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1  | INTRODUC TION

The red‐legged sun squirrel (Heliosciurus rufobrachium) is an arbo‐
real species that is widespread throughout the tropical forests of 
Africa, ranging from Senegal to Kenya. Dietary items include fruit, 
seeds, leaves, buds, invertebrates and occasionally birds (Delany, 
1975; Emmons, 1980; Kingdon, 2001). The study of Emmons (1980) 
in Gabon is the only one to list the species‐specific parts eaten 
by this squirrel. Here, I present dietary data for this same species 
from Uganda and consider ways in which seeds might be defended 
against predation by this squirrel. The observations presented here 
are important because they differ in a number of ways from those of 
Emmons in Gabon and some of the observations appear contrary to 
theories related to seed defences.

2  | METHODS

While studying primate behavioural ecology in the Kibale National 
Park, Uganda, I collected opportunistic observations of items eaten 
by red‐legged sun squirrels (Hr). My observations were made at 
two different locations in Kibale, namely Kanyawara and Ngogo 
(Struhsaker, 1997) between 1975 and 1983. Observations were 
made with 10 × 40 binoculars. This was not a systematic study of 
the squirrels, but my observations are important because the only 
other published account of this species' diet was conducted at 
Makokou, Gabon (Emmons, 1980) ~1,925 kms to the west of Kibale 
where the flora and potential food base were entirely different from 
that of Kibale. Makokou lies at 0°34′N, 12°52′E, elevation 500 m, 
whereas the two sites in Kibale are at 0°34′N, 30°21′E, elevation 
1,500  m (Kanyawara) and 0°29′N, 30°26′E, elevation 1,350  m 

(Ngogo). Makokou is not only lower in elevation than Kibale, but also 
hotter (21–24°C vs. 16.4–24°C) and somewhat wetter than Kibale 
(1,755 mm per year vs. 1,557 mm). No attempt was made in my study 
to estimate the quantity of different food types eaten by Hr. My 
results only reflect some of the types and species of food consumed. 
In this report, my opportunistic observations are restricted to the 
period of 1975–1983 during which time I was living and working full 
time in Kibale and making observations of primates and other wild‐
life, including squirrels during thousands of hours in the forest. It is 
impossible to estimate how many different squirrels were observed, 
but, given the time period and the many kms2 covered, I conclude 
there were many.

3  | RESULTS AND DISCUSSION

Between 1975 and 1983 I recorded Hr feeding on 18 species of 
trees, 16 species‐specific plant parts (a specific plant part from a 
specific species) and three likely cases of invertebrate prey (Table 1). 
Considering only the number of plant species from which a gross 
food type was eaten indicates that seeds (63%–84%) dominated 
the diet of Hr (Table 2). My data further indicate that within the 
seed component, unripe seeds were eaten from a greater number 
of species than were mature seeds (69.2%–77.8% vs. 22.2%–30.8%, 
Table 1). The range in percentages reflects observations where ripe‐
ness was determined with certainty and where there was uncer‐
tainty, for example unripe aril and/or seeds of Neoboutonia (Table 1). 
Pericarp did not appear to be a major dietary item (15% or less of 
species fed upon). In the majority of my observations, Hr discarded 
the pericarp. I only saw Hr eat arils from one species, while they 
discarded arils from another.
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Emmons (1980) field observations and stomach analyses in 
Gabon recorded Hr feeding from 13 species of tree, none were the 
same as those from Kibale. For three of these species, the plant part 
eaten was not recorded, but for the remaining 10, seeds were eaten 
from 5 while the pericarp and seed were eaten from the other 5. 
As with my observations in Kibale, seeds were the most common 
part eaten from all 10 species. Emmons (1980) did not distinguish 

between mature and unripe seeds or fruit, but concludes that “In 
general the African squirrels prefer the seed, or seed and oily aril 
of most fruits…”. The fact that I observed Hr eating arils from only 
one species in Kibale may only reflect the relative paucity of species 
having arils there.

Emmons (1980) describes Hr hunting for insects using tech‐
niques similar to those I observed and makes the important point 
that results from field observations can different from analyses of 
stomach contents. For example, arthropods are more likely to be 
detected in stomach contents than from field observations because 
the capture and ingestion occur so rapidly they are more likely to 
be missed when making opportunistic observations compared to 
the processing and ingestion of plant parts. On the other hand, field 
observations offer a greater chance of identifying the plant species 
fed upon than does the analysis of stomach contents. These biases 
are exemplified by Emmons' (1980) finding that insects occurred 
in 100% of the Hr stomachs analysed, whereas I infrequently saw 
Hr eating arthropods. The stomach analyses of the Gabonese Hr 
were somewhat consistent with my Kibale field observations in so 
far as fruit, including the seed, constituted 88.5% dry weight of the 
stomach contents (N = 15), but differed in that they contained more 
epicarp both in terms of dry weight and frequency of occurrence 
(Emmons, 1980). Likewise, leaves were present in 64% of the stom‐
achs analysed from Gabon (Emmons, 1980), a plant part I never saw 
the Kibale Hr eat. This latter difference could be more than just the 
consequence of stomach analysis versus field observation because 
the ingestion of leaves is not a particularly rapid process, that is 
there should be a high chance of observing this behaviour.

The dietary selectivity of Hr in Kibale was demonstrated in other 
ways in addition to what appeared to be their selection of unripe 
seeds over mature seeds. For example, they apparently avoided the 
ripe fruit and seed of Mimusops bagshawei, despite that fact that the 
ripe fruit of this species was eaten by at least 6 of the 8 anthropoid 
species in Kibale, as well as many bird species (Oates, 1977; Rudran, 
1978; Struhsaker, 2010; Waser, 1977, and personal observation). 
Selectivity was also demonstrated by Hr when they muzzled (put‐
ting their muzzle in contact with the fruit and presumably smelling) 
several green fruit of Ficus brachylepis before eating only the brown 
areas of those fruit having such brown areas or licking something 
off of green fruit (Table 1). The latter observations are reminiscent 
of Emmons' (1980) observation of Protoxerus stangeri sniffing many 
bunches of nuts or pods before selecting one to eat.

Janzen (1971) was among the first to discuss ways the impact of 
seed predation can be reduced. Mechanical protection is commonly 
in the form of a very thick and/or strong seed coat. Chemical defence 
of seeds includes a wide range of antifeedant or toxic compounds in 
the seeds, such as tannins and alkaloids. An abundance of fruit can 
swamp or satiate seed predators such that a significant proportion of 
the seeds escape predation. A fourth way not suggested by Janzen is 
that predispersal seed predation can be reduced via seed dispersers, 
such as birds and monkeys.

It has been suggested that when it comes to the defence of seeds, 
there is a trade off between mechanical and chemical defences. For 

TA B L E  1  Foods of red‐legged sun squirrel (Heliosciurus 
rufobrachium) in Kibale National Park, Uganda. 1975–1983

Species Part

Albizia grandibracteata Dry mature seeds (pod discarded)

Aningeria altissima Unripe seeds (pericarp discarded)

Balanites wilsoniana Mature seeds (pericarp discarded)

Blighia unijugata Seeds undetermined ripeness (dis‐
card aril and pericarp)

Celtis durandii Seeds undetermined ripeness and 
ripe fruit and/or seeds

Chaetacme aristata Unripe seeds (pericarp discarded)

Cordia millenii Unripe seeds (pericarp discarded)

Fagaropsis angolensis Unripe seeds (pericarp discarded)

Ficus brachylepis Fruit with brown spots (insects?)a 
and undetermined itemb

Ficus saussureana (dawei) Ripe fruit and seeds, but much of 
epicarp discarded

Harrisonia abyssinica Seeds undetermined ripeness

Mimusops bagshawei Unripe seedc

Morus lactea Fruit and/or seeds undetermined 
ripeness

Neoboutonia melleri Unripe aril and/or seeds (pericarp 
discarded)

Piptadeniastrum africanum Unripe seeds from large pale green 
podsd

Pseudospondias microcarpa Insects? from lichen and moss; 
unripe seeds

Spathodea campanulata Green pod and/or unripe seeds

Tabernaemontana holstii Probably larvae off mature leafe

dead tree snag: beetle?f

aSquirrel moved from cluster to cluster of Ficus brachylepis green fruit, 
muzzling most individual fruit in each cluster, but only eating the brown 
areas of those fruit having such brown areas. I think these brown‐spot‐
ted fruit were rotten due to insects and squirrel was likely eating larvae 
or pupae (beetles?). 
bSquirrel muzzled many green fruit and appeared to occasionally lick 
something off of green fruit, possibly ants or latex sap of fruit. 
cSquirrel had green fruit in mouth despite abundance of ripe orange 
fruit in tree. 
dUnripe green pods of Piptadeniastrum were nibbled away and dis‐
carded—ate many green seeds. 
eSquirrel foraged among de‐epithelialized mature leaves and ate 
something (probably larvae) from parts of leaf that were folded over as 
typically done by larvae to create a shelter. 
fSquirrel pried a piece of lichen‐encrusted bark off dead tree snag with 
its nose then took what was possibly a beetle from beneath this bark 
piece and ate it while holding it between its two forefeet. 
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example, Zhang et al. (2016) found a nonlinear inverse relationship 
between seed coat thickness and tannin concentrations in seeds 
from 23 tree species. Given that the seed coats of most unripe seeds 
are softer than ripe seeds, one might expect unripe seeds to contain 
greater chemical defence than ripe seeds. Although there are some 
data to support this hypothesis, for example Kinzey and Norconk 
(1993), these same authors demonstrate that this relationship is not 
always adhered to and conclude that the relationship between seed 
coat hardness, tannin concentrations in seeds and seed maturity is 
complex. Predation on green or unripe seeds is common (Janzen, 
1971) and in Kibale it is not only Hr that eat unripe seeds, but some of 
the monkey species too (Oates, 1977; Struhsaker, 1975, 2010, 2017; 
Waser, 1977). The fact that the Kibale Hr fed on the unripe seeds of 
more species than they did for mature seeds suggests that unripe 
seeds of numerous tree species in Kibale lack sufficient chemical de‐
fences to deter consumption by Hr or that Hr have digestive systems 
able to cope with these defences. In addition, as Waser (1977) has 
suggested in his study of mangabeys, unripe seed may be eaten as a 
result of intense interspecific competition, that is eat the unripe seed 
before the fruit ripens and competition increases.

Given that the Kibale Hr are able to gnaw through the mature seed 
coat of Balanites wilsoniana demonstrates that none of the tree seeds 
in Kibale have mechanical defences (seed coat hardness) to deter 
seed predation by Hr because the seed coat of Balanites wilsoniana is 
incredible hard, harder than any other species in Kibale of the many 
species I tested and extremely difficult for a human to open even 
with the aid of a machete. The only other species in Kibale known to 
be capable of opening the mature seed coat of Balanites is the bush 
pig (Potamochoerus porcus; Chapman, Chapman, & Wrangham, 1992; 
Ghiglieri, Butynski, Struhsaker, & Leland, 1982). Elephants are, ap‐
parently, the only dispersers of Balanites seeds (Chapman et al., 1992; 
Ghiglieri et al., 1982), but this dispersal does not guarantee survival 
because bush pigs consume seeds from elephant dung (Ghiglieri et 
al., 1982). What my observations suggest is that because mechanical 
defences in the form of hard seed coats are ineffective against seed 
predation by Hr, the degree to which Hr feeds selectively on seeds 
is determined to some degree, if not largely, by seed chemistry both 
in terms of nutrition and chemical defence. In other words, I suggest 

that the unripe seeds of species eaten by the Kibale Hr may have 
fewer chemical defences and/or higher nutritional value than the 
ripe seeds of the same species. If correct, this is contrary to the hy‐
pothesis that unripe seeds have better chemical defences than ripe 
seeds (Zhang et al., 2016). Alternatively and/or in addition, it may 
be that there are simply more unripe fruit than ripe fruit available to 
the Hr because of the abundance of fruit‐eating seed dispersers in 
Kibale, that is birds and primates (Struhsaker, 1975, 1997). In other 
words, the more numerous and often larger seed dispersers remove 
ripe fruit and seeds before the Hr can feed on them.

Another question arising from my observations is why Hr dis‐
carded the pericarp of 80% of the species it fed upon. Pericarp 
chemical defences might explain why they ate unripe pericarp from 
so few species, but this cannot explain why they did not eat ripe 
pericarp from more species because the ripe fruit of most of these 
species was consumed by many bird and primate species. The only 
exception among the fleshy‐fruited species in my sample is Balanites 
wilsoniana, whose pericarp contains diosgenin, a phytosteroid sapo‐
genin with potential toxic effects (Fern, 2019; Hardman, 1969). My 
observations based on more than 18  years of field experience in 
Kibale indicate that in this forest it is primarily elephants that eat 
the pericarp of this species, although red colobus have been seen 
eating the ripe pericarp once and the unripe pericarp four times out 
of 17,208 observations of feeding over 16 years (Struhsaker, 2010). I 
have also observed butterflies sucking juices from Balanites ripe fruit 
that lay on the ground.

I suggest that the impact of seed predation by Hr on the popula‐
tion structure of the tree species it fed on in Kibale is likely low com‐
pared with the impact of other species, especially the much more 
abundant and larger red colobus monkeys, 19% of whose diet com‐
prises floral buds, flowers, unripe fruit and seeds, including several 
of the same species as Hr fed upon (Struhsaker, 2010). Furthermore, 
for some tree species the impact of postdispersal seed and seedling 
predation by high densities of terrestrial rodents (9–15 per ha) and 
browsing and breakage by elephants on saplings and pole‐size trees 
(Struhsaker, 1997) likely outweighs the impact of Hr seed predation.

In summary, Hr in Kibale fed on unripe seeds from more spe‐
cies than they did with ripe seeds. Consumption of seeds by Hr in 
Kibale is most likely limited by a combination of chemical defences 
and dispersal of ripe fruit by frugivorous birds and primates and not 
by mechanical defences of fruit or seed. The impact of Hr granivory 
on tree populations in Kibale is likely minimal compared with that 
of other species.  The observations presented here are intended 
to encourage research comparing the chemical defenses of unripe 
versus ripe seeds and how these relate to seed coat hardness.  In 
addition, experimental research would increase our understanding 
of the physiological adaptations allowing Hr to deal with toxins and 
anti‐feedants.
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TA B L E  2  Gross food types combining all food species of red‐
legged sun squirrel in Kibale National Park, Uganda. 1975–1983

Unripe seeds 7
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Probable invertebrate 3

N = 19  

Note: Entries represent the number of plant species from which a par‐
ticular food type was eaten, for example unripe seeds were eaten from 
at least seven different tree species.



4  |     STRUHSAKER

number 2929‐84. The Department of Zoology, Makerere University 
was my affiliation in Uganda, and I was permitted to study in Kibale 
by the President's Office of Uganda, Uganda National Research 
Council and the Uganda Forest Department. I thank all of these or‐
ganisations and institutions.

ORCID

Thomas T. Struhsaker   https://orcid.org/0000-0001-8835-7546 

DATA AVAIL ABILIT Y S TATEMENT

The data that support the findings of this study are available from 
the corresponding author upon reasonable request.

R E FE R E N C E S

Chapman, L. J., Chapman, C. A., & Wrangham, R. W. (1992). Balanites 
wilsoniana: Elephant dependent dispersal? Journal of Tropical Ecology, 
8, 275–283.

Delany, M. J. (1975). The rodents of Uganda. London, UK: Trustees of the 
British Museum (Natural History).

Emmons, L. (1980). Ecology and resource partitioning among nine spe‐
cies of African rain forest squirrels. Ecological Monographs, 50, 31–54. 
https​://doi.org/10.2307/2937245

Fern, K. (2019). Tropical plants database. tropical.theferns.info. Retrieved 
from tropi​cal.thefe​rns.info/viewt​ropic​al.php?xml:id=Balan​ites+wilso​
niana​

Ghiglieri, M. P., Butynski, T. M., Struhsaker, T. T., & Leland, L. (1982). Bush 
pig (Potamochoerus procus) polychromatism and ecology in Kibale 
Forest, Uganda. African Journal of Ecology, 20, 231–236.

Hardman, R. (1969). Pharmaceutical products from plant steroids. 
Tropical Science, 11, 196–228.

Janzen, D. H. (1971). Seed predation by animals. Annual Review of 
Ecology and Systematics, 2, 465–492. https​://doi.org/10.1146/annur​
ev.es.02.110171.002341

Kingdon, J. (2001). The Kingdon field guide to African mammals. London, 
UK: Academic Press.

Kinzey, W. G., & Norconk, M. A. (1993). Physical and chemical proper‐
ties of fruit and seeds eaten by Pithecia and Chiroptes in Surinam and 
Venezuela. International Journal of Primatology, 14, 207–227.

Oates, J. F. (1977). The guereza and its food. In T. H. Clutton‐Brock (Ed.), 
Primate ecology: Studies of feeding and ranging behaviour in lemurs, 
monkeys and apes (pp. 275–321). London, UK: Academic Press.

Rudran, R. (1978). Socioecology of the blue monkeys (Cercopithecus mitis 
stuhlmanni) of the Kibale Forest, Uganda. Smithsonian Contributions 
to Zoology, 249, 1–88.

Struhsaker, T. T. (1975). The Red Colobus Monkey. Chicago, IL: The 
University of Chicago Press.

Struhsaker, T. T. (1997). Ecology of an African Rain Forest: Logging in Kibale 
and the conflict between conservation and exploitation. Gainesville, FL: 
University Press of Florida.

Struhsaker, T. T. (2010). The Red Colobus Monkeys: Variation in demogra-
phy, behaviour, and ecology of endangered species. Oxford, UK: Oxford 
University Press.

Struhsaker, T. T. (2017). Dietary variability in redtail monkeys (Cercopithecus 
ascanius schmidti) of Kibale National Park, Uganda: The role of time, 
space, and hybridization. International Journal of Primatology, 38, 
914–941. https​://doi.org/10.1007/s10764-017-9988-3

Waser, P. (1977). Feeding, ranging and group size in the mangabey 
Cercocebus albigena. In T. H. Clutton‐Brock (Ed.), Primate ecology: 
studies of feeding and ranging behaviour in lemurs, monkeys and apes 
(pp. 183–222). London, UK: Academic Press.

Zhang, Z., Wang, Z., Chang, G., Yi, X., Lu, J., Xiao, Z., … Yan, C. (2016). 
Trade‐off between seed defensive traits and impacts on interaction 
patterns between seeds and rodents in forest ecosystems. Plant 
Ecology, 217, 253–265. https​://doi.org/10.1007/s11258-016-0566-0

How to cite this article: Struhsaker TT. Diet of red‐legged 
sun squirrels (Heliosciurus rufobrachium Waterhouse) in Kibale 
National Park, Uganda: Implications for seed defence. Afr J 
Ecol. 2019;00:1–4. https​://doi.org/10.1111/aje.12704​

https://orcid.org/0000-0001-8835-7546
https://orcid.org/0000-0001-8835-7546
https://doi.org/10.2307/2937245
http://tropical.theferns.info/viewtropical.php?xml:id=Balanites+wilsoniana
http://tropical.theferns.info/viewtropical.php?xml:id=Balanites+wilsoniana
https://doi.org/10.1146/annurev.es.02.110171.002341
https://doi.org/10.1146/annurev.es.02.110171.002341
https://doi.org/10.1007/s10764-017-9988-3
https://doi.org/10.1007/s11258-016-0566-0
https://doi.org/10.1111/aje.12704

