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Nursing, the behavior associated with the transfer of milk to
another individual (Hall et al. 1988), is one of the main com-
ponents of mammalian maternal care (Balshine 2012). From
the nursed individual's perspective, i.e., the young, it is referred
to as suckling (Hall et al. 1988) and it is essential for the sur-
vival and development of young mammals during their early life
stage. Nursing serves as a primary source of food and water, pro-
vides immunity, and is among the first intimate social interac-
tions that help establish and strengthen the mother-young bond,
while also being one of the earliest social experiences for young
mammals (Clark and Odell 1999; Lent 1974; Nowak et al. 2000;
Oftedal 2012).

For baleen whales (Mysticetes), understanding nursing behav-
ior has long been challenging due to the inherent difficulties in
studying them within their natural habitats. Past studies have
often relied on observations in the wild from sea surface or sub-
surface (using a boat, an aerial vehicle, or by diving) (Clapham
and Mayo 1987; Glockner-Ferrari and Ferrari 1985; Glockner
and Venus 1983; Hain et al. 2013; Morete et al. 2003; Thomas
and Taber 1984; Videsen et al. 2017; Wiirsig et al. 1985; Zoidis
and Lomac-MacNair 2017). However, surface or subsurface ob-
servations may not always allow for the observation of nursing
behavior because of unfavorable observation angles and be-
cause nursing often occurs at depth, in short bouts, and can be

performed while moving (Ratsimbazafindranahaka et al. 2022;
Tackaberry et al. 2020). Advancements in technology, particu-
larly the development of camera-equipped animal-borne multi-
sensor tags, allowed a significant stride forward in studying
nursing behaviors, particularly in species like the humpback
whale, Megaptera novaeangliae (Ratsimbazafindranahaka
et al. 2022, 2023; Tackaberry et al. 2020). For instance, a camera
positioned on the back (pointing forward) of calves allows for
the direct confirmation of nursing events (i.e., intervals in which
the calf engages in uninterrupted attachment to a single teat of
the mother; Ratsimbazafindranahaka et al. 2022; Tackaberry
et al. 2020) from calf point-of-view images. Such an approach,
however, primarily results in fine-scale descriptions focused
on the calf (i.e., suckling behavior) and limited insight into the
mother's behaviors.

A pioneering tag effort by Tackaberry et al. (2020) managed to
simultaneously deploy camera-equipped tags on both mother
and calf in humpback whale mother-calf pairs and thus study
nursing behaviors from both the mothers' and the calves’ van-
tage by analyzing data corresponding to suckling events vi-
sually identified in calf video data. However, in Tackaberry
et al. (2020), the sample size remained relatively limited (three
nursing events with data from the mother), and the data corre-
sponded to pairs with non-neonate calves (> 6 months old). The
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datasets presented in Ratsimbazafindranahaka et al. (2023)
included simultaneous Acousonde tags placed on hump-
back whale mother-calf pairs (six pairs) with young calves
(<3 months old) off Sainte Marie, Madagascar, Southwestern
Indian Ocean, and constitute a unique opportunity to study
both the mother and the calf during the early development of
the calf. While these simultaneous deployments lacked video
data, suckling events were successfully identified using an in-
novative method based on kinematic signatures. The method
was developed using video-equipped data from other tagged
calves (CATS cam tag data from 11 calves, 79 suckling events).
The simultaneous deployment dataset with automatically de-
tected suckling events offers the possibility of simultaneously
observing the time sequences of the mothers’ and the calves’
behaviors. The automatic identification was estimated to have
an average precision (proportion of true positives among all
positives identified) of 0.82, an average sensitivity (proportion
of true positives detected among all actual positives) of 0.75,
and an average false events rate of about one false event de-
tected per 3h of data (Ratsimbazafindranahaka et al. 2023).

Humpback whales are known to nurse in bouts of up to six nurs-
ing events (Ratsimbazafindranahaka et al. 2022, 2023). In this
short note, we describe the behaviors displayed by humpback
whale mothers and calves before, during, and after nursing
bouts (i.e., series of nursing events; Ratsimbazafindranahaka
et al. 2022, 2023; Russell et al. 1997) using the six previously
collected simultaneous mother-calf Acousonde deployment data
from Ratsimbazafindranahaka et al. (2023). We mainly focus on
the termination and initiation of nursing bouts. Insights gained
from these data can help clarify the behaviors of humpback
whale pairs in the field and help understand how mother and
calf coordinate their behaviors.

One of the simultaneous Acousonde tag deployments did not
contain any nursing events. The remaining simultaneous
Acousonde tag deployments contained 32 nursing events in
total. Since we were interested in how the bouts are initiated
and terminated, we analyzed only nursing events that were
at least 3min apart from the previous nursing event (i.e., con-
sidered to be the initial nursing event of a bout) for the ex-
amination of the sequence of behavior before nursing bouts
(N=15 bouts from the five mother-calf pairs) and only nurs-
ing events that were at least 3 min away from the next nursing
event (i.e., considered to be the terminal nursing event of a
bout) for the examination of the sequence of behaviors after
nursing bouts (also N=15 bouts from the five mother-calf
pairs). For uniformity, we considered only the first 12s of the
initial nursing events and the last 12s of the terminal nursing
events, as these periods approximately represented the low-
est nursing event duration observed. We operationally chose a
conservative threshold of 3min to isolate initial and terminal
events (and thus separate bouts), as previous studies defined
bouts as successive nursing events separated by <1min—
with a high proportion of inter-event intervals indeed < 1min
(Ratsimbazafindranahaka et al. 2022, 2023), but a 3-min
gap is long enough to require postural readjustment (e.g., for
breathing in the case of the calf or for communication) and
therefore provides a more conservative and biologically mean-
ingful unit of study for how nursing interactions are initiated
and terminated.

From the pressure and 3D acceleration data of the tags, we ex-
tracted the depth (in m), the depth rate (vertical speed, in m/s),
the pitch (in degrees), the roll (in degrees), the relative speed (z-
scored flow noise), and the normalized Overall Dynamic Body
Acceleration (nODBA) (details in Ratsimbazafindranahaka
et al. 2023), sampled at 10 Hz. We then aligned the analyzed
nursing events relative to their start and end times. As a base-
line reference, we randomly selected a point at the same depth
as the start of each nursing initiation or the end of terminal
nursing. These points marked the beginning or termination of
the non-nursing data reference. From each, we extracted data
for 3min before or after, mirroring the nursing data. Dives
were only used once in the process and excluded if they were
nursing dives.

Before nursing bouts, calves were generally at shallower or
similar depths compared to their mothers (Figure 1A), though
two pairs—each with only one observed nursing bout—did
not follow this pattern. For instance, the average vertical dis-
tances between 0.5 to 1 min prior to nursing showed no sta-
tistically significant difference from the baseline data (=94,
p=0.055, paired Wilcoxon signed-rank test). However, within
the 0.5min before nursing, calves tended to be below their
mothers, unlike when not nursing (V=107, p=0.005, paired
Wilcoxon signed-rank test). Similar to when not nursing,
calves sometimes presented periods of separation (up to more
than 10m distance) from the mothers before arriving at the
suckling depth and were the ones going toward the mothers.
The mothers did not seem to be more stable regarding depth
compared to when not nursing (difference in average absolute
depth rate between nursing and baseline data, 0 to 0.5min
prior: V=66, p=0.762; 0.5 to 1 min prior: V=281, p=0.252,
paired Wilcoxon signed-rank test). Nevertheless, compared
to the depth rate within the 0 to 0.5 min prior to nursing,
the absolute depth rate is lower during nursing (i.e., rela-
tively stable as the nursing started) (V=15, p=0.008, paired
Wilcoxon signed-rank test). These observations are consistent
with earlier studies showing that mothers initiate dives and
generally reach depth before their calves (Huetz et al. 2022;
Tyson et al. 2012). Specifically, our results support that this
pattern extends to the initiation of nursing dives. Our observa-
tions are also consistent with previous reports that calves then
actively position themselves below their mothers to suckle
(Ratsimbazafindranahaka et al. 2022; Tackaberry et al. 2020;
Zoidis and Lomac-MacNair 2017).

After nursing, although the average depth rate was similar to
the baseline data for calves (0 to 0.5min after: V=32, p=0.121;
0.5 to 1 min after: V=61, p=0.978, paired Wilcoxon signed-rank
test), calves consistently ascended to the surface within about
1min, whereas they sometimes remained at depth when not
suckling (Figure 1B). This pattern reflects their need to breathe
at the end of a nursing bout due to limited apnea performance
in young calves (Cartwright and Sullivan 2009; Ejrnees and
Sprogis 2021).

Regarding pitch, we found no statistically significant differ-
ence from the baseline data for either mothers (during nurs-
ing: V=36, p=0.188; 0 to 0.5min prior: V=60, p=1; 0.5 to
1min prior: V=49, p=0.561, paired Wilcoxon signed-rank test)
or calves (during nursing: V=66, p=0.762; 0 to 0.5min prior:
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lyzed nursing bouts for each pair.

V=65, p=0.804; 0.5 to 1min prior: V=62, p=0.934, paired
Wilcoxon signed-rank test). The average pitch difference be-
tween mothers and calves during nursing was also relatively
small, barely exceeding 25°, and not statistically different from
the baseline data (V=75, p=0.421, paired Wilcoxon signed-rank
test). The mostly horizontal pitch of calves during suckling, to-
gether with the small difference in pitch between mother and
calf, contrasted with calf-perspective video reports of a ~30°-
45° angle difference attributed to the mother leaning downward
(Ratsimbazafindranahaka et al. 2022, 2023) and with in-water
observations (i.e., from a boat or by divers) describing mothers
oriented vertically or nearly horizontally with calves in verti-
cal or semi-vertical postures beneath them (Glockner-Ferrari
and Ferrari 1985; Glockner and Venus 1983; Zoidis and Lomac-
MacNair 2017). This discrepancy highlights uncertainty about
nursing postures. One possibility is that when both mother and
calf are almost horizontal, mothers create the relative angle
through subtle dorsoventral adjustments, such as caudal pedun-
cle lift or body curvature. More broadly, differences between
tag-based and in-water observations may reflect complemen-
tary perspectives: in-water studies capture only a subset of con-
texts, whereas tags show that suckling mostly occurs at depth
and during movement, beyond the reach of divers and boat-
based observations (Ratsimbazafindranahaka et al. 2022, 2023;
Tackaberry et al. 2020). Together, these perspectives underscore
a potentially broader repertoire of nursing postures than previ-
ously described.

As previously described (Ratsimbazafindranahaka et al. 2022,
2023), calves clearly rolled either to the left or right (resulting
in an elevated absolute roll) during nursing events to access the
corresponding teat (while the mother remained level) in con-
trast to when not suckling (Figure 2A, V=105, p=0.008, paired
Wilcoxon signed-rank test). The distinct rolling behavior was
mainly observed during suckling events, but for some calves, it
also appeared to begin in the minute leading up to nursing. In
these cases, the absolute roll increased, then decreased momen-
tarily before increasing again during nursing (Figure 2A). This
fluctuation likely reflects the calf's maneuvering period as it po-
sitions itself beneath the mother to suckle.

The pairs were not stationary during nursing and presented rel-
ative speeds comparable to the baseline data (for instance for
the mothers during nursing: V=75, p=0.421; 0 to 0.5 min prior:
V=78, p=0.330; 0.5 to 1min prior: V=76, p=0.389, paired
Wilcoxon signed-rank test). Nevertheless, the gap between
calves’ and mothers’ relative speeds tended to increase within
the 0.5min prior to nursing (corresponding to calf deceleration)
before converging again, a pattern statistically different from the
baseline (Figure 2B, V=21, p=0.025, paired Wilcoxon signed-
rank test). The deceleration likely reflects the calf aligning its
snout with its mother's teats as she continues moving forward.

Regarding the nODBA, prominent peaks were observed in moth-
ers and calves before and after nursing, likely associated with
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FIGURE 2 | Calves' absolute roll (A) and mother-calf relative speed differences (B) prior to (left) and after (right) nursing bouts in six humpback

whale mother-calf pairs. Baseline data for non-nursing periods are shown below the nursing data for reference. Colored lines represent the average

across events for each pair, with shaded bands indicating the range (min-max). The thick gray line represents the average across all pairs. Data after

the start of nursing bouts correspond to the initial nursing event (first 12s). Data prior to the end of nursing bouts correspond to the terminal nursing
event (last 12s). N indicates the number of analyzed nursing bouts for each pair. In one P1 event, maternal relative speed data were missing, begin-

ning ~1.5min into the randomly selected post-nursing baseline period.

tail beats (Figure 3). However, these peaks disappeared during
nursing for all mothers, unlike in the baseline data, where some
continue exhibiting them. Such observation suggests that moth-
ers cease tail fluke movements when the calf begins suckling,
indicating a deliberate effort to facilitate the calf's suckling pro-
cess. The small delay before the prominent peaks reappeared
after nursing further suggests that mothers do not abruptly or
aggressively interrupt nursing bouts with tail fluke movements.
In contrast, calves’ nODBA peaks remained visible during nurs-
ing because they need tail fluke movements to maintain attach-
ment to their mother's teats (Tackaberry et al. 2020).

In addition to the analysis of the simultaneous Acousonde de-
ployment data, we examined the videos corresponding to pe-
riods prior, during, and after bouts corresponding to the 79
suckling events (37 bouts) visually identified in CATS cam tag
data (details in Ratsimbazafindranahaka et al. 2023). The video
observations aligned with those from the Acousonde tag deploy-
ments. Before almost all the observed nursing bouts, the calf
began to slow down, either after positioning below its mother
at her mid-body level or when positioned to the side and slowly
descending below her as the mother continued to move forward.

This deceleration allowed the calves to align their snout with the
teats for suckling. The only exception noted was in one nursing
bout where the calf approached its mother from behind. In all
the observed sequences, the mother refrained from making tail
fluke beats during nursing and, at most, exhibited barely per-
ceptible fluke undulations. Unfortunately, it was challenging to
discern if the mother's body was curved during nursing due to
the limited field of view of the camera on the tag.

In summary, the present study describes the behavioral coor-
dination between the mother and her calf as related to nursing
during the calf's development on their calving ground. Our ob-
servations suggest that the calf is active in the approaches and
the nursing setup. Additionally, as would be expected during the
early stages of young mammal development, our observations
highlight a degree of cooperation from the mother, who adjusts
her behavior to facilitate suckling, a pattern also reported in
various mammalian species (Fiialkovskyi et al. 2023; Lent 1974;
Reid et al. 1995; Saito et al. 2020). For instance, in humpback
whales, such facilitation includes interrupting tailbeats even
though nursing can occur at non-stationary speeds, stabilizing
depth at the onset of nursing, and not displaying obvious sign
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of nursing refusal/maternal rejection. By using simultaneous
animal-borne tag data, this study offers a rare perspective on
humpback whale mother-calf interactions during nursing bouts
and complements previous observational findings.
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