above the 0.5 
expected indicates selection of the higher-quality leaf colour, while 
error bars below the line indicates selection of the lower-quality leaf 
colour
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were able to differentiate between light green and brown at 
3 m, but then unable to tell the difference between these two 
colours at 5 m. Yet, then at 10 m the elephants were once 
again able to discriminate between these colours. This is 
strange as it is unlikely that the elephants’ ability to discrim-
inate between these colours would fluctuate in this manner 
over such a short distance. One possible reason for this are 
the wide confidence intervals for this comparison at 5 m, 
likely driven by a few more individuals making mistakes 
compounded by the small sample size.

The second exception is between dark green and brown. 
Looking at the pattern, it seems that the elephants’ ability to 
discriminate between these colours declines at 10 m, while 
they are still able to distinguish between the other colour 
combinations, both of which include light green. A decline 
in the ability to distinguish between these two darker colours 
makes sense as these darker colours may look similar at 
greater distances (e.g. have similar brightness). However, 
then at 20 m our results suggest that the elephants were once 
again able to discriminate between these two colours. We 
find this unlikely as the elephants are unable to discrimi-
nate between any other colour combination at this distance. 

Asian elephants have better close distance vision. For exam-
ple, one Asian elephant was able to visually discriminate 
amongst various patterns at close distances (Rensch 1956, 
1957). Furthermore, African elephants have been shown 
to be able to discriminate small objects of about 2.75 cm 
at a distance of 196  cm (Shyan-Norwalt et al. 2010) as 
well as discriminate differences in objects at a distance of 
1.5  m (Savage et al. 1994). Moreover, previous research 
found that as distance increases, mammals’ visual ability 
decreases (Johnsen 2012; Caves et al. 2018). As such, it is 
unlikely that African elephants use colour cues when decid-
ing between distant feeding patches (> 10 m). Rather, they 
likely rely on other cues such as odour to reduce search time 
while feeding across the landscape (Schmitt et al. 2018). 
However, since our canvases represent relatively small trees 
and bushes, it is still possible that elephants may be able 
to use colour when deciding between large patches of trees 
with canopies greater than 1 m in diameter. This, however, 
requires further study.

Despite the overall pattern of the elephants being able to 
discriminate between the colours at ≤ 10 m but not beyond, 
there were a few exceptions. Specifically, the elephants 

Fig. 4  Proportion of correct choices (i.e., for the high-quality colour) 
made by the elephants at the different distances. Marginal means 
(+ 95% CI) of the proportion of selection at each distance are plot-
ted. Overlap of the error bars with the expected 0.5 (dashed line) 

indicate random selection (i.e., no preference). Error bars above the 
0.5 expected line indicate selection of the ‘correct’ high-quality leaf 
colour, while error bars below the line indicate significant selection for 
‘incorrect’ lower-quality leaf colour
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they prefer leaves over other plant parts, such as branches 
and bark (Owen-Smith and Chafota 2012; Seloana et al. 
2017) and higher quality leaves compared to low-quality 
ones (Jachmann 1985; Pretorius et al. 2012; Owen-Smith 
and Chafota 2012). Therefore, the ability to discriminate 
between leaf colour likely helps elephants to select the high-
est quality plants and plant parts within a patch.

Despite our study focusing on colour, one aspect that we 
did not consider in our experimental design were potential 
differences in the brightness of the different colours printed 
on the canvases (Fairchild, 2005; Corney et al. 2009). In 
general, visual acuity and brightness are positively corre-
lated with brighter objects being more easily seen (Shlaer 
1937; Hecht 1949). As such, it is possible that instead of 
using colour as a cue in our experiments, the elephants may 
have rather used differences in the brightness of the colours 
when making their choices. For example, the light green 
canvas was likely brighter than the dark green and brown 
canvases. However, the extent to which the brightness of 

Rather, it is likely the result of our small sample size. How-
ever, rerunning the experiments with a larger sample size 
would likely clear up these strange patterns.

By using visual cues at close distances (i.e., ≤ 5 m), ele-
phants are likely able to maximise their nutritional gain and 
feeding efficiency when feeding within a patch. Calculating 
the visual acuity of African elephants, Pettigrew et al. (2010) 
suggested that African elephants would be able to discrimi-
nate between potential food items as small as 1 mm within 
the distance that they can reach with their trunk. Thus, as 
African elephants are able to see over the 5 m distance that 
they can reach with their trunks (Stone and Halasz 1989; 
Pettigrew at al. 2010; Shyan-Norwalt et al. 2010), they are 
likely able to visually select specific branches containing 
higher quality leaves, and specific green leaves on these 
branches (Pettigrew at al. 2010). This is important since 
despite their large body size, and thus an ability to tolerate 
low-quality food, African elephants feed selectively (Owen-
Smith and Chafota 2012; Shrader et al. 2012). Specifically, 

Fig. 5  Proportion of correct choices made by the elephants for the 
highest-quality leaf colour in the three comparisons (i.e., light green 
vs. dark green, light green vs. brown, and dark green vs. brown) at the 
different distances. Marginal means (+ 95% CI) of the proportion of 
selection for each option are plotted. Overlap of the error bars with the 

expected 0.5 (dashed line) indicate random selection (i.e., no prefer-
ence). Error bars above the 0.5 expected choice for the high-quality 
leaf colour, while error bars below the line indicate preference for the 
lower-quality leaf colour
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between the different colours at > 10  m suggests that the 
visual cues associated with leaf colour are unlikely to be 
driving the large-scale movements of elephants across the 
landscape.

Supplementary Information  The online version contains 
supplementary material available at ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​0​0​7​1​-​0​
2​5​-​0​1​9​7​2​-​z.

Acknowledgements  We would like to thank S. Hensman and the staff 
at Adventures with Elephants, as well as the Rory Hensman Conserva-
tion Research Unit (RHCRU) for allowing us to conduct our research 
at their facility. E Cameron, T. Fleming and two anonymous review-
ers provided valuable feedback on previous drafts of the manuscript. 
Funding provided to AMS from the National Research Foundation 
(NRF grant: 146152).

Author contributions  Conceptualization: AMS: Formal analysis: 
CLP; Funding acquisition: AMS; Investigation: CLP; Methodology: 
AMS, CLP; Project administration: AMS; Resources: AMS; Supervi-
sion: AMS; Visualization: AMS; Writing– original draft: CLP; Writ-
ing– review and editing: AMS, CLP.

Funding  Open access funding provided by University of Pretoria.
Open access funding was provided by the University of Pretoria. This 
work was supported by the National Research Foundation (NRF) of 
South Africa (grant no: 140723) and the Rory Hensman Conservation 
Research Unit (RHCRU).

Data availability  The data for this work were deposited into the Insti-
tutional Repository of the University of Pretoria. Moreover, they are 
freely available from the authors.

Declarations

Ethical approval  All methods in the study were carried out in accor-
dance with the guidelines of the Association for the study of Animal 
Behaviour and South African laws and regulations. Ethical approval 
for all experimental protocols was granted by the University of Pre-
toria’s Animal Ethics committee (reference number: NAS085/20210, 
Pretoria, South Africa).

Consent to participate  Not applicable.

Consent to publish  Not applicable.

Competing interests  The authors declare no competing interests.

Open Access   This article is licensed under a Creative Commons 
Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, 
as long as you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons licence, and indicate 
if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless 
indicated otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your intended 
use is not permitted by statutory regulation or exceeds the permitted 
use, you will need to obtain permission directly from the copyright 
holder. To view a copy of this licence, visit ​h​t​t​p​​:​/​/​​c​r​e​a​​t​i​​v​e​c​​o​m​m​o​​n​s​.​​o​
r​g​​/​l​i​c​e​n​s​e​s​/​b​y​/​4​.​0​/. 

the dark green and brown may have differed is uncertain. 
Similarly, as elephants have dichromatic colour vision 
which prevents them from seeing shades of red and green 
(Yokoyama et al. 2005), they may also have used the con-
trast between the different colours (Judd 1943; Morgan et 
al. 1992; Regan et al. 2001) and not the colours themselves 
when making their choices. Ultimately, irrespective of the 
cue that they may have used, our results indicate that the 
elephants were able to utilise visual cues linked to the dif-
ferent colours to make their decisions.

Where, our results highlight that elephants have the abil-
ity to use visual cues when making small-scale foraging 
decisions, it is important to remember that elephants have 
one of the most highly developed olfactory abilities of any 
mammal (Shoshani et al. 2005; Niimura et al. 2014), and 
previous studies have found that elephants rely heavily on 
olfactory cues when making foraging decisions both within 
and between patches (Schmitt et al. 2018, 2020; McArthur 
et al. 2019; Bester et al. 2023). As such, it is unlikely that 
they fully rely on visual cues when making small-scale 
foraging decisions. Rather, it is more likely that African 
elephants use a combination of olfactory and visual cues. 
This then would allow them to forage more efficiently and 
maximise their nutritional gains. However, further research 
is needed to determine which of these two senses elephants 
rely on more when making these small-scale foraging deci-
sions (i.e., < 10 m).

Despite the valuable insights that our findings provide, 
our study could be limited to some degree by the number 
of individual elephants that we tested. This, however, was 
unavoidable due to the limited number of semi-tame African 
elephants available. Nevertheless, as clear patterns emerged 
from our experiments, we are confident with our conclu-
sions. However, future research incorporating a larger num-
ber of individuals would help expand our understanding of 
elephant visual ability.

Visually, as the elephants in our study were only able to 
distinguish between the different colours at 10  m or less, 
we suggest that the visual cues associated with colour (e.g., 
brightness, contrast) may only be reliable for elephants 
when moving between closely spaced patches and trees, and 
when selecting specific plant parts within individual trees. 
However, as we did not train half the elephants to select the 
canvases that indicated the lower quality food, our results 
are unable to determine whether the elephants were predis-
posed to selecting the visual cues associated with high-qual-
ity vegetation. Yet, as the elephants used in our experiments 
freely feed across the landscape and thus encounter these 
visual cues daily, it is possible that prior to our experiments 
that the elephants had already made an association between 
the small-scale visual cues that we tested and leaf quality. 
Nevertheless, the inability of the elephants to distinguish 
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