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Reciprocal cooperation may evolve if the costs of help are reliably compensated for by delayed returns
provided in future interactions. The associated probabilities and costebenefit ratios may vary system-
atically between the sexes, which often display different dispersal strategies and interaction patterns.
Whereas female Norway rats, Rattus norvegicus, are known to apply direct and generalized decision rules
of reciprocal cooperation, the rules according to which males reciprocate favours are less well under-
stood. Therefore, we investigated the cooperation propensity of male wild-type Norway rats. Male test
rats experienced cooperating partners that provided food to them, or defecting partners that refused to
provide help. Afterwards, test rats could donate food to previously experienced or unknown partners,
resembling direct and generalized reciprocity paradigms, respectively. Male rats cooperated according to
direct reciprocity, suggesting that this decision rule is similarly important for both sexes. However,
whereas females additionally help according to generalized reciprocity, males did not apply this rule.
These results suggest a sex difference in reciprocal decision rules, highlighting the potential importance
of different interaction patterns and costebenefit ratios between the sexes.

© 2019 Published by Elsevier Ltd on behalf of The Association for the Study of Animal Behaviour.
Evolutionary theory predicts individuals will behave in their
own interest (Darwin, 1859). Nevertheless, in many species in-
dividuals cooperate by providing costly help to others (Dugatkin,
2002; Krause & Ruxton, 2002; Taborsky, Frommen, & Riehl,
2016). The evolution of such cooperation depends on its costs and
benefits (reviewed in: Lehmann & Keller, 2006; Nowak, 2006).
These costs and benefits, however, may vary between individuals
based on intrinsic asymmetries, for instance in need or strength
(Phillips, 2017). Furthermore, costebenefit ratios may differ be-
tween the sexes. In fact, sexual selection theory predicts significant
sex differences in cooperation (Darwin, 1859). While males in a
group often compete with each other for access to females, females
often benefit from one another, for instance in the context of
reproduction (Weidt, Lindholm, & K€onig, 2014). Therefore, females
may be more cooperative in such systems. In primates, for instance,
intrasexual competition has been proposed to explain social sys-
tems in which males are generally less cooperative than females
(Kappeler & van Schaik, 2002; Wrangham, 1979).
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Nevertheless, in many species males regularly cooperate with
each other, even in the context of reproduction (Díaz-Mu~noz,
DuVal, Krakauer, & Lacey, 2014; Taborsky, 1994). For instance,
male lions, Panthera leo, and spider monkeys, Ateles geoffroyi
yucatanensis, support each other during raids and fights (Aureli,
Schaffner, Verpooten, Slater, & Ramos-Fernandez, 2006; Grinnell,
Packer, & Pusey, 1995), long-tailed manakin, Chiroxiphia linearis,
males and male rivals in some fish species court together
(McDonald, 1989; Taborsky, 1994), male subordinates of coopera-
tively breeding birds and fishes help to raise the offspring of others
(Reyer,1984; Taborsky, 2016), andmale fiddler crabs, Ucamjoebergi,
and cichlid fish, Astatotilapia burtoni, help to defend their neigh-
bour's territory (Backwell & Jennions, 2004; Weitekamp &
Hofmann, 2017). Although these males at the same time compete
for females or resources, the costs of cooperation may be
compensated for by indirect fitness benefits via relatedness
(Hamilton, 1964; Hatchwell, Gullett, & Adams, 2014), immediate
direct fitness benefits via mutualism (Clutton-Brock, 2002; Kingma,
Santema, Taborsky, & Komdeur, 2014), delayed fitness benefits by
reciprocity (Quinones, van Doorn, Pen, Weissing, & Taborsky, 2016;
Trivers, 1971), or cooperation may be enforced by the beneficiaries'
manipulation (Hager & Jones, 2009; Ratnieks &Wenseleers, 2008).
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The costebenefit ratio of cooperation is a crucial factor in the
evolutionary emergence of decision rules underlying cooperative
behaviour (Barta, McNamara, Husz�ar, & Taborsky, 2011; Rankin &
Taborsky, 2009). This is particularly important when help is
reciprocally exchanged among social partners, where decisions to
help depend not only on features of a partner, such as relatedness,
condition and relative rank, but also on previously received coop-
erative behaviour. Reciprocal exchange of help can establish stable
cooperation between kin and nonkin, if costs of help are predict-
ably compensated for by benefits derived from the receipt of help in
the future (Axelrod & Hamilton, 1981; Schweinfurth & Taborsky,
2018a). This can in theory occur by three simple decision rules.
(1) Direct reciprocity implies that individuals help those that have
helped them before (Trivers, 1971). (2) Indirect reciprocity means
that individuals help social partners that were helpful towards
others before, which demands availability of public information
(Alexander,1987). (3) Generalized reciprocity instead is based on an
increased motivation to help others due to help experienced by
anyone (Pfeiffer, Rutte, Killingback, Taborsky, & Bonhoeffer, 2005).

Probably one of the best investigated model organisms for
reciprocal cooperation is the Norway rat, Rattus norvegicus
(reviewed in Schweinfurth, in press). Thus far, however, most
studies have been conducted on female rats. Females have been
repeatedly shown to cooperate according to both direct and
generalized reciprocity rules in the same cooperative task as used
in this study (Dolivo & Taborsky, 2015a; Rutte & Taborsky, 2007,
2008; Schweinfurth, Stieger, & Taborsky, 2017; Schweinfurth &
Taborsky, 2016, 2017, 2018b), and they have been shown to coop-
erate reciprocally also in tasks involving other behaviours such as
allogrooming (Schweinfurth, Stieger, et al., 2017; Schweinfurth &
Taborsky, 2018b; Stieger, Schweinfurth, & Taborsky, 2017; Yee,
Cavigelli, Delgado, & McClintock, 2008). Little is known, however,
about the reciprocal decision rules male rats may apply.

On the one hand, reciprocity might be less important for male
than female rats because their social lives differ considerably
(reviewed in: Barnett, 1963; Calhoun, 1979; Telle, 1966). For
example, males show a strong social hierarchy based on fighting
ability, whereas females form less stable and more shallow hier-
archies (Adams & Boice, 1983; Blanchard, Flannelly, & Blanchard,
1988). Colonies of rats can contain over 200 individuals, and sex
ratios are female biased, which results in fewer maleemale than
femaleefemale interactions (Davis, 1953). Further, males are less
tolerant when feeding next to same-sex partners than females
(Calhoun, 1979).

On the other hand, reciprocity might be similarly important for
both sexes because male and female rats in the laboratory show
similar cooperation levels. Both male and female rats prefer to
cooperate, even if they could achieve the same reward individually
(Schuster & Perelberg, 2004). Further, if male rats have a choice
between obtaining a reward for themselves or for themselves and a
partner, they opt for the latter, mutually rewarding option
(Hernandez-Lallement, van Wingerden, Marx, Srejic, & Kalenscher,
2015). This suggests that both sexes cooperate, which could be
enabled by reciprocity. Indeed, there is evidence that male labo-
ratory rats apply direct reciprocity decision rules (Li &Wood, 2017;
Viana, Gordo, Sucena, & Moita, 2010; Wood, Kim, & Li, 2016).
However, in these experiments it was not clear whether the focal
rats applied generalized instead of direct reciprocity rules.

This is an important difference that may relate to systematic
differences in social organization between the sexes. Domestic
dogs, Canis lupus familiaris, for example, show similar helping levels
in a direct and generalized reciprocity task, suggesting that they
only use the latter, that is the simpler mechanism for cooperation
(Gfrerer & Taborsky, 2017). Moreover, a comparison of the behav-
iour of wild-type Norway rats with that of laboratory strains of rats
is not straightforward because the latter have been bred for
particular purposes since 1906 (Lindsey & Baker, 2006), which has
led to behavioural differences between laboratory strains and wild-
type rats, for instance in learning ability (Boice, 1972) and aggres-
sion (de Boer, van der Vegt, & Koolhaas, 2003). Thus, it is not yet
clear whether male wild-type Norway rats apply direct or gener-
alized reciprocal decision rules.

Here we investigated the decision rules applied by male
wild-type Norway rats when enabled to reciprocate favours with
same-sex partners. In the first experiment, we tested for direct
reciprocity. Focal rats first experienced partners either donating
food to them altruistically or refusing to help them obtain access
to food. Thereafter, the focal rats were enabled to donate food to
these partners, which tested for the use of direct reciprocity
decision rules. In the second experiment, we investigated
whether male rats would donate food according to generalized
reciprocity. Focal rats experienced several partners in a row that
were either cooperating or defecting; afterwards they could
provide food to unknown partners, which they had never met
before. In the third experiment, we compared the propensity to
use direct or generalized reciprocity rules directly. Now focal
rats experiencing cooperating and defecting partners could
subsequently donate food to known or unknown partners.
Because wild male rats interact prosocially with same-sex
partners less often than females do (Calhoun, 1979), we pre-
dicted that males would show direct reciprocity if they used any
decision rules of reciprocal cooperation at all. In contrast, it is
unlikely that males would show generalized responses to help
from anonymous partners, because in the natural situation un-
known males would pose a severe threat to their monopoly of
females and resources.
METHODS

Experimental Subjects and Holding Conditions

We used adult male, outbred, wild-type Norway rats descending
from wild-caught individuals (source: Animal Physiology Depart-
ment, University of Groningen, the Netherlands). The rats were
habituated to human handling after weaning and hence did not
show any signs of stress when being handled, transported to the
experimental cage and exposed to the set-up. They were individ-
ually marked with ear punches and housed in groups of four to
provide a social environment (Sharp, Zammit, Azar, & Lawson,
2003). The cages (80 � 50 cm and 37.5 cm high) were separated
from each other by opaque plastic walls to exclude visual contact
between the groups. In accordance with the animal welfare legis-
lation of Switzerland (Tierschutzverordnung Schweiz 04/2008) we
enriched the cages with various materials (a wooden house and
board, a tunnel, a piece of wood to nibble, a cardboard tube to play
with, digging material (wood shavings), nest-building material
(hay) and a salt block, as suggested by animal care guidelines
(Forbes, Blom, Kostmitsopoulus, Moore, & Perretta, 2007). Food
(conventional rat pellets) and water were provided ad libitum. In
addition, rats received a grain mix, fresh fruits or vegetables once a
day. The ambient temperature was 20 ± 1 �C, with a relative hu-
midity of 50e60%. The light:dark cycle was set to 12:12 h, with
lights on at 2000 hours and 30 minutes of dawn and dusk. As rats
are primarily nocturnal, all training and experiments were con-
ducted during the dark phase under red light (Norton, Culver, &
Mullenix, 1975). The experimental animals had a median weight
of 627 g (interquartile range 95 g), and they had no contact with
females after weaning, while in laboratory housing and during
experimentation.
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Pre-experimental Training

The experimental set-up was based on a two-player sequential
food exchange task (de Waal & Berger, 2000; Rutte & Taborsky,
2007). Test cages (80 � 50 cm and 37.5 cm high) were divided in
half with wire mesh. All focal and partner rats experienced the
following training prior to the experiment. First, each rat was
placed in one half of the cage and trained to pull a stick that was
connected to a movable platform in order to receive a food item
(one oat flake). The experimenter moved the platform consistently
out of the cage over several training sessions and refilled the
platformwith a new food reward, teaching the rats to pull the stick
in order to reach the reward. In the second part of the training, a
training partner was placed in the second cage compartment. From
then on, when the rats pulled the platform they did not get a
reward but their partner did. Their partner could then return the
favour. The roles between donor and recipient were regularly
exchanged, and the intervals between these alternations were
increased gradually from switching the roles after each pull to
switching them after series of pulls lasting up to 7 min, which
corresponded to the experimental period (see Dolivo & Taborsky,
2015a for a detailed plan of the training scheme). We determined
which individuals pulled most often in the last training session
from the groups housed in 10 different holding cages. Afterwards
we randomly chose four of these 10 individuals to serve as ‘co-
operators’ in the experiment. Four randomly chosen rats were also
trained to refrain from pulling by blocking the platform during the
7 min of exposure to the social partner in the training phase. These
four rats served as ‘defectors’ in the experiment.
Test Procedure

During the experience phase of the three experiments, focal rats
experienced partners that were either providing food to them
(cooperators) or not (defectors). This phasewas followed by the test
phase, where focal rats could donate food to a previously experi-
enced partner in the test for direct reciprocity (experiment 1) or an
unknown partner in the test for generalized reciprocity (experi-
ment 2). In the last experiment (experiment 3), rats were tested
simultaneously for their propensity to donate food to the same or
different partners after having been helped or not.
Experiment 1: Do males cooperate according to direct reciprocity?
During the experience phase of this experiment, focal rats

(N ¼ 23) experienced either a cooperator or a defector once a day
for 7 min (Fig. 1). This experience phase lasted for 10 days, so that
each focal rat met its partners five times on consecutive days. The
order in which focal rats experienced their two partners was
selected randomly, but at the same time we ensured that the last
experience was equally often a cooperator and a defector, because
the last interaction might have a particularly strong effect on the
behaviour of the focal rat in the subsequent test. On the 11th day,
we exchanged the roles and focal rats could donate food to the
neighbouring compartment for 7 min in three situations: facing
either the previous cooperator, the previous defector or an empty
compartment. The empty compartment control served to check
whether pulling rates most resembled a social food donation or an
undirected increase in the propensity to manipulate the apparatus.
We randomized the order of focal rats and the order of tests of each
focal rat (with cooperator, defector and empty cage). Nevertheless,
we ensured that all sequences were tested equally often. All ran-
domizations were done with the Excel command ‘RANDBETWEEN’.
The experimenter was blind to the identity of the partner, that is,
whether it had cooperated or defected during the experience
phase. Focal and partner rats were unrelated, and they were un-
familiar to each other at the start of this experiment.
Experiment 2: Do males cooperate according to generalized
reciprocity?

The second experiment encompassed four treatments, each
consisting of 5 experience days followed by 1 test day. The focal rats
(N ¼ 23) experienced either different cooperating or different
defecting partners for 7 min each over 5 consecutive days. For
consistency between studies, we used a similar procedure as Rutte
and Taborsky (2007) in their test of female rats for generalized
reciprocity and presented three different partners on 5 consecutive
days, whichmeans that two of these partnerswere presented to the
focal rats twice (Fig. 1). In the cooperator treatment, all partners
provided food to the focal rat. In the defector treatment, none of the
partners provided any food to the focal rat. On day 6 of each
treatment, we allowed focal rats to provide food for 7 min to an
unknown partner that they had never met before. Afterwards, both
experience phases, that is, with either cooperating or defecting
partners, were repeated and in the test phase the focal rats could
donate food to an empty neighbour compartment instead of
donating food to a conspecific. The empty compartment control
again served to check whether pulling rates most resembled a so-
cial food donation or an undirected increase in the propensity to
manipulate the apparatus. Again, the orders of partners and
treatments were chosen randomly using the Excel command
‘RANDBETWEEN’. All treatment combinations were tested equally
often during the experiment. In addition, we randomized the test
order of focal rats and kept this order stable for the four treatments.
The experimenter was blind to the treatment of focal rats during
the observations. Focal and partner rats were unrelated and unfa-
miliar to each other.
Experiment 3: Does partner information increase cooperation?
In the third experiment, focal rats (N ¼ 18) experienced four

treatments in a randomized order (Fig. 1). In all treatments, the
focal rat experienced a social partner for 7 min over 3 consecutive
days. This partner was either a cooperator or a defector, and it was
either always the same partner (direct reciprocity treatment) or
always a different one (generalized reciprocity treatment). On the
fourth day of each treatment, the focal rat could provide food either
to the same partner they were exposed to in the experience phase
(direct reciprocity treatment) or to a new, unknown partner
(generalized reciprocity treatment). We chose the order of rats,
partners and treatments randomly as described above.
Behavioural Data

We counted how often focal rats donated food during the test
phase of each experiment by pulling the platform towards the
neighbouring compartment. We excluded one focal rat in experi-
ment 1 from the analysis because this rat did not use the apparatus
in any of the trials.
Statistical Analyses

All statistical analyses were performed using R (version 2.15.2; R
Core Team, 2018; packages ‘lme4’, ‘multcomp’ and ‘stats’; Bates
et al., 2015; Hothorn, Bretz, & Westfall, 2008). The focal rat's
identity was included in all generalized linear mixed models
(GLMMs) as a random effect because focal rats were tested
repeatedly in all three tests as described above. We checked all
GLMMs for overdispersion, which never occurred.
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Figure 2. Direct reciprocity: experiment 1. Number of food donations by the focal rat
to the current partner in relation to the type of partner previously experienced. The
control was an empty neighbouring compartment. Medians are shown with inter-
quartile ranges.
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Experiment 1: Do males cooperate according to direct reciprocity?
To test whether focal rats reciprocate help according to direct

reciprocity, we analysed the total number of donations using a
GLMM. We assumed a Poisson distribution as the dependent var-
iable was count data. We included ‘partner’ (cooperator, defector or
absent) as a fixed factor. Because this factor had a significant effect
(GLMM: c2

2 ¼ 10.89, N ¼ 22, P ¼ 0.004), we performed a Tukey all-
pair comparison, which corrects for multiple testing, to analyse
differences between treatments. In addition, we testedwhether the
amount of help received from cooperators correlated with the
amount of help given by focal rats by using a Spearman rank cor-
relation test.

Experiment 2: Do males cooperate according to generalized
reciprocity?

To test whether rats cooperate according to generalized reci-
procity, we fitted a GLMM, assuming a Poisson distribution. The
focal rats' total number of donations was included as a response
variable and ‘cooperation level’ of the partner (cooperating or
defecting in experience phase) and ‘partner presence’ (yes/no)
were fixed factors. The interaction between these two factors
‘partners being present or absent’ and ‘partners cooperated or
defected’ was not significant (GLMM: b ¼ �0.09 ± 0.18, N ¼ 23,
P ¼ 0.62). We thus removed the nonsignificant interaction between
the two effects (Engqvist, 2005).

Experiment 3: Does partner information increase cooperation?
We used the same analysis to compare the total number of

donations to a partner with known cooperation propensity (direct
reciprocity treatment) with that to an unknown partner (general-
ized reciprocity treatment) using a GLMMwith an assumed Poisson
distribution. The donation rate of focal rats was included as a
response variable; the fixed factors were ‘partner’ (known from the
experience phase or unknown) and ‘cooperation level’ (cooperating
or defecting in the experience phase). There was a significant
interaction between these factors (GLMM: b ¼ 0.80 ± 0.34, N ¼ 18,
P ¼ 0.018). Therefore, we conducted a Tukey all-pair comparison, to
test for treatment differences.

Ethical Note

The housing of the animals and the experimental procedure
were authorized by the Swiss Federal Veterinary Office under
licence BE25/14. There was no possibility of physical contact be-
tween the test individuals as wire mesh separated the experi-
mental compartments, and no injuries occurred.

RESULTS

Experiment 1: Do Males Cooperate According to Direct Reciprocity?

Focal rats provided more food to previously experienced co-
operators than to defectors (GLMM: b ¼ �0.50 ± 0.16, N ¼ 22,
P ¼ 0.005; Fig. 2). There was also a nonsignificant trend for them to
provide more food to cooperators than to an empty cage (GLMM:
b ¼ �0.32 ± 0.15, N ¼ 22, P ¼ 0.074; Fig. 2), whereas pulling rates
Figure 1. Experimental set-up of all three tests. (a) In experiment 1, we tested whether rats
in the neighbouring compartment five times each on 10 consecutive days. One partner coop
no food and thus defected (depicted as lying down). On the 11th day, focal rats faced three
bouring compartment. (b) In experiment 2, we tested whether rats would cooperate accordin
cooperating partners and could donate food on the next day to an unknown partner. Their
three defecting partners over 5 days. We repeated both treatments with an empty neighbour
reciprocity. Focal rats experienced one cooperating partner over 3 days to which they could
defecting partner. They also experienced three different cooperating partners and could pr
Again, this procedure was repeated with defecting partners. The number of each partner r
for defectors did not differ from pulling for an empty cage (GLMM:
b ¼ �0.17 ± 0.17, N ¼ 22, P ¼ 0.58; Fig. 2). The amount of oat flakes
received by focal rats in the experience phase did not correlatewith
the amount they gave in the test phase of the experiment
(Spearman rank correlation: rS ¼ �0.05, N ¼ 23, P ¼ 0.81).
Experiment 2: Do Males Cooperate According to Generalized
Reciprocity?

Experiencing cooperating or defecting partners prior to
providing food to an unknown partner did not alter the rats'
donation rate (GLMM: b ¼ �0.01 ± 0.09, N ¼ 23, P ¼ 0.86; Fig. 3).
Focal rats provided more food to their neighbouring compartment
when there was an unknown partner present compared to an
empty cage (GLMM: b ¼ 0.35 ± 0.09, N ¼ 23, P < 0.0001; Fig. 3).
Experiment 3: Does Partner Information Increase Cooperation?

Male rats cooperated according to direct reciprocity by
providing more food to known cooperating than to defecting
partners (GLMM: b ¼ �1.00 ± 0.26, N ¼ 18, P < 0.001; Fig. 4). They
did not cooperate according to generalized reciprocity, as experi-
ence of cooperation or defection did not influence their decision to
donate food to an unknown partner (GLMM: b ¼ �0.20 ± 0.22,
N ¼ 18, P ¼ 0.82; Fig. 4). Known defectors received less food than
unknown partners after focal rats had experienced cooperating
partners (GLMM: b ¼ 0.76 ± 0.27, N ¼ 18, P ¼ 0.021, Fig. 4; see
Table 1 for all statistical comparisons).
reciprocate favours according to direct reciprocity. Focal rats experienced two partners
erated by providing food (depicted with a piece of cheese); the other partner provided
situations: the previously experienced cooperator, the defector and an empty neigh-
g to generalized reciprocity. Here focal rats experienced, over 5 consecutive days, three
donation rate was compared with that toward an unknown partner after experiencing
ing compartment as a control. (c) In experiment 3, we directly compared both forms of
directly provide food 1 day thereafter (direct reciprocity). The same was done with a
ovide food to an unknown partner, which resembles a generalized reciprocity set-up.
epresents an example and the order of the partners was randomized.
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DISCUSSION

Male wild-type Norway rats cooperated by providing food to
each other. They cooperated solely according to direct reciprocity,
while decisions to help strangers were not influenced by previous
cooperative experiences with anonymous partners, that is, gener-
alized reciprocity was not indicated.

Although male Norway rats have been described as being more
aggressive towards each other than females in the wild (Barnett,
1963; Seward, 1944), they can apparently cooperate with one
another. In all three experiments, male rats helped other, previ-
ously unfamiliar rats by providing food to them. Our findings are in
line with research using laboratory strains, where males were
found to cooperate peacefully: they provided food to each other in
Skinner boxes and other apparatuses (Li & Wood, 2017; Littman,
Lanski, & Rhine, 1954; Wood et al., 2016), coordinated move-
ments to gain mutual rewards (Schuster, 2002; Schuster, Berger, &
Heidi, 1993) and dived under water to bring food to their cage
mates (Colin & Desor, 1986; Grasmuck & Desor, 2002). Together
with previous findings (Schweinfurth& Taborsky, 2018a), our study
provides evidence that this cooperation among male rats is not an
artefact of breeding history, but probably a naturally evolved trait
that is also shown in wild-type rats.

Theoretically, male rats might provide help to same-sex part-
ners because they are coerced (Tebbich, Taborsky, &Winkler, 1996)
or because they are interdependent (Roberts, 2005; Taborsky et al.,
2016). Male rats form a nearly linear hierarchy where dominant
individuals might be in the position to coerce subordinates (Adams
& Boice, 1983; Blanchard et al., 1988). While female rats have been
P=0.82 
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Table 1
Comparison of food donations to social partners when information on the previous cooperative behaviour of these individuals was available or not

Comparison Model estimate [95% confidence interval] P

Cooperating vs defecting experience (direct reciprocity) �1.00 [�1.65, �0.35] <0.001
Cooperating vs defecting experience (generalized reciprocity) �0.20 [�0.76, 0.37] 0.82
Cooperating experience (direct vs generalized reciprocity) �0.24 [�0.74, 0.27] 0.64
Defecting experience (direct vs generalized reciprocity) 0.57 [�0.13, 1.26] 0.16
Cooperative experience (generalized reciprocity) vs defecting experience

(direct reciprocity)
0.76 [0.09, 1.43] 0.021

Cooperative experience (direct reciprocity) vs defecting experience
(generalized reciprocity)

�0.43 [�0.97, 0.10] 0.17

Focal rats experienced cooperating and defecting partners. In the test phase they could either provide food to the same partners they had experienced before, i.e. with known
cooperation levels (direct reciprocity), or to unknown new partners (generalized reciprocity). These four treatments were compared with the Tukey all-pair comparison test.
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shown to be aggressive towards unresponsive partners in a similar
reciprocity experiment (Dolivo & Taborsky, 2015a), this potential
explanation for the behaviour of male rats in our experiment is
rather unlikely. First, aggressive behaviours such as biting attempts,
aggressive body postures or piloerection did not occur during the
tests. Second, rats form hierarchies based on direct interactions
(e.g. Adams & Boice, 1983). Our rats were unfamiliar to each other,
however, so were unlikely to be able to assess the relative rank of
their partner. In contrast, male rats might be interdependent like
females. For altruistic acts between unrelated individuals to
become evolutionarily stable, received and given help may be
exchanged reciprocally (Axelrod & Hamilton, 1981; Lehmann &
Keller, 2006; Nowak, 2006). Such mutually exchanging partners
are somewhat interdependent on each other (Taborsky et al., 2016).
Reciprocal cooperation can involve one and the same commodity,
as in our study, or several different services (Seyfarth & Cheney,
1984; Taborsky et al., 2016). Female rats have been shown to
trade food for allogrooming and vice versa (Schweinfurth &
Taborsky, 2018b). Other services that might be traded by male
rats for help with obtaining food include support in fighting in-
truders, shared boundary patrols or allogrooming (cf. Cheney,
Moscovice, Heesen, Mundry, & Seyfarth, 2010; Fruteau, Voelkl,
van Damme, & No€e, 2009; Seyfarth & Cheney, 1984).

Male rats cooperate according to direct but not generalized
reciprocity, whereas male dogs were found to apply the much
simpler generalized reciprocity rules even when tested with pre-
viously experienced individual partners (Gfrerer & Taborsky, 2017).
Our third experiment showed that rats treated unknown partners
better than known defectors, as donation rates for the latter were
reduced. This might hint at a strategywhere individuals start with a
cooperative move when no information about the cooperation
propensity of the partner is available, while copying the previously
experienced cooperation propensity of the partner once it is
known, as for instance in a ‘tit-for-tat’ cooperation exchange
(Axelrod & Hamilton, 1981). Importantly, the amount of received
and given help was not correlated. This suggests that male rats do
not seem to use calculated reciprocity to reward cooperators
(Brosnan & de Waal, 2002), which is in line with many other spe-
cies, including primates (Amici et al., 2014; Pel�e, Thierry, Call, &
Dufour, 2010) and female rats (Schweinfurth & Taborsky, 2019).
Nevertheless, when different qualities of help were provided, fe-
male Norway rats were found to reward higher value help with
more help (Dolivo & Taborsky, 2015b).

Our results indicate that male rats apply only direct reciprocity
rules, whereas female rats apply direct and generalized reciprocity
rules under similar training and testing schemes (Rutte& Taborsky,
2007, 2008). This may suggest sex differences in reciprocal coop-
eration among Norway rats. Further experiments are needed,
however, to directly compare animals of both sexes under the same
conditions to confirm this hypothesis.
Malesmay not showgeneralized reciprocity because they have a
different dispersal strategy to females. Although rats typically
remain near their birthplace, males dispersemore often and further
away from their natal territory than females (Gardner-Santana
et al., 2009; McGuire, Pizzuto, Bemis, & Getz, 2006). Philopatry is
commonly associated with increased cooperation levels, partly due
to increased relatedness (Hochberg, Rankin, & Taborsky, 2008;
Seyfarth & Cheney, 2012; but see Kümmerli, Gardner, West, &
Griffin, 2009 for somewhat divergent observations in Pseudo-
monas bacteria). Inmost primates, males are the dispersing sex and,
in accordancewith this, they show little cooperationwith same-sex
partners (Wrangham, 1979). Nevertheless, there are exceptions
where males show higher philopatry and also cooperate at greater
levels than females do (e.g. chimpanzees, Pan troglodytes: Mitani,
2009; Guinea baboons, Papio papio: Patzelt et al., 2014; Barbary
macaques, Macaca sylvanus: Young, Majolo, Schülke, & Ostner,
2014). Mechanisms associated with the possible connection be-
tween philopatry and an increased cooperation propensity include
increased relatedness (Hatchwell, 2009) and long-term social re-
lationships (Seyfarth & Cheney, 2012). Increased kinship cannot
explain increased cooperation between male rats, however,
because kinship reduces rather than increases their helping levels
(Schweinfurth & Taborsky, 2018a). Additionally, female rats at least
have been shown to lack stable social bonds, despite being the
more philopatric sex (Schweinfurth, Neuenschwander, et al., 2017).

In addition, the lack of generalized reciprocity in male rats may
be a result of the number of regular interaction partners. Males
generally interact with same-sex partners more aggressively than
females (Calhoun, 1979), and typically avoid higher ranked in-
dividuals (Barnett, 1957). In addition the sex ratios in colonies are
female biased (Davis, 1953). This means that males have fewer
same-sex interaction partners than females, which may allow them
to memorize the partners with whom they had interacted before,
enabling to apply direct reciprocity rules.

Female rats may show generalized reciprocity because they
have been selected to be more generous in order to increase their
reputation. Females show less aggression and more often interact
with one another peacefully (Barnett, 1957). Therefore, a reputation
for being cooperative might be of higher value to females than to
males. Female rats have also been shown to cooperate according to
indirect reciprocity (Spahni, 2005), where decisions to help are
based on the reputation of interaction partners (Alexander, 1987).
Nevertheless, a recent study showed that females do not actively
invest in a good reputation by increasing their help levels in the
presence of an audience (Schweinfurth & Taborsky, 2016). Thus,
processes such as increased image scoring (Nowak & Sigmund,
1998) or a better standing (Sugden, 1986) seem unlikely to
explain the greater generosity observed in female than in male rats.

In conclusion, wild-type Norway rat males cooperate by
providing food to each other in turn. Thereby, they use direct but
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not generalized reciprocity decision rules. A direct comparison
showed that they provided more food to unknown partners than to
known defectors, whichmight hint at a strategy bywhich they start
cooperatively and then copy their partner's move. Female rats
tested under similar conditions showed both direct and generalized
reciprocity. This may imply sex differences in reciprocal coopera-
tion, potentially resulting from different dispersal strategies or
different numbers of interaction partners. However, further studies
are needed to confirm this hypothesis.
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