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JANET MANN AND BROOKE SARGEANT

a

Like mother, like calf: the ontogeny of foraging
traditions in wild Indian ocean bottlenose
dolphins (Tursiops sp.)

91  Intreduction

In this chaprer, we identify aspects of delphinid sacfueco]ogy and life his-
tory thart relate 1o the probability and urility of socially aided learning.

We also present new findings from our en-going research with dolphins

at Shark Bay, Australia that address the possibility that the acquisition of
specialized foraging rechniques by young dolphins is aided by cheir affil-
Jation wirh their mothers and, thus, may be viewed as likely traditions.
Studies of bartlenose dolphins (Tursiops $pp.) in captive and field set-
tings over the last four decades indicare that this genus shows remarkable

Plasticity and convergent features with primates. Similar o primares,

bottlenose dolphins have a long period of dependency and juvenile
development (Mann et al., 2000), ]arge brains for body size (Maring, 1998;
Ridgway, 1986), complex alliance formation {Connor er al., zoo0a), and
social learning {reviewed in Janik, 1999; Janik and Slater, 1997; Rendell
and Whitehead, zo01), Unlike nonhuman primates, bortlenose dolphins
also show vocal learning in call production (Janik and Slater, 1997, zooo;
se¢ also Ch. 8); they produce individually distincrive “signature whistles”
{Sayigh e al, 1995, 1990; Tyack, z000) and c¢an alsé match each other's
whistles in natural contexts (Janik, 2000),

Recently, several cetacean biclogists have claimed thar cetaceans have
culture (Deecke, Ford, and Spong, zooo; Naad et al, zovo; Rendell and
Whirehead, 2001; Whitehead, 1998). The strongest evidence for social
learning comes from bortlenose dol phins studied in captive sertings (re-
viewed by Rendell and Whitehead, zoo). Field data are weaker, bur the
best field evidence for social learning is in the acoustic domain {e.g., see
Deecke et al., 2000; Janik and $later, 1097: Noad e al., zooa); evidence for
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Foraging rradicions in wild bortlenose dolphing

social learning of gestures and motor movements has been limired to cap-
tive studies of borttlenose dolphins (Janik, 199g). B
In this chapter, we intenrionally do not use the term “culture,” nor do
we address whether this term accurarely describes cetacean intraspecific
behavioral variation (but see Mann, 2001). Where appropriate, we use the
terms social learning and tradivion (as defined by Fragaszy and Perryin Ch.a),
Qur goals are to assess the role of marernal social influence in produe-
ing variation in Shark Bay bortlenose dolphin foraging techniques, and 1o
show that such questions can be addressed in wild cetaceans (see Rendell
and Whitehead, 2001). "
Foraging presentsan appropriate avenue for investigating social learn-
ing and tradirions in cetaceans. First, bottlenose dolphins exhibit a diver-
sity of foraging techniques both within and berween pepulations {Connor
ef al., 2000a; Shane, 1950). Second, foraging specializations wichin the

-Shark Bay dolphin population have been identified (e.g.. Connor e al.,

zooob; Smolker et al,, 1997). Intrapopulation variation may provide the
means for evaluating the role of experiential factors in behavioral devel-
opment. Third, detailed long-term study of the Shark Bay populatien of
bottlenose dolphin behavier and ecology allows us to identify matrilineal
parterns of foraging, the ontogeny of foraging among calves, and foraging
parterns of the larger population.

Much of the literature regarding primate foraging techniques s
based on different methods of manipulating or processing food items
(e-g-» Chs. 10-13). Bottlenose dolphins cannot easily manipulate prey (ex-
cept to beat it with their tails or on the water surface, or 1o break the fish
on the seafloor). Rather, they vary in hunting rechnique rather than pro-
cessing. For example, many of the foraging strategies identified in the
bartlenose dolphins of Shark Bay are characrerized by distinct dive or sur-
facing parterns (see Tables 9.1 and 9.2). Because most foraging occurs sev-
eral meters below the surface of the water, we describe the most overp
distinctions between foraging rypes. More subtle characteristics are dif-
ficule ro observe and to identify reliably,

511 Flexibility in foraging

Although bottlenose dolphins have been characterized as catholic,
opportunistic hunzers that feed predominantly on fish, cephalopeods, and
crustaceans (€.g., Corkeron, Bryden, and Hedstrom, 19g0; Cockeroft and
Ross, 1090; Connor ¢t al., 2o00b), and accasionally stingrays, sharks, eels,
and mollusks (J. Mann, personal observation; Mead and Porrer, 1 99a),
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Bird milling

Leap ang porpoise
feeding

Bortom Erubbing

Milling

Tailour/peduncie
dive foraging

Roosrer tajling

Sponge carrying

Snacking

Trevally hunring

Beaching

Boar begging

Dolphins are surfacing wichig or around a Zighy feeding pray, I
of cormorants {and usuzily pelicans); this tyPically aceugs in
shallow wager (. 4m) |

Dolphins are Muktidireqrjona] {milling) ang leaping
continupusjy within an area, which may pe relatively smal) or
spread out pver g5 mnuch as g kilometer, This activiry usually
@ccurs in clogely spaced bouzs with abrupt stares, Stops, and
changes in djrectiog, The group as 3 whoe is ofrep wavelling
fapidly -

Doiphin sgicks jys beak to the se2floor of seq grags 1o ferrer
sorething out while j avertical position, Thiz can only pa
viewed in shallow Water, Repular dive pes characterize
surfacing

Dolphip forages and chanpes direction with virtually every
surface and brearh; hrezthjng intervals teng t0 be irregular

The predominant gjye types during foraging include tajl-gut or
Peduncle djves {Table 9.2). Bolphijns ypicaliy spay subrnerged
for 1=3 minutes afier 4 tafl-out or pedyncle dive; onca
Surfacing, they TYpicaily take 313 breaths befors diving agajy

The Predominang dive ¥pe during foraging isa Yooster tajl,
which is a kind of fish chase with a fagt SWim along the surface
of the water jn Which a sheer of WAter trajls off the dorsa) fin;
After the rooster t2ll, the doiphip dives [o rhe botrom, often
bac}s-rracking the direction of the fast swim

Dolphin forages WEAring a sponge o irs rostra while doing
tajl-out dives and Staying down in e WALer for 23 minutes
{Smalker eral, 1297). The dolphin 1lcg tends to chapge
directions often, This eccurs almasy exclusively ip channels

Table o.1. Twefpe Wpes of foraging SITAREY used by botrlengse dolphing
Foraging straregy Characteristips !

swims during the figh chasg; adulr sNacking tends 1o be brief
Begins wirly tp]lepur diving, but opte fhe trevaily (always golden

way (see rexr)
Fhallow-waey feeding involving chasing fish close 1o the
shore-line syeh that the venrppm is o the seaflgory or bearh;
fish are ofjen tragped onto the shore, wirh the dolphin
launching pardally or fully out of the Waler oneo the beach.

Provisioninge Dalphin recejyes fish handours (thawed, dead fish) fram human;
Standing in shaljow water

Calvesare nop Provisioned, so the categary "pruvisioning" wasexcluded from datd apajy-

sis_Further, aj] vhservations in the preseng study were conducted away from shore, where

Provisioning does noy occur {althowgh 4 few dolphins beg from bog ts).




Foraging traditions in wild bottlenpte dolphins

Table 9.2. Definition of surface and dive fypes associared with foruging

Dive type Descriprion

Tail-out dive Deep dive, lukes out of the water

Peduncledive  Peduncle or tail-stock arched at dive, Aukes partially submerged
Rooster tail Mat really a dive rype; more a kind of fish chase. A fast swim along the

surface in which a sheer of water trails off of the dorsal fin,
Following rhis rype of swim, the dolphin descends rapidly, often
oppoesite to the direction of the swim ‘

Rapidsurface A rapid surface in which the dolphin maifiins a horizontal posturs
and the dol phin's ventrmm does net clear che water surface

Forpoise A rapid surface in which the delphin maintaing 2 nermal horizoatal

' posture but the enrire ventram does not clear the water surface at

onee; the dolphins entire body does leave the water surface in the
course of che dive |

Leap A rapid surface it which the dolphin mainains a nermal herizenal
posrure and rhe dolphin completely clears the water sucface

Regular dive “The dalphin sinks dows a1 the end of a brearh series withour arching
the peduncle or raising the flukes out of the water. Regular dives
are typical of infants

Humping A normal spesd surfase in which the dolphin “numps up” ifx

surface posterior half 1o break its forward motion as it descends. Ofien

seen when dolphins are driving or pursuing 2 tish schogl in
shallow warer but also seen in aggressive conrexts

Fast swim 4 dolphin rapidly accelerates and/or swims fast along or below the
warer surfice

2 number of distinct population-specific foraging techniques have been
described. These include sponge carrying wo ferret prey from the sea
Aoor (Smolker et al, 1997; Fig. 9.1); corkscrewing into the sand after
fish (Rossbach and Herzing, 1997); belly-up chasing of fish ar the sur-
face (Bel'kovich et al., 1991; Mann and Smuts, 190¢); strand feeding on
mud-banks in Porrugal (dos Santes and Lacerda, 1587), Georgia and south
Carolina, USA (Hoese, 1971; Perricig, 1943) and on beaches in Shark Bay,
Auseralia (Berggren, 1995; Fig. 9-2); stunning or killing fish wirh a rail-
hit (Shane 1990; wells, Scott, and Irvine, 1987); or tail-whacking the water
 surface to scare up fish (Connor ¢t al, 2000h). As a coastal casmopali-
tan species, bottlenose dolphins have also learned to take advantage of
human activity. For example, bortlenose dolphins have leatned to feed
on fish drawn to a garbage barge and were predictably found based on
the schedule of the garbage barge (Norris and Dohl, 1980). They follow
shrimp trawlers (e.g.. caldwell and Caldwell, 1972; Corkeron ¢r al,, 1990;
Leacherwood, 1975: Norris and Prescort, 1961) and steal bair from lines
or crab pots (Nake and Odell, 1999). 1n Laguna, Brazil, fishermen and
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Fig. g1, Phorograph of “Origina) Spongemom”, who was observed sponging In the jaee
19805 and continves to CAITY $PONBEE in 2001, Her Surviving offspring, Grunge, still car-
Tied a sponge, two years after WEANINg, at age five,

dolphins appear to net mullet ceoperatively, with the dolphins herding
the fish inte the nets and feeding easily off the remains (Pryoreral, 1990).
Historical accounts of Australian sbor ginal cooperative fishing with dol-
Phins have also been reporied (Corkeron er al., 1900). Provisjoned females
in Monkey Mija, Shark Bay, Australia beg for fish from boags and tourists
(Connorand Smolker, 1 98s; Mann and Smurs, 1995). The Monkey Mia and
Laguna “traditions” have continued across at least three generarions,

Although these studies describe foraging strategics thar differ berween
populations, in Shark Bay, the intrapopulation varjation js remarkable
and distinguishes Sharlk Bay bortlenose dolphins from other populations
and species studied 1o dare. In particular, individual females and their
offspring have distinctive foraging strategies ranging from one to scven
foraging types out of the 13 that we have studied and 13 thar have been doc-
umented ar our field site (Table g.1). For example, one technique, sponge
carrying, is clearly a form of tool use and js restricted 1o a limired number
of animals (Fig. 9.1).

93.z Is the duration of lactation relared rg calf foraging skill:
It is clear that dolphins are precocions and well developed at birth byr
maintain 2 long period of dependency. Bottlenose dolphins typically




Fig. 9.2. Photograph of beaching
Rhythm, lunges our of the surf(a),
water{c).

behavier (triple sequence): an adult female,
catches @ mullet (b), and turns back inko the




J. Mann and B. Sargeant

nurse for three to six years in Shark Bay (Mann ¢ al,, 2000). A calf must
be able to forage successfully before being completely weaned. Learning
to forage appears to be 3 slow process, warranting the overlap betwaen
narsing and foraging for the first years of life. This contrasts with most
mammals, where independent foraging does nor begin unti) late lacra-
Hon. Compared with roothed whales, baleen whales have shorter periods
of maternal invesoment, less overlap berween nursing and calf forag-
ing, and fewer, less-comiplex feeding stratcgies (e.g- Clapham, zooo;
Whitehead and Mann, 000, :

Johnston (1982) proposed thar parenta) investment js likely to be in-
tensive and prolonged for Species with complex foraging skills (high de-
pendence on learning). Althou gh this seems likely, we suggest thar social
learning would reduce the mother’s lactation costs by decreasing the pe-
tiod of nursing or by in¢reasing the overlap of nursing and foraging, A
longer period of dependence allows for the infant 1o learn specialized for-
aging skills from its mother or on irs own while still nutritionally depen-
dent on and protected by her. Dol phin calves maintain roughly the same
home ranges as their mother afer weaning (Mann er al., 2000); a simi-
lar habitat would favor similar hunting strategies. Thus, selection should
favor sorial learning from the mother. Consjstent with this hypothesis,
Laland and Xendal (Ch. 2) propose that moderately low environmental
variability will favor verrieal Lransmission.

Unlike carnivores (e.g., felids, canids, mustelids) and primates,
tetacean mothers generally do not share prey with young. One exception
is the killer whale, where prey sharing between mother and offspring has -
been well docmented {Baird, 2000). Despite several thousand hours of
observation of bortlenose delphin calves in Shark Bay by J. Mann, prey
sharing has not been observed. Nevertheless, calves scem quite interested
in fish caught by orher individuals. They frequently approach and inspect
Prey caught by others and will sometimes travel tens of meters to observe
{unpublished dara). Even with the fish or pieces of the figh floating in the
water, calves have never been observed taking fish caught by another.

8.3 Delphin social structure and foraging strategies

Because bortlenose dolphins live in a fission-fusjon sociery with flexible
greup membership (Smolker eral., » svz)and travel costs are Jow (Williams
eral,1g93; Williams, Fried) and Haun,1993), dolphins can likely enjoy the
benefits of group living without the costs of direcr feeding competirion
(Connor ¢t al., 2000a). Individuals have the CPPertunity 10 associate in 2



Foraging traditions in wild bortlenose dolphins

number of small groups or ta travel alone, allowing individuals to benefir
from the group strucrure as well as from individual foraging success. Al-
though most hunting is a solicary affair, schooling fish may attract groups
and individual dolphins may benefit by collective balling of fish. We pre-
dict that some of the group-foraging techniques (feeding on large schools)
are more widely shared (less specialized) across individuals, as large prey
patches may aterace all dolphins more readily. ‘

Males and females differ in their social affiliations. Females, especially
those with calves, are usually in larger groups than are males (Scott, Wells,
and Irvine, 1990}, although group size is variablc. Some femnales remain
fairly solitary while others are quitc social (Mann er al,, z000), Females
tend to associate with their mothers after weaning; males do not dis-
perse, but they do form coalitions with other males within the commu-
nity (Connor et al.,, zoo0a; Wells er al,, 1987). Sons are weaned ar an earlier
age than daughters (Mann, 1998); cansequently, daughrers have 2 longer
time to learn specific foraging skills from their mothers and could be ex-
pected to have a higher degree of similarity with their mothers for the
specialized types of foraging. There is also a difference in the movement
patterns becween the sexes, with the females covering smaller areas than
males (Bearzi, Notarbarrolo-Di-Sciara, and Politi, 1997} The differences in
social affiliation and use of space for male and female dolphing suggesr
that there may also be differences in foraging rechniques and degree of
specialization, with females more likely than males toacquire specialized
techniques.

Female dolphins spend, on average, 19-36% of the daytime foragina.
Their hunting strategy and choice of habitat are likely to affect their fit-
ness. Shallow-water habitats in Shark Bay are associated with higher fe-
male reproductive success than deep-water habitats (Mann et al., 2000),
possibly because of differences in food density (Heithaus and Dill, z002)
or in fish species or distribnrion.

9.4 Research questions

In the following sections, the study of Shark Bay delphins is used to exam-
ine foraging techniques and their disseminarion. Three specific areas are
discussed.

1. The diversity and distribution of foraging rechniques used by morhers
and their calves are examined, specifically o identify forazing
techniques shared widely by members of the pepulation and
techniques chat are more specialized (resericred to 2 few members).
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small boats (4-5m dinghies equipped wigh 6~45 hp motors) for up 1w

1437 ABOTIOHDASH NS

J-Mangand B, Sargezn:

z. Associations berween the foraging Straregies used by mothers and
their calves are determined to sae if similarities in foraging technique
berween morhers and cajvey incrqases with the calf’s age.

3 The evidence thar S0me specialized foraging techniques qualify as
“rraditions® {Ch. 1), passing from one ESNEMarion to the nexy via
vertical socig] 'rmnsmissmn, is outlined, Widely sharer (genera]ized)

foraging technigues ma y also be socially influenced, bur it will be more
difficult to documeny their status as radj tions per se.

92 Methods

-2 Background and field site

The study incorporated 2 120 km? area east of the Perop Peninsula, which
bigecrs Shark Bay (25: 47’8, 113°43'E), Western Australis, a longitudinal
field styud Y was established in ; 284 (Connor and Smolker, 1985). By 2000,
OVer 660 dolphins had been iden tified and 206 animals were sighted reg-
ularly. Dolphins are identified by their fin shape, nicks, and othey naty-
1al markings. Calves have been sexed using views of the genital Tegion, A
mother-calf study was initjated in 188 byJanetMannang Barbara Smuts.
Observarions of mothers and calves by the former has continued for rwo to
six months EVEry year since, exceptiggs,

Since the early 19608, 6 10 1, delphins (ar a time) have been provi-
sioned by tourists and fishers atasmall fishing Camp, turned resort, called
Monkey Mia. Since the mid-198as, the feeding has been contrelled and
monjtored by rangers currently em Ployed by the Depariment of Conser-
vation and Land Management {CALM) of Western Avstralia. Since 1995
feeding from boats hag been firmly restriered by CALM although it sril]
occasionally oecurs. Ar present, three adult fernales (Nicky, Puck, angd
Surprise)and thejr offs Pring visiz the Monkey Miabeach y Prothree rimes

ar the Provisioning area, no do) phins are

Surprise visit daily, with only a few ab.
SENCES Per annuny. Durj ngtheir visit, the MOothers remain jn shallow warer

near people and make frequenr contact with the rangers unti] the feed-
ing. which oceurs APproximarely 30-60 minures afrer their arrival ar the
beach, Ca)ves typically remain in deeper water unti] the feed is over. The
dolphins leave almast Immediately after cach feeding,

Offshore focal observations involved following individual animals jn

BSE9. 89207 [ESRTA
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Foraging craditions in wild bottlenose delphins

Table o.3. Observation record for dolphin calves at cach age

- Ageclass  Calfage  Total focal calf observarion MNo. Days No. calves
{months) minutes (hours) observed with focal daca

Newborn  g-g 4721(¥B.68) ! "8
15T yar 4-11 zo931{348.85) ug 34
znd year  12-i3 21247(354.12} 135 38
adyear  24-3% 14534(z42.23) 93 25
dthyear 36-ar 11192(186.53) a7 1
sthyear 48-s59 3617(60.28) 5 4
othysar Gos 566(9.43} 4 1 !

10 hours at a time (Smoiker, Mann, and Smuts, 1993; Mann and Smuts,
1998). Observers typically remained <som from the mother or calf. Be-
tween 1996 and 1998, and during 2000 field seasons, two boats, a 5 m fiber-
glass dinghy and 210 m catamaran (Norrek) were used for observations and
acoustic recordings and localization. When mother and calf were together
(= 10m), only one boar stayed with the focal pair. When separated (= 10m),
one boat would stay within 100 m of each membeér of the dyad. Nererek typ-
ically remained » som from the mocher or ealf.

g.2.z Fubjects

The study, conducred berween 1989 and zoo1, incorporated 1280.1 hours
of focal observations on 58 calves (18 rmales, 22 females and 18 of unknown
sex) born 1o 37 mothers. We used 1781 calf and 3020 marternal foraging
bouts for these analyses. Of the 37 mothers in the current sample, five
visit(or visited) the provisioning beach. The remainder, to our knowled ges
have had no contacr with humans. The dara include information abour
the infant’s 2nd mother's time spent foraging overall, the types of for-
aging, the dive type, the deprh, and group membership. “Group” is de-
fined using a 10 m chain rule: any animal that is within 10 m of any animal
within the group is in the group. The wral number of hours observed for

the calvesateach ageis detailed in Table 9,3, The a pproximate date of birth
of the infant is known for most subjeets.

5.z.3 Focal sampling
Data were collected with a focal-animal procedure using several different
observational methods including continuous, sean, and point sampling
(Altmann, 1974; Mann, 1995). In addition to boai-based observations,

GEAPT  Jo9wd 1437 ABOTIOHDASH NS BG5H9.8928E TE:ET SBEE/PE/TH



J.Mann and B, Sargeant

similar focal methods were applied during five days of shore-based ob-
servations from cliffs and beaches of Point Peron 10 study the “beaching
behavior™. For fellows from Point Peron, we also sampled the mother's
and the calf’s distance from the beach every minute and during beaching
events.

Activity dara were gathered using continuous or point sampling, with
duration and/or frequencies of behaviors maintained in the sampling
record. This method was used to record the durarion of foraging (bout
length and frequency)and dive types {frequency). Every 5 minutes we mea-
sured water depth (using s depth sounder); water depths were further
classified as shallow (= 4m), moderate (4-7m), and deep (> 7 m). Group
composition for mother and calf were determined every minute (post-
1996) or every 5 minutes (pre-1996). Latitude and longitude were deter-
mined every1s or 30 minutes using the Magellan Pro-Mark X or (pre-1996)
using compass bearings on landmarks.

Foraging was recorded when there was reasonable evidence thar the an-
imals were actually searching for, catching, processing, and eating prey.
Foraging is a regular and more or less exclusive scarch for prey. 1t is diffi-
cult to diagnose because foraging occurs below the surface and is not al-
ways successful. Further, successful prey capture often eludes observers
since prey are typically swallowed whole immediately. Specific types of
foraging were identified and given names, as listed in Table g1, although
in some cases, the foraging type was defined post hor based on absence or
presence of defning features. Post hoc coding was done “blind” to dolphin

identification. Foraging that could not be classified was placed ina generic
category of “foraging”. Foraging types were determined, in part, by dive
Types, which are indicated in Table 9,2

924 Data reduction and analysis

A foraging bout was defined as each onset and offser of foraging. When
point sampling was used, or if it was impossible to determine the exact
time of onset or offset, the midpoint berween point samples was used
as the onset or offset. Each bout was classificd as a type in Table g.1.
Fercentage time foraging for each calf for each age class observed was de-
termined by dividing the total minutes foraging that year by the rozal
time observed that year. Similarly, the rate of foraging (bouts per hour)
was determined by dividing the number of foraging bous by the rotal
time observed. For all calves that foraged (n = s1), percentage of foraging
bouts by type was determined overall for each calf and for each age class

SR LR NERL I P e e
Y e M A et LI ol i 27 o AP i b o e el
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Foraging traditions in wild bottlenose doiphins'

by dividing the number of bouts of foraging type by the total number of
foraging bouts.

Chi-square (Yates correcred) analysis was used to determine the associ-
ation berween mother and ealf jn foraging types in two ways. First, each
mother and calf was coded according to whecher or not they engaged
in 2 specific foraging type. Some pseudoreplication was inevirable given
that 13 of 37 mothers had more than onie calf in the sample. Seven calves
weré not used in thisanalysis because they did not forage; in one case, the
tother was not obscrved foraging. If the foraging type was not indicated
or could not be coded using descriptions of dive types and other informa-
tion, these cases were excluded from the “foraging type” analyses but in-
cluded in time budgers and bour rates, Second, each mother and ealf pair
was coded according to the calfs age. For this analysis, the earljest year was
used to characterize each mother’s foraging rype(s) (first year of her ealf’s
focal data). The calf’s foraging type(s) was coded for subsequent years (see

Table 9.1). This way, independent darasets were obrained for mothers and
calves. Hence, this analysis is more conservative because foraging simjlar-
ity could be dernonstrated across years. The Fisher exact rest (two-tailed)
was used for this analysis because the expected values for cells were less
than five. The second analysis reduced our sample size to 31 mother-calf
pairs because some calves were only observed in one year.

93  Results and discussion

2-3-1 Diversity of foraging types
Twelve foraging types were identified in this study and rthe distribu-
tion and mother-calf similari ty of 11 were analyzed (pravisioning was ex-
cluded). The mothers’ predominant (most common) foraging type was
tail-out/peduncle dive foraging (Fig. 9.3). The calves’ predominant for-
aging type was snacking, followed by tail-out/peduncle dive foraging.
Most mothers and calves used only a few of the foraging rypes available
. (Fig. g.4)

The mumber of techniques ¢mployed ranged from one ro seven for
mothers and calves. This variable wag significantly correlated for mother
and calf (Pearson r = 0.66; p < 0.001; 71 = s1). That is, mothers wha
engaged in muliiple foraging types had calves who tended 1o do the
same. However, the number of foraging tactics used by marhers strongly
correlated with the number of hours she was observed (Pearsons = .7
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Fig. 9.3. Proportion of mathers and calves engaging in dificremt foraging types, The
predominant foraging ractics wsed were tail-out and peduncle dive feraging, milling,
#nd snacking (especially for ealves), Only a few subjects engaged in behaviors deemed
“rraditions®.
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Fig. 9.4. Correlation berween [he number of marernal foraging ypes per female and
observation hours (Pearson 1 = 97313 P < 0.01; 8 = 33), Females who were observed for
more hours exhibited more foraging rypes, bur some fernales who were observed 5C
houts or more siill exhibited only four rypes. The twa females whe exhibited the most
foraging types were provisioned, Frovisioning has been associared with innovarion and
tehavieral Aexibility at ofher mammalian research sites (Ch. 18).
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Fig. 9.5. Average propoition of bouts by foraging type across all subjects. This shows che
mean proportien (= SE) of foraging rypes morhers and ecalves engaged in. Tail-out and
pedurnicle dive foraging clearly made up the Ereatest proportion of foraging bours, avers
zging approximaiely s1% for mothers, For calves, snacking clearly was the pradominan:
foraging type, averaging 49% of calf foraginz bouts.

£ < 0.0 = 33)and rhis variable aceounted for 50% of the variance in
diversity of foraging types in mothers (Fi 8- 9-4). Across mother-calf pairs,
the average proportion of foraging bouts by rype illustrares the prepon-’
derance of snacking for calves and rail-our and peduncle dive foraging for
mothers and calves. Other types of foraging occurred at low rates across
our sample, although they may representa high proportion of an individ-
ual mother’s foraging bouts (see Fig. 9.5).

9-3-2 Development of foraging in calves
Calves increased both bout rate and proportion of time foraging with age
(Fig- 9.6). Post hor com parisons revealed significant differences becweeys the
newborn period (birth to three months) 2nd the third year, and between e
the firsr and third year. The dip jn foraging rate and percentage time for- g
aging during the calf’s fourth year is nor signifieant. Calves did not forage o
(chase and eatch fish) during the first chree months. Marernal foraging did L
not significantly change as a funcrion of calfage,

Among the 34 calves observed in the first year, all foraging types were
observed except beaching, wevally hunting, and sponge carrying. Milling
and snack foraging were first observed at 3.4 months of age. Leap feeding
was first observed at 6.4 months. At seven te eight months, four forag-
ing types were observed: boat begging, bird milling, rooster rail and tail-
out/peduncle dive foraging. Calves have nor been abserved beaching or
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Fig.9.6. Themean percenitage of time calves spent foraging from the newborp period (e—
2 months) uniti their fourth year, Sample sizes are indicated sbove the average. Calves -
creased the proportion of tiine and rate of foraging with age and no calves foraged during
the newborn period, (Forage rate (bouts per hony); Kruskal-Wallis = 16.68; p = 0.00z;
Bonferroni post-lioc pairwise comparisons for newbern versus third year, p < 6.016;
firse versus third year, P = 0.006. Percentage time cxlf foraging: Kruskal- wWallis — 23.B7,

£ = 0.001; Bonferroni posi-hoc pajrwise comparisons for newborn versus third year,

F = 0.016; first year versus third Year, g = 0.006,)

trevally hunting up until their third year(nofourth year observations have
been conducted for calves born to mothers who engage in these behaviors).
Sponge carrying was first observed at 20 months for one calf{Grunge), and
at 51 months for another (Demi), The third calf was only observed during
the fourth year of life and was already sponge carrying. Both Demi and
Grunge have continued to Sponge carry after weaning (Fig. 5.1).

Snacking, the most common calf foraging behavior, declined with calf
8¢, suggesting that calves increase nonsnack foraging racrics with age.
Snacking is also the first type of foraging 1o appear developmentally and
Is practiced in the newborn period (Mann and Smuts, 1999).

2:3.3 Correspondence berween maternal and calf fnraging style

Mother-calf similarity in foraging was evident for nearly all foraging
types, with calves almost exclusively engaged in rechniques used by their
mothers. With the exceprion of snacking, there were only five cases where
calves engaged in a foraging rype not seen in their morhers. Three of
these cases were calves born 1o fponge-carrying females, and the calves
were fot (yet) sponging themselves. One case was Whoops, offspring of
the “trevally hunter™ Wedges. The remaining case referred toa single bout
of Jeap and porpoise feeding by a calf. The biggest difference berween
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Foraging traditions in wild bottlenose dolphins

mothers and calves related 1o snack foraging. Eighr calves snacked,
although their mothers did nor, In contrast, mothers engaged in two for-
aging techniques not observed in calves, beaching and trevall y hunting.

9.3.3.1 Boat begging and its relationshi P to provisioning

Boat begging typically occurred near shore when boats were stationary
(fishing) or on return from fishing trips, Average warer depth of boat bee-
Sing was 3.07 +0.15 m; four focal calves and four of five provisioned moth-
ersengaged in boar begging,

All calves in the database that engaged in boat-begging behavior had
mothers who were provisioned. One calf born to a nonprovisioned fe-
male (2nd nort included in chis daraser) was obscrved begging from 2 boat
once. This calf spent the majoriry of his time assoclating with provisioned
mothers and their calves (unpublished data). No nenprovisioned moth-
e1s begged from boats. In addition, one provisioned mother did nor beg
at boats and neither did her two calves, Boat begging is significanily as-
sociated between morhers and calves (chi~square Yates correcred = 16.92;
P < 0.005 8 = 51 calves). If the presence or absence of boar begging in
the mother’s first year of observarion is com pared with subsequent years
of calf observation, the associarion between morhers and calves is weaker
but approaches significance (Fisher exacr test, p = 0.060, 7 = 31 calves),
Most begging by calves occurred close to the mother, when she 100 was
begging at the boat (average distance was < 10 m). The only calf whe
was provisioned {by CALM) did the most begging (84% of all calf begging
bouts, ata rate of 0.5 per hour), whereas the three nonprovisioned calves of
provisioned mothers begged at low rates of ©.009-0.117 per hour. The sole
previsioned calf became dependent on provisioning and this was probably
the cause of his death at the age of four years.

The association patterns and foraging techniques of the offspring of
provisioned females indicate why foraging traditions may be more likel y
to be transmirted to daughiers thaa to sons. The two non provisioned sons
of provisioned females (now aged & and 13 years) rarely visir the provi-
sioning area. In contrast, the four daughrers of provisioned females (now
aged7, 9, 25,and 26 years) frequently visit the provisioning area with their
mothets, and all but the youngest have been offered and have acce pred fish
handouts after being weaned. although the sample is small, these obser-
vations are consistent with che patrern away from the beach, which is thar
mother-son association declines after weaning and likely inhibits shay-
ing of foraging tactics that require small and specific habitats such as the
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provisioning beach. This pattern would reinforce foraging traditions for
daughters that were Jimited 1o s pecific argas but would work against sons
adopting their mothers’ specializations (Peron beach, Monkey Mia beach,
channels), '

9.3.3.2 Bird milling

Large groups of pelicans (Pelecanus conspicullurus) and pied cormorants -
(Phalacrocorax varius) gather in shallow water and co-feed with borrlenose
dolphins, typically in shallow water < 4 m (average depth of bird milling
3-51 =+ 0,56 m). The surfacing patterns and numbers of dolphins areracred
te bird-milling groups suggest thar they are foraging on large schools of
fish. However, not all individuials are artracted 1o bird-milling groups.
In contrast 1o “leap and porpoise foraging”, (see below), dol phins do nor
travel a kilometer or more to join bird-milling groups. Bird milling was
seen in four (8%) of facal calves and four (12%) of focal mothers. All calves
who engaged in bird milling had mothers who did so. The behavior is
strongly associated for mother—calf Pairs (chi-square Yates corrected =
16.93; P < 0.00%; 71 = 531 calves), The presence or absence of the mother's
bird milling in the calfs frst year of observation compared with calf’s
bird milling in subsequent years indicates no relationship (Fisher exact
1ST, p = 1.0. 1 = 31 calves). However, this type of foraging is infrequent,
making up only 0.6% of calf foraging bouts and 0.6% of maternal foraging
bouts.

9:3.3-3 Bortom grubbing

Grubbing in the sea prass or seafioor 10 ferrer out fish probably occurs
in all habitat types, bur ebservers can enly be certain of botrom grub-
bing in shallow water, when the behavior can be clearly seen. Fourteen
females (38%) and 13 calves {25%) use this foraging technique, typically
nz.oxonmof water. One calf bortom grubbed, although his mother
was not observed dojng this behavior. Botiom grubbing was strongly
associared for mother—calf pairs (chi-square Yares corrected = 7.96;
P = 0.005; 7 = g1 calves). This association remained significant when
the mother's first year of bottom-grub foraging was compared with her
calf’s bortom grubbing in subsequent years (Fisher exact test,p < 0.008;

1= 3])
9.3.3.4 Milling

Milling, surfacing repeatedly in different directions, involves feeding on
schooling fish (mid-water). This behavior occurs jn both shallow and
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deep water (average depth 4.73 % o.21 m). A large proportion of mothers
(46%) and calves (37%) engaged in mill foraging and there was significant
mother—calf similarity (chi-square Yates corrected = 6.50; P = 0.011:11 =
51 calves). When the mother’s mnill fnraging wag compared in her first year
of observation with thatof the calfs subsequent years, the relagionshi pap-
proached significance (Fisher exact test, P = 0.056; n = 21), This foraging
technique ranked third in proportion of subjects using the technique and
may be considered a generalized or widely shared foraping ractic,

9-3.3-5 Sponge carrying

Sponge carrying, the only known exam Ple of tool use in any wild do] phin
or whale, was observed in five adul; females (14%) and three of thejy calves
in this dataset. Of 141 identified mothers in the Shark Eay populzrion,
15(11%) carry sponges. All five Sponge carriers use this foraging technique
almost exclusively 100, 100, 96, 90, and 75% of their foraging bouts, re-
spectively) and rend o forage in specific deep water channels (> 8 m).
Sponge carrying shows a clear female bias. Of 25 sexed animals known ro
farry a sponge ac least once, 20 are fumale. Only one of the males that car-
ried 2 sponge is an adult. Out of vur toral population of sexed animals,
(192 females, 166 males), females were more likely to carry sponges than
males (chi Square Yates corrected = » gz; P =0.006;r = 358).

The occurrence of Spange carrying is clearly associared for mothers
and calves (chi-square Yates corrgered = 15.75; p « 0.001;% = 51 calves),
and relationship berween the Presence or absence of the mother's
Sponge carrying in the first year of observation and her calf’s sponge
carrying in subsequent years approaches significance (Fisher exact test,
b = 0.065.7 = 31). Of the rhree calves observed sponge carrying in pur
focal sample, two were sexed 1 female. The sex of the third calf was not
knowin. Of the three calves who did not carry sponges (although rheir
mothers did), one died in the second year (too early to begin sponge carry-
ing), another (notsexed) began spongingin the fourth year of life (afterthe
analyses described here were com pleted). The third, a male, was observed
Sponge-carrying once Pestweaning.

The strong female bias in fponge carrying could be related 1o several
factors. First, since Spenge carrying occurs mainly in deep channels, male
offspring may be unable to maintain such a specialized technique and
still range widely enough to herd adulr females (see Smolker 274l , 1997).
Further, males might be unable 10 find other sponge-carrying males
and thus maintain the behavior with their alliance partners. As yer, we
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Sponge carrying appears latest deve]upmental]y,
than first year of life. This may be because of jrs difficulty, involving Jong
dives (typically 2-3 minutes) 1o tear off and hung wich sponges along the
seafloor. Calves under one yearof age are capable of rumaip

' for 3 minuges, but thig diving

(=]

without sponging, of our focal females regularly used the “sponge
channels” bur did not Sponge. Thus, the behavior does seem largely habi-
tat specific, bur use of chanpel habitats is nov sufficient to explain the
development of this foraging tactic, Recent genetic data (Kritrzen e al,
suggest thar nearly a] Spongers share the same mitochon-
plotype, which is rare in the rest of :hc(nonsponging) Pepu-
lation. This lends further sy PPOrT to the suggestion thar sponge carrying
istransmirted through matrilines. jtjs unclear why orher dolphins do nor,
atJeast oceasionally, trytos ponge. Perhaps there js some ‘sensitive period’
during which €Xposure to foraging is most likely to lead 1o 2 Yyoung dol-

Phinacquiring simjlar practices.

9-3-3.6 Leap and porpoise foraging

Leap and porpoise foraging typically artraces dolphins from large
distances (severgl kilometers) to feed on large schools of figh, Even
Sponge-carrying females drop thejr Spenges and travel some distance to
jain ]eap—foraging groups. Dolphins do not 3ppear io “specialize” ip this
technique; rather they take opporruniszic advantage of large schools thar
petiodically occurin the bay. More than a third of mothers(38%)and 16% of
calves (Fig. 5.3) engaged inleap and Porpoise foraging, Lea Pand porpoise
foraging oecurs ar variable depths (4.62 + 0,28 m}, rypically in moderace
or deep warer (= 4m). This behavior was not associated for mothers
and calves {chi-sguare Yares correcred = 3,97:p = 016;1 = 51 calves),
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Foraging rraditions in wild borrlenose doiphins

although calves nearly always accom panied their mothers long distances
1o leap-foraging groups, they did nor forage in these but appeared 1o
concentrate on tracking their mothers when so many animals (often
mor¢ than zo) were present. In comparing leap feeding across years, no

association between mothers and calves was found (Fisher exact rest,
P = 1R = 31).

9-3-3.7 Tail-outand peduncle dive foraging

Tail-our and peduncle dive foraging was the most common fora 2ing tech-
nigue, It was exhibited by 76% of the mothers and 63% of the calves.
* This type of foraging occurs in moderate and deep water, averaging
6.75 = 0.1z m. It s not significantly associared for mother—calf pairs (chi-
Square Yates corrected= 1.29; p = 0.256; 7 = 51). Two calves engaged in
tail-out and peduncle dive foraging although their mothers did mor., Both
calves were born to spongers and did not sponge themselves. In compay-
ing rail-our and peduncle foraging for the mother’s first year of observa-
tion with the calf’s subsequent years, no relarionship was found (Fisher
CXALL IESL, P =1.0:1 = 31). Tail-our and peduncle dive foraging may be
considered a generalized or shared foraging ractic,

9.3.3-8 Snacking
Snacking was clearly the predominant for
ing for nearly half (48 = 5%)
of calf subjects snacking. Sna
calves did more often rhan

aging type for calves, account-
of all calf foraging bouts. We observed 3%
ck foraging was rhe only foraging type thar
mothers. Only 43% of mothers snack for-
aged and only 5 £ 1% of their foraging bouts were snacking. Eight calves
snacked although their mothers did nor, Most maternal snacking in-
velved single belly-up chases of fish, rather than the repeated circular
swims belly-up to chase fish thar are characteristic of calves. There was
a sighificant association berween malernal an
Yates correcred = 6.51; p = 0.011; 11 = 51 calves). If the mother’s snacking
in the first year is compared with the calf’s snacking in sy bsequenr years,
the relationship approaches significance (Fisher exact rest, ?
A = 31). Snacking occurs in all water depths,
Based on the observarions of newborns,
ing for several months befpre actually cage
1999), ir may be that snack foraging allow
images (backlit when belly-up towards the
ity with developing echolocation skiils. 1
ventral direction. Therefore, by swimmin

d calf snacking {chi-square

= 0.059;
averaging 4.9z & .72 m.

who appear to pracrice snack-
hing a fish (Mann and Smurs,
s the calf to coordinate visual
water surface)and moror activ-
olphins see most acutely in the
2 belly-up, calves may optimize
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visual and acousric (amodal) perception, Although object play is rare in
dolphins, newborn calves repearedly belly-up “chase” and “rapture” sea
grass in the first months of life (Mann and Smuts, 1 999). Berween four and
six months, calves begin capturing small minnow-sized hish, and spacking -
may be the easiest way for them ro catch such small fish, Whep mothers
$nack, it is on much largét fish, somerimes Soemlong (e.g., longtoms, ei-
ther Strongylura leturg or Tvlosurus Lavialoides). Because of the early appear-
anee of snack foraging, it apparent “practice” with Seagrass, the relative
lack of snack models (especially the mother), and its predominance asacalf
foraging technique, we propese that snack foraging, unlike other tech-
niques, is predominantly individually learned. Furthe

9-3.3.9 Rooster-tai) foraging

Seven females (19%) and seven calves (14%) rooster-tail foraged. For thoge
s¢ven mothers, rooszey tailing made up a smal] to mederate proportion
of their foraging bours, ran §ing from 3 to 25% (chi-squate Yates correcred
10-2 % 3.9). Two of the adult females who rooster tailed were also mothey
and daughter. This behavior has spanned atleast three generations and js
significantly asseciared for mother and calf, wirh all seven rooster-railing
<alves having a mother rhar Yooster tailed (chi-square Yares correctad =
533 P = 0.019: 7 = 51 calves,) The assodiatiop berween rooster tailing for
mothers and calves remained significant when the mother’s firgy year was
compared with the ¢alf's subsequent years of observation {Fisher exact
1e8%, P = 0.001, 7 = 31), Rooster tailing usually occurs jn water of shallow
to moderate depth (4.23 + '0.09 m). Because similar habitags and presum-
ably similar prey occur throughour the bay, we would expect more dol-
Phins ta roosier tail. The complex aspect of the foraging technique s that
the dolphin appears intentionally to overshoot the Prey at the surface,
often, bur not always, back~tracking for the caprure. Since a rooster-taj)
SWim is always followed by a dive 1o the seafloor, it is interesting that the
delphins do not just dive immediately and pursue the fish a depth.

8.3.3.10 Hcaching
Two mother-calf pairs were observed for 8.6 hours ar Poing Peron, just
north of our majn study area, specifically for their beaching behavior.
liffs and so only ihe forag-
to shore could be observed.

o Tt et g
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Foraging traditions in wild bottlenase dolphins _
Beaching was first described by Berggren (1995) although lacals have
"known about it since the 1980s. One of the beaching females, Regeae,
hag been observed beaching reguiarly in the period from 1951 to 2007
(J. Mann, personal obsetvarion; Berggren, 1995). The behavior patternap-
pears to be restricred to one to three marrilines, One of Reggae’s offs pring
beached as a juvenile (Berggren, 1905), although no one has observed de-

* pendent ¢alves beaching, Three adulr females in the curren; study were
observed beaching fish (typically mulier, Mugil cephalus) on a 1km sirerch
of beach. Two had calves. The calves, one in ts firsg yearand another in ite

 third, did not stay near the mother during beaching (they were typicaliy
> 50m from the mother) and they did not participate in any type of -

beaching behavior. The technique may be risky and calves ape likely o be
in the way,

9.3.3.11 Golden trevally hunting

One female, Wedges, engaged in rrevally hunring. Wedges beging with
tail-out dive foraging in deep warer (over §-7 m) and then begins a high-
- Speed chase, always leaping (rypieally 3-15 leaps), to carch golden trevaliy
{Grarhanodon spectosus). Once she catches the fish, she will Arst raje severa]
deep dives with the fish, perhaps 1o strike the head against the borrgm
(thus killing or stunning che fish). The fish, sti)] whole,
shallow water (< 4 m). The head js broken off and the fis
low warer. Her calf, Whoops, nurses or stays in infant po
+ under the mother)as she carries the fish to shallow water
breaking up the fish in shallow water, the calf moves away and forages in-
dependently, sometimes traveling several hupdred MEICrs away, but s1ay-
ing in shallow water to bottom grub or snack. The calf does not regain
infant position for another 30-60 minutes while Wedges breaks up the
trevally. {Calves are usually our of infang position for 10 minures or less.)
The calf remains so-300 m away from the mother during the carching
and eating phases but takes rhe epportunity to nurse or be in infant peo-
sition during the carrying phase of trevally hunting. We have scen Wed ges
catch seven goiden trevally, six during foca] observatjang (16.4 hours of
focal observation, or one trevally every 2.7 hours.; 50% of Wedges’ forag-
ing bouts are trevally hunting), It takes nearly 1 hour co break up and ear
fish this size. The remarkable aspect of this phenomenon is the size of (he

fish, which can reach i1 Pronieminlengehand 15 kg(Alen and Swajns ton,

1986). In 17 years of long-term study, no one has observed other Shark Bay
dolphins catch fish this size. '

is then carried to
his earen in shal-
sition (in conracr
- Onceshe beging
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9.4 Conclusions

ging techniques and a ser of individually digtinc.
tive foraging techniques ean be identified for both Shark Bay bortlenosge
dolphin females and their calves. Tail-out and pedunde dive foraging and
milling are common i both mothers and calves, ang snacking is common

ll females have been observed 1o use

Some types of foraging strategy are restricted o a few anjmals (eg.,
raoster tailing, boat begging, Sponge carrying, trevally hunting, ang
beaching). No calves developed
mothers engaged in them. Furth

fon i pared with subseq » similarity
berween mother-calf fors Eing types generally remained despite the small
sample size (most valuesforp < o4 The parrern of increasing Imother-

that are vertically rransmiried (e-g-, Demi, born (03 Sponger, has sponged
all her life; Crooked-fin, her d aughrer, and grand-oﬁ'spring have all been
rooster tailers).
g the proportion of foragi

ent techniques with age. The period of dependency, which ranges from z.»
to more than eight years (Manneral, 2000), could be related ro the com-
plexiry of acquiring specialized foraging skills, but we Cannor test this dj-
rectly with the current daga,

th

L=

!
H
T
1
:
g
2
i

&4 Foraging traditions

Two types of foraging (borrom grubbing and reoser tailing) meet our
Stingent criteria for tradirjons (as defined in Ch. 1) by showing a starjs-
tically significant relationshj p berween the mother's foraging technique
during the firsy year of the calf’s life and (he calf's technigues during
subsequent years. However, variation in use of at least one of these rech.
niques may reflect variation in habitat use rather thag social influence
(i-e., it is only possible to observe bortom grubbing in shallow warter, and
mother—calf pairs share habitat types). There were also significant asso-
ciations berween mother and calf foraging parrerns for Sponge carrying
and boat begging, thou ghrthis conld be the resu]; of sampling biases from
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Foraging traditions in wild borrlenose dolphins

simulraneous data collection on mother ang offspring. It is possible thar
beaching and provisioning/interactions with humans are ajso vertically
trangmnitred, buc data on possible vertical transmission of beaching are
only anecdoral (based on one mother-offspring Pair), and the provision-
ing/human interaction data are not presented here, Six remaining for-
aging rypes (botrom grubbing, bird milling, leap and porpaise feeding,
milling, tail-out and peduncle dive foraging)do norapparently regquire ex-
tended exposure 1o an adult model for theit development. Further, all of
these foraging techniques have been reported at other Tursiops spp. study
sites (e.g., Connor et al., 2000a; Shane, 1990), suggesting that these tactics
are widely shared and social influence is relatively less important. Finally
trevally hunting may be an “innovatian”, specific ta one fernale.
Of the foraging techniques that could potentially be labeled “[radi-
tions”, some calves and mothers are clearly exposed 1o these foraging
fypes but do not engage in them. For ¢xample, Demi (a sponger) regu-
larly associates with the majority of aur focal females, but few of her as-
sociates sponge. About eight females regularly visiz the provisionin gares
and have access to fishing boats, but they do not atrempt to take fish. One
female, Joy, was born to Holeyfin, a provisioned female, but avoided the
provisioning beach as soon as she was weaned and has never accepred fish
handouts, At the Peron beach, orther animals clearly observe the beaching
behavior but do not attempr ir. A large number of dolphins forage in the
“sponge channels”, bup they do not sponge. Several of oy focal females
regularly tail-ourand peduncle dive in the sponge channel, but never pick
up sponges. There might be some inhibjrion 1o development of foraging
tactics that are not exhibited by one’s mother or such ractics may require
sorne threshold of exposure, perhaps during a sensigjve period.

Other foraging techniques observed in our study population bur nor
in our focal animals (e.g., kerplunking, sce Connor gt al., 20000) indicare
thar there may be other foraging and prey specializations of which we are
Yet unaware. For example, Square, one of the foca] marthers in this study,
forages for an average of only 10% of her rire during daylight hours, yet
during one night-time follow, she foraged for approximarely s5% of the
time. Therefore, we suspect thar some females may be “nocturnal” spe-
cialists, Further, we know little about rhe diversity of prey consumed, and
there may be specializations in this domain as wel], Although Wedges’
consumption of golden trevally is obvious, smaller Prey are difficuir to
‘ identify. We have observed anly one female in our sample catching and
o eating stingrays (blue sported fancail, Tuenjurg lymma). Another fernale
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fréquen tly catches flathead (possibly Sersegong tubercula taj;only her day gh-
ter has been observed catching the same type of fish.

9-4-2 Vertical transmission and developmental mechanjsms

We suggest that socia) learning, especially between mothers angd calves
{vertiea] transmission), plays an important role in the calf’ foraging de-
velopment. Laland and Kendal (Ch. z) suggest that Predominanly vertj-
cal transmission is ada ptive when environmental change occurs relatively
slowly. They make two predictions for conditions favorable g social learn-
ing that are relevany for Shark Bay dolphins {see Ch. 2). First, social learn-
ing is favored when the observer and demonstraror experience

Pears to be the case for s PORgE car
test this hypethesis more broadly.

The second predicrion from Laland and Kendal relevan; to dolphins in
Shark Bay is thar information regarding resources thar are relatively static
15 more likely to be socially learned than informarjon regarding resources
that are rapidly changing. At Shark Bay, specialized foragers do not shify
foraging techniques seasonally, suggesri ng that prey are statje of specjal-
ists can exploit multiple prey types with one technigue.

Laland and Xendal’s third prediction is that cost] y skills are more likely
1o be socially learned. Qur findings relevant 1o this prediction concern the

Pparently
necessary for the development of sponge foraging, it appears to be 4 diffi-

culr strategy to learn,

Why do female calves, bur hot male calves, readily adopt and appear
fo maintain foraging traditions within matriliness It seems clear thar
daughters, who MRintain strong ties with their maothers after Weaning,
would clearly benefir by developing simijar foraging tactics so long as
the mother's foraging vactics ara adequare. Pegler, Square’s fully grown
daughter, appears, like her moather, to forage Jitrle during the daytime
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(< 10%, J. Watson, unpublished dawa), although night-time foIlnw's hayf
not been conducred. Afrer weaning, sons may be less prone to maintain
the same tactics as their mothers. Although their ranging overlaps ex-
tensively with thar of their morhers afrer weaning, the development of
strong bonds with males is likely to rake precedence over feeding sives.
Consequently, we would expect males to become more dpportunistic and
eclectic in foraging with age. By the time they reach adulthood, a male’s
foraging tactics may depend mare upon who his alliance partner is than
who his morther js.

We still know little abour precisely how the calves learn to forage. Al-
though calves are often close to their mothers while she is foraging and
they can sbviously see and perhaps hear what she is doing, they also are
more likely separate from their mothers (> 10m) during foraging than
during other activities (J. Mann and J.}. Watson, unpublished dara)and at
these rimes would not be able 1o see what prey items she chases or catches.
However, calves may not only hear the p
but might also hear some of the feedback from those pulses. During the
first year, when most foraging techniques appeat, the calf could have s g-
nificant opporruniies ro link acousic and visual phenomena with forag-
ing activity when it is clase to the mother. b ost foraging techniques were
initiated in the first year. Data from captivity suggest that adult and jrm-
tmarure dolphins are excelleng mimics, borh in gestural/moror and voeal
demains (e.8., Bauer and Harley. zo01). Field dara offer addirienal sup-
port for acoustic matching (Janik, 2000) and mother—calf swittiming and
breathing synchrony (Mann and Smyuts, 1995} Such abilities could clearly
predispose calves o learn foraging ractics from their mothers, even out-
side of close visua) proximiry.

In addirion to observing or hearing marernal chase and capture meth-
ods, calves may need to learn which prey are desirable. Some fish are
toxic or have spines that are difficul to process. As described in Section
9.1.2, when sizeable prey are caught (= zocm inches), calves frequently
approach and closely inspect the fish. The "owner” can even allow the fish
to float ar the surface and no one will attempr to steal it In the absence of
food sharing, this behavior su ggests that calves learn abour prey types by
inspecting what others catch,

94.3 Future directions
Individual differences in foraging among Shark Bay dolphins are robust,
consistent, and acquired by offspring, We suggest thar social Jearning is
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,
stringent definitions of rradition. Most of the literarure op ceracean so-
cial learning to-dare has demonstrated acoustic traditions, such as killer
whale dialects (Deecke er af, 2000). Our dara suggest thar elaborate motor
skills can also be socially learned and maintained across Benerations. This
Is not SUrprising given the jim portance of social living for mst cetaceans.
The parallels berween Primates and cetaceans are striking, and such com-
Parisons will coptinue 1g Provoke us. In 2n environment so alien 1o ouy
own, dolphins have evolved flexible learning strategies thar challenge our
primate-centric perspectives,
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