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Abstract

Parent-offspring conflict theory predicts the emergence of weaning conflict between a
mother and her offspring arising from skewed relatedness benefits. Empirical observations
of weaning conflict have not been carried out in canids. In a field-based study on free-rang-
ing dogs we observed that nursing/suckling bout durations decrease, proportion of mother-
initiated nursing bouts decrease and mother-initiated nursing/suckling terminations increase
with pup age. We identified the 7" - 13" week period of pup age as the zone of conflict
between the mother and her pups, beyond which suckling solicitations cease, and before
which suckling refusals are few. We also report for the first time milk theft by pups who take
advantage of the presence of multiple lactating females, due to the promiscuous mating sys-
tem of the dogs. This behaviour, though apparently disadvantageous for the mothers, is per-
haps adaptive for the dogs in the face of high mortality and competition for resources.

Introduction

Maternal care in the form of nursing is an obligatory behaviour in mammals, at least in the
early stages of development of the young. While in some species like hooded and harped seals,
nursing occurs for a few days [1], in others it continues for months, and in the case of humans,
can continue well beyond the natural weaning period [2]. Nursing is a highly energy intensive
behaviour, and makes heavy demands on the maternal resources, with the mothers often los-
ing weight substantially during nursing [3,4]. Mammalian species are typically iteroparous, so
mothers need to strike a balance between their investments in current offspring and lifetime
reproductive success. Parent-offspring conflict (POC) theory suggests the emergence of a zone
of conflict over weaning between the mother and her offspring, due to skewed cost-benefit
ratios from relatedness estimates [5]. Various models and empirical tests have validated this
theory in contexts as diverse as brood size optimization, reproduction, resource sharing, mate
choice, etc. [6,7]. POC in mammals can begin even before the offspring is born, as is evident in
the case of preeclampsia (pregnancy induced hypertension) in humans, which is induced by
the high energy demands of the fetus [8]. Weaning is a complex process, and it has been
argued that weaning occurs through mutual agreement between the mother and offspring,
rather than through a situation of conflict [9]. In polytocous species, within litter variations in
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suckling abilities and weight gain of the offspring add to the complications involved in under-
standing the dynamics of the weaning process.

Canids display a wide range of social systems, from solitary to strongly social habits, and
are mostly polytocous. In the cooperatively breeding canids like wolves (Canis lupus) and coy-
otes (Canis latrans), pups receive care in the form of feeding of regurgitated food from adults
other than their parents [10,11], which supplements their milk intake. Hence in such species
the weaning process is not simply governed by mother-pup interactions. The domestic dog
(Canis familiaris) is an interesting species of canid, which has evolved from pack living wolves
through a process of domestication, and has adapted to life among humans. Pet dogs receive
food from humans, and dietary supplementation by human caregivers is possible for the pups.
A controlled study on pet dogs has suggested that weaning strategies might exist among pups
[9] but the possibilities have not been explored further.

POC over extended parental care has been demonstrated in free-ranging dogs (Canis famil-
iaris) [12,13]. Mothers begin competing over food with their pups during weaning; the con-
flict levels increasing with pup age [12,13]. This conflict is resource-dependent, mothers
choosing to be more aggressive when richer resources are present, thereby showing preference
towards lifetime reproductive success (LRS) over immediate benefits from the current litter
[12]. Indian free-ranging dogs are scavengers dependent on human-generated wastes for their
sustenance [14], and have existed in similar conditions for centuries, living in close proximity
with humans, but not under their supervision [15]. They defend territories as groups, but typi-
cally prefer to forage singly, though capable of forming large packs to hunt [15,16]. They have
a promiscuous mating system [17], with no reproductive skew within the groups, though allo-
care by adults is possible [18], but is not ubiquitous (Paul and Bhadra, Under review). This
suggests a highly flexible social structure, as opposed to the more stringent social organization
of pack living canids [19]. The free-ranging dog mothers face a challenging environment, with
resource limitation, competition and high pup mortality [20], leading to low assured fitness
per litter [21]. Striking a balance between investment per litter and LRS can provide greater fit-
ness benefits to the mother, and eventually lead to higher stability for the population. Thus
understanding the weaning strategies of free-ranging dogs can also help to test the implications
of POC theory. We conducted a study on nursing behaviour in free-ranging dogs to under-
stand if a zone of conflict over nursing/suckling exists between mothers and pups in dogs. If
mothers tend to give precedence to LRS, then we expected to observe an increase in unsolicited
suckling attempts of pups and decreased interest of the mothers to nurse them as they grew
older.

Materials and Methods
Ethics statement

No dogs were harmed during this work. All work reported was observation based. The meth-
ods were approved by the IISER Kolkata animal ethics committee of (1385/ac/10/CPCSEA),
and followed approved guidelines of animal rights regulations of the Government of India.

Data collection

We observed 15 dog groups from the 3 to 17" weeks of pup age, in West Bengal, India. Each
dog group consisted of one or more adults and pups/juveniles (of both the sexes) that defended
a common territory and shared resources like food and shelter. All individuals in the group
were uniquely named according to their coat colour and patch patterns. A pedigree was main-
tained to check the relationships among the focal dogs of each group. A group could have
more than one lactating female with her current litter and often these females were observed
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to be related with each other. Thus 22 mothers-litter units (having 22 mothers and 78 pups)
were available from 15 dog groups (S1 Table) that were used as our focal units for behavioural
observations. Pups are immobile and restricted to the dens closely guarded by mothers during
the first two weeks after birth [22], so rigorous observations were impossible before the third
week. Here we use “weeks” to refer to pup age throughout this paper. Each group was observed
for two morning (0900-1200h) and two evening (1400-1700h) sessions over blocks of two
weeks. Each observation session consisted of 18 instantaneous scans of one minute each and
18 all occurrences sessions (AOS) of five minutes each, intermingled in a random order. Each
scan and AOS was followed by a mandatory two minutes break. Thus we had a total of 8712
scans and AOS each per mother-litter unit. Scans included instantaneous recordings of both
behavioural states and events, whereas AOS included the detailed recordings of all behavioural
events, with the identity of the initiator, and whenever applicable, that of the recipient [23].

Any form of behavioural interaction that could increase the chances of pup survival (such as
nursing, allo-grooming, regurgitation of food, food offering or food provisioning, den cleaning,
pile sleep, pup guarding and play) were recorded as care. For 11 of the mother-litter units, in
addition to the scans and AOS, we recorded the details of all nursing/suckling bouts recorded
during the observation period. A combination of the initiator’s identity and the duration of
nursing/suckling bouts was used to estimate the interest of mothers to offer nursing (hence
cooperation), and pups to receive suckling. Both termination of nursing bouts by the mother
and failed solicitations by pups were considered as refusal to nurse (hence conflict), while termi-
nation of suckling by the pups was considered voluntary. Often females of a group produce lit-
ters at different times that facilitates allosuckling (suckling from lactating females other than the
mother). We recorded the details of all allosuckling bouts too. The free-ranging dogs experience
quite high rates of mortality (81% of the total pups born) in the early stages of their lives [20],
and thus the litter size often changes as the pups grow, reducing from the litter size at birth. So
we considered the current litter size for every week of observations in the analyses.

Statistics

We used the data from instantaneous scans to estimate the proportion of time spent by the
mother in maternal care behaviours out of the total time for which the focal animals were
observed. The data from AOS were used to estimate the rate (frequency per hour) of nursing/
suckling (henceforth designated as suckling) at different pup ages. From the detailed records
of suckling bouts of 11 mother-litter units, we measured the duration of each bout and cal-
culated the proportion of mother and pup initiated suckling bouts over pup ages. For stati-
stical analysis, we used StatistiXL 1.10, Statistica 12 and R (“Ime4” package)[24,25]. To check
whether the identity of the suckling initiator (initiator), pup age in weeks (age) and the current
litter size (LS) had any effect on the rate of care received by the individual pup in terms of
suckling, we ran a generalized linear mixed effect model (GLMM). We incorporated the pre-
dictor variables (initiator, age and LS) as the fixed effects and the identity of mother-litter units
as the random effect. We started with the full model, i.e., with all possible three and two-way
interactions among the fixed effects. If the three or two-way interaction was non-significant
then we reduced the model using the standard protocol of backward selection method and
ended up with the optimal model (S1 Text).

Results
Suckling behaviour over weeks

All mothers were observed to nurse their pups (1378 bouts in total), and in some cases allo-
mothers were also observed to nurse non-filial pups (594 bouts), which was termed as
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Fig 1. Suckling duration vs pup age. Box-whisker plot represents the decreasing pattern in the duration of
suckling (irrespective of the initiator) over increasing pup age. Here suckling refers to the observed nursing or
suckling bouts.

doi:10.1371/journal.pone.0170590.9001

allonursing (Please see the video clippings of nursing and allonursing bouts in S1 Video). At
the 3™ week, mothers invested 18 (+ 9.28) % of their total time in nursing, thereby investing
41 (% 27.7) % of their total observed activity in this behaviour. This time decreased with pup
age (Linear regression: R” = 0.876, B = -0.936, P< 0.0001), until it stopped completely at the
13™ week. Pups at their 3™ week of age spent 14.6 (+ 9.14) % of their time in suckling from
their mothers, which comprised of 16.5 (+ 9.5) % of their total activity. Not only the time spent
in suckling but also the duration of suckling bouts decreased as pups grew older (duration ~
age: t = -28.03, p < 0.0001, Model 1 in S1 Text, Fig 1). In the third week, suckling durations
were 6.3 (+ 4.2) % min, which reduced to 2.2 ( 2.9) % min by the 7" week, and to 0.75 (+ 0.3)
% min by the 13™ week of pup age.

Effects of pup age and litter size on suckling duration

Of the total number of suckling events in a week, the proportion of mother-initiated nursing
(mo) and pup-initiated suckling (pup) changed with pup age (Fig 2A) and the current litter
size (age: p < 0.0001; litter size: p = 0.00029. Model 2 in S1 Text). Mothers increasingly refused
suckling solicitations (rf) as the pups grew older, and mother-mediated termination of suck-
ling (through refusals) increased with pup age (age: p < 0.0001. Model 3 in S1 Text) (Fig 2B).
The duration of mother-initiated nursing reduced drastically beyond the 7 week (Fig 2C),
when mother-mediated terminations reached 100% (Fig 2B), and the mothers stopped initiat-
ing nursing completely by the 11™ week (Fig 2A).

Suckling duration seems to be controlled by a combination of the identity of the initiator,
pup age and the current litter size (Table 1, Model 4 in S1 Text). A three-way interaction in the
GLMM suggests a significant role of both the pup age and the current litter size for mother
and pup initiated suckling durations. As the pups grow older, the duration of mother initiated
nursing bouts decreases in comparison to the pup initiated suckling bouts. However the over-
all duration of suckling bouts (irrespective of the initiator) decreases over pup ages and litter
size. A two-way significant interaction suggests that the duration of mother and pup initiated
suckling vary for different litter sizes (Table 1, Model 4 in S1 Text).
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Fig 2. Initiation, termination and duration of suckling. (a) Scatter plot showing the proportion of total
suckling initiated by the mother (empty circles), pups (triangles) and allomothers (solid circles) over pup age.
(b) Box-whisker plot showing the increased trend of mother-mediated termination of suckling through refusal,
over pup age. (c) Box- whisker plot showing the duration of mother and pup initiated suckling, over pup age
(N =11 litters).

doi:10.1371/journal.pone.0170590.9002
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Table 1. Effects of the initiator, pup age and litter size on suckling duration.

Fixed Effects

Estimate Std. Error tvalue P value
Intercept 10.20989 1.32828 7.687 3.46e-14
Initiator -5.17190 1.34665 -3.841 0.000126
Age -0.76597 0.27380 -2.798 0.005189
LS -0.51550 0.30588 -1.685 0.092067
Initiator *Age 0.54558 0.28016 1.947 0.051599
Initiator *LS 0.85418 0.33336 2.562 0.010456
Age*LS 0.07249 0.06490 1.117 0.264121
Initiator *Age*LS -0.17554 0.06731 -2.608 0.009160
Random Effects
Groups Variance Std.Dev.
Group ldentity Intercept 1.156 1.075
Residual 6.222 2.494

Tabulated results of the generalized linear mixed effect model (GLMM) showing the effects of the initiator (Initiator), pup age (Age) and current litter size for
a particular mother-litter group (LS) on the duration of suckling. Here suckling refers to the observed nursing or suckling bouts. P values for significant

effects are shown in bold.

doi:10.1371/journal.pone.0170590.t001

Allonursing or milk theft?

In nine of the 11 mother-litter units, we observed high incidence of allonursing (594 bouts),
and in eight of these nine units, the allonursing female was related to the pups. 100% of the
allonursing bouts were initiated by pups, irrespective of their age, and the allomothers never
volunteered to allonurse (Fig 2A). Most of the allonursing bouts were terminated by refusals
from the allomothers, irrespective of the age of the pups (Fig 3A). The average suckling dura-
tion was 3.2 (+ 2.3) min for the mothers whereas it was 1.5 (+ 0.8) min for the allomothers.
Thus the duration of suckling from mothers over the entire period of observations was signifi-
cantly longer than that from allomothers (2 tailed t test; t = 5.158, df = 91.74, p < 0.0001; Fig
3B). However this difference was not consistent over the zone of conflict, from the 7% to the
13" week of pup age (2 tailed t test; t = 1.844, df = 33.73, p = 0.07). Thus while mothers nursed
their pups voluntarily till the onset of weaning and on the whole showed a large degree of care,
allomothers never volunteered to nurse non-filial pups but were victims of milk theft.

Discussion

According to the predictions of POC theory, a mother is expected to invest in LRS, such that
her chances of increasing fitness are high [5]. Kin selection theory suggests that individuals
can increase their inclusive fitness benefits by investing in the survival of close kin [26]. Thus,
while mothers are expected to show conflict towards their offspring over weaning in order to
maximize direct fitness, they can benefit by additionally providing altruistic care to the oft-
spring of related females to ensure indirect fitness benefits. The duration of time allocated to a
behaviour is a good estimate of investment in the behaviour in terms of time activity budgets
of individuals, and we considered the time spent in nursing as a measure of investment by the
mothers and allomothers. Though the use of nursing duration as a measure of investment by
mothers has been debated, it continues to be used as an indirect measurement of maternal
investment [27,28]. Moreover, since we compared nursing/ suckling durations for the same set
of individuals over time, this could be considered as a reliable marker for changing interest of
the mothers and pups in suckling. Suckling duration reduced as the pups grew older, which
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Fig 3. Allonursing or milk theft? (a) Box- whisker plot showing allomother-mediated termination of suckling through refusal over pup age.
(b) Box- whisker plot showing the duration of suckling bouts where pups suckled from mothers and allomothers, over weeks.

doi:10.1371/journal.pone.0170590.9003

could be due to the reduced interest of the mothers to nurse as well the increased efficiency of
pups to extract milk. There is also evidence that the physiological needs of pups change rapidly
in the first 3-4 weeks of age, determining their milk intake [29].

Our observations revealed that the proportion of mother-initiated nursing bouts reduces
while the proportion of pup-initiated suckling bouts increases with pup age. However the
mother-initiated nursing bouts were longer in the early weeks of the pups’ development as

compared to the pup-initiated bouts. These results suggest the mother’s reduced interest in
nursing as the pups grow older. Refusal of suckling by the mothers reaching 100% in the 7"
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week of pup age and complete seizure of solicitations from the pups by the 13" week is a good
representation of the zone of conflict over weaning in the free-ranging dogs. Before the 7
week the mother encourages suckling solicitations and also initiates nursing, and beyond the
13" week, neither the mother nor the pups are interested in nursing/ suckling, leading to the
resolution of conflict.

Very low levels of oxytocin administered to lactating females have been shown to be effec-
tive in eliciting the milk let down reflex [30], and suckling stimulation causes an immediate
rise of oxytocin [31]. Hence, even the short suckling bouts during the later stages of develop-
ment, and especially the allosuckling bouts could prove beneficial to pups. It has been sug-
gested that allonursing can evolve when costs associated with the behaviour are low [32].
Allonursing is more likely to evolve in polytocous species, and in carnivorous cooperative
breeders rather than omnivorous or herbivorous ones [32]. Dogs are promiscuous breeders
with a scavenging lifestyle [17]. Multiple females often give birth to pups simultaneously, in
close proximity of each other, increasing the chances of communal breeding (Paul and Bhadra,
under review). Allonursing started as early as the 4™ week of pup age, all bouts being pup-initi-
ated and allomother-terminated, and much shorter than maternal nursing bouts. Pups appear
to adopt a snatch and run strategy while suckling from allomothers, as allomothers terminate
the suckling whenever they identify free-riders and do not altruistically offer milk to non-filial
pups. Thus pups benefit my using a selfish strategy of maximizing milk intake from any avail-
able lactating female. Hence allonursing in free-ranging dogs is an example of milk theft by
pups, a behaviour more common in primates and ungulates [33] than in carnivores, and less
likely in cooperative and communal breeders [32]. In a competitive and disturbed environ-
ment with limited resources and high mortality, this ability to snatch milk would be highly
adaptive for the pups. Though apparently maladaptive for the mothers, this might indeed be
an evolutionarily stable strategy if related females tend to den close to each other. Our observa-
tions provide support for this idea, as most of the observed allomothers were related to the
pups. Coupled long term behavioural, hormonal and genetic studies in the future will help to
understand whether milk theft by pups could lead to increased inclusive fitness benefits and
LRS for the mothers.

Supporting Information

S1 Table. Details of the observed dog groups. The table represents the group identity of each
observed mother-litter units along with their litter size at birth, year of data collection, location
and habitat type of the observed units, etc. Presence or absence of allonursing has also been
tabulated here.

(DOCX)

S1 Text. Detailed description of the generalized linear mixed effect models (GLMM). Four
models have been described in details along with the fixed and random effects that have been
incorporated in the models. (doi:10.5061/dryad.d15b0).

(DOCX)

S$1 Video. Nursing and allonursing in free-ranging dogs in India. The video is comprised of
video clippings that present the details of nursing and suckling behaviours in free-ranging
dogs (Canis lupus familiaris) in India. It also represents the detail of suckling refusals and few
examples of allonursing.

(MP4)

PLOS ONE | DOI:10.1371/journal.pone.0170590 February 8, 2017 8/10


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0170590.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0170590.s002
http://dx.doi.org/10.5061/dryad.d15b0
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0170590.s003

@° PLOS | ONE

Weaning Conflict and Milk Theft in Dogs

Acknowledgments

We thank Sreejani Sen Majumder for her help in some of the fieldwork. We thank Dr. Anjan
K. Nandi for his help in statistical analysis with “R”.

Author Contributions

Conceptualization: AB.

Data curation: MP AB.

Formal analysis: MP.

Funding acquisition: AB.

Investigation: MP.

Methodology: AB.

Project administration: AB.

Resources: AB.

Supervision: AB.

Validation: AB.

Visualization: MP AB.

Writing - original draft: MP AB.

Writing - review & editing: MP AB.

References

1.

10.

1.

12.

Bowen WD, Oftedal OT, Boness DJ. Birth to weaning in 4 days: remarkable growth in the hooded seal,
Cystophora cristata. Can J. 1985; 63(12):2841-2846.

Lee P, Majluf P, Gordon |. Growth, weaning and maternal investment from a comparative perspective. J
Zool. 1991; 225:99—-114.

Martin P. The meaning of weaning. Anim Behav. 1984; 32: 1257—1259.

Oftedal OT. Pregnancy and lactation. In: Hudson R.J. and White R.G., editor. Bioenergetics of Wild Her-
bivores. CRC Pressinc., Boca Raton,FL.; 1985. pp. 215-238.

Trivers RL. Parent-offspring conflict. Amer Zool. 1974; 14: 249-264.

Godfray H, Parker G. Sibling competition, parent-offspring conflict and clutch size. Anim Behav. 1992;
43: 473-490.

van den Berg P, Fawcett TW, Buunk AP, Weissing FJ. The evolution of parent-offspring conflict over
mate choice. Evol Hum Behav. Elsevier Inc.; 2013; 34: 405-411.

Redman C, Sargent |. Latest advances in understanding preeclampsia. Science. 2005; 308:1592—
1594. doi: 10.1126/science.1111726 PMID: 15947178

Malm K, Jensen P. Weaning in dogs: within-and between-litter variation in milk and solid food intake.
Appl Anim Behav Sci. 1996; 49:223-235.

Mech L, Wolf P, Packard J. Regurgitative food transfer among wild wolves. Can J Zool. 1999; 77(8):
1192—-1195.

Robinson W. Some observations on coyote predation in Yellowstone National Park. J Mammal. 1952;
33(4): 470-476.

Paul M, Sen Majumder S, Nandi AK, Bhadra A. Selfish mothers indeed! Resource-dependent conflict
over extended parental care in free-ranging dogs. R Soc Open Sci. 2015; 2: 150580. doi: 10.1098/rsos.
150580 PMID: 27019741

PLOS ONE | DOI:10.1371/journal.pone.0170590 February 8, 2017 9/10


http://dx.doi.org/10.1126/science.1111726
http://www.ncbi.nlm.nih.gov/pubmed/15947178
http://dx.doi.org/10.1098/rsos.150580
http://dx.doi.org/10.1098/rsos.150580
http://www.ncbi.nlm.nih.gov/pubmed/27019741

@° PLOS | ONE

Weaning Conflict and Milk Theft in Dogs

13.

14.

15.

16.

17.

18.

19.
20.

21.

22,
23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Paul M, Sen Majumder S, Bhadra A. Selfish mothers? An empirical test of parent-offspring conflict over
extended parental care. Behav Processes. 2014; 103: 17-22. doi: 10.1016/j.beproc.2013.10.006
PMID: 24216083

Bhadra A, Bhattacharjee D, Paul M, Bhadra A. The Meat of the Matter: A thumb rule for scavenging
dogs? 2015; 9370: 1-25.

Vanak AT, Gompper ME. Dogs canis familiaris as carnivores: Their role and function in intraguild com-
petition. Mamm Rev. 2009; 39: 265-283.

Sen Majumder S, Bhadra A, Ghosh A, Mitra S, Bhattacharjee D, Chatterjee J, et al. To be or not to be
social: foraging associations of free-ranging dogs in an urban ecosystem. Acta Ethol. 2013; 17: 1-8.

Sen Majumder S, Bhadra A. When Love Is in the Air: Understanding Why Dogs Tend to Mate when It
Rains. PLoS One. 2015; 10: e0143501. doi: 10.1371/journal.pone.0143501 PMID: 26629906

Paul M, Sen Majumder S, Bhadra A. Grandmotherly care: a case study in Indian free-ranging dogs. J
Ethol. 2014; 32: 75-82.

Kleiman DG. Reproduction in the canidae. Int Zoo Yearb. 1968; 8: 3-8.

Paul M, Sen Majumder S, Sau S, Nandi AK, Bhadra A. High early life mortality in free- ranging dogs is
largely influenced by humans. Sci Rep. Nature Publishing Group; 2016; 6: 1-8.

Gadagkar R. Evolution of Eusociality: The Advantage of Assured Fitness Returns. Philos Trans R Soc
B Biol Sci. 1990; 329: 17-25.

Spotte S. Societies of Wolves and Free-ranging Dogs. Cambridge: Cambridge University Press; 2012.

Altmann J. Observational study of behaviour: sampling methods. Behaviour. 1974; 49: 227-267. PMID:
4597405

Team, R. 2015. R: A language and environment for statistical computing. R Foundation for Statistical
Computing, Vienna, Austria.

Bates D, Maechler M, Bolker B, Walker S. Fitting linear mixed-effects models using Ime4. J Stat Softw.
2015; 67: 1-48.

Foster KR, Wenseleers T, Ratnieks FLW. Kin selection is the key to altruism. Trends Ecol Evol. 2006;
21:57-60. doi: 10.1016/j.tree.2005.11.020 PMID: 16701471

Pluhacek J, Barto$ L, BartoSova J. Mother—offspring conflict in captive plains zebra (Equus burchellii):
suckling bout duration. Appl Anim Behav Sci. 2010; 122: 127-132.

Vasquez C, Olvera L, Siqueiros Y, Kuri M, Navarro V, Rovelo A, et al. Nursing and feeding behaviour of
confined red deer (Cervus elaphus scoticus) in the Mexican highlands. New Zeal J Agric Res. 2004; 47:
1-9.

Beaver BV. Canine behavior: insights and answers. illustrate edn. Elsevier Health Sciences; 2009.

Pickford M. Factors affecting milk release in the dog and the quantity of oxytocin liberated by suckling. J
Physiol. 1960; 152(3): 515-526.

Uvnas-Moberg K, Stock S. Plasma levels of oxytocin increase in response to suckling and feeding in
dogs and sows. Acta Physiol. 1985; 124(3): 391-398.

MacLeod KJ, Lukas D. Revisiting non-offspring nursing: allonursing evolves when the costs are low.
Biol Lett. 2014; 10: 20140378—-20140378.

Koénig B. Cooperative Care of Young in Mammals. Naturwissenschaften. 1997; 84: 95-104. PMID:
9112240

PLOS ONE | DOI:10.1371/journal.pone.0170590 February 8, 2017 10/10


http://dx.doi.org/10.1016/j.beproc.2013.10.006
http://www.ncbi.nlm.nih.gov/pubmed/24216083
http://dx.doi.org/10.1371/journal.pone.0143501
http://www.ncbi.nlm.nih.gov/pubmed/26629906
http://www.ncbi.nlm.nih.gov/pubmed/4597405
http://dx.doi.org/10.1016/j.tree.2005.11.020
http://www.ncbi.nlm.nih.gov/pubmed/16701471
http://www.ncbi.nlm.nih.gov/pubmed/9112240

