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Abstract
Fostering and allo-suckling are widespread among pinnipeds, and several hypotheses have been formulated to explain their 
occurrence. Here, we describe the occurrence of allo-suckling in harbour seals from photo-identification data of females 
and pups in Orkney (Scotland) during the pupping seasons between 2016 and 2019. We used a generalised linear model 
framework to investigate the effect of allo-suckling on the duration of lactation (females) and of nursing period (pups). A 
generalised additive model framework was used to explore how the probability of allo-suckling varied throughout the pup-
ping season, and with changes in mother-pup separation time. Allo-suckling was observed in 31 females, at higher rates 
(18–37% of lactating females and 18–47% of the pups every year) than those observed in other phocid populations, with 13 
females allo-suckling in multiple years. The duration of the pups’ nursing period was not affected by allo-suckling occurrence. 
However, females in mother-pup pairs where both mother and pup allo-suckled had longer lactation duration than when only 
the pup allo-suckled, or than in pairs where no allo-suckling was observed. The probability of allo-suckling increased during 
the pupping season and with increased mother-pup separation time. However, the proximate causes and the consequences 
on future reproductive output and pup survival remain unknown.

Significance statement
Allo-suckling, where females nurse others’ young, is widespread in pinnipeds, particularly among true seals. Given the high 
costs of lactation in pinnipeds, allo-suckling is a puzzling behaviour. Using photo-identification and field observations, we 
examined the occurrence of allo-suckling in harbour seals at a colony in Orkney, Scotland. We found that allo-suckling is 
common among seals at the study site, and at rates higher than reported elsewhere. Our results show that allo-suckling does 
not appear to affect the duration of the pups’ nursing period but does increase the lactation duration of females who suckle 
other pups and whose own pups also allo-suckle. This study highlights an area which requires further investigation as the 
energetic costs and benefits of allo-suckling remain poorly understood.

Keywords Allo-suckling · Lactation duration · Nursing period · Phocids · Harbour seal · Non-filial

Introduction

Lactation incurs elevated energetic costs in mammals (Lee 
1996). It can therefore impose physiological stress on 
females which then may consequently reduce their survival 
and future reproductive success (Clutton-Brock et al. 1989; 
Desprez et al. 2018). In pinnipeds, females have to balance 
the energy expenditure of lactation on land with the energy 
intake of foraging at sea (Bowen et al. 2009). This has led 
to the evolution of three lactation strategies. Otariids (i.e. 
sea lions and fur seals) are classified as income breeders, 
characterised by low milk fat content (19–50%; Oftedal et al. 
1987) which is compensated for by a foraging-cycle strategy 
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(Bowen 1991). Females forage over an extended lactation 
period (4–18 months; Schulz and Bowen 2004), frequently 
separating from their pups for long periods of time. Walruses 
also have an extended lactation, which can last between 
two and three years, and pups accompany the females on 
foraging trips and can suckle at sea (Bowen et al. 2009). 
Female phocids (i.e. true seals) are classified as capital breed-
ers, characterised by a high milk fat content (40–60%; Boness 
et al. 1994) and a fasting strategy where females use large body 
energy stores (i.e. blubber) accumulated prior to parturition to 
sustain themselves and to suckle their pups during a compara-
tively short lactation period (4 to 60 days; Bowen et al. 2009), 
finishing with the abrupt weaning of the pup (Bowen 1991).

Harbour seals (Phoca vitulina) differ slightly from this clas-
sic phocid capital breeding lactation strategy. Females will for-
age over a large proportion of the, on average, 24-day lactation 
period (Boness et al. 1994; Thompson et al. 1994), to support 
the energetic demands of nursing and of their own metabolism 
(Bowen et al. 1992, 2001). Milk composition is high in fat 
content (40–50%), although not as high as in other phocid spe-
cies such as grey seals (Iverson et al. 1993; Lang et al. 2005). 
As in other phocid species, harbour seal milk composition 
changes over lactation, with milk fat content rapidly increas-
ing during the first week post-partum from 41 to 50% and then 
remaining relatively constant throughout the remaining lacta-
tion, although there is considerable individual variation both 
in milk composition and in the changes in milk fat content 
(Oftedal et al. 1987; Iverson et al. 1993; Lang et al. 2005). 
Females seem to feed little in the early lactation, when pups 
are days old, but will resume foraging trips mid to late lacta-
tion before the pups are weaned (Boness et al. 1994; Thomp-
son et al. 1994; Bowen et al. 1999). Harbour seal pups can 
swim from birth and will sometimes accompany their mothers 
during these foraging trips but often stay unattended on land. 
Females will come back to the haulout site between foraging 
bouts to nurse their pups (e.g. Sable Island; Bowen et al. 1999). 
Harbour seal mother-pup pairs spend a large proportion of the 
time in the water, and often switch between haulout sites with 
the tidal cycle; pups sometimes move between nearby loca-
tions while separated from the mother (Boness et al. 1992; 
Thompson et al. 1994). Consequently, available information 
on harbour seal mother-pup pair separation time is limited 
and only available from a few studies where both females and 
pups have been equipped with telemetry devices to track their 
locations. These studies indicate females seem to spend sig-
nificantly more time at sea than pups prior to weaning (Boness 
et al. 1994; Bowen et al. 1999; Reder et al. 2003).

Weaning can be determined from changes in blood 
plasma opacity levels, which are an indication of recent 
suckling, and from changes in pup’s body mass, both requir-
ing the repeated capture and sampling of pups during lacta-
tion (Muelbert and Bowen 1993; Cottrell et al. 2002). In 
studies where captures are not possible, weaning can be 

established from observations of pups without their mothers 
(Bowen 1991). However, observers need to account for the 
fact that mothers can temporarily separate from their pups 
during lactation (e.g. to forage) and both mothers and pups 
will be out of sight when in the water (Bekkby and Bjørge 
2003; Cordes and Thompson 2013).

Fostering (caring for another’s young) and allo-suckling 
(nursing another’s young) have been documented in mul-
tiple mammal and bird species (see Riedman (1982) for a 
review). In pinnipeds, females may be seen nursing non-
filial (unrelated) pups once separated from their own pups 
or may simultaneously nurse their own and other pups. 
Several hypotheses have been suggested to explain foster-
ing and allo-suckling behaviour in seals. These include lack 
of maternal experience (Lunn 1992), females being unable 
to recognise their own pups (Bowen 1991; Insley et al. 
2003), mother-pup temporary separation or loss of own pup 
(e.g. Boness et al. 1992), and kin selection, although stud-
ies have shown no support for preferential allo-suckling of 
pups born to female relatives (Perry et al. 1998; Schaeff 
et al. 1999; Hoffman and Amos 2005). Allo-suckling seems 
to be more common among phocids than in otariids (Bon-
ess et al. 1992). For example, fostering and milk stealing 
(which involves a female sleeping or apparently unaware of 
the presence of a non-filial pup suckling) are very common 
in the Mediterranean and Hawaiian monk seals (Boness et al. 
1998; Aguilar et al. 2007), and are also observed in grey 
seals (Perry et al. 1998; McCulloch et al. 1999), northern 
elephant seals (Riedman and Le Boeuf 1982) and harbour 
seals (Boness et al. 1992; Schaeff et al. 1999). However, the 
proximate causes for the evolution of allo-nursing behav-
iours are generally poorly understood (Packer et al. 1992; 
Roulin 2002), and the variability in frequency across taxo-
nomic groups could reflect variation in costs (Boness 1990; 
MacLeod and Lukas 2014).

In Scotland, numbers of harbour seals have shown con-
trasting population trajectories between different regions 
over the last two decades (Thompson et al. 2019). To help 
understand the potential drivers behind these regional trends, 
a long-term photo-identification (photo-ID) study was ini-
tiated in 2016 to estimate survival and fecundity rates of 
harbour seals in areas of contrasting population trajectories 
(Arso Civil et al. 2016). Harbour seals can be individually 
identified from their pelage markings (e.g. Hastings et al. 
2008; Cunningham 2009). These markings are present from 
birth, as newborn harbour seals shed their lanugo (white 
coat) in the womb (Burns 2009). Mother-pup pairs may 
therefore be monitored using photo-ID. During photo-ID 
data collection at haulout sites in Orkney, a number of iden-
tified females were observed allo-suckling non-filial pups.

Here, we describe the occurrence of allo-suckling behav-
iour in harbour seals across four pupping seasons at haulout 
sites in Orkney. We first investigated whether the number of 
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days a female or a pup was seen nursing was different when 
allo-suckling occurred. We hypothesised that if allo-suckling 
is costly to females, a female would extend her lactation 
period to compensate her own pup or would only allow 
allo-suckling after weaning her own pup. Conversely, if 
allo-suckling is beneficial to pups, we predicted they would 
extend their nursing period by allo-suckling from females 
other than the mother. We then modelled the probability 
of allo-suckling (versus suckling a filial pup) to understand 
if allo-suckling occurrence changed throughout the pup-
ping season and to explore whether it was influenced by an 
increase in separation time between mothers and pups.

Methods

Field methods and identification of mother‑pup 
pairs

Photo-ID data and associated observations of harbour seals 
were collected during the breeding seasons (June and July) 
of 2016 to 2019, inclusive, at three neighbouring haulout 
sites in Burray (58° 50′ 55″ N, 002° 57′ 47″ W) and Wide-
wall Bay (58° 48′ 33″ N , 002° 59′ 05″ W), Orkney (Fig. 1). 
From the start of each field season, data were collected at 
each site at least once every 3 days. Following the sighting of 
the first pup, data were then collected daily or every 2 days 

at each site, subject to the weather. Surveys started approx. 
1 h before low tide and lasted between 2 and 4 h until all 
hauled out seals (including pups) had been photographed. 
It was not possible to record data blind because our study 
involved focal animals in the field.

Photographs of the head and neck area of each seal pre-
sent at the haulout site were taken from 40 to 150 m away 
(depending on the site), using a digital camera (Canon EOS 
70D SLR) attached to a scope (Swarovski ATS 80 with 
×20–60 eyepiece and TLS-APO 30mm). Photographs were 
first graded for photographic quality following a protocol 
modified from Cunningham (2009) and the best quality pho-
tographs (seal head is perpendicular to the camera, in focus, 
with good contrast/brightness) were used to match each indi-
vidual to a catalogue of known seals using computer-assisted 
pattern matching software (Wild-ID; Bolger et al. 2012) and 
manual matching. Pups were also identified based on the 
unique pattern of their pelage in the head and neck area as 
well as in the flanks.

Given the wider project’s objectives (see Arso Civil 
et al. 2016), the priority was to photo-identify all individu-
als (not only mother-pup pairs) present at the haulout site 
in each survey. This meant it was not possible to implement 
an experimental design to monitor suckling patterns and 
behavioural interactions between targeted lactating females 
and pups (e.g. Boness 1990; Smiseth and Lorentsen 2001; 
Aguilar et al. 2007). Instead, efforts were made to identify 

Fig. 1  Location of the three 
nearby haulout sites where the 
study was conducted in Orkney, 
Scotland
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both the female and the pup in each photographic encoun-
ter, photograph suckling events and characterise interactions 
between breeding females and pups (see below).

Frequently, females could be identified as pregnant from 
photographs and field observations based on the major 
change in body shape during late gestation, indicating an 
imminent birth. Direct observation of births occurred but 
was rare, and most pups were assumed to be first observed 
within the first few days after being born, based on pup size, 
the presence of an umbilicus and/or the day-to-day observa-
tions of females. Mother-pup pairs (filial) were identified 
based on repeated observations of a female with a newborn 
or a very young pup.

Allo‑suckling behaviour and lactation duration

Behavioural interactions between identified breeding 
females and non-filial pups were characterised based on field 
observations and photographic evidence. Allo-suckling was 
defined as a female allowing a non-filial pup to suckle, in the 
presence or absence of her own pup, or a pup suckling from 
a female other than its mother. Milk stealing, which involves 
the female sleeping or apparently unaware of the presence 
of a non-filial pup suckling (Aguilar et al. 2007; Maniscalco 
et al. 2007) was never observed during this study. Identified 
mother-pup pairs were classified into four groups based on 
the occurrence of allo-suckling within each pair, as defined 
in Table 1.

Following Cordes and Thompson (2013), pupping date 
was calculated as the midpoint between the last day a female 
was seen alone and the first day she was seen with her pup 
when that period was less than or equal to 3 days. If that 
period was > 3 days, pupping date could not be calculated 
accurately and was excluded from the analysis. Lactation 
duration and nursing period were calculated for females and 
for pups, respectively, as the number of days between an 
accurate pupping date (converted to Julian day, i.e. day of the 
year) and the last day a mother-pup pair were seen together, 
or, to the last day a female (for lactation duration) or a pup 
(for nursing period) were seen allo-suckling, whichever was 
latest. This was done to reflect that females’ lactation dura-
tion and pups’ nursing period could be effectively extended 
if a female allo-suckled a non-filial pup after having weaned 

its own pup or a pup allo-suckled after being weaned from 
its mother. In order to ensure the end of lactation (females) 
or nursing (pups) was a reflection of weaning and not just 
of a foraging trip or a short separation between mother and 
pup, lactation duration and nursing period were only calcu-
lated if the female or the pup were seen on their own, within 
10 days of the last mother-pup pair sighting (Cordes and 
Thompson 2013). Mother-pup pairs only seen once (n=4) 
and a female first seen with a dead pup (n=1) were excluded 
from the analysis.

Modelling lactation duration and nursing period

A generalised linear model (GLM) with a quasi-Poisson 
error distribution to account for over-dispersion in the 
data was fitted, with lactation duration for mothers as the 
response variable and year, pupping date (centred on the 
annual median, i.e. relative pupping date) and allo-suckling 
group (see Table 1) as the explanatory variables within the 
model. There was no evidence that a more flexible rela-
tionship between pupping date and lactation duration was 
required. A GLM with an interaction term between relative 
pupping date and allo-suckling group was also included to 
investigate whether variation in lactation duration between 
allo-suckling groups was dependant on when a female 
pupped within the summer. Model selection was based on 
the Quasi Akaike Information Criteria  (QAICc) (Burnham 
and Anderson 2002) using the package “MuMIn” (Barton 
2019) in R (R Core Team 2019). The same set of models 
and error structure were fitted to the pup data, to model the 
nursing period in pups as a function of the same explanatory 
covariates as for the mothers, with model selection done 
as above. To interpret differences in the predicted lactation 
duration or nursing period by allo-suckling group or with 
relative pupping date, confidence intervals around model 
coefficients from the most supported model(s) were obtained 
and transformed to the response scale.

Repeated measures from individuals in different years 
(in this case lactation duration of females) may result in a 
positive residual correlation that can lead to underestimation 
of the uncertainty of model parameters if not considered 
(e.g. Bowen et al. 2006; Cordes and Thompson 2013). It 
was unlikely in this instance as only 8 of the 38 females 
were observed for 3 or more of the years, and it is difficult to 
get a good approximation of correlation with so few obser-
vations. Nevertheless, an autocorrelation function (ACF) 
plot (“acf” function in the “stats” package in R) was used 
to visualise the residuals of a model with pupping date and 
allo-suckling group as explanatory variables (with the data 
ordered by female ID). Additionally, using female ID as a 
panel structure, robust standard errors were estimated for 
the same model (using the MRSea package; Scott-Hayward 
et al. 2018). Based on a comparison of the robust and raw 

Table 1  Mother-pup pair groups based on the occurrence of allo-
suckling within each pair

Group Definition

MP Neither the female nor the pup is observed allo-suckling
P_allo Only the pup is ever observed allo-suckling
M_allo Only the female is ever observed allo-suckling
Both_allo Both the female and the pup are observed allo-suckling
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standard errors along with the ACF plot, there was no evi-
dence for positive residual correlation. Thus, we assumed 
all annual observations of a female were independent for 
modelling purposes.

Modelling allo‑suckling occurrence

All observed suckling (female-filial pup pair) and allo-suck-
ling (female with non-filial pup) events in which both the 
female and the pup could be identified were collated over 
the four-year study period. Multiple observations of suckling 
or allo-suckling by the same female and pup pair within 
the same day were summarised into single daily events to 
avoid duplicates and limit observer bias. The probability of 
allo-suckling was modelled within a Bernoulli generalised 
additive model (GAM) framework, to allow for non-linear 
relationships between the covariates and the response; allo-
suckling occurrence. The response had two possible out-
comes: 0 for a mother-pup pair suckling event; 1 for an allo-
suckling event. The variables available were Julian day, year, 
pupping date, days since birth (for the female and for the 
pup in the observation, when available), and days since the 
mother-pup pair was last photographed together (dsMP_M 
= days since the female in the observation was last photo-
graphed with her pup, and dsMP_P = days since the pup 
in the observation was last photographed with its mother). 
Pupping date and days since birth were not recorded for all 
mother-pup pairs, so to assess their usefulness as predictors, 
models were evaluated on the reduced data set, for which 
records were available. Using AIC for model selection, nei-
ther variable was selected for, so the modelling proceeded 
with the full set of mother-pup pairs. Despite not being able 
to include birth-related covariates (i.e. pupping date and 
days since birth), Julian day could be used as a proxy for 
days since birth for the female or the pup (Pearsons correla-
tion coefficient = 0.85 (female) and 0.83 (pup)).

The continuous variables were permitted to have a 
smooth or a linear relationship with the response. Smooth 
terms were fitted as quadratic (degree 2) B-splines and the 
flexibility restricted to a maximum of 5 degrees of freedom. 
The exact number and location of the knots was determined 
using a Spatially Adaptive Local Smoothing Algorithm 
(Walker et al. 2011) and 10-fold cross validation. Residual 
correlation, most likely driven by female ID (based on the 
ACF plots) was permitted by including a panel variable 
for female ID and calculating robust standard errors. The 
“MRSea” package was used for model fitting.

Model selection was achieved by using an AIC-based for-
ward selection procedure. Each variable was added one at a 
time until the AIC no longer improved (i.e. ΔAIC <2 com-
pared to the competing model). The order of variables was 
determined using the AIC scores of single variable models. 
At each step, collinearity between variables was checked 

using generalised variance inflation factors (GVIF). These 
were calculated using the “vif” function in package “car” in 
R (Fox and Weisberg 2019). If collinearity was detected, the 
variable was not considered for inclusion.

Predictions of the probability of allo-suckling were gener-
ated from the most supported model, based on AIC score, 
and used to assess the estimated relationships between allo-
suckling occurrence and the retained variables. Uncertainty 
around the predictions was estimated using a parametric 
bootstrap on the model coefficients and the robust covari-
ance matrix (i.e. variances adjusted for correlation). 95% 
confidence intervals were calculated using the lower 2.5 and 
upper 97.5 quantiles of the bootstrapped predictions (from 
1000 bootstraps). Additional statistics available within the 
“MRSea” package were used to assess the influence, if any, 
of each female (panel variable in the models) on the preci-
sion of the parameter estimates (COVRATIO statistic) and 
on the sensitivity of model predictions (predicted residual 
sum of squares; PRESS statistic). COVRATIO values < 
1 signal that removing those females will decrease model 
standard errors, and COVRATIO values > 1 signal that 
removing those females will inflate model standard errors 
(Belsley et al. 1980). Relatively large PRESS values signal 
model predictions are sensitive to removing those particular 
females (panels) (Allen 1971).

Results Mother‑pup pairs and observed allo‑suckling

Between 2016 and 2019, 64 females gave birth at least once, 
although the number of mother-pup pairs declined each year, 
from 43 pairs in 2016, to 41 in 2017, 34 in 2018 and 29 in 
2019. A total of 77 accurate pupping dates were obtained 
over the four breeding seasons from 42 females. Pupping 
dates ranged from 8 June to 4 July, with 90% of pups being 
born within the first 9 to 16 days (after the first observed 
pup) each year. Of the mother-pup pairs with accurate pup-
ping dates (n=77), weaning date could be estimated in 66 
cases (16 in 2016, 19 in 2017, 17 in 2018 and 14 in 2019) 
to allow calculation of lactation duration in females and of 
nursing period in pups, in the different allo-suckling occur-
rence groups (Table 2).

For females, observed lactation duration ranged between 
1 and 32 days, with an overall mean of 19.6 ± 8.4 days 
(mean ± standard deviation). For pups, observed nursing 
periods ranged between 0 and 32 days, with a mean of 18.9 
± 8.0 days. These observed periods varied depending on the 
occurrence of allo-suckling within the pair (Table 2). On 
two occasions where nursing period length was 0 to 1 day, 
the pups were abandoned and assumed dead (although one 
of the pups was seen allo-suckling for a further 4 days). On 
another two occasions where lactation duration was 3 days, 
the pups were not seen afterwards associated to the moth-
ers and thus were assumed dead or fostered by a different, 
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but unidentified female(s). However, some short female 
lactation periods (e.g. 5 to 8 days) resulted in their pups 
extending their nursing periods up to 17 to 23 days due to 
allo-suckling.

Over the study period, 31 different females were observed 
allo-suckling at least in 1 year, with some females observed 
allo-suckling in 2 (n=9) or 3 (n=4) separate years. Every 
year, 18–37% of the females pupping were observed allo-
suckling non-filial pups (range 8 to 15 females per year, each 
female allo-suckling 1 to 5 different pups in a single year). 
These females were seen allo-suckling on 1 to 6 occasions 
each year (mean = 1.68, SD = 1.32). From the pups’ per-
spective, allo-suckling observations involved 18–47% of the 
identified pups every year (range 8–16 pups per year, each 
pup allo-suckling from 1 to 3 different females)

There were 293 observations involving suckling in which 
both the female and the pup could be identified (57 females 
and 116 pups) of which 74 (25.2%, mean=18.5 observations 
per year, SD = 7.4) were allo-suckling events. There were 
another 11 allo-suckling observations in which the pup did 
not match the female’s known pup nor could the pup be 
assigned to any other female; these data were excluded from 
the analysis (1 in 2016, 2 in 2017, and 8 in 2018; all photo-
graphed pups in 2019 were identified). On 33 occasions, the 
mother of the non-filial pup allo-suckling was photographed 
at the haulout site during the observational period conducted 
on that same day, on 8 occasions, the filial pup of the allo-
suckling female was photographed on the same day, and on 
6 occasions, both the non-filial pup’s mother and the allo-
suckling female’s pup were photographed on the same day.

Allo-suckling was observed throughout most of the pup-
ping season, as early as June 18 (Julian day 169, 1 day before 
the overall annual median pupping date) and as late as July 
22 (Julian day 203, 33 days after the overall annual median 
pupping date) (Fig. 2a). Most allo-suckling events were 
observed 14 to 24 days after the female gave birth, compared 
to (filial) suckling events, which were mostly observed 3 
to 17 days after birth (Fig. 2b). Figure 3 shows when these 

events were observed for mother-pup pairs for which an 
accurate pupping date was available. A high proportion of 
these allo-suckling events occurred beyond the mother-pup 
association time, 51% for females (n = 24; dark blue dots 
in “M_allo” and “Both_allo” in Fig. 3) and 63.4% for pups 
(n=26; light blue dots in groups “P_allo” and “Both_allo” 
in Fig. 3).

On four occasions (two in 2017 and two in 2018), the 
pups observed allo-suckling looked underweight from visual 
inspection of photographs/videos and field observations, 
where the rib cage and spine were clearly marked under 

Table 2  Observed lactation 
duration (days ± standard 
deviation) for females and 
nursing period (days ± standard 
deviation) for pups depending 
on the occurrence of allo-
suckling within a mother-pup 
pair, as defined in Table 1. 
Sample size (n) indicates the 
number of females or pups in 
each group

Females/pups Allo-suckling group n Mean lactation duration/nursing 
period (days) ± SD

Range (days)

Females MP 30 18.7 ± 8.0 3 to 32
Both_allo 10 25.8 ± 4.5 18 to 32
M_allo 13 20.9 ± 7.5 10 to 32
P_allo 13 15.6 ± 9.9 1 to 31
Overall 66 19.6 ± 8.4 1 to 32

Pups MP 30 18.7 ± 8.0 3 to 32
Both_allo 10 22.9 ± 7.2 7 to 32
M_allo 13 14.5 ± 8.0 0 to 30
P_allo 13 20.6 ± 7.2 5 to 31
Overall 66 18.9 ± 8.0 0 to 32

Fig. 2  Observed suckling (female with her own pup, yellow) and allo-
suckling (female with non-filial pup, blue) events by Julian day (a) 
and by days since the female gave birth (b) for the combined breed-
ing seasons of 2016 to 2019. Boxplots with the data ranges, and 25th, 
50th and 75th percentiles are shown
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the skin, indicating a very thin blubber layer. Three of these 
pups were assumed abandoned as they were only seen in 
association with their mothers for 2, 3 and 8 days respec-
tively, after being born. The fourth pup was still observed 
in association with its mother 20 days after birth, despite 
looking underweight. Fostering (rather than intermittent 
allo-suckling) was observed once in 2018 when a female 
fostered a non-filial pup; the female subsequently abandoned 
her own pup.

Lactation duration and nursing period analysis results

The most supported model for lactation duration (females) 
and for nursing period (pups) included relative pupping date 
as a linear term and allo-suckling group (Table 3). For pups, 
however, a model without allo-suckling group was equally 
supported (ΔQAICc 1.20, Table 3) and so in the interest of 
parsimony, this second model was chosen as the best nurs-
ing period model. Neither annual variation nor the interac-
tion term (relative pupping date × allo-suckling group) was 
considered important predictors of lactation duration or of 
the nursing period.

Results showed that lactation duration was significantly 
longer for females pupping early in the season compared to 
those pupping later regardless of the allo-suckling group 
(relative pupping date, t =−3.312, p = 0.001). The model 
indicates that we are 95% sure the true value of females’ 
lactation duration was between 0.94 and 0.98 times shorter 
for every 1-day increase in relative pupping date. Some sig-
nificant differences in estimated lactation duration between 
allo-suckling groups were also identified. Based on the esti-
mated model coefficients (on the response scale), lactation 
duration for females in the group where both mother and pup 
allo-suckled (Both_allo, baseline group) was estimated to 
be between 1.3 and 2.4 times longer than for females whose 
pups allo-suckled but they did not (P_allo, t =−3.401, p 
= 0.001). Estimated lactation duration for females in pairs 

Fig. 3  Observed suckling and allo-suckling events in mother-pup 
pairs with an accurate pupping date. Classified by allo-suckling group 
(Table 1), each line represents the length of time (in days) a mother-
pup pair was seen associated (i.e. seen together in photographs). Dots 
represent suckling events: yellow dots are suckling events of mother-
pup pairs and so appear in all four groups. The blue dots are allo-
suckling events by females (dark blue) and pups (light blue) from the 
groups “Both_allo” (both mother and pup are observed allo-suck-
ling), “M_allo” (only the mother is ever observed allo-suckling) and 
“P_allo” (only the pup is ever observed allo-suckling). MP, neither 
the female nor the pup are observed allo-suckling

Table 3  Table of models fitted 
to investigate variation in 
lactation duration in females 
(top half) and of the nursing 
period in pups (bottom half) by 
allo-suckling group and year 
between 2016 and 2019. Var, 
number of estimated variables; 
ΔQAICc, difference in QAICc 
compared to most supported 
(top) model; relative DOB, 
relative pupping date. Models 
chosen for inference are in bold

Dataset Model Var ΔQAICc

Female lactation duration Relative DOB + allo-suckling group 6 0.00
Relative DOB 3 4.61
Relative DOB × allo-suckling group 9 5.23
Relative DOB + allo-suckling group + year 9 6.60
Allo-suckling group 5 8.35
Year 1 16.47

Pup nursing period Relative DOB + allo-suckling group 6 0.00
Relative DOB 3 1.20
Relative DOB × allo-suckling group 9 6.45
Allo-suckling group 5 5.54
Relative DOB + allo-suckling group + year 9 7.62
Year 5 12.01
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where both females and pups engaged in allo-suckling 
(Both_allo) was also between 1.1 to 1.8 times longer than 
for females in the mother-pup suckling-only group (MP, t 
=−2.409, p = 0.019), but was not significantly different to 
those in the group where only mothers allo-suckled (M_allo, 
t =−1.582, p = 0.119).

Similar to lactation duration of females, the nursing 
period was also found to be significantly longer for those 
pups born earlier in the season compared to later (t =−2.726, 
p = 0.008). Specifically, for every 1-day increase in rela-
tive pupping date, the nursing period was estimated to be 
between 0.95 and 0.99 times shorter for pups (Fig. 4).

Allo‑suckling occurrence analysis results

The most supported model for allo-suckling probability 
included Julian day, dsMP_M (days since female in the 
pair was seen with her pup) and dsMP_P (days since the 
pup in the pair was seen with its mother) as linear terms 
and year as a factor variable. Smooth terms were trialled 
but unsupported by the data (they resulted in overfitted 

and biologically illogical models). Robust standard errors 
were used for inference as there was evidence of minor 
residual correlation (lag 1 correlation = 0.15). The popu-
lation average probability of allo-suckling increased with 
Julian day (Fig. 5) and with increasing separation time 
between mothers and pups (Fig. 6).

There were 2 females with COVRATIO statistics of 
approximately 0.8, which if removed would reduce the var-
iance in the model. One of these females never allo-suck-
led and the other, on two occasions, allo-suckled the same 
day as suckling her own pup. There were three females that 
strongly influenced the predictions by increasing the prob-
ability of allo-suckling (based on PRESS statistics values). 
Unsurprisingly, two of these were the females with the 
most data (18 and 15 suckling/allo-suckling events each). 
The third female was only seen suckling her own pup once 
and allo-suckling on another 7 occasions. While interest-
ing, none of these findings, regarding the influence of par-
ticular females on the precision of the parameter estimates 
and on the sensitivity of model predictions, was extreme 
enough to warrant changes to the data.

Fig. 4  Estimated relationship 
between lactation duration 
(days) for mothers (a) and nurs-
ing period (days) for pups (b), 
and relative date of birth and 
allo-suckling group, using the 
highlighted models in Table 3. 
The shaded areas are the 95% 
confidence intervals around 
predicted lactation durations 
and nursing period, and the dots 
are the observed lactation or 
nursing period durations
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Fig. 5  Predicted probability of 
allo-suckling for 2016 to 2019, 
using median dsMP_M (days 
since female in the pair was 
seen with her pup) (median = 
2 days) and median dsMP_P 
(days since pup in the pair was 
seen with its mother) (median 
= 2 days). The shaded areas are 
the predicted 95% confidence 
intervals and a rug plot with the 
actual observations is shown at 
the bottom and top of each plot

Fig. 6  Predicted probability 
of allo-suckling with chang-
ing values of dsMP_M (days 
since female in the pair was 
seen with her pup) for 3 values 
of dsMP_P (days since pup 
in the pair was seen with its 
mother) (top) and with changing 
values of dsMP_P for 3 values 
of dsMP_M (bottom). These 
predictions were generated with 
median values for year and 
Julian day (year = 2017, Julian 
day = 185). The shaded areas 
are the predicted 95% confi-
dence intervals and a rug plot 
with the actual observations is 
shown at the bottom and top of 
each plot
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Discussion

Allo-suckling and fostering behaviour are frequently 
observed in pinniped species, particularly among phocids, 
although the proximate causes and the subsequent con-
sequences on reproductive success and survival are not 
fully understood. This study investigated the occurrence 
of allo-suckling behaviour and its effect on the duration of 
lactation (females) and nursing period (pups) at harbour 
seal haulout sites in Orkney, Scotland.

Allo-suckling was observed in every pupping season, 
involving 18–37% (n=8 to 15) of the identified breeding 
females and 18–47% (n=8 to 16) of the identified pups, 
each year. Contrary to observations of harbour seal popu-
lations at Sable Island (Canada) where females were only 
seen nursing a non-filial pup once separated from their own 
(Boness et al. 1992), females in Orkney allo-suckled while 
caring for their own pup, but also kept allo-suckling once 
no longer associated with their own pup. The percentages 
of females and pups allo-suckling reported here are higher 
than for harbour seals on Sable Island (10% of females 
allo-suckled during their lactation, Boness et al. 1992; 4.6 
to 14.4% of females fostered pups, Schaeff et al. 1999), and 
at breeding colonies of grey seals at Sable Island (2.9 to 
28% of females fostered simultaneously, Perry et al. 1998). 
They are also higher than for Antarctic fur seals on Bird 
Island (11.47% of females, Gemmell 2003; 9.9% of pups, 
Hoffman and Amos 2005), or for New Zealand sea lions 
(6% of females in a given survey, Childerhouse and Gales 
2001), but lower compared to Hawaiian monk seals (53 to 
90% of the females, Boness et al. 1998).

A study conducted by Rubertus (1983) at one of the 
three haulout sites of the present study during the pupping 
season of 1982 reported the presence of lone (presumably 
weaned or orphaned) pups following females and inter-
rupting ongoing suckling events in order to suckle, as well 
as of a single observation of simultaneous nursing of two 
pups. These observations suggest allo-suckling behaviour 
might have been occurring for some time at this particular 
colony, but it remains unknown whether its prevalence has 
changed over time or with potential changes in population 
dynamics given the declining population trajectory in this 
region (Thompson et al. 2019).

Lack of maternal experience has been suggested as a 
contributing factor to fostering and allo-suckling in pin-
niped species, including harbour seals (Boness et al. 1992). 
It was not possible to distinguish young, inexperienced 
harbour seal mothers from older females based on their 
body size in the photo-identification data, because female 
harbour seals will reach 90% of their asymptotic length 
(indicative of sexual maturity ) by the age of 3.2 years 
(Hall et al. 2019). However, 11 of the breeding females 

included in this study could be aged from counts of growth 
layer groups in the incisors (Hall et al. 2019) when cap-
tured and sampled as part of a broader research project in 
2016 and 2017 (Arso Civil et al. 2018). These included 
4 females aged 4 to 14 (mean = 10.1) in years observed 
suckling their own pups only, and seven females aged 5 to 
18.5 (mean = 10.7) in years observed allo-suckling other 
pups. Most of these 11 breeding females were likely to be 
multiparous as female harbour seals tend to have the first 
pup at ages 4 to 6 (Boulva and McLaren 1979). Addition-
ally, some other multiparous females of unknown age were 
also seen allo-suckling in different years. This suggests 
that lack of maternal experience is unlikely to be driving 
the observed allo-suckling behaviour in females from this 
study.

We could not establish whether allo-suckling occurrence 
was linked to failed mother-pup recognition, a factor that 
has been correlated with increased allo-suckling occurrence 
in phocids compared to otariids, given their less developed 
mother-pup recognition (Insley et al. 2003). The observed 
behaviours between mothers and pups were in line with 
other harbour seal studies regarding mother-pup recogni-
tion; pups called frequently, especially within the first week 
after birth, and mostly when in the water with the mother, or 
when left alone at the haulout site (e.g. Renouf 1984; Sauvé 
et al. 2015). Mother-pup pairs showed a high degree of nose-
to-nose contact, both in the water or on land (e.g. Wilson 
and Jones 2018). Also, lone females arriving to the haulout 
site could be observed approaching several pups on land to 
smell them (e.g. Boness et al. 1992; Schaeff et al. 1999), 
until successfully finding their pup, generally followed by a 
suckling bout. On some occasions, the pup was found in the 
company of, or allo-suckling from, another female, which 
generated an aggressive interaction from the mother towards 
that female before reuniting with her pup. Some females 
were also observed reacting aggressively towards approach-
ing non-filial pups when pregnant, during lactation and after 
weaning their pups.

The timing of allo-suckling in relation to lactation varies 
between pinniped species and colonies but can be observed 
as simultaneous nursing of a filial and non-filial pup(s) or 
as the sequential nursing of pups after separating from one’s 
own pup. In otariids, allo-suckling and fostering behaviours 
are uncommon, but simultaneous nursing has been observed 
in different species of sea lions, including New Zealand, 
Australian, and Steller sea lions (Childerhouse and Gales 
2001; Maniscalco et al. 2007; Pitcher et al. 2011). Antarctic 
fur seals have also been observed allo-suckling pups, either 
after losing or while nursing their own pup (Lunn 1992; 
Hoffman and Amos 2005). In phocids, fostering behaviours 
are more commonly observed, compared to otariids. In ele-
phant seals, separation between mothers and pups, and adop-
tions, are common in the densely packed colonies, especially 
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when the pups are quite young. Most of the fostering behav-
iour is done by females adopting or caring for a pup after 
losing their own, although simultaneous nursing has also 
been observed (Riedman and Le Boeuf 1982). Simultane-
ous allo-suckling is common in grey seals, although the fre-
quency varies among colonies (Perry et al. 1998; McCulloch 
et al. 1999). Harbour seals at Sable Island fostered only after 
they had lost contact with their biological pups (Boness et al. 
1992; Schaeff et al. 1999). Monk seals display high rates 
of fostering and milk stealing both in Hawaii (87% of 30 
females in Hawaiian monk seals, with 5–90% of the lacta-
tion spent fostering; Boness 1990) and in the Mediterranean 
(26.6% of suckling events involved non-filial pups; Aguilar 
et al. 2007). In Hawaiian monk seals, most females displayed 
sequential fostering, by nursing their pups first, and foster-
ing occurring 12.5 ± 8.93 days post-partum; fostering was 
less likely to begin in late lactation (Boness 1990). In Medi-
terranean monk seals, Aguilar et al. (2007) report both the 
sequential nursing of pups and simultaneous nursing.

In this study, the probability of allo-suckling increased 
with Julian day and the longer a mother and a pup had not 
been seen together (i.e. longer separation time). Most allo-
suckling events occurred 14–24 days post-partum, a high 
proportion of which occurred beyond the mother-pup asso-
ciation time (51% for females and 63% for pups). Early in 
the pupping season, fewer females have pupped and are lac-
tating, and so the opportunities for allo-suckling are likely 
to be fewer. Also early in the season, the average age of 
pups is younger. Younger pups are more closely associated 
with their mothers (compared to older pups) and can join 
them in the water (e.g. from 0 to 3 days post-partum; Bowen 
et al., 1999), which makes them less likely to be separated 
for long periods from the mother. However, some pups were 
also seen allo-suckling in the days following their birth, a 
small proportion of which were assumed abandoned and not 
managing to acquire enough resources given their physi-
cal appearance which suggested having a very thin blubber 
layer. Female harbour seals restrict the distance they range 
from haulouts during the pupping season but will undergo 
foraging trips before the pups are weaned (Thompson et al. 
1994), and as lactation progresses, the extent of their trips 
increases (Boness et al. 1994). Information on whether the 
pups accompany their mother to sea during those foraging 
trips is limited, however. On Sable Island, initial studies sug-
gested females left pups on sandbanks while foraging but 
later studies showed pups accompanying mothers during 
lactation (Bowen et al. 1999). Older pups were also seen 
moving between sites while mothers were absent (Boness 
et al. 1992). In this study, pups were observed alone during 
lactation, and modelling results indicated a higher probabil-
ity of allo-suckling with longer separation time from the 
mother. Interestingly, photo-ID data in this study showed 
that allo-suckling also occurred even when the biological 

mother of a non-filial pup or the female’s own pup (or both) 
were present at the haulout site at the same time (on occa-
sions within a few metres apart). Unfortunately, it was not 
possible to discern whether the mother and the pup of a pair 
were aware of their close proximity, and if that influenced 
their allo-suckling behaviour.

In general, females pupping earlier in the season had 
longer lactation durations compared to those pupping later 
in the season, in accordance with photo-ID studies in Loch 
Fleet (Cordes and Thompson 2013). Overall observed mean 
lactation duration was 19.6 ± 8.4 days and 18.7 ± 8.0 days 
for mother-pup pairs never seen allo-suckling. Both of these 
are at the lower range of mean lactation durations reported 
for harbour seals at Loch Fleet (18.6 to 23.4 days, Cordes 
and Thompson 2013) and Sable Island (24.1 ± SE 0.44 
days, Muelbert and Bowen 1993; 17 to 29 days, Bowen 
et al. 2001). Modelling results provided no evidence that 
allo-suckling influenced the duration of the nursing period 
in pups (18.9 ± 8.0 days on average) but did show differ-
ences in females’ lactation duration depending on the allo-
suckling occurrence within the pair. Females in pairs where 
both the mother and the pup allo-suckled were estimated to 
have a lactation duration 1.7 times longer than females in 
pairs where only the pup allo-suckled and 1.4 times longer 
than females in pairs in which neither the mother nor the 
pup allo-suckled, while there was no statistically significant 
difference with females in pairs where only the mother allo-
suckled. However, contextualising this in terms of energetic 
investment by females and energetic gain by pups is com-
plex. Harbour seal mother-pup pairs are not available for 
observation at every low tide as they spend a high proportion 
of time in the water from birth and move between haulout 
sites or between different parts of a haulout site with the tide 
(Bekkby and Bjørge 2003; Burns 2009). Observations were 
also missed given the sampling design, which was focused 
on collecting photo-ID data rather than collecting focal fol-
low behavioural data on targeted lactating females. Conse-
quently, we could not acquire detailed information on the 
number and duration of suckling vs allo-suckling bouts by 
females and pups or changes in these throughout the pupping 
season (e.g. Aguilar et al. 2007). More generally, observa-
tions on suckling and allo-suckling events do not provide 
information on milk intake by the pups, which could then 
be used as a proxy for maternal investment. Even in stud-
ies where suckling time data are available, evidence of its 
direct relationship with milk intake is weak (Cameron 1998; 
Childerhouse and Gales 2001).

The costs and benefits of allo-suckling and fostering 
remain generally poorly understood (Roulin 2002). MacLeod 
and Lukas (2014) suggest that differences in the relative fre-
quency of allo-suckling in different taxonomic groups might 
reflect variation in the costs and that the behaviour might 
quickly evolve when costs of nursing non-filial offspring are 
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low. In New Zealand sea lions, multiple nursers (i.e. mothers 
simultaneously nursing >1 pup) spent 50% more time nurs-
ing than single nursers, but the impact of this on females and 
pups are unknown (Childerhouse and Gales 2001). In South 
American fur seals, it has been suggested that allo-suckling 
occurring during early lactation, when pups are small, might 
not represent a significant investment by females involved 
in simultaneous nursing but might benefit the colony by 
increasing the chances of pup survival (Franco-Trecu et al. 
2010). If allo-suckling occurs primarily after a mother-pup 
pair have separated (i.e. the pup is weaned, lost, or dead), 
the costs of allo-suckling for females are likely to be much 
reduced as there will be little competition for resources dur-
ing that season for their own offspring and might thus have 
little impact on their future reproductive success (Schaeff 
et al. 1999). In Hawaiian monk seals, for example, lactation 
duration was the same regardless of whether females sequen-
tially fostered pups during lactation or not (Boness 1990). 
For the pups, on the other hand, allo-suckling after sepa-
rating from their biological mothers might simply indicate 
a strategy for obtaining additional resources post weaning, 
although the evidence of its impact on their survival is lim-
ited. In the Hawaiian monk seal study, Boness (1990) found 
no differences in size at weaning or on first-year survival 
between fostered and non-fostered pups. In Antarctic fur 
seals, higher rates of allo-suckling and of milk stealing have 
been linked to nutritional stress in pups, with allo-suckling 
observed more frequently in years when females increased 
the length of time spent foraging at sea and thus away from 
their pups (Lunn 1992). A particular case of asynchronous 
shared nursing in Antarctic fur seals resulted in a noticeably 
heavier pup compared to other pups from the same cohort 
(Acevedo et al. 2016). In our study, it was not possible to 
investigate females’ investment in non-filial pups compared 
to their own pups, in terms of transferred resources through 
lactation. There were no data available on size at weaning 
or on pup survival, but a subset of the pups (n=12), 50% 
of which allo-suckled, were photographed and identified in 
subsequent years as 1-, 2- and 3-year-olds.

In conclusion, findings from this study show that allo-
suckling is common among harbour seals in the selected 
study sites in Orkney, and at rates higher than those observed 
in other populations of harbour seals. We found individual 
variation in allo-suckling occurrence among females within 
and between years, with those females allo-suckling other 
pups having longer lactation durations. Given the elevated 
energetic costs of lactation (Lee 1996), it remains puzzling 
why fostering and allo-suckling commonly occur in pin-
nipeds, and especially in phocids. However, these behav-
iours might not be strongly selected against if the costs are 
not high enough to significantly affect females’ survival 
and future reproductive success (Schaeff et al. 1999). Con-
versely, it might benefit pups by providing extra food in late 

lactation, when mothers spend more time foraging at sea, 
and after weaning. However, fostering and allo-suckling 
behaviours warrant further investigation, as the costs and 
benefits, and drivers behind these behaviours remain poorly 
understood and might vary between species and colonies.
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