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Studying the association between fitness and cognition in free-living animals is
a fundamental step in the elucidation of the evolution of cognition. We
assessed whether survival until the onset of the breeding season was related
to reaction time or spatial memory in the African striped mouse Rhabdomys
pumilio, a rodent that has to survive summer drought before breeding. We
tested a total of 90 individuals at the beginning of summer. Female survival
was related to a faster response to predation stimuli. Male survival increased
with greater spatial memory, possibly because it is important for males to
remember the configuration of the environment during dispersal. This study
revealed that individual variation in reaction time and spatial memory can
be related to survival probability, which is important for understanding the
selection pressures acting on basic cognitive traits.

1. Introduction

Cognition, defined as neural information processing from the perception of
stimuli to the retention and use of information from the environment [1], is
involved in guiding a wide range of behaviours. Understanding why animals
differ in their cognitive abilities is a crucial challenge in evolutionary biology
[2]. To understand the adaptive value of cognitive abilities, we must quantify
how and to what extent cognitive variation within species is related to fitness.
It has been claimed that basic cognitive traits may prove more useful to test
general principles of cognition than specialized and sophisticated cognitive
traits [3]. Further, research should focus on cognitive traits that underlie a fit-
ness-determining activity, such as fighting, mating, foraging and predator
avoidance [4].

Several studies found evidence that cognition has a positive influence on
fitness proxies, such as growth rate in grasshoppers [5], stress resilience in
honeybees [6] or number of offspring in male gourami fishes [7]. By contrast,
while great tits that were better able to solve a foraging problem laid more
eggs, they were at the same time more likely to desert their nest and showed
lower competitive ability [8].

We assessed the association between cognitive performance and survival to
drought in free-living African striped mice (Rhabdomys pumilio). Neuron numbers
can change during harsh seasons [9], which are thus an appropriate time to study
cognitive functions. Survival is an excellent proxy of fitness in this species,
because between 35% and 86% (61.1 + 16.8%, n = 8 years) of striped mice disap-
pear during their first dry season and never reproduce [10]. When striped mice
detect a predator while foraging in an open field, they search for the safest shelter,
which might not be the closest cover. We therefore focused on reaction time and
spatial memory as these might be involved in predator detection, foraging and
escaping strategies in striped mice.
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Table 1. Results of the logistic regression analyses assessing relationships between survival and performance. (Italicized values: p << 0.05.)

cognitive
trait cognitive test fixed effects
attention moving reaction time
shadow reaction time X sex
orientation orientation time
response orientation time X sex
number of orientations
number of orientations x sex
spatial Barnes maze number of errors (short-term)
memory number of errors

(short-term) x sex

number of errors (long-term)

number of errors (long-term) x sex

test

sample size (n) Z-value statistic ( Xz)
n=>50 —236 0.56 0.453

. 'n,'n;,e; :20nfem ;,e; TR S o s
n=44 149 0.21 0.651

. ‘n,‘na‘,e; :23 hfe'm;,e; o s am 0134
n=44 —1.35 1.74 0.187

. ‘n,‘n;,e; :23 hfem;,es o s e e
n=146 . 146 037 0.545
Nenales = 20, Memates = 20 —1.12 1.3 0.262

Table 2. Spearman correlations between number of days mice survived from 1 January to 15 July and performance in each test for females and males.
(Italicized values: p < 0.05.)

cognitive trait cognitive test behavioural measurement females
attention moving shadow (field) reaction time —0.35 (n=30) 0.23 (n = 20)
orientation response orientation time 0.24 (n=21) —0.19 (n = 23)
number of orientation responses —0.52 (n = 21) —0.14 (n = 23)
spatial memory Barnes maze number of errors (short-term) 0.49 (n = 22) —0.10 (n = 24)
number of errors (long-term) 0.36 (n = 20) —0.44 (n = 20)
2. Material and methods 06- ——
The study was conducted in Goegap Nature Reserve, South ® non-survivors
Africa. Striped mice were trapped at their nest for three consecu-
. . ~ 0.5 "
tive days and then observed at sunrise and sunset for another 5 —
three consecutive days, twice a month as part of an ongoing b
long-term study. Mice were marked using numbered metal ear g 044
tags (National Band and Taf Co., Newport, KY) and commercial g
hair dye (Rapido, Pinetown, South Africa). Striped mice start e 0.3 4
long-distance, male-biased dispersal (outside of our study area) E
at the onset of the breeding season in mid-July [11]. g
Tests were performed during austral summer, from 17 'g 0.2
January to 8 April 2014. All individuals tested were juveniles 2
(body mass less than 20g) at time of first capture during 0.1
the preceding spring. We estimated the number of days that
each tested mouse survived from 1 January (beginning of dry 00 n=12 n=9

season) to 15 July (onset of the breeding season and before
long-distance dispersal). A mouse was considered to have died
when it had not been trapped or observed for at least two
consecutive months.

We measured reaction time to a moving shadow in 20 males
and 30 females from 10 different groups. Striped mice bask
as groups in the early morning and late afternoon at a close
distance to their nest, which exposes them to predation. Mice
were habituated to humans and could be observed within 5 m.
The experimenter outstretched one arm in a circular and
quick motion, so that the shadow of her arm passed over the
mice (details in the electronic supplementary material, S1 and
S2). We recorded the reaction time to the moving shadow,
using a frame-by-frame video analysis.

We performed two laboratory tests in 30 males and 29
females from nine different groups after trapping them at

females males

Figure 1. Reaction time (in seconds) measured in the moving shadow test in
striped mice that did (white bars) or did not (grey bars) survive until the
onset of the breeding season. *p < 0.001.

their nest; 19 mice were also tested for the moving shadow
test. Mice were tested for the orientation response test within
1h, caged individually in a quiet room for 1-2h, tested for
the Barnes maze test and then released at their nest (details
in [12]). The orientation response test uses the natural propensity
of rodents to orient their head towards a salient stimulus, which
is regarded as a behavioural manifestation of attention [13]. We
recorded whether and how fast each individual mouse (placed
in a transparent box) oriented its head to a raptor-stimulus
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Figure 2. Correlations between number of days mice survived from 1 January to 15 July and number of errors prior to locating the correct hole in the short-term
spatial memory trial for (a) females and (b) males, and in the long-term spatial memory trial for (c) females and (d) males. Lines represent the linear regressions;
solid line: p << 0.05, dashed line: p > 0.05. Bold values with asterisks denote Spearman correlations: p << 0.05.

appearing on a screen, using a frame-by-frame analysis (details
in the electronic supplementary material, S1 and S3). Fifteen
mice were excluded from the analyses because they showed no
orientation response.

The Barnes maze test measures spatial memory by assessing
the ability of rodents to relocate a shelter [14]. In brief, mice
had six trials to learn the hole giving access to the shelter, fol-
lowed by an experimental trial in which a bat-like toy was
used to mimic a flying predator (details in the electronic sup-
plementary material, S1 and S4). All the mice except five were
trapped and retested 8 + 3 days later in the Barnes maze. Thir-
teen mice were excluded from the analyses because they never
entered the shelter. We used the number of errors made: (i) in
the experimental trial of the first session to estimate short-term
spatial memory, and (ii) in the first trial of the second session
to estimate long-term spatial memory.

All statistics were performed with R v. 3.0.2. We used logistic
regression analyses to assess the relationship between survi-
val and performance by building a generalized linear-mixed
model (GLMM) for binomial data (glmer function in Ime4 pack-
age) with survival (survivor or non-survivor) specified as the
dependent variable and the performance and sex considered as
explanatory variables (table 1). Group identification was entered
as a random factor, because family structure and local ecology
might be confounding. As male and female striped mice differ
in their dispersal strategy, we tested the strength and direction
of the correlation between survival (number of days that mice
survived) and cognitive performance for each sex separately
(Spearman correlation test; table 2).

3. Results

In the population studied, 149 out of 255 mice (59%) disap-
peared between January and July 2014. Of the 90 mice tested,
41 were trapped up to 15 July (16 out of 39 males, 25 out of 51
females); they were considered to have survived for 195 days.

We found a significant interaction between sex and reac-
tion time to a moving shadow (GLMM: e = 20,
Hfemales = 30, 2 =227, x> =5.22, p = 0.022 for first reaction):
survival until the onset of the breeding season was signifi-
cantly related to reaction time in females (GLMM: n = 30,
z=—2.16, y* =494, p = 0.026), but not in males (GLMM:
n=20,z=0.36, X2 =0.13, p = 0.717). Females that survived
reacted significantly faster than females that disappeared
(t-test: Mgurvived = 12, Ndisappeared = 18, t=23.82, p <0.001;
figure 1), and females that reacted faster tended to survive
longer (n =30, r,= —0.35, p = 0.057).

Survival was not significantly related to the orientation
time (GLMM: n =44, z=1.49, x* =021, p = 0.651 for first
response) or the number of orientations to the moving
raptor picture (GLMM: n =44, z= —1.35, X2 =174, p=
0.187). In females but not males, the number of orientations
was negatively correlated with the number of days that
mice survived (n =21, ry= —0.52, p = 0.016).

Survival was not significantly related to short-term
(GLMM: n =46, z=1.46, )(2 =0.37, p=0.545) or long-
term spatial memory (GLMM: n =40, z=0.76, x> =0.01,
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p = 0.940). The number of errors in the short-term spatial
memory trial was negatively correlated with the number of
days that males survived (n=20, r,= —0.44, p=0.050;
figure 2d) but positively correlated with the number of
days that females survived (n =22, ry=0.49, p=0.020;
figure 2d).

4. Discussion

To the best of our knowledge, this is the first study relating
survival to individual variation in cognition in a free-living
mammal. The relationship between survival until the onset
of the breeding season and reaction time to a moving
shadow in the field differed between female and male striped
mice. Female survivors reacted faster than those that
disappeared, possibly because greater attention to their envi-
ronment increased the probability of early predator detection.
Male survival was not related to reaction time to the same
predation stimulus. Females that survived longer reacted less
often over 10 consecutive times (but not slower) to a predator-
stimulus presented under laboratory conditions, indicating
that they habituated and thus reduced vigilance towards a
harmless stimulus.

We found evidence that females which survived longer
showed poorer short-term spatial memory. We propose
that females may improve survival to drought by enhanc-
ing attention processes to avoid predation at the cost of
decreased spatial learning processes. Trade-offs have been
revealed between decision speed and accuracy in many
ecologically relevant tasks and species, possibly result-
ing from developmental constraints on brain growth and
functioning [15].

Male survival until the onset of the breeding season was
positively related to long-term spatial memory. Male African
striped mice need spatial memory to explore surrounding ter-
ritories. They immediately immigrate if a breeding position
becomes vacant, and thus have to learn the spatial structure
of their new territory. Otherwise, they disperse at the onset
of the breeding season [10], when their spatial performance
increases [12]. Male survival thus appears to increase with
greater spatial memory, maybe because they have to remem-
ber the configuration of their environment during exploration
and dispersal, like polygynous voles [16].

5. Conclusion

We found a sex-specific relationship between survival until
the onset of the breeding season and reaction time to preda-
tion stimuli in striped mice. This study revealed that
individual variation in reaction time and spatial memory
can be related to survival probability, which is important
for understanding the selection pressures on cognition.
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Honeybee associative learning performance and
metabolic stress resilience are positively associated.
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