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Abstract

The relationship between a dolphin mother and
her calf has been well studied, but details regard-
ing tactile exchanges within these dyads are lim-
ited. Contacts between five adult female bottle-
nose dolphins (Tursiops truncatus) and their
calves, with data from three pairs analyzed sta-
tistically, were examined from video collected in
October 2017, 2018, 2019, and in January 2018.
Of 289 contact events, calves initiated 65.7% (n =
190), of which 82.6% (n = 157) were affiliative;
77.8% (n = 77) of mother-initiated contacts were
categorized similarly. Thus, the overall trend for
mother—calf contacts was affiliative. Mothers ini-
tiated contact with the dorsal fin less often (n = 3),
while calves initiated with their dorsal fin more
often (n =40), especially one-year-old (C1) calves
(n = 33). The body was used to initiate contact
more by three-year-old (C3) calves (n = 47) and
less by C1 calves (n = 22). Both results are likely
an artifact of the infant position used by calves at
different developmental stages. Only two-year-old
(C2) calves initiated agonistic contact with their
rostrum (n = 4); 75% of these contacts were initi-
ated by one male calf. Mothers used the body to
initiate contact with most calf ages, though contact
by pectoral fin occurred more often than expected
with their C2 calves (n = 11). Since 72.7% of
these contacts came from one mother, a specific
maternal style may be present. Only one mother
used her rostrum with her C3 calf to initiate ago-
nistic contacts; all others used the fluke. Several
variables, including individual preference, calf
sex, and maternal experience, may explain some
of the contact patterns, but a larger sample size is
needed to illustrate potential patterns among pairs.
Still, these results support the notion that mother—
calf dyads share more affiliative than agonistic
contacts, expanding our knowledge on the tactile
relationships of mother—calf pairs.
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Introduction

In most social mammals, the relationship between
mother and offspring is documented as one of the
strongest bonds and includes both affection and con-
flict (Zahavi, 1977). The details of this relationship
have been studied in many species, from primates
(e.g., Fitch-Snyder & Ehrlich, 2003; Nakamura
& Sakai, 2014; Ross & Lehman, 2016) to marine
mammals (e.g., Riedman, 1990; Schusterman et al.,
1992; Mann, 2017), focusing on different behaviors
to better understand mother—infant interactions. In
primates, grooming is an important social behavior
used to strengthen bonds (Nakamura & Sakai, 2014)
and reduce tension (Schino et al., 1988), especially
in larger groups (Dunbar, 1991). Infants groom
their mothers at low levels that can fluctuate with
age depending on the species (e.g., lorises: Fitch-
Snyder & Ehrlich, 2003; and monkeys: Dettmer
et al., 2016), but which never occurs more often
than the mother grooming the infant (Fitch-Snyder
& Ehrlich, 2003). Maternal grooming is also posi-
tively correlated with calm and easy interactions
within the mother—infant relationship in monkeys
(Vandeleest & Capitanio, 2012). Looking at prox-
imity in lorises (i.e., being within 0.3 m without
contact), mother—infant closeness can significantly
increase with age (Fitch-Snyder & Ehrlich, 2003). In
slow lorises (Nycticebus bengalensis), infants both
initiate and end closeness more as they get older,
while their mothers do not change rates of initiation
or termination along the same timeline. Contacts are
frequent and necessary in young primates as infants
require near constant contact with their mother for
a few weeks after being born (Nakamura & Sakai,
2014). Some species continue to maintain high rates
of contact, even 9 wks after birth (blue-eyed black
lemur [Eulemur flavifrons]; Volampeno et al.,2011).
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Nuances in contact events change as the offspring
ages, with infants shifting from infant to adult types
of contact and increasing the number of initiations,
while mothers initiate fewer contacts (Fitch-Snyder
& Ehrlich, 2003; Ross & Lehman, 2016).

Marine mammals also have important mother—
infant relationships but are met with a different set of
environmental challenges. In some species, such as
sea otters (Enhydra lutris) and walruses (Odobenus
rosmarus), young use the mother—offspring rela-
tionship to learn foraging skills (Mann, 2017). Other
pinniped young use the mother as a back-up food
supply while they practice independent foraging and
social behaviors (Riedman, 1990). During mother—
pup reunions in California sea lions (Zalophus
californianus), pups show an increase in locomo-
tion effort as they age (Schusterman et al., 1992),
which suggests they participate in reunion behaviors
more as they mature. The increase in pup-initiated
participation with age mirrors the shift in proxim-
ity maintenance documented in infant primates with
their mother (Fitch-Snyder & Ehrlich, 2003; Ross &
Lehman, 2016).

In cetaceans, the mother—infant relationship for
mysticetes and odontocetes is somewhat differ-
ent. The nursing period is usually much shorter
in mysticetes compared to odontocetes, resulting
in a short-term relationship (Mann, 2017). Within
this shorter window, dive synchrony can be seen
in humpback whales (Megaptera novaeangliae),
as well as a shift in control of proximity toward
the calf as it gets older (Tyson et al., 2012; Huetz
et al., 2022). In contrast, most odontocetes have a
longer period of maternal care that typically lasts 2
to 4 y for smaller delphinids (Connor & Smolker,
1985; Wells et al., 1987; Wells, 1991; Mann, 2019)
to decades or more for killer whales (Orcinus
orca; Bigg et al., 1990; Weiss et al., 2023). Prior
to weaning, odontocete calves learn social and
foraging behaviors primarily from their mothers
(Wells et al., 1987; Mann, 2019) through various
interactions that the calf increasingly initiates as it
ages, including contacts, play attempts, proximity,
and pair swims (belugas [Delphinapterus leucas):
Hill, 2009; Hill et al., 2013,2015; Hill & Campbell,
2014; Krasnova et al., 2014; killer whales: Guarino
etal.,2017). The development and use of pair-swim
positions (e.g., echelon and infant position; Noren
& Edwards, 2011; Mann, 2019) by mother—calf
dyads are thought to provide hydrodynamic and
social benefits to the calf (Noren et al., 2008; Noren
& Edwards, 2011; Xian et al., 2012) and have
received much interest in several species, includ-
ing eastern spinner dolphins (Stenella longirostris;
Weihs, 2004), bottlenose dolphins (Tursiops trun-
catus; Noren & Edwards, 2011), Yangtze finless
porpoises (Neophocaena asiaeorientalis asiaeori-
entalis; Xian et al., 2012), and narwhals (Monodon

monoceros; Charry et al., 2018). However, the spe-
cies receiving the most attention for mother—calf
relations is the bottlenose dolphin (Tursiops sp.).

Bottlenose dolphins are highly sociable mam-
mals living in fission—fusion societies (Connor
et al., 2000; Kogi et al., 2004). Studies focusing on
behaviors used in their daily social interactions (i.e.,
pair-swim position: Noren et al., 2008; Themelin
& Dudzinski, 2022; tactile contacts: Harvey, 2015;
Dudzinski & Ribic, 2017) to develop and maintain
their relationships are numerous (Themelin et al.,
2020). The mother—calf relationship has received
interest, but more aspects of this relationship need
to be explored. Dolphin calves are highly preco-
cious within the first few months of life, though
they are still dependent on their mothers for sur-
vival (Mann & Smuts, 1999). Understanding their
exchanges offers insight into how a young dol-
phin learns to navigate their social environment.
For example, Levengood (2019) showed that the
mother—calf relationship offers a foundation for a
calf to build future social interactions because the
calf shares the mother’s friendship and avoidance
relationships. Additionally, a better understanding
of the complexities of the mother—calf relation-
ship promotes more informed monitoring of calf
development in managed care. Swim synchrony
and mother-initiated interactions are high early in
life, but older calves hold more responsibility in
relationship maintenance as controlling maternal
behaviors tend to relax (Mann & Smuts, 1999; Hill
et al., 2007). Behavioral adjustment to the calf’s
development can be specific to individual mater-
nal styles, which have been identified in bottle-
nose dolphins (Hill et al., 2007; Dudzinski et al.,
2021b) and belugas (Hill et al., 2013) through each
mother’s distinct use of certain maternal behaviors
such as herding, discipline, and pectoral fin contacts
(PFCs). Maternal discipline is an agonistic behavior
that can involve a tactile exchange such as tail slaps
or calf pinning (Hill et al., 2007); however, aggres-
sive behaviors are not common between mothers
and calves and have not been fully studied in more
than one or two populations (Scott et al., 2005).
Dudzinski et al. (2021a, 2021b) documented varia-
tion in use of PFCs between mother—calf pairs com-
pared to non-kin pairs finding the latter exchange
significantly more contacts than the former. Still,
other contact types, such as melon touches, mater-
nal pushes, or body rubbing, likely represent most
tactile exchanges observed between a mother and
her offspring (Mann & Smuts, 1999; Nakamura &
Sakai, 2014), but studies have not been conducted
to understand subtle nuances in mother—calf tactile
communication.

To investigate the exchange of all types of contact
behavior within mother—calf dyads, we analyzed
underwater videos collected as part of a long-term
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study by the Dolphin Communication Project
(DCP) on bottlenose dolphins at the Roatan Institute
for Marine Sciences (RIMS) in Roatan, Honduras
(the supplemental video for this article is avail-
able in the “Supplemental Material” section of the
Aquatic Mammals website). We hypothesized that
mother—calf pairs use affiliative contact more than
agonistic contact. We examined both mothers and
calves in the initiator role during tactile exchanges,
expecting overall that mothers initiate more con-
tact with their calves than the reverse. However, as
calves age from 1- to 3-y-old, we expected them
to increase the number of contacts initiated with
their mothers. We also investigated whether moth-
ers or calves as initiators use specific body parts to
exchange affiliative vs agonistic contacts. For affili-
ative contacts, we expected younger calves to ini-
tiate more pectoral fin-body contacts, specifically
because of their use of the echelon position, though
we expected older calves to have more body—body
contacts because of their use of the infant position.
Calves of all ages were expected to initiate agonistic
contacts with their fluke more than their rostrum.
For mothers as initiators, we expected more body—
body contact with their calves at all ages, whereas
for agonistic contacts, mothers were expected to ini-
tiate more contact with their rostrums.
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Methods

Data for this study were collected as part of an
ongoing, long-term study of dolphin relation-
ships and behavior by DCP (e.g., Dudzinski et al.,
2010, 2021a, 2021b; Dudzinski & Ribic, 2017,
Themelin et al., 2020). The dolphin group resides
at the RIMS, Anthony’s Key Resort (AKR) in
Roatan, Honduras, which granted permission for
DCP’s longitudinal research.

Study Site and Population

Data were collected during 1-wk visits to the
RIMS in October 2017 (n = 1.64 h), 2018 (n =
3.62 h), and 2019 (n = 3.32 h), and in January
2018 (n = 0.51 h), totaling ~9 h of video. This
managed care group of common bottlenose dol-
phins resides in a natural lagoon sea pen with
8,000 m? of surface area adjacent to Bailey’s
Key on the northwest side of Roatan. Tactile
and vocal behaviors expressed by these dolphins
mirrored what had been observed in wild groups
(e.g., Dudzinski et al., 2010; Dudzinski & Ribic,
2017). The dolphin population was subsampled
to focus on five mother—calf pairs (or Mom—
Calf), which included calves of three age groups
(Table 1).

Table 1. Details of each mother—calf pair, including calf age and time on screen together. C1, C2, and C3 refer to a 1-y, 2-y,

and 3-y-old calf, respectively; F = female and M = male.

Time on screen

Mom-—Calf dyad Calf sex Year Calf age (s)
Alita—Dory F 2017* C2 383
2018 C3 631
Total 1014
Bailey—Tank M 2017* Cl 494
2018 Cc2 319
2019 C3 776
Total 1,589
Carmella—Stan®* M 2017* C2 56
2018 C3 86
Total 142
Gracie—Shawn** M 2017 C2 409
Total 409
Tilly—Sandy F 2019 Cl1 1,931
Total 1,931

*Data from January 2018 session were included in 2017 because all calves were the same age as in October 2017.
**These dyads were not included in statistical analyses due to lack of data.
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Data Collection

Video data were recorded with a mobile video/
acoustic system during opportunistic swims
from an underwater perspective following a non-
invasive protocol during which the observer
did not interact with, touch, or feed the dolphins
(Dudzinski et al., 1995, 2009, 2010). Any instances
of dolphins being inquisitive of the recorder during
data collection were not included in these analy-
ses. Data were collected using a focal animal pro-
tocol (Altmann, 1974), and each session lasted
from 22.45 to 56.05 min, depending on weather,
current, and visibility conditions (Themelin et al.,
2020). All contact behaviors between dolphins
were coded using BORIS, Version 7.12.2 (Friard &
Gamba, 2016), which allowed logging of contact
exchanges in sequence using an event sampling
protocol (Altmann, 1974; Dudzinski et al., 2009).

Definitions

Definitions of terminology used to describe con-
tact events follow previous studies completed
by DCP (Dudzinski et al., 2009, 2010, 2021b;
Dudzinski & Ribic, 2017), and specific terms
are also briefly explained below. Only contacts
between pre-weaned calves and their moth-
ers were included in this study. Calf ages were
divided by year: birth to 12 mo were 1-y-olds
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(C1); 12 to 24 mo were 2-y-olds (C2); and 24 to
36 mo were 3-y-olds (C3). As this is a managed
care study group, date of birth was known for all
calves (Table 1).

Each physical contact between mothers and their
calves was confirmed via direct observation (i.c.,
contact between bodies had to be observed on the
video). Reliability between coders was confirmed
at greater than 95%. Each contact event had the fol-
lowing: an initiator, the dolphin who started the con-
tact, and a receiver, the dolphin who was contacted
(Dudzinski et al., 2009). The contact ended when
one dolphin departed, both separated from each
other, or the area of contact went out of view (e.g.,
off the video screen or behind another dolphin).

For both the initiator and receiver, the dolphin
body was previously divided into 11 parts (see
Dudzinski et al., 2009), which were grouped into
affiliative and agonistic exchanges based on ini-
tiator’s body part without assuming a functional
affiliative or agonistic intent (following Themelin
et al.,, 2020). Affiliative body parts included
the body (i.e., side, back, face, belly, genitals,
and peduncle/keel), pectoral fin, and dorsal fin,
whereas agonistic body parts included the rostrum
and fluke (Figure 1A). All contacts between each
dolphin mother and her calf using any body part
were documented.

DORSAL FIN

FLUKE

Figure 1. (A) Dolphin body schematic depicting body parts categorized as agonistic (shaded in) and those categorized as
affiliative (unshaded). The body, including the side, back, face, belly, genitals, and peduncle/keel, and the pectoral and dorsal
fins comprise the affiliative body parts. The rostrum and fluke are identified as agonistic body parts. (B) Dolphin pair-swim
diagrams depicting echelon (left) and infant (right) positions. Both images present a calf in the “calf role,” but the mother

can assume this position with her calf.
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Statistical Analysis

Because of a small sample size for some con-
tacts, descriptive analyses were applied to all five
mother—calf pairs to assess general patterns of
contact exchange. For the three mother—calf pairs
(Alita—Dory, Bailey-Tank, and Tilly—Sandy)
with adequate samples, the data were nonpara-
metric and used a repeated measures design for
analyses. The statistical tests follow Dudzinski
et al. (2021a) by utilizing a chi-square test with
a 10,000-simulation approach to determine the
significance of the test statistic, with p < 0.05
indicating significance (Rugg, 2003). Standard
residuals were used to indicate variables of
interest with a critical value of 11.96l or greater
(Sharpe, 2015). For larger data tables, adjusted
standardized residuals were used to indicate vari-
ables of interest, with a critical value of 12.58| or
greater. This adjustment accounted for the larger
interaction pool by considering row and column
marginals in analysis (Sharpe, 2015). The statisti-
cal tests were performed using the Real Statistics
Resource Pack (Release 7.6, 2013-2021, Charles
Zaiontz; www.real-statistics.com) on Excel,
Version 16.56.

Results

Overall, the five mother—calf dyads used affilia-
tive contacts 80.1% of the time when all contacts
were combined (n = 289; Table 2). Mothers and
calves individually initiated affiliative contacts
77.8% (n =99) and 82.6% (n = 190) of the time,
respectively (Table 2). Carmella—Stan and Gracie—
Shawn were the two dyads not used for statisti-
cal analysis. “Carmella” was not in the camera’s
viewfinder in January 2018, and Carmella and
“Stan” were only on screen together for 56 s (of
98.43 min) in October 2017. Carmella and Stan
exchanged five contacts during 86 s of screen time
(of 217.48 min) in October 2018, and only one
contact in 235 s of screen time (of 198.95 min) in
October 2019. “Gracie” and “Shawn” were only
present in October 2017 and presented low contact
frequency in the video (Table 2).

The chi-square analysis showed a significant
interaction between type of affiliative contact and
initiator identified (INI ID) as mother or calf (y?
(2; n=215)=18.39; p =0.0001). Calves used their
dorsal fin more than expected, while mothers used
their dorsal fin less. No other significant interactions

Table 2. Number of contacts (CNT) for each dyad in each calf age observed, separated by initiator (INI) of mother (Mom) or
calf. C1,C2, and C3 refer to a 1-y, 2-y, and 3-y-old calf, respectively.

Affiliative CNT Agonistic CNT

Mom-—Calf dyad Calf age Mom INI Calf INI Mom INI Calf INI All CNTs
Alita—Dory C2 9 16 1 3 29
C3 12 9 6 5 32
Total 21 25 7 8 61
Bailey-Tank C1 3 9 0 1 13
C2 6 8 2 3 19
C3 21 46 5 0 72
Total 30 63 7 4 104
Carmella—Stan* C2 0 0 0 0 0
Cc3 1 2 2 0 5
Total 1 2 2 0 5
Gracie—Shawn* Cc2 6 10 4 0 20
Total 6 10 4 0 20
Tilly—Sandy Cl 19 57 2 21 99
Total 19 57 2 21 99
Grand Total 77 157 22 33 289

*These dyads were not included in statistical analyses due to lack of data.
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Table 3. Interactions of the initiator (INI) identity, mother (Mom) or calf, with type of contact, type of affiliative contact, and
type of agonistic contact. Residuals are in parentheses, and chi-square of each group’s interaction is listed with the simulated
p value. Bold numbers indicate significant values for chi-square and critical values for residuals.

Mom as INI Calf as INI ()

Affiliative 70 (-0.05) 145 (0.003)

0.00016 (1)
Agonistic 16 (0.01) 33 (-0.007)
Body 47 (0.67) 84 (-0.46)
Dorsal fin 3(-294) 40 (2.04) 18.39 (0.0001)
Pectoral fin 20 (1.82) 21 (-1.26)
Rostrum 3(0.47) 4(-0.33)

0.39 (0.68)
Fluke 13 (-0.19) 29 (0.13)

Table 4. Interactions between the calf-initiated (INI) contacts separated by calf age with type of contact, type of affiliative
contact, and type of agonistic contact. Residuals are in parentheses, and the chi-square of each group’s interaction is listed
with the simulated p value. Bold numbers indicate significant values for chi-square and critical values for residuals. C1, C2,

and C3 refer to a 1-y, 2-y, and 3-y-old calf, respectively.

Cl as INI C2 as INI C3 as INI ()
Affiliative 66 (-0.67) 24 (-0.09) 55 (0.88)
6.61 (0.04)

Agonistic 21 (141) 6(0.19) 6 (-1.84)

Body* 22 (-5.48) 15 (0.50) 47 (5.25)

Dorsal fin* 33(5.52) 4(-131) 3 (-4.66) 38.98 (< 0.0001)
Pectoral fin* 11 (0.68) 5(0.97) 5(-1.44)

Rostrum 0 (-1.63) 4(3.84) 0 (-0.78)

20.48 (0.0003)

Fluke 22 (0.61) 2 (-1.43) 5(0.29)

*Indicates adjusted residuals were used.

existed for INI ID with type of contact (affiliative vs
agonistic) or with type of agonistic contact (rostrum-
initiated vs fluke-initiated) (Table 3).

Overall, calves across all ages used significantly
more affiliative than agonistic contacts (y* (2; n =
178) = 6.61; p = 0.035), but no specific age class
initiated more contact than expected. The interaction
of type of affiliative contact used by the three differ-
ent calf age classes was significant (> (4; n = 145)
= 38.98; p < 0.0001). C1 calves used more dorsal
fin contacts than expected but fewer body contacts.
C3 calves showed the opposite, using more body
contacts than expected and fewer dorsal fin con-
tacts. The interaction of type of agonistic contact
varied among age classes (yx* (2; n =33)=2048; p
=0.0003). The only notable value was for C2 calves
using their rostrum more than expected (Table 4).

There was no significant interaction of affilia-
tive vs agonistic contacts used by mothers in the INI
role as their calves aged, but mothers used affilia-
tive contacts 81.4% (n = 86) of the time. The type
of affiliative contact used by mothers associated
significantly with the age of the calf (y* (4; n = 70)
= 22.64; p = 0.0001). Mothers used body contacts
less than expected but pectoral fin contacts more
than expected when the calf was C2. These trends
reversed when the calf was C3, with mothers using
more body contacts than expected (Table 5). There
was no significant interaction for the type of ago-
nistic contact used by mothers as calves aged.
However, 68.8% of the mother’s agonistic contacts
were toward C3 calves, which was the only calf
age for which mothers used the rostrum to initiate
contact.
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Table 5. Interactions between the mother-initiated (INI) contacts separated by calf age with type of contact, type of affiliative
contact, and type of agonistic contact. Residuals are in parentheses, and the chi-square of each group’s interaction is listed
with the simulated p value. Bold numbers indicate significant values for chi-square and critical values for residuals. C1, C2,

and C3 refer to a 1-y, 2-y, and 3-y-old calf, respectively.

Mom INI C1 Mom INI C2 Mom INI C3 ()

Affiliative 22 (0.56) 15 (0.09) 33 (-0.47)

291 (0.23)
Agonistic 2(-1.17) 3(-0.19) 11 (0.98)
Body* 17 (1.22) 3(-4.39) 27 (2.63)
Dorsal fin* 2(1.34) 1(0.51) 0(-1.67) 22.64 (0.0001)
Pectoral fin* 3(-1.87) 11 (4.33) 6 (-1.82)
Rostrum 0 (-0.61) 0 (-0.75) 3(0.65)

1.68 (0.71)
Fluke 2(0.29) 3(0.36) 8 (-0.31)

*Indicates adjusted residuals were used.

Discussion

Affiliative contacts were the most common type
of contact initiated by both mothers and calves as
expected; however, these calves initiated more con-
tacts than their mothers, contrary to what was pre-
dicted. During the nursing period, calves develop
individual preferences and social skills (Krzyszczyk
et al., 2017) while gradually improving their motor
coordination (Mann & Smuts, 1999), so they may
be less selective and “wigglier” when initiating
contact with their mother. Alternatively, Mann
& Smuts (1999) suggested that calves may be
required to learn how to initiate reunions with their
mothers early in their lives because foraging activi-
ties in natural environments necessitate frequent
separations from the calf. Younger calves may
initiate contacts regularly to communicate with
their mothers as they learn other behaviors. There
was limited significance between either initiator
(whether mother or calf) and types of agonistic
contact, which correlates with the lack of agonistic
behaviors that have been reported between mothers
and their calves (Scott et al., 2005). Still, agonis-
tic contact, as defined in this study, did not assume
intent; aggressive behaviors are dependent on the
context of the interaction, including body posture
and swim position (Dudzinski et al., 2009).

Across all five calves, no clear pattern was dem-
onstrated regarding an increase or decrease in the
number of contacts initiated by the calves as they
aged. However, one calf, “Tank,” did increase the
number of contacts he initiated with “Bailey” as he
aged from a 1-y-old (C1; n=10) to a 3-y-old (C3; n
=46). Tank’s pattern of increasing contact initiation
followed the general trend of mother—infant behav-
ior where initiation responsibility tends to shift from

mother to older infant (e.g., Mann & Smuts, 1999;
Fitch-Snyder & Ehrlich, 2003; Tyson et al., 2012;
Ross & Lehman, 2016; Huetz et al., 2022). As Tank
was the only calf in this study with data across all
three pre-weaning years, more data across all ages
on a greater number of calves is needed to know
if this pattern generally persists or is an individual
preference. Only 2-y-old (C2) calves used their ros-
trum to initiate agonistic contact, with Tank con-
tributing most of these contacts, a possible further
indication of preference. However, Tank was the
only male calf analyzed statistically so this finding
could suggest that male calves use their rostrum
more than their fluke for agonistic contact.

Although the low sample size prevented sex
comparison in this study, Krzyszczyk et al. (2017)
found significant differences between calves of
different sexes in the amount of time spent in
rest and socializing, similar to beluga calves of
opposite sex who spend differing amounts of time
swimming with their mother (Hill et al., 2013).
Furthermore, calves of opposite sex spend differ-
ent amounts of time in groups with nonmothers
(Gibson & Mann, 2008), which likely causes dif-
ferences in the time spent with the mother. These
differences in sociality between sexes may be fur-
ther shown through tactile events between mothers
and calves. For instance, male and female calves
differed in how they initiated PFCs with their
mothers compared to other dolphins (Dudzinski
et al., 2021a), which extended to maternal broth-
ers and sisters initiating PFCs differently with
their shared mother (Dudzinski et al., 2021b).
Having a larger sample size that includes more
male and female calves may help elucidate any
contact patterns regarding sex or individual pref-
erences in calves.
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When all calf age classes were combined, the
dorsal fin was used more by calves and less by
mothers when initiating contact with each other.
These differences may be an artifact of the calf
often occupying infant position when swimming
with the mother (Noren & Edwards, 2011; Mann,
2019). Infant position places the calf below the
mother’s mammary and genital area which is con-
venient for nursing and offers hydrodynamic ben-
efits to the calf (Noren & Edwards, 2011; Mann,
2019). In this position, a calf’s dorsal fin could
both purposely and inadvertently make contact
with its mother’s ventral body, although intent
cannot be confirmed. Younger calves especially
show this pattern in using the dorsal fin more than
older calves, such as “Sandy,” who contributed
77.5% (n = 31) of all calf-initiated dorsal fin con-
tacts and was often seen in infant position despite
being about a month old (DCP, unpub. data, 2019).
At that age, and up to approximately 2 to 3 mo of
age, calves are expected to use the echelon posi-
tion predominantly (Noren et al., 2008), but an
alternative hypothesis proposed that infant posi-
tion has important social benefits that outweigh
the higher hydrodynamic benefits of the echelon
position (Weihs, 2004; Noren & Edwards, 2011).
The high importance of socializing early in the
group (e.g., Krzyszczyk et al., 2017) may encour-
age advanced use of infant position. Examining
more closely the use of this position in younger
calves will help indicate if this trend exists within
the population or is an individual preference. In
contrast, when older calves are in infant position,
it places their melon under the mother’s genitals
and their dorsal fin further back due to longer
body size. This shift in body positioning may be
the reason older calves (C3) initiated body con-
tacts more than younger calves (C1). These body
contacts may also have a functional purpose as
calves often bump their melons into the mother’s
mammary glands prior to nursing (Dudzinski,
1998; Mann, 2019). More detail on exact position-
ing, receiving body parts involved during contact,
and behaviors following this action (e.g., nursing)
should be examined to support possible function
in pre-weaned calves.

Older calves in infant position could also explain
the higher amount of fluke contacts initiated by the
mother. The slight increase in fluke contacts from
younger to older calves would support this explana-
tion; the calf is growing longer and positioned more
directly below the fluke, resulting in contact during
swimming (see Themelin & Dudzinski, 2022).
Conversely, mothers swimming below their calf
(the “calf role” of infant position; see Figure 1B)
may account for the high amount of fluke contacts
initiated by calves, especially younger individuals.
The gradual improvement of motor coordination

with age may have led to fewer fluke contacts in
older calves (Mann & Smuts, 1999). A closer look
into the swim position of mothers and calves during
contact events may help explain certain tactile pat-
terns within this relationship.

Though maternal style was not analyzed in this
study, each observed adult female initiated contact
with her calf somewhat differently relative to the
others—for example, “Tilly” initiated 21 contacts
with Sandy as a C1 calf, while Bailey initiated
three contacts with her C1 calf, Tank (Table 2).
These findings support the notion that individ-
ual maternal styles may impact the tendency for
mothers to initiate physical contact with their
calves (Hill et al., 2007; Dudzinski et al., 2021b).
Across all calf ages, mothers mostly initiated
contact with their body, except with C2 calves
for which PFCs were the most common contact,
with “Alita” initiating most of these contacts.
Previously, Dudzinski et al. (2021b) categorized
Alita in the “high PFC initiating group” compared
to other mothers to differentiate her maternal style
from others. Still, Alita did not consistently use
PFCs with her calf, “Dory,” across all of Dory’s
pre-weaned ages, indicating Alita might adjust
her behavior based on calf development (Hill
et al., 2007). While most mothers used their fluke
for agonistic contacts, Alita was the only mother
to use her rostrum with her calf, which could be
another aspect of her maternal style. For mother-
initiated contacts with C3 calves, Bailey initi-
ated most of the observed body contacts with
her calf, Tank, which might reflect her maternal
style (Dudzinski et al., 2021b) or her individual
preference for contact (Dudzinski & Ribic, 2017).
Contact exchanges could be linked to the differ-
ent types of swim positions used (i.e., infant or
echelon) by the dyad, but both contact and swim
positions could be an expression of maternal style.
To identify potential patterns, and to better under-
stand what was observed in our study, more data
are needed on a greater number of females.

Overall, our results show frequent affiliative tac-
tile exchanges between mothers and calves. Calves
initiated more contacts than moms at all ages in
their within-dyad exchanges, but calves did not
increase their initiated contacts as they aged from
1- to 2- to 3-y-old with their mother. This suggests
that calves take their social cues from their moth-
ers as was reported by Levengood (2019) for wild
Indo-Pacific bottlenose dolphin (Tursiops aduncus)
calves who shared social friendships and avoid-
ances with their moms. Alternatively, swim posi-
tion of the calf was likely a factor in the observed
contacts between mother and calf; the unexpected
observation of infant position within the first month
of life may have contributed to body parts (melon
and dorsal fin) used by both calf and mother for
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tactile exchanges. Thus, the neonate (< 30 d)
might be considered a fourth pre-weaned calf age
to examine when assessing how contact between
mother—calf dyads evolves as a calf develops.
Mothers were expected to use their bodies more
than extremities to initiate contact with their calves;
however, when observed exchanges deviated from
the expected, it was related usually to individual
variability (i.e., maternal style). For example,
Alita primarily used her pectoral fin when initiat-
ing contact with Dory. Maternal style likely influ-
ences how contacts are initiated by the mother
and, subsequently, the calf (see Hill et al., 2007;
Levengood, 2019). Reproductive state regarding
parity (Hill et al., 2007; Dudzinski et al., 2021b)
and alloparenting experience (Riedman, 1982;
Mann & Smuts, 1998; Dudzinski et al., 2022) of
the mother may affect her maternal style and the
use of contacts with her calf. These details on tac-
tile exchanges offer a better understanding of the
mother—calf relationship in a noninvasive manner
that can be applied to observations of calf develop-
ment. Moving forward, more details within the con-
tact events, such as departing dolphin and receiver
response, should be considered to accurately moni-
tor the progression of these relationships. More
data are already being analyzed, adding more
mother—calf dyads, with calves observed during the
full pre-weaned period. The ongoing analysis will
allow exploration of contact exchanges between
mothers and calves in greater detail to gain a better
understanding of this particular relationship.

Note: The supplemental video for this article is
available in the “Supplemental Material” sec-
tion of the Aquatic Mammals website: https://
www.aquaticmammalsjournal.org/index.
php?option=com_content&view=article&id=10
&ltemid=147.
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