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Trends in behavioural ecology: Putting
South African research in a global perspective
South Africa remains at the leading edge of scientific publishing on the African continent, yet few analyses
of publication patterns exist outside the biomedical field. Considering the large number of protected areas
and mammalian guilds within the country, I examined trends in South African ecological research as it
pertains to the behaviour of mammals. I assessed the topics and taxonomic focus of mammalogists at
South African institutes over the span of 15 years (2001–2015), and contrasted local research with the
shifting focus of international behavioural research. This review of more than 1000 publications indicates
that South African based researchers exhibit a strong tendency towards field-based research, as opposed
to laboratory-centred experiments. In terms of topical focus, local ecologists place significant weight
on the behavioural categories of mating, social and foraging behaviour – reflecting a global priority for
these topics. This finding contrasts with an increased emphasis on animal cognition and communication
research in the international research arena, including field-based studies on these themes. I make
suggestions on how behavioural ecologists in South Africa can align themselves with global trends while
also continuing to distinguish those facets that make South African behavioural ecology unique.
Significance:
•

This review is the first of behavioural ecology in South Africa.

•

Suggestions are made for where South African researchers can profitably shift research focus.

•

International trends in behavioural ecology are highlighted.

Introduction
South Africa remains at the forefront of scientific publishing on the African continent, with Life Sciences contributing
strongly to these research outputs.1 Within this broader discipline, we also have the relatively unique advantage
of direct access to intact mammalian guilds2 inside well-managed protected areas3 – a factor that has stimulated
significant mammalogical research in the country. However, no broad meta-analysis of local publishing patterns
currently exists, and by some accounts few South African researchers are investigating mammalian behaviour:
within the Zoological Society of Southern Africa, the Ethology research group was short-lived4, and in the past
15 years only one paper on mammalian behaviour has been published in South Africa’s top multidisciplinary journal,
the South African Journal of Science5. This is surprising, as evolutionary biology is thriving in South Africa6 and
behavioural ecology is by definition the integration of evolutionary biology with the observation of animal behaviour.
Since 19637, when Tinbergen created his seminal framework for studying behaviour (traditional ‘ethology’) in an
evolutionary context, the study of behavioural ecology has thrived internationally8. How well, then, is South African
research represented within this field?
I reviewed the study of mammalian behaviour in South Africa, describing trends in behavioural ecology over the
course of 15 years (2001–2015) and highlighting the evolution of this discipline. As a framework, I use the 10
themes of behavioural ecology recently developed by Berger-Tal and colleagues9 as an accurate reflection on the
specialities within this research field. I discuss specific strengths and weaknesses of behavioural ecology research
in South Africa and indicate opportunities for continued growth.

Methodology
I conducted an extensive survey of international literature on mammalian behavioural ecology using the SCOPUS
database. Search terms were deliberately broad to encompass all literature (articles/review papers) from 2001 to
2015 that included the term “behav*” and “mammal*” in the title, abstract or keywords. In addition, I constructed
a list of all mammalian families, thereby creating a search phrase to check if any of the mammalian families were
included in the title, abstract or keywords of the publication. An initial search specifying these broad terms yielded
11 330 articles and review papers. This figure is an indication of the number of publications that describe behaviour,
but is likely an exaggeration of the research that deals specifically and exclusively with mammalian behaviour.
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I refined my search to compare South African research with the international literature, and created two publication
databases. In the first, I specified that the author affiliation had to include “South Africa”. These authors may
have had multiple affiliations, and affiliation with a South African institute did not necessarily imply this was their
primary place of work. I compiled a second database of international research that explicitly excluded authors
with South African affiliations. In the second database, I limited the search to journals that focus specifically on
animal behaviour: Behavioral Ecology (impact factor (IF)=3.177, from http://www.citefactor.org/ accessed on
24 November 2016), Animal Behaviour (IF=3.137), Applied Animal Behaviour Science (IF=1.691), Advances in
the Study of Behaviour (IF=2.692), and Behavioral Ecology and Sociobiology (IF=2.35). Furthermore, I included
publications on mammalian behaviour that featured in the top three multidisciplinary journals, to ensure that I did
not ignore research with the putative highest impact. These journals were: Science (2013 IF=31.477), Nature
(2013 IF=42.351), and Proceedings of the National Academy of Sciences of the United States of America
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(2013 IF=9.423). Once the articles were extracted from the SCOPUS
database, I analysed all abstracts to exclude papers that did not focus
on, or explicitly include mammalian behavioural ecology. This process
produced a total of 371 South African papers and 901 international
publications. This refined selection of South African papers suggests that
at least 3.3% of all articles on mammalian behaviour include South African
affiliations (371 out of 11 330). Importantly, as I was selective in the
outlets for international publications in particular, the latter database did
not constitute all international publications on mammalian behaviour – it
is a reflection of the articles appearing in the more respected and subjectspecific journals, and therefore indicative of broader trends in the field.

The most popular taxonomic clade in both databases was Rodentia;
however, international studies concentrated on laboratory rodents28,
contrasting with a much broader focus in South African research
(including mole rats14 and Rhabdomys29 species). Carnivores were also
prominent study subjects, with meerkats (Suricata suricatta) dominating
both databases.30,31 Internationally, canids32 and spotted hyenas
(Crocuta crocuta33) featured strongly in behavioural research, whereas
South African researchers more often investigated Felidae34. Antelope35
and small carnivores outside the Herpestidae family36 were amongst the
least studied taxa.

Dominant themes: Foraging, reproduction and social behaviour

Within these databases, I examined the taxonomic breadth of study
species as well as the focus on different techniques or approaches
in the local and international literature. To aid the thematic analyses, I
performed text mining to identify the most common keywords, using the
‘tm’ package10 in RStudio for Mac (version 0.99.903). Finally, I pooled
the papers for each database into three 5-year blocks: (1) 2001–2005;
(2) 2006–2010; and (3) 2011–2015, and used the 10 behavioural themes
identified in a recent review9 to guide my assessment of changing trends.

Research in most thematic areas increased over the review period
(Table 1), signifying a growing trend for researchers to address multiple
themes within one study. South African and international authors largely
agreed in terms of the top three thematic areas: foraging, reproductive and
social behaviour (Table 1, Figure 1). In contrast to international trends, in
which indirect analysis of foraging behaviour was rarely represented37,
many South African researchers use indirect methods such as scat38
and isotope analyses39 to describe foraging behaviour. Foraging ecology
in the South African literature is therefore often restricted to dietary
studies, with nuanced assessments of foraging behaviour – such as
habitat selection13 or strategic responses to environmental variation40 –
remaining uncommon.

Findings and discussion
Overview: South African contributions
South African researchers contributed to >3% of the global literature
on mammalian behavioural ecology, which is higher than the 1%
contribution that sub-Saharan African countries make to global
scientific research in general.11 As the original database of articles on
mammalian behaviour was likely an exaggerated number (I did not
go through all 11 330 abstracts to ascertain each study’s focus), the
true proportion of South African affiliations will be even higher. The
majority of South African papers were primary research articles, with
local authors publishing review papers at a somewhat higher rate (2.5%
of the South African database) than international authors (1.5% of the
international database). While it is positive to see this contribution to
the synthesis of the field, South African ecologists appear to have had a
smaller impact than international scientists: only 13.2% of our research
has been cited more than five times per year, in contrast to nearly one
third (31.7%) of international articles being cited at the same rate. The
South African ecologists who publish in top multidisciplinary journals
(e.g. Slotow et al.12) often base their research on long-term field data,
that is, studies that continue beyond a three-year project.

Locally and internationally, research on mating and reproductive
behaviour often assesses the hormonal correlates of reproductive
success and/or helping behaviour. While common in the international
literature41, the endocrinology of reproduction is particularly widespread
in the South African database (for example see Marneweck et al.15). In
both databases, much of the research focuses on reproductive control
or suppression42, including rarely documented abortion43.
Within the theme of social behaviour, relatively few researchers examined
social behaviour and social structure as a goal in itself. Sociality was
nearly always linked to other aspects of an animal’s behavioural ecology,
such as anti-predator and foraging behaviour44, or competition45. The
social behaviour of solitary species or solitary foragers was also
examined fairly often by both local46 and international authors47. The
progression of this theme, beyond the basic description of social
systems in gregarious species, is likely a reflection of the maturity of
sociobiology as a research discipline.

While many local and international publications claimed to investigate
behaviour in an evolutionary context, South African researchers were
more likely to address the ultimate causes and consequences of
behaviour (in contrast to proximate or mechanistic causes of behaviour).
South African authors tend to study species within the broader ecological
context, incorporating aspects of the habitat13, ecosystem14, and the
survival/fitness value15 of different behaviours. Population dynamics and
population-level analyses were common in South African research, often
including genetic analyses of population structure.16 In one third (36.4%)
of South African papers17,18, authors linked behaviour to conservation,
compared with a much more limited focus on conservation in the
international literature (1.8% of the literature, e.g. Palphramand et al.19).
South African researchers therefore appear to align themselves well with
calls for the integration of behaviour and conservation.9 Furthermore,
many South African researchers conducted experiments in their
behavioural research, with nearly half (46.1%) of experiment-driven
articles based on field studies.20,21

Discrepancies: Communication, cognition and behavioural
syndromes
A sharp contrast emerged between South African and international
literature in terms of the next two high-priority themes. Internationally,
communication and cognition were topics that featured in 17.7%
and 16.1% of all articles, respectively. Comparatively speaking,
South African authors largely have ignored these themes in the past
15 years, with only 2.7% of papers focused on learning and cognition,
and 6.5% of publications investigating mammalian communication. The
few South African publications examining mammalian cognition follow
international trends in terms of topic, highlighting innovative behaviour in
wild mammals48, and exploring the link between stress and cognition49.
One unusual study concluded that large brain size in dolphins was driven
less by cognitive demands, than by low water temperatures.50 This
South African study stands in sharp contrast to seminal international
articles linking brain size to sociality51 and – more rarely – the demands
of complex foraging52. Within the theme of mammalian communication,
South Africans agree with international research in preferentially studying
acoustic signals53, above other communication modalities54.

By contrast, in the international literature, 83.7% of experiments took
place in captive or laboratory-based settings22, and a further 5.4% of
these experiments utilised domestic or farmed animals23. International
scientists often followed a mechanistic approach to the analysis
of mammalian behaviour, with a large proportion of publications
investigating causes and consequences of behaviour on a cellular
level.24 These authors also frequently studied the mechanisms of
circadian rhythms25 and echolocation26, which are largely absent from
the South African database. International researchers exhibited a high
interest in animal welfare research27, likely reflecting the prevalence of
captive species in their taxonomic repertoire.
South African Journal of Science
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Over the review period, the theme of animal personality, or behavioural
syndromes, was not investigated even once by South African
mammalogists. The bulk of international publications (n=14) on the
topic of personality appeared after 2010, although no papers on the
theme appeared in the multidisciplinary journals Science or Nature.
Mammalian personality or temperament is most often examined in the
context of stress response55, survival56 and fitness57.
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The percentage of papers published within each behavioural theme, across three 5-year blocks. South African papers include at least one
South African author, whereas international papers were those works published without South African (co-)authors.
%South African papers

Theme

%International papers

2001–2005

2006–2010

2011–2015

2001–2005

2006–2010

2011–2015

Foraging

26.2

35.5

32.1

23.04

23.69

26.62

Mating/reproduction

24.6

33.3

32.1

29.57

35.54

37.74

Social

20.0

30.5

25.5

25.65

27.55

33.44

Movement

6.2

12.8

13.3

9.57

6.06

11.69

Competition

9.2

7.1

12.7

11.74

17.91

19.48

Parental care

10.8

11.3

9.7

4.78

14.88

11.69

Communication

1.5

6.4

8.5

16.52

18.18

17.86

Learning/cognition

0

2.1

4.2

16.52

14.33

17.86

Anti-predator

0

4.3

3.6

8.26

6.89

7.14

Personality

0

0

0

0.43

0.55

3.90

40%
35%

South African

International

Percentage of papers
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Figure 1:

The percentage of articles and review papers examining 10 different themes within the discipline of behavioural ecology. South African authors’
outputs between 2001 and 2015 are contrasted with the papers produced by non-South African (international) researchers over the same period.

The discrepancies between South African and international trends are
less severe in the remaining five themes, and both databases present a
similar distribution of topics. There are a few subtle distinctions in focus
area. In terms of competitive behaviour, South African authors examine
interspecific interactions58 more often than international scientists do59.
Within the theme of anti-predator behaviour, it is interesting to note that
only international researchers appeared to consider the consequences
of humans and human infrastructure for anti-predator behaviour60, while
vigilance61 remains a common focus across both databases. I could
find no remarkable distinctions between South African and international
researchers in the study of mammalian migration and dispersal. Finally,
in terms of parental care, the primary focus of both data sets was on
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maternal care, with South Africans48 assessing paternal care more often
than international authors62.

The way forward
In a very practical sense, South African mammalogists are making
optimal use of the accessible ‘walk-in’ laboratory available in the
country’s conserved areas and relatively intact ecosystems. A prominent
focus on conservation-related research suggests that these researchers
are cognisant of the risk of losing these fauna, and are actively directing
projects to meet the challenges of a human-dominated global landscape.
It is important to note, however, that using ‘conservation’ as a key term
in research does not imply that practical solutions to conservation-
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related problems are presented. Indeed, other reviewers9 have pointed
out that researchers who wish to have a positive impact on conservation
challenges need to consciously conduct research that proposes,
examines and practically explains answers to conservation-related
questions. This is unfortunately not currently the norm in South African
(or international) conservation biology.

topic that has serious implications for animal survival and evolution.73
There are endless possibilities for investigating the unique physiology
and behaviour of our local fauna, particularly smaller species that may
more readily adapt to captive environments. Already, some novel South
African led research has emerged from research into captive mammals,
such as an examination of how rising environmental temperatures
impact sleep behaviour in bats (Epomophorus wahlbergi74). Certainly,
local researchers could also tap into the international fascination with the
mammalian brain, potentially through active collaboration with medical
researchers who have access to high-end scanning equipment.

Whereas behavioural ecology in South Africa is currently on firm footing,
local researchers’ impact can be more profound if we consciously adopt
a more integrated approach. In a recent review, Bateson and Laland8
highlighted that behavioural ecologists tend to ask specific behavioural
questions in isolation, rarely combining a proximate and ultimate angle
within a single study. This challenge remains despite the fact that
Tinbergen7 advocated for integration over 50 years ago, and South African
researchers appear to be as guilty of this narrow theoretical scope as
international researchers are. We could start addressing this challenge
by building on our strengths. In the South African literature, the most cited
research often addresses movement and foraging ecology (predation, in
particular), and we have a strong national focus on studying carnivores.
We could – and should – move beyond the study of movement and
foraging behaviour (see also Young and Shivik63), building on the unique
strengths of this mammalian order. For example, carnivores exhibit
paternal care – a rarity amongst mammals64 – more frequently than
other mammals, yet we know almost nothing about the physiological
drivers and consequences of this behaviour65. New studies should
examine movement and foraging behaviour from both a proximate and
ultimate angle, assessing the physiological covariates of dispersal and
breeding behaviour, as well as the longer-term consequences of these
individual decisions for fitness and population dynamics. Furthermore,
while South African researchers already display a positive tendency to
study heterospecific interactions, these studies are often performed on
either a population level (e.g. Codron et al.39), or much smaller scale58.
It is likely that collaborative research across study sites would enable
us to assess inter-specific competition and collaboration on both a fine
and large scale.

South African researchers’ successful scientific exploitation of our
abundant natural resources may have inadvertently created a research
blindspot in that we literally do not look closer to home to investigate
the myriad ways in which mammals respond to humans and human
infrastructure. With humans often living inside or adjacent to protected
areas in South Africa, and tourism being a primary source of national
income, studying the direct and indirect interaction between humans
or human infrastructure and wildlife is becoming imperative. At the
moment, South African researchers have not looked much further than
crop raiding or the negative impacts of primates ‘invading’ humanmodified areas.75,76 Thus, we typically concentrate on the negative
impacts of human–wildlife on humans and largely ignore the impact of
humans on the behaviour of local wildlife. Directions of research could
include describing the behaviour of various species in urban areas77,
or assessing responses to humans as tourists78, road users60 and
scientific observers79.
South African behavioural ecologists would undeniably benefit from
more collaboration between institutions, locations and fields of
expertise. We still tend to work in silos (the majority of South African
articles stemmed from the Mammal Research Institute of the University
of Pretoria), and even concentrate on specific geographical locations,
ignoring nature reserves that do not form part of the ‘Big Five’ national
parks.80 Funding bodies should also consider encouraging long-term
field projects, which generate insights into the evolution of behaviour
that no short-term approach could yield. Simultaneously, South African
researchers should not ignore the possibilities inherent in well-designed
laboratory and captive research that enable the detailed assessment of
proximate corollaries of animal behaviour. We will not, however, make
any great leaps forward without conversation. The time may be right
for the revival of the Ethology research group as part of the Zoological
Society of Southern Africa.

South African researchers appear slow to respond to some changing
international trends that could open up new research and funding
avenues. Specifically, local mammalogists pay scant attention to the
themes of mammalian communication and cognition, contrasting
with international trends. Importantly, international interest in the
topic of animal cognition is far higher than this review would suggest,
considering that I excluded subject-specific journals such as Animal
Cognition (IF=1.122) from the review. Further, studies on mammalian
communication and cognition are prominent amongst the mostcited papers in the international literature. Animal communication and
cognition are, in many ways, closely linked. Not only is communicative
complexity deemed indicative of cognitive complexity66, but researchers
often use animal signals in experiments designed to examine particular
aspects of animal cognition67. South African authors could benefit
from looking beyond the topics that have sustained local behavioural
ecology for a long time, and steer some research focus into the minds
and communicative abilities of our rich mammalian fauna. Of particular
interest would be linking these themes with conservation biology.68 For
example, basic associative learning experiments can be used to train
naïve animals to avoid predators69 or avoid novel, toxic prey species70.
Knowledge of how prey animals detect predators using olfactory, visual
or acoustic cues could potentially improve the management of direct
human–wildlife conflict: acoustic deterrents have been used to reduce
crop raiding by elephants71, and prey avoidance of predator faeces72
suggests that such chemical cues can be used to deter some pests.

Acknowledgements
I am grateful to the University of the Free State’s Office of the Research
Directorate for research leave that enabled me to write this paper. I would
also like to thank Diana Breshears for invaluable feedback on earlier
drafts of this manuscript.

References

Another significant difference between South African and international
research is that international scientists place a big emphasis on
mechanistic studies of behaviour, often in captive study populations.
This is particularly true for the behavioural research showcased in the
top multidisciplinary journals, Nature and Science. Although this focus
is likely a pragmatic response to the local paucity of wildlife, such
controlled conditions open up novel research opportunities. The study
of animal personality, for example, is largely rooted in laboratory or
captive studies, and has only recently become more mainstream as a

South African Journal of Science

http://www.sajs.co.za

4

1.

Pouris A. A bibliometric assessment of energy research in South Africa. S
Afr J Sci. 2016;112:69–76. https://doi.org/10.17159/sajs.2016/20160054

2.

Cameron EZ, Du Toit JT. Winning by a neck: Tall giraffes avoid competing
with shorter browsers. Am Nat. 2007;169:130–135. https://doi.
org/10.1086/509940

3.

Licht DS, Kenner BC, Roddy DE. A comparison of the South African and
United States models of natural areas management. ISRN Biodivers.
2014;2014:1–7. https://doi.org/10.1155/2014/737832

4.

Taylor P, Hamer M. Standing on the shoulders of colourful giants: 50 years of
zoological research in southern Africa. Afr Zool. 2009;44:217–231. https://
doi.org/10.1080/15627020.2009.11407455

5.

Midgley JJ, Balfour D, Kerley GI. Why do elephants damage savanna trees? S
Afr J Sci. 2005;101:213–215.

6.

Johnson SD. Darwin’ s legacy in South African evolutionary biology. S Afr J
Sci. 2009;105:403–409.

7.

Tinbergen N. On aims and methods of ethology. Z Tierpsychol. 1963;20:410–
433. https://doi.org/10.1111/j.1439-0310.1963.tb01161.x

Volume 114 | Number 5/6
May/June 2018

Review Article
Page 5 of 6
8.

Bateson P, Laland KN. Tinbergen’s four questions: An appreciation and an
update. Trends Ecol Evol. 2013;28:712–718. https://doi.org/10.1016/j.
tree.2013.09.013

9.

Berger-Tal O, Blumstein DT, Carroll S, Fisher RN, Mesnick SL, Owen MA, et al.
A systematic survey of the integration of animal behavior into conservation.
Conserv Biol. 2016;30:744–753. https://doi.org/10.1111/cobi.12654

Trends in behavioural ecology

27. Olsson IAS, Westlund K. More than numbers matter: The effect of
social factors on behaviour and welfare of laboratory rodents and nonhuman primates. Appl Anim Behav Sci. 2007;103:229–254. https://doi.
org/10.1016/j.applanim.2006.05.022
28. Roberts SA, Davidson AJ, Beynon RJ, Hurst JL. Female attraction to male scent
and associative learning: The house mouse as a mammalian model. Anim
Behav. 2014;97:313–321. https://doi.org/10.1016/j.anbehav.2014.08.010

10. Feinerer I, Hornik K, Meyer D. Text mining infrastructure in R. J Stat Softw.
2008;25:1–54. https://doi.org/10.18637/jss.v025.i05

29. Raynaud J, Müller K, Schradin C. Experimental increase of testosterone
levels in free-ranging juvenile male African striped mice (Rhabdomys
pumilio) induces physiological, morphological, and behavioral changes.
Gen Comp Endocrinol. 2012;178:108–115. https://doi.org/10.1016/j.
ygcen.2012.04.028

11. Tijssen RJW. Africa’s contribution to the worldwide research literature: New
analytical perspectives, trends, and performance indicators. Scientometrics.
2007;71:303–327. https://doi.org/10.1007/s11192-007-1658-3

30. MacLeod KJ, Clutton-Brock TH. Low costs of allonursing in meerkats:
Mitigation by behavioral change? Behav Ecol. 2015;26:697–705. https://doi.
org/10.1093/beheco/aru205

12. Slotow R, Van Dyk G, Poole J, Page B, Klocke A. Older bull elephants control
young males. Nature. 2000;408:425–426. https://doi.org/10.1038/35044191
13. Somers MJ, Nel JAJ. Habitat selection by the Cape clawless otter (Aonyx
capensis) in rivers in the Western Cape Province, South Africa. Afr J Ecol.
2004;42:298–305. https://doi.org/10.1111/j.1365-2028.2004.00526.x

31. Graw B, Manser MB. The function of mobbing in cooperative meerkats. Anim
Behav. 2007;74:507–517. https://doi.org/10.1016/j.anbehav.2006.11.021
32. Mettler AE, Shivik JA. Dominance and neophobia in coyote (Canis latrans)
breeding pairs. Appl Anim Behav Sci. 2007;102:85–94. https://doi.
org/10.1016/j.applanim.2006.03.012

14. Hagenah N, Bennett NC. Mole rats act as ecosystem engineers within a
biodiversity hotspot, the Cape Fynbos. J Zool. 2013;289:19–26. https://doi.
org/10.1111/j.1469-7998.2012.00958.x

33. Curren LJ, Linden DW, Heinen VK, McGuire MC, Holekamp KE. The functions
of male-male aggression in a female-dominated mammalian society. Anim
Behav. 2015;100:208–216. https://doi.org/10.1016/j.anbehav.2014.11.024

15. Marneweck D, Cameron EZ, Ganswindt A, Dalerum F. Behavioural
and endocrine correlates to the aardwolf mating system. Mamm Biol.
2015;80:31–38. https://doi.org/10.1016/j.mambio.2014.08.001

34. Hayward M, O’Brien J, Kerley G. Carrying capacity of large African predators:
Predictions and tests. Biol Conserv. 2007;139:219–229. https://doi.
org/10.1016/j.biocon.2007.06.018

16. Fontaine MC, Baird SJ, Piry S, Ray N, Tolley KA, Duke S, et al. Rise of
oceanographic barriers in continuous populations of a cetacean: The genetic
structure of harbour porpoises in Old World waters. BMC Biol. 2007;5:30.
https://doi.org/10.1186/1741-7007-5-30

35. Wronski T, Apio A, Plath M. The communicatory significance of localised
defecation sites in bushbuck (Tragelaphus scriptus). Behav Ecol Sociobiol.
2006;60:368–378. https://doi.org/10.1007/s00265-006-0174-4

17. Hucke-Gaete R, Osman LP, Moreno CA, Findlay KP, Ljungblad DK. Discovery
of a blue whale feeding and nursing ground in southern Chile. Proc R Soc
London B Biol Sci. 2004;271(suppl 4):S170–173. https://doi.org/10.1098/
rsbl.2003.0132

36. Damasceno J, Genaro G. Dynamics of the access of captive domestic cats to
a feed environmental enrichment item. Appl Anim Behav Sci. 2014;151:67–
74. https://doi.org/10.1016/j.applanim.2013.11.004

18. McMahon CR, Bester MN, Hindell MA, Brook BW, Bradshaw CJ. Shifting
trends: Detecting environmentally mediated regulation in long-lived marine
vertebrates using time-series data. Oecologia. 2009;59:69–82. https://doi.
org/10.1007/s00442-008-1205-9

37. Christianson D, Creel S. Risk effects in elk: Sex-specific responses in grazing
and browsing due to predation risk from wolves. Behav Ecol. 2008;19:1258–
1266. https://doi.org/10.1093/beheco/arn079
38. Ramesh T, Downs CT. Diet of serval (Leptailurus serval) on farmlands in the
Drakensberg Midlands, South Africa. Mammalia. 2015;79:399–407. https://
doi.org/10.1515/mammalia-2014-0053

19. Palphramand KL, Newton-Cross G, White PCL. Spatial organization and
behaviour of badgers (Meles meles) in a moderate-density population. Behav
Ecol Sociobiol. 2006;61:401–413. https://doi.org/10.1007/s00265-0060268-z

39. Codron J, Duffy KJ, Avenant NL, Sponheimer M, Leichliter J, Paine O, et al.
Stable isotope evidence for trophic niche partitioning in a South African
savanna rodent community. Curr Zool 2015;61:397–411. https://doi.
org/10.1093/czoolo/61.3.397

20. Dufour CMS, Meynard C, Watson J, Rioux C, Benhamou S, Perez J, et al.
Space use variation in co-occurring sister species: Response to environmental
variation or competition? PLoS ONE. 2015;10, e0117750, 15 pages. https://
doi.org/10.1371/journal.pone.0117750

40. Woolley L-A, Millspaugh JJ, Woods RJ, Van Rensburg SJ, Page BR, Slotow
R. Intraspecific strategic responses of African elephants to temporal
variation in forage quality. J Wildl Manage. 2009;73:827–835. https://doi.
org/10.2193/2008-412

21. Jackson C, Bernard RTF. Effects of supplementary food on the winter inhibition
of reproduction in male and female four-striped field mice (Rhabdomys
pumilio). Reprod Fertil Dev. 2005;17:393. https://doi.org/10.1071/RD04134

41. Nguyen N, Gesquiere LR, Wango EO, Alberts SC, Altmann J. Late pregnancy
glucocorticoid levels predict responsiveness in wild baboon mothers (Papio
cynocephalus). Anim Behav. 2008;75:1747–1756. https://doi.org/10.1016/j.
anbehav.2007.09.035

22. Charlton BD, Ellis WAH, Brumm J, Nilsson K, Fitch WT. Female koalas
prefer bellows in which lower formants indicate larger males. Anim Behav.
2012;84:1565–1571. https://doi.org/10.1016/j.anbehav.2012.09.034

42. Faulkes CG, Bennett NC. Family values: Group dynamics and social control
of reproduction in African mole-rats. Trends Ecol Evol. 2001;16:184–190.
https://doi.org/10.1016/S0169-5347(01)02116-4

23. Tallet C, Veissier I, Boivin X. A note on the consistency and specificity of
lambs’ responses to a stockperson and to their photograph in an arena
test. Appl Anim Behav Sci. 2006;98:308–314. https://doi.org/10.1016/j.
applanim.2005.09.005

43. Roberts EK, Lu A, Bergman TJ, Beehner JC. A Bruce effect in wild geladas.
Science. 2012;335:1222–1225. https://doi.org/10.1126/science.1213600

24. Dosmann A, Brooks KC, Mateo JM. Evidence for a mechanism of phenotypic
integration of behaviour and innate immunity in a wild rodent: Implications for
animal personality and ecological immunology. Anim Behav. 2015;101:179–
189. https://doi.org/10.1016/j.anbehav.2014.12.026

44. Shrader AM, Post JF, Hagenah N, Bateman PW. Is a reduction in the individual
vigilance of mothers a key evolutionary driver of group formation in white
rhinos? Afr Zool. 2013;48:109–114. https://doi.org/10.1080/15627020.20
13.11407573

25. Maywood ES, Chesham JE, O’Brien JA, Hastings MH. A diversity of paracrine
signals sustains molecular circadian cycling in suprachiasmatic nucleus
circuits. Proc Natl Acad Sci USA. 2011;108:14306–14311. https://doi.
org/10.1073/pnas.1101767108

45. Hodge SJ, Flower TP, Clutton-Brock TH. Offspring competition and helper
associations in cooperative meerkats. Anim Behav. 2007;74:957–964.
https://doi.org/10.1016/j.anbehav.2006.10.029

26. Voigt-Heucke SL, Taborsky M, Dechmann DKN. A dual function of
echolocation: Bats use echolocation calls to identify familiar and unfamiliar
individuals. Anim Behav. 2010;80:59–67. https://doi.org/10.1016/j.
anbehav.2010.03.025

South African Journal of Science

http://www.sajs.co.za

46. Bray TC, Bloomer P, O’Riain MJ, Bennett NC. How attractive is the girl next
door? An assessment of spatial mate acquisition and paternity in the solitary
Cape dune mole-rat, Bathyergus suillus. PLoS ONE. 2012;7, e39866, 8
pages. https://doi.org/10.1371/journal.pone.0039866

5

Volume 114 | Number 5/6
May/June 2018

Review Article
Page 6 of 6

Trends in behavioural ecology

47. Tchabovsky AV, Popov SV, Krasnov BR. Intra- and interspecific variation
in vigilance and foraging of two gerbillid rodents, Rhombomys opimus
and Psammomys obesus: The effect of social environment. Anim Behav.
2001;62:965–972. https://doi.org/10.1006/anbe.2001.1833

64. Kleiman DG, Malcolm JR. The evolution of male parental investment in
mammals. In: Gubernick DJ, Klopfer PH, editors. Parental care in mammals.
New York: Plenum Publishing Corporation; 1981. p. 347–386. https://doi.
org/10.1007/978-1-4613-3150-6_9

48. Le Roux A, Beishuizen R, Brekelmans W, Ganswindt A, Paris M, Dalerum
F. Innovative parental care in a myrmecophageous mammal. Acta Ethol.
2014;17:63–66. https://doi.org/10.1007/s10211-013-0157-1

65. De Bruin R, Ganswindt A, Le Roux A. From killer to carer: Steroid hormones
and paternal behaviour. Afr Zool. 2016;51:173–182. https://doi.org/10.1080
/15627020.2016.1258327

49. De Vos A, O’Riain JM, Meyer MA, Kotze PG, Kock AA. Behavior of Cape
fur seals (Arctocephalus pusillus pusillus) in relation to temporal variation
in predation risk by white sharks (Carcharodon carcharias) around a seal
rookery in False Bay, South Africa. Mar Mammal Sci. 2015;31:1118–1131.
https://doi.org/10.1111/mms.12208

66. Kaplan G. Animal communication. Wiley Interdisciplinary Reviews: Cognitive
Science. 2014;5:661–677. https://doi.org/10.1002/wcs.1321
67. Frommolt K-H, Goltsman ME, Macdonald DW. Barking foxes, Alopex lagopus:
Field experiments in individual recognition in a territorial mammal. Anim
Behav. 2003;65:509–518. https://doi.org/10.1006/anbe.2003.2064

50. Manger PR. An examination of cetacean brain structure with a novel
hypothesis correlating thermogenesis to the evolution of a big brain. Biol Rev.
2006;81:293. https://doi.org/10.1017/S1464793106007019

68. Blumstein DT, Fernandéz-Juricic E. A primer of conservation behavior.
Sunderland, MA: Sinauer Associates; 2010.

51. Reader SM, Laland KN. Social intelligence, innovation, and enhanced brain
size in primates. Proc Natl Acad Sci USA. 2002;99:4436–4441. https://doi.
org/10.1073/pnas.062041299

69. Griffin AS, Evans CS, Blumstein DT. Learning specificity in acquired predator
recognition. Anim Behav. 2001;62:577–589. https://doi.org/10.1006/
anbe.2001.1781

52. McLean AN. Cognitive abilities -- the result of selective pressures on
food acquisition? Appl Anim Behav Sci. 2001;71:241–258. https://doi.
org/10.1016/S0168-1591(00)00181-7

70. Price-Rees SJ, Webb JK, Shine R. Reducing the impact of a toxic invader by
inducing taste aversion in an imperilled native reptile predator. Anim Conserv.
2013;16:386–394. https://doi.org/10.1111/acv.12004

53. Kriesell HJ, Elwen SH, Nastasi A, Gridley T. Identification and characteristics
of signature whistles in wild bottlenose dolphins (Tursiops truncatus) from
Namibia. PLoS ONE. 2014;9, e106317, 13 pages. https://doi.org/10.1371/
journal.pone.0106317

71. Hill CM, Wallace GE. Crop protection and conflict mitigation: Reducing
the costs of living alongside non-human primates. Biodivers Conserv.
2012;21:2569–2587. https://doi.org/10.1007/s10531-012-0318-y

54. Jordan NR, Cherry MI, Manser MB. Latrine distribution and patterns of use
by wild meerkats: Implications for territory and mate defence. Anim Behav.
2007;73:613–622. https://doi.org/10.1016/j.anbehav.2006.06.010

72. Belton LE, Ball N, Waterman JM, Bateman PW. Do Cape ground squirrels
(Xerus inauris) discriminate between olfactory cues in the faeces of predators
versus non-predators? Afr Zool. 2007;42:135–138. https://doi.org/10.1080/
15627020.2007.11407388

55. Ferrari C, Pasquaretta C, Carere C, Cavallone E, Von Hardenberg A, Réale
D. Testing for the presence of coping styles in a wild mammal. Anim Behav.
2013;85:1385–1396. https://doi.org/10.1016/j.anbehav.2013.03.030

73. Réale D, Reader SM, Sol D, McDougall PT, Dingemanse NJ. Integrating animal
temperament within ecology and evolution. Biol Rev. 2007;82:291–318.
https://doi.org/10.1111/j.1469-185X.2007.00010.x

56. Rödel HG, Zapka M, Talke S, Kornatz T, Bruchner B, Hedler C. Survival
costs of fast exploration during juvenile life in a small mammal. Behav Ecol
Sociobiol. 2015;69:205–217. https://doi.org/10.1007/s00265-014-1833-5

74. Downs CT, Awuah A, Jordaan M, Magagula L, Mkhize T, Paine C, et al.Too
hot to sleep? Sleep behaviour and surface body temperature of Wahlberg’s
epauletted fruit bat. PLoS ONE. 2015;10, e0119419, 14 pages. https://doi.
org/10.1371/journal.pone.0119419

57. Rangassamy M, Dalmas M, Féron C, Gouat P, Rödel HG. Similarity of
personalities speeds up reproduction in pairs of a monogamous rodent. Anim
Behav. 2015;103:7–15. https://doi.org/10.1016/j.anbehav.2015.02.007

75. Jackson TP, Mosojane S, Ferreira SM, Van Aarde RJ. Solutions for elephant
Loxodonta africana crop raiding in northern Botswana: Moving away from
symptomatic approaches. Oryx. 2008;42:83–91. https://doi.org/10.1017/
S0030605308001117

58. Do Linh San E, Somers MJ. Mongooses on the move: An apparent case
of interspecific cooperative vigilance between carnivores. S Afr J Wildl Res.
2006;36:201–203.

76. Henzi SP, Brown LR, Barrett L, Marais AJ. Troop size, habitat use, and diet of
chacma baboons (Papio hamadryas ursinus) in commercial pine plantations:
Implications for management. Int J Primatol. 2011;32:1020–1032. https://
doi.org/10.1007/s10764-011-9519-6

59. Wauters L, Gurnell J, Martinoli A, Tosi G. Interspecific competition between
native Eurasian red squirrels and alien grey squirrels: Does resource
partitioning occur? Behav Ecol Sociobiol. 2002;52:332–341. https://doi.
org/10.1007/s00265-002-0516-9

77. Widdows CD, Downs CT. A genet drive-through: are large spotted genets
using urban areas for ‘fast food’? A dietary analysis. Urban Ecosyst.
2015;18:907–920. https://doi.org/10.1007/s11252-015-0438-8

60. Shannon G, Angeloni LM, Wittemyer G, Fristrup KM, Crooks KR. Road traffic
noise modifies behaviour of a keystone species. Anim Behav. 2014;94:135–
141. https://doi.org/10.1016/j.anbehav.2014.06.004

78. Tadesse SA, Kotler BP. Impact of tourism on Nubian ibex (Capra nubiana)
revealed through assessment of behavioral indicators. Behav Ecol.
2012;23:1257–1262. https://doi.org/10.1093/beheco/ars110

61. Schmitt MH, Stears K, Wilmers CC, Shrader AM. Determining the relative
importance of dilution and detection for zebra foraging in mixed-species
herds. Anim Behav. 2014;96:151–158. https://doi.org/10.1016/j.
anbehav.2014.08.012

79. Nowak K, Le Roux A, Richards SA, Scheijen CP, Hill RA. Human observers
impact habituated Samango monkeys’ perceived landscape of fear. Behav
Ecol. 2014;25:1199–1204. https://doi.org/10.1093/beheco/aru110

62. Buchan JC, Alberts SC, Silk JB, Altmann J. True paternal care in a multimale primate society. Nature. 2003;425:179–181. https://doi.org/10.1038/
nature01866

80. Van Wilgen BW, Boshoff N, Smit IPJ, Solano-Fernandez S, Van der Walt L. A
bibliometric analysis to illustrate the role of an embedded research capability
in South African National Parks. Scientometrics. 2016;107:185–212. https://
doi.org/10.1007/s11192-016-1879-4

63. Young JK, Shivik JA. What carnivore biologists can learn from bugs, birds,
and beavers: A review of spatial theories. Can J Zool. 2006;84:1703–1711.
https://doi.org/10.1139/z06-178

South African Journal of Science

http://www.sajs.co.za

6

Volume 114 | Number 5/6
May/June 2018

