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ABSTRACT

Humpback whales (Megaptera novaeangliae) are known to interfere with attacking
killer whales (Orcinus orca). To investigate why, we reviewed accounts of 115 interac-
tions between them. Humpbacks initiated the majority of interactions (57% uvs.
43%; n = 72), although the killer whales were almost exclusively mammal-eating
forms (MEKWs, 95%) vs. fish-eaters (5%; » = 108). When MEKWs approached
humpbacks (z = 27), they attacked 85% of the time and targeted only calves. When
humpbacks approached killer whales (» = 41), 93% were MEKWs, and >87% of
them were attacking or feeding on prey at the time. When humpbacks interacted
with attacking MEKWs, 11% of the prey were humpbacks and 89% comprised 10
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other species, including three cetaceans, six pinnipeds, and one teleost fish.
Approaching humpbacks often harassed attacking MEKWs (=55% of 56 interac-
tions), regardless of the prey species, which we argue was mobbing behavior. Hump-
back mobbing sometimes allowed MEKW prey, including nonhumpbacks, to
escape. We suggest that humpbacks initially responded to vocalizations of attacking
MEKW:s without knowing the prey species targeted. Although reciprocity or kin
selection might explain communal defense of conspecific calves, there was no appar-
ent benefit to humpbacks continuing to interfere when other species were being
attacked. Interspecific altruism, even if unintentional, could not be ruled out.

Key words: humpback whale, interspecific altruism, killer whale, Megaptera novacan-
gliae, mobbing behavior, Orcinus orca, predation.

Anecdotes have been passed down for centuries about dolphins at sea coming to
the aid of distressed conspecifics, as well as other species, including humans (Caldwell
and Caldwell 1966, Connor and Norris 1982, Whitehead and Rendell 2015). How-
ever, more recent observations, including popular accounts (e.g., Dolphin 1987,
D’Vincent et 2/. 1989, Pitman and Durban 2009) and videos posted on the internet
(Appendix S1), suggest that a baleen whale—the humpback whale (Megaprera
novaeangliaey—also approaches marine vertebrates in distress, most notably, when
they are being attacked by killer whales (Orcinus orca). This seems particularly mal-
adaptive for the humpbacks because they themselves are attacked by killer whales
(Whitehead and Glass 1985, Jefferson er 2/. 1991, Reeves et al. 2006, Ford and
Reeves 2008, Saulitis er /. 2015).

It is generally accepted that, due to their enormous size, large whales have no sig-
nificant natural predators except, possibly, mammal-eating killer whales (MEKW's
vs. fish-eating forms; Jefferson ez z/. 1991, Reeves er al. 2006). The prevalence and
overall ecological impact of MEKW predation on large whales, however, remains
contentious and unresolved (e.g., Doak ez /. 2006, Reeves et al. 2006, Springer et al.
20006, Trites et al. 2007).

Much of the uncertainty about killer whale predation on large whales is because
attacks have been so rarely reported (Jefferson et «/. 1991, Pitman e /. 2001,
Springer et al. 2008, Ferguson ¢t a/. 2010). Although some have argued that this lack
of observations is evidence that killer whales are not important predators of large
whales (e.g., Clapham 2001, Mizroch and Rice 2000), this “absence of evidence” could
also be a legacy of 20th century industrial whaling (Tgnnessen and Johnsen 1982,
Clapham ez /. 2008, Rocha et «/. 2014), which means that most living humans have
never experienced oceans that were not already depleted of large whales. Within this
“shifted baseline” (Pauly 1995) nearly all large whale species are still in various stages
of recovery, making it is impossible to assess the historical impact of MEKW preda-
tion on their populations (Doak er a/. 2000, Kareiva et al. 2006, Springer et al.
2006, Pitman ez a/. 2015). Furthermore, by the time commercial whaling ended, any
populations of killer whales that might have previously preyed upon large whales
would almost certainly have either declined, become extirpated, or been forced to
switch to alternative prey (Springer ez a/. 2003, Branch and Williams 2006, Doak
et al. 2006; but see Wade ez «/. 2007 for an opposing view). Consequently, MEKW
populations around the world could also be in various stages of recovery, albeit at a
lagged and slower rate than large whales (Pitman ez #/. 2015). Only if and when these
species recover will we have a chance to view predator/prey interactions as they once
were (Kareiva et /. 20006).
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For humpback whales, it is generally assumed that their most important nonhuman
predators are MEKWs (Jefferson e /. 1991, Paterson and Paterson 2001, Ford and
Reeves 2008). Until very recently, however, based on the relatively few documented
attacks (Chittleborough 1953, Whitehead and Glass 1985, Dolphin 1987, Jefferson
et al. 1991, Florez-Gonzalez et al. 1994, Ford and Reeves 2008), MEKW predation
on humpbacks had been considered to be a rare (and almost never fatal) event and
therefore of limited ecological impact (Jonsgard 1968, Jefferson et /. 1991, Clapham
2001, Mizroch and Rice 2006, Mehta ¢ «/. 2007, Ford and Reeves 2008).

There is, however, mounting evidence to suggest that killer whales may in fact reg-
ularly attack humpbacks, and that calves and juveniles are the main targets (Chictle-
borough 1953, Katona et /. 1980, Whitehead and Glass 1985, Jefferson ez a/. 1991,
Paterson and Paterson 2001, Baird et «/. 2006, Reeves ez /. 2006, Ford and Reeves
2008, Saulitis e /. 2015). In three separate studies (Naessig and Lanyon 2004, Mehta
et al. 2007, Steiger et al. 2008), images from humpback whale photo-identification
catalogs compiled from various studies around the world were analyzed for MEKW
tooth rake marks on the flukes and used to infer the prevalence of killer whale attacks
(keeping in mind that marked whales represent only the survivors of such attacks,
Clapham 2001). Although the frequency of rake-mark occurrences in some popula-
tions ranged as high as 20%—40%, in the largest study (Mehta ez #/. 2007) less than
7% of whales acquired additional rake marks after the first time they were pho-
tographed. Based on similar findings, all three studies concluded that killer whales
regularly attacked humpback calves and juveniles but rarely adults (Naessig and
Lanyon 2004, Mehta er /. 2007, Steiger et «l. 2008). Furthermore, these attacks
could result in significant calf mortality. When Gabriele ez #/. (2001) compared
the number of individually identified humpback mothers with calves on their
North Pacific breeding grounds, with those found later without calves in the feed-
ing areas, calf mortality during the first year of life was estimated to be approxi-
mately 18% (15%—24%), although the specific causes or locations of that
mortality could not be identified.

In addition to overt predation, even just the threat of MEKW attack could signifi-
cantly influence behavioral decisions made by large whales, with potential popula-
tion-level consequences (Creel and Christianson 2008, Wirsing er @/. 2008). For
example, many baleen whale species undertake extensive seasonal migrations between
high-latitude feeding grounds and often prey-deficient, low-latitude breeding areas,
but there is no consensus as to why they make these energetically costly movements
(Stevick er al. 2002, Stern 2009). Some authors have suggested that migration allows
calves to be born in lower latitudes where there are fewer killer whales and a reduced
risk of predation (Corkeron and Connor 1999, Connor and Corkeron 2001; see also
Cartwright and Sullivan 2009). Others (e.g., Clapham 2001, Rasmussen ez «/. 2007),
however, are not convinced that the threat of killer whale attack could provide the
impetus for what is (or at least was, prior to the advent of global industrial whaling)
arguably the largest seasonal movement of animal biomass on Earth. Observations
from Western Australia also indicate that migrating humpback cows with calves take
longer, more inshore routes compared to nonbreeders, presumably to reduce the risk
of MEKW attack (Pitman er «/. 2015). This suggests that the threat of predation
could be influencing not only why, but how humpbacks migrate.

Clearly, MEKW predation, even if rarely observed and targeting mainly calves and
subadults, represents a threat to humpbacks that is persistent, widespread, and per-
haps increasing (Houghton ez @/, 2015, Pitman et al. 2015; see also Discussion). As
such, humpbacks could be expected to show some specific antipredator behaviors,
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and indeed some have been suggested. Ford and Reeves (2008) summarized the
defensive capabilities of baleen whales faced with killer whale attack, and they identi-
fied two general categories of response. Balaenopterid rorquals (Balaenoptera spp.) use
their high speed and hydrodynamic body shape to outrun killer whales and were clas-
sified as flight species. The generally more rotund and slower-swimming species—
right whales (Eubalaena spp.), bowhead whale (Balaena mvysticetus), gray whale
(Eschrichtius robustus), and humpback whale—apparently rely on their bulk and pow-
erful, oversized appendages (tail and flippers) to ward off attackers. This group was
categorized as fight species. As part of their fight response, humpbacks have also been
reported exhibiting group defense against killer whale attack (e.g., Whitehead and
Glass 1985, Dolphin 1987, D’'Vincent ¢t a/. 1989), and humpback cow/calf pairs are
sometimes accompanied by an escort that will also help defend the calf from attack
(Chittleborough 1953, Pitman ¢t a/. 2015).

As is evident above, most reports describing humpback interactions with MEKWs
have emphasized humpback defensive behaviors, but there is a growing body of evi-
dence to suggest that humpback antipredator behavior may have evolved beyond just
basic defense, possibly including humpbacks deliberately interfering when MEKWs
are attacking other humpbacks and even other species. To investigate the nature and
scope of these interactions, we reviewed published and unpublished sources and com-
piled observations of 115 separate encounters between humpbacks and killer whales
from around the world. From these, we identified two general categories of interac-
tions, with each species responding either offensively or defensively, depending on
which species approached the other. Herein, we describe these interactions and dis-
cuss the adaptive and ecological significance of these behaviors for both species.

METHODS

We compiled published and unpublished observations of interactions between
humpback whales and killer whales, recorded over a 62 yr period (1951-2012), by at
least 54 different observers from around the world. Nearly all of the observations were
made either opportunistically (usually by passengers or naturalists on whale-watching
boats), or by researchers studying killer whales or humpbacks (mainly photo-identifi-
cation studies). Because the observations were recorded by scientists, naturalists, and
laymen alike, they vary widely in accuracy, detail, and interpretation. The accounts
are presented largely in their entirety in Appendix S2 and summarized in Table 1.
For transparency, we have kept the accounts largely unedited and indicated in brack-
ets any editorial comments or changes made for clarity. Collectively, we believe that
these narratives offer new insights into the nature and prevalence of humpback/killer
whale interactions (Bates and Byrne 2007).

Killer whale communities, at least within the continental shelf zone of much of
the North Pacific (Ford ez «/. 1998, Ford 2011) and in Antarctica (Pitman and Ensor
2003), comprise sympatric populations of mammal- and fish-eating prey specialists
(“ecotypes”). Distinguishing among these ecotypes clearly has important implications
for understanding their interactions with humpbacks. In the text and table, Bigg’s
killer whales (Ford 2011; often referred to as “transient killer whales” or “transients”),
refers to a mammal-eating ecotype from the eastern and central North Pacific. “Resi-
dents” and “offshores” are fish-eating ecotypes from the same area. Similarly, in
Antarctica, in addition to mammal-eating killer whale ecotypes (type A and large
type B [B1}), there is at least one fish-eating form (type C) from eastern Antarctica



11

PITMAN ET AL.: HUMPBACK WHALES MOBBING KILLER WHALES

(ponuziuo))

S9ABI]

uad ‘gH npe
3893, dTeWdy

J[ed IMoyIMm

U0 S\ JualsurL], N L AJIN 1 9 (9peqdumy €1
(31e2 ® A1qrssod)
dH 211uaan( ® aq
01 pareadde Jeym
938 pue Paf[Iy J[ed oYM
Apuaredde s 3y X Vo AEN ¢ (9ppeqdumpy 01
urw ¢ 103 g4
Sew 3[Npe 2Uo[
[¢Isserey (std O
Aq payriuapr) J[ED IN0YIIM
ST IUIPISY X X N I AT 1 9 (pprqdwngyg 9
qH poJeneds
Sunsay sdeyiad J[ed oYM
30 Surypeaie s\ N n - AJEIN L1 (spprqdumpy ¢
J[ed ® papnour oAey
Aewr owo0s223Y3
paydeaIe (spunois
Furpasy uo J[BD oYM
€H Surpeae Ay X X N vV AMEIN ¢TI0l (spprqdwngy 4
dH jo [1e3 pue peay J[ED INOYIM
uo padwm( 3 n Vo ANAN 1 ¢ (9preqdumy 1
sypeqdwny paydeosdde safeym Ja[[1y] (B)
ﬂmuEUEEOU ysers MOT[eg Soreym unﬂuv:ﬁV— Quom\wdﬂwm aUQ%uOum Sareym Safeym Safeym Auﬂ—UC@&&/\
10 defs Iy £a1g speqdwny 3911y I YA wouy)
soddifg pansmg Jo "'oN JO 'ON. Funoernur ‘0U JUIAY
saradg

JorAryaq areym deqdumpy

SaTEYA JTIF

<

2, pue ‘q, ‘e, AQ POMO[[O] STOQUUNU JU2AS JWIes U2 AQ PIIedIPUT 28 PUL S1UIAD 23eTedas se paiean

a1e ‘sateym J9[[1Y asoys paydeoidde Apuanbasqns sypeqdwny 1oy0 uays pue ‘sardads Jayio Jo sypeqdwny paydeosdde A[[entur safegm J9TI 239UM SIU2AD
Tenprarpu] “(saunodde 21a1dwod Joy 7§ xrpuaddy 29s) saTeym JBTI pue sateym peqdwuny UsamIaq SUOTIDRINUT JO SUOIIBAIISAO PIZIIBWWNG ] /977,



MARINE MAMMAL SCIENCE, VOL. 33, NO. 1, 2017

12

(ponuziuoD)

umouyun
2W02IN0 - punoif
Surpaaiq uo
(IoyroW YIm) Jred JTe0 qaim
aH '3 S/ n Vo AN 4 < (sppeqdwngy 0¢
(O8¢# 30 Jed
v £1qrssod gH)
eQCH WOI gH J[ed In0YIM
Anf3pene s\ N vV AAMIN 1 (spprqdungy q8¢
dH [npe ue
sserey Agariq 01
Jo dnois e woxy JTe0 MoyIIm
SA € 2dA 128w ¢ 4 X X X N I AMEIN I 01 (opprqduny 8T
dH 3mpeqns
e uo MY Aq JTBd IN0yIIM
3[De3IE [NJSSAONSU[) 0z N Vo OAIN 1 4 (s)3peqdwngy 12
qQOT# 298
1o © Ajqrssod
[eWIUR J3[[RWS
‘dH ¢ paspene JTe2 MoyIIm
S\ FU2ISUBLY, 06 N Vo AN ¢ 9! (spprqdungy 1
punoi§ Suraauim
Uo papunom T2 IoyIM
gH auaan( X N Vo AN 1 ¢ (spprqdungy 4!
pSIUIWIOT) (uruar) (s)2dueISIP yse[s ysers moreg sareym LCPIIIP - Joraeyag 2dhoog sareym sareym sareyMm (xrpuaddy
UOTIDBINUT [PA®I], joders o des Bl £a1g speqdwny 39y LY Yarm woiy)
Jjo aynpy  saddipg pansing Jo 'oN Jo 'ON Sundeiaur ‘0U JUIA]
vonen( saradg

Jo1ARYIq SreyM Speqdwnpy safey M JITY]

(pomuriuoD) I g7,



13

PITMAN ET AL.: HUMPBACK WHALES MOBBING KILLER WHALES

(porursuo))
parqry Apaasodas
J1e2 SgTed 1
‘sampe 7) SgH ¢ Jred ypis
Pene s\ A vV AXJEIN ¢ L (sypreqduny 9¢
nyssaddnsun
‘gH J[ed/m00 J1ed yam
sspeare (1) X N vV XJIN 4 1 (spprqdumpy [$%
umouyun
o33 JO I[NSAI
‘gIed 1 ‘s3npe z) e Yarm
SHH ¢ Pvae s\ +9¢ X X n vV AMEIN € 01 (spprqdumpy 43
WL SMA
J1e> parjuey
sInpe gH ¢ 42 Jeo yarm
€H Pa15Ie1 s 03 0c N vV AXJEIN ¢ 4 (sppeqdwngy €€
sasuodsaz
ou Jed Yarm
M0d g 03 W (]
SE 3SO[d Se UTW 7 |
uads (umouun J1Bd yam
2d£1029) s M3 1 N n qun z 9 (s)>peqdwnyy ¢
SN O
9A0IP 110359
qH Juasedde ue
‘gre> 1 ‘sampe 7) Jeo yarm
SHH ¢ 3Pene s X X N vV ANIN ¢ Sa 4 (sppeqdwngy I¢
_umuEwEEOU Q:Ev Amkuﬁmum:u yse[s yse[s MO[[g Soreym Jmﬁuuzﬁv— ﬁ_uodxﬁuﬂum ﬂuQ%uOUm Soreym safeym Soreym AMQTCMQQAN
SIRRIAERIE [PARI], Joders o des 9T Aa1g speqdwny 391y IO Yarm woij)
jo oy saddig pansmg Jo 'oN Jo 'oON Sunoeiour ‘OU JUIAT
uoneIng saradg
Jo1ARYAq Aeym Speqdwniy saeym J[[IS]

(pomusiuo))

‘I 1971



MARINE MAMMAL SCIENCE, VOL. 33, NO. 1, 2017

14

(ponustuoD)

qH mo0d
Aq paoerdsip

q[ry vory eas
® J93je J1ed gH

yoeae Apuaredde JTB0 yam
SAN FUDISUBLY N Vo XAJIN 4 L (sppeqdumy 47
UMOUUN JWODINO
cwioperd [10
01 3X3U 4 €9 1940
103 JH JTed/M0d T80 qam
SSEIEY S 01 +06¢ X n Vo XJIN 4 01 (sppeqdumy 1874
SdH
Surpaay jo dnoid
® JB3U ‘MOd/M
J1ed gH passerey JTed qam
S\ JudTsueI], 0c X N vV XAMIN 4 < (sppeqdumpy oy
q6E# 335 SN o
Paseyd sgH Y10
J1ed/m0d g yoene J1e0 qam
s g 2k a5reT X N Vo AMNIN z <1 (yrqdumpy v6¢
S[ppIW Y3 UT $IATED
Y3IM 9119507 WI0f
gH 911 “prane JIeo yarm
M\ 03 asuodsar ug n Vo AAJIN 9-¢ (sppeqdumpy 8¢
[nyssadonsun
‘gred 1 ‘sanpe 7) J1ed yarm
SHH € Peie SN X N Vo AAJIN ¢ 4 (sppeqdumpy L
pSIuIwwon) (urw) (s)durISIp  yse[s Use[s  mo[Pg  SI[RUM  LGPI[[Y  JorARydg L2dh0og safeym safeym safeym (xrpuaddy
Uo13IeINUL [PA®I], joders o ders Rl £a1g speqdumy 39y I Yy woiy)
jo EAEN uuﬁm&:m ponsing Jjo ‘ON Jjo ON mﬂduumuuuﬁﬁ ‘0U 1uaAyq
uone( saradg
uOM\r.NQMﬂ_ aeym JUNQ&ESE sareyMm IO

(prusinod) [ o],



15

PITMAN ET AL.: HUMPBACK WHALES MOBBING KILLER WHALES

(porursuoD)
S
Suryoeare woj jred
dH ® puajp
A[mnyssanons B0 yam
SHH Mpe ¢ +S¥ N Vo XJIN L (spprqdumpy Ly
Jo way3
saalap Appuasedde
0D {Jed/M0d Je0 yam
gH yoeosdde s\ 3 X N I AIN 4 z  (sppreqduny 9
o wayd
saatap Apuasedde
MO0D J[ed Jeo yam
H ssereq S X X N Vo XAMIN 4 9 (s)peqdumpy S7
urw O Surpan
193je 37edop s M\
Te0 1 399301d 03 JTB0 yam
2IPPNY SgH [MpE (028 N L qun < (sppeqdwngy 44
dn 31 yjeaiq
SIayPDIemareym
‘punoig
Surpaaiq uo
uoruedwod pue
IYI0W YIrm Jred J1ed qam
H >Peae s\ X N vV AXAMIN ¢ 4 (s)peqdumpy ¢y
pSIPWWOD) (urar) (s)aourasip yses yses  MO[Pg  SAEYM P[] lolaryag 2d&oog safeyMm sareyMm safeym (xrpuaddy
UOo13IOeINUL [PA®I], Joders 3o des I £a1g9 syoeqdwmy 39y I Y woiy)
jo oy sddig pansing JO 'ON. Jo 'oN Sunoeraur "OU JUAY
uonen saradg
JotARyaq areym peqdumyy saeym J[[IS]

(ponuziuo))

T o971



MARINE MAMMAL SCIENCE, VOL. 33, NO. 1, 2017

16

(ponutiuo))

¢39419503 Fu1geio}
{(¢s19702-ysy ‘g adha
[[eWsS J12IeIny)
dnoig M

JTeD MOoYIIM

smo[oj gH A[5uls N n - Adad ¢ 0L70¢ (spprqdumpy Y4
3V urauepioul
MOYIIM ] 7
s3] I® JOJ S\
Sunes-ysy g1 JTed MoyIIm
MOT[0 SgH T +09 N n - Add 4 81 (spprqdumpy 9!
SM Aq paspene
{H Jayaoue pre 03
Aeme ofrwa v 3900 (W 9'1) J[e0 InoyIrm
o} owos sgH W T < n Vo AANIN (sppeqdwngy v
sareym Ja[1y paydeodde sspeqdumiy (q)
(q6¥# 295) sauaprout
ou nq parearSe
Arenor sgE{
‘sgH jo dnoig
Suowe ur paaow
(¢s393B2-YSsY)
S\ dndIeIY JeD M
€ 2d4s qrews ¢¢ +C¥ X X X N n - AMEd vy op0¢  (9peqduny vy
(q8%# Os[e 295) 2ALa]
SN PU® JIe2
wol SqH  + €1
‘GH JTed wuasedde JTB0 yarm
AIPRTSMI 9 +0¢T n Vo AAMIN 1 9 (s)peqdwngy 8y
puIwwo) (urur) (S)dueISIP  se[S ysels  moppg  sofeym pIf[Ry  Jomaeypg  adhody safeym safeym safeym (xtpuaddy
UOTIDBIIUT [PARI], Joders o defs IOy £a1g speqdwny 39Ty IO Yyarm wozij)
Jo »mpy  seddiyg pansing Jo 'ON Jo 'ON Sunoeaur ‘OU JUIAT
uoneng saradg
Jo1ARYaq areym peqdungy SITRYM JI[IY]

(pomusiuo))

I 1971



17

PITMAN ET AL.: HUMPBACK WHALES MOBBING KILLER WHALES

(pomuziuo))

BGEH# 98
tared Jres/mod

gH Surypene
219M JBYI S MY

g 2d£3 55e] 30 10 yum
2A0IP SH NP ¢ X N Vo AAMIN ¢ 9! (spprqdungy q96¢
Keme x\3
2A1Ip 03 pareadde
pue sgH 9430 ¢
4q paurof (e91#)
sgH ¢ Surpeare JTe0 Yarm
S/ FUDISUBL], 0¢ N vV AMIN ¢ 9! (syeqdwngy Q1
sinpe
(3 JO 9UO0 JO jJTed
e A[qissod (qgc#
ur g aqruaant
Jo 3suajap 03 J1e2 IN0YIIM
2Wo> gH 3npe ¢ X N vV AJIN 4 (sppeqdwngy )8¢
ENEIEYNS|
¢ Jred pamfur 03 dn
wems, gH ¢ + ¢1
‘(e8F# 299) J[ed gH
2n(ur pue yde1e BICERLIVIRIVN
S\ FuRIsuEI 9 X N vV AMNIN 9! 9 (spprqdumpy q8¥y
_umuEuEEOU Aﬁ:Ev Amvuuﬁmum:v ysers ysers MO[[g Saeym umﬂ.uzav— ﬁuOTrﬁﬂum dUQ%uOUm Soeym Sofeym Soeym AUQTGMQQAN
UOIIDBIAUT [PARIT, Joders o defs 9T Aa1g speqdwny 39y IO s wozy)
jo angg  saddig pansmg Jo "'ON. Jo oN Sunoesaur ‘0U JUIAY
uoneIn( saradg

.HOM>.N£®Q D—NSB JU&Q&ESI

saTeYA JOTT

(prmusguo)

T 1971



MARINE MAMMAL SCIENCE, VOL. 33, NO. 1, 2017

18

(ponuziuo))

S ;3o
SALIP 03 UT WOD

TH + ¢ ‘M0

JB M\D oenre

S\ FULISUBLY, X N vV AJNIN < oreym Aviny €<
adedss jred djpy 01
syeadde gy ‘moo/m
JIE2 MO Joeae

S\ FULISURIT, +€¢ X X X N vV AMIN 1 9-¢ areyM Aeiy 49
UO1IOLIAUL
ou ¢4q aso[d
swims yoeqdwny
“Aparq A0

(¢3s93) 3oe3e S\ M N vV AN 1 % areym AeIn) 1¢
woy3 Fuoure
padeas s g
ad£a [rews arym
JUSPIDUT INOYIIM
pasiadsip dnoi§
‘eG4 woiy dnois

parearSe paurtol JTB0 yarm
SIATeI/M SHH N n - XAJId 9 ¢ (sppeqdwngy q6¥
pSIuIWWOD) (urur) (s)yduwasip  yse[s Use[s  mo[Pg SA[eyM  GpI[[Y  JoTAedg L2dhoog safeym safeym safeym (xrpuaddy
UOnOEIANUL [oA®I], joders o des Beliie] £a1g speqdwny 39y I YA woij)
jo ampg  sddigg pansmg Jo 'ON JO 'ON. Sunoeinur ‘0U JUIAY
uoneIng samadg

JorARYaq aeym oeqdumiy

SaTu A J9TITS]

(pomuzsuoD)

‘T 971



19

PITMAN ET AL.: HUMPBACK WHALES MOBBING KILLER WHALES

(ponusiuoD)

(0 °q8¢<# 993)
pa11ry Afqewnsaid
ISS “ISS

Suryoenre sy
saypeordde gy anf
Surmor[aq smoj[oy

gH ‘dd 2sey>
S\ JudISueI],

PAII AN g

sayoeordde g

SATIEIISUOWIP B

3e0q 03 M\JN 2SBYD
S\ udTSURIT,

S 4q

Surpagj pue ydene

[T 219J323UT

Apuaredde

pue ur urof

SI9YI0 J 1 ISBI]

e pue ‘quasard

SEH T 1ed

areym Aess [y
S\ UdISuRI],

+8

+LEY

(W 977)
o 1'%
(W L'9)
oI 9°¢
(W 9°¢)
opIwr ¢'¢

X X X X

A Vo AJINW

N Vo AN

A Vo AN

A vV AJIN

91

€1

It

UOTT Bas JI[[21S

astodiod s [req

aTeYM INUTIA

areym Aeiny

e8¢

LS

9¢

<<

1muE®EECU

(uru)
UOIIDBIIUT

uonemn(

(s)2dueISIP
[PA®I],

gsers yses MOT[g sareym
Joders 1o defs Y
ampg  sddig pansmg

um P21 n_ucqxrwﬂwm aMQ%uCUm
£a1g

Jo1ARYq SreyM Seqdwnty

SaTEYM JITTS]

wu—.mf—B
speqduny
Jo 'ON

mM~Nﬁ—B
Slie
JooN

SaTeyM

B Y

Funoeinur
saradg

(xrpuaddy
woiy)
‘0U JUIAT

(prrutinoD)

11971



MARINE MAMMAL SCIENCE, VOL. 33, NO. 1, 2017

20

(pomuziuo))

Adwanye andsas|
uasedde ue ur
.Ssnj 51q, © saxyewr
gH “ISS ® 1™
pue yoene s MY
P21
Aoy £3oa,
1SS ‘dH 4q
payoeordde | 158
Sursyoeare s\
S
MO[[0] pUE 350>
ur aA0wW gH /
03 dn 18 {1
S\ JUDISUBI],
ysers
1rea pue yoeosdde
(s[eway anpe
-+ 9[ew Inpe)
SEH T 1SS 1™
S\ uaIsuel],
q +1 Aes
SgH . PIXa,|
‘opnnur ad jred
/M0d e Furpnpour
SIH uaym
ISS Surspeare s\ 3

+6¢€

09

<0t

wy 8] X X X X

A vV ANIN 1

A Vo AN 1

A vV AMIN L

A Vo AAMIN 4

n Vo XJNIN 6

91

ot

ot

9-¢

UoI] 3s JI[2IS

uor] 838 I9[[1§

UOI] B35 JA[2IS

UOT] ©as JI[[21S

uoI] 838 I9[[1§

89

L9

99

<9

6¢

pSIuAWwWoD)

(uru)
UO11BI2IUT
Jo
vonem(

(s)2dueISIP yse[s ysers Mmoreg sareym
[PA®IT, joders 3o des I
anpy  sddipg pansimg

LD Joraeyag Ldhoog soreyMm
£a1g speqduny
Jo "oN

Jo1ARYIq Sreym Speqdwnty

sofem 9[[r]

m®~NQB
I
JooN

safeym
SO YA
Sunoeiaaur

saradg

(xrpuaddy
woiy)
‘0U JUIA]

(ponusiuo))

T o971



21

PITMAN ET AL.: HUMPBACK WHALES MOBBING KILLER WHALES

(pomuriuo)

moy
ue 1940 Ae1s pue
yoeordde sqg 1

+ 7SO 1 oI eos
S\ JUDISUBI], ATHN 9 BILIONTED) 8
S wﬂu .wC
S[Pprw ay3 ut
20upms SgH ¢
STSD Surye uoIy ©as
S\ JUDISURIT, AN L BILIONTED) 08
Surmorpaq  ‘s1030w
wu.uuwuﬂ:f— Tuub?um:
woxy 1S [
payoeosdde sqgiy ¢ uory eas
“ISD T ST NTIN pod BIUIONTED 8L
:wa—ﬂm .:wﬂu \>>
AT Sunzess,
‘SAMIW 47
woij yoreosdde
AH ‘STSD 3ene uorf eas
S\ JUISUBI ], AN 8 PIUIONTED LL
Jeareur sqH .7
+T+T+2, 71D uoH oS
T S\ 3uarsuel], AIN L BIUIONTED €L
parearSe sqy
“ISS ® parry Isnl
Py IR SN 1
pautol sqE ¢ AN ¥ UOI Bas B[P 0L
pHuLwwo) 2dhi00g safeym safeyMm (xrpuaddy
MM BB s woxy)
.wO .OZ mﬁﬂuu.whuucﬂ ‘OU Ju2Ayq
saradg

HCM\V.GH—MJ aeym JUNQQEZE




MARINE MAMMAL SCIENCE, VOL. 33, NO. 1, 2017

22

(pomuziuo))

suredap uayp

sayoeordde gy
9[3urs ‘SH ©
11 Apuaredde
pue V—Uﬁuu.w
S\ FULISUBLY, 44 A Vo AN 1 < [e98 JoqIeH 06
PRGN
wuvnwumucq oy
moroj 01 Jeadde
®/8# Wolj sgH
Jo ared 301 O
SO eI SN [ess
g 2d£y oSre X X N VAN z 01 19383qRID) 68
Joeae S\
a1qrssod Surmp
®/8# woij gH Jo
ared sutol gy
Joxdeis)\y g Teas
ad4y o8re] X X X N N AMNIN z 01 PPPI/A q.8
2ALIIE gH
IOW T +T+¢C
S Sserey
pue  Surseyd
Afrenaoe, qH 7 YIS
arruaan( Surkized uoI] Bas
SN FudIsueI], 62 X A Vo AAMIN L 8 BILIONITED 98
pSIuIWWoD) (urur) (s)dueIsp  yse[s ysels Moy SA[eYM  GPI[[RY  JorARydg L2dhoog safeym safeyMm safeyMm (xrpuaddy
TorndeIa1ur [oARI], Jo Q.m—m Jo Qmﬁm RSl %Uum JUNJQESF— REIII | BT yam EOHMV
jo oynpy  addrgg pansing Jo "oN Jo "oN Sunoeraur ‘0U JUAF
uoneIn saradg

uOm\vﬂﬂ—Dﬂ vjwﬂkr V—UNQ&ESE

saTegm B[

(ponuziuo))

1971



23

PITMAN ET AL.: HUMPBACK WHALES MOBBING KILLER WHALES

(pomusiuno))
Aqasop gH 1
, fcSurypawos
patey, =
S JudIsuBL], +yL A vV AMJIN I 9 payuaptur] 66
ST
Pa31933835 ARy
Kews pue yoeoidde
qH jo 1ed
‘[T payrusprun
[yarm SUIZifedoa Aa1d
S\ FUDISUBL], 9¢ X vV AXAJIN 4 -8 pagiuopruf] L6
SgH ¢
4q . paqqow,
278 ysyuns
® Sunypene
S\ JudIsueI], +9¢ w00¢< X X n vV XAJIN ¢ L9 {syuns ueac 96
S saseyd
pue dn smoys
gH - SAN 1 Teas Jueqdo
S\ FUDISUBL], +8¢ X A Vo XJIN 1 < UIION ¥6
SdH ¢
£q payoeordde
SH ® Suryoene
SN AudIsueI], w00C A vV AXJEIN 4 9 [e25 J0qIPH 6
pSIuPwwo)) (utur) (S)durISTP  Se[s yses  mo[pg  SEym  pa[[Iy  Jotaeyag Ldfoog SsafeyM safeyM SaTeyM (xrpuaddy
UO01I1OLIANUT [PA®RIT, Joders o des I £a1g speqdwny 391y IO Yam woij)
jo »mpy  sddig pansmg JO 'ON. Jo 'oN Sunoesour "OU JUIAT
uoneInQ saradg

Jo1ARYAq AreyM eqdwniy

saTeyA J9TTS]

(porutiuo))

T 1971



MARINE MAMMAL SCIENCE, VOL. 33, NO. 1, 2017

24

(ponusiuo))

Surdwm( ‘Surderd |

219M P
S\ udTSURI) PaaIasqo
yoeosdde sgH n N AJIN ¢ 14 £axd oN 801
4H ¥ 4q paAIRsqo
PaAOTIf S €, X n N AJMIN ¥ < £a1d oN LO1
1'0q
s Ajpuany,
SAH S 9
+ ¢ Summor|oy paaIasqo
SAH 9+ €+ ¢ 4 X n N AMEN 11 1 £a1d oN <01
[ T JoA0 wad
arm pakers
yIIgM ‘gH T
£q payoeordde
‘Aa1d yam Ajqrssod P2413sqo
S/ JuATSURI, €L X n N AJIN 4 9-¢ £asd oN 701
SM\3] mo[[oj pue
uol qH T +€+¢
¢ Sungaowos payry, £a1d
S\ JuaTSURI], X A Vo AIN L 9 paynuaprun) 701
S o
MO[[0F Yy
JO TeIoAds ‘gH L
01 dn 4q paurof
¢ Surgrowos payry, £a1d
S/ FURIsuBL], +81 X A vV AAJIN L 9 payueptuf] 001
_umquEEOU AF:EV Amkuﬁmum:u ﬂmdﬁm yse[s MOT[eg Soreym um TMZAV— QHOM\Kmem qu%uOUm mwﬂuﬂa mwﬂmﬂa mmﬂmﬂa AuﬁmuGMQQAN
UOIIDBIAIUT [PARI, Joders o defs 9T Aa1g speqdwny 39y IO Y wozy)
jo Ny saddig pansig Jo oN Jo 'oN Sunoesaur ‘0U JUIAY
uonemnq muﬁvuhmw
: Jo1ARYAq AeyM Speqdwniy S[RYM JI[IY] :
(poruziue)) [ 21971,



25

PITMAN ET AL.: HUMPBACK WHALES MOBBING KILLER WHALES

(ponusiuo))

Surdders-rrea
dH ‘Y T 3940 10§

sgH 3mpe jo id JTe2 IMoyIIM
PaPIR S ¢ +09 X n n  AMIW 4 =< (s)peqdwnpyy 81
parredar Appuaredde
sI93deIIR
- dH 2u0] JTed IN0YIIM
pospERE S/ X X X N vV AN 1 S (sppreqdwnyy L1
UondeINUI
ou M qgH T
Jo wr ¢z urqarm JBo noyrm
passed sp 3 ¢ N n qun 1 ¢ (s)peqdwngy cl
sqH .sserey,, J[B2 InoyIm
S/\3] Austsuel], n L AMIN 1< S (s)peqdumgy 11
dH T .Sserey, JTed MoyIIM
S\ quRIsuel], n L AMIN 1 4 (spreqdunpy 6
yoeae
10 3531 9[qrssod
‘gH . Sursserey, JTB InoyIm
S oM, N n  XAJIW 1 4 (s)peqdwngy 8
dH T .Sserey,, JTe2 MoyIIM
SMD] JUSISUBI], n L AMIN 1 ¢ (s)peqdwngy L
[¢451d 19430 19330
Aiqrssod s p\ 1
S\ Juarsuen
Aq papunoiins JBd IN0yIIM
qH parensy S7 X X n n - AMIN I VIl (s)peqdumgy S
umouun (s)areym Furgoreorddy (9)
%EwEEoU (urur) (s)2ouelsip yse[s yses MoTeg sareym SePRIT nuoté:wm _bn;uowm sareym safeym sareym (xrpuaddy
UOTIDBIANUT [oA®I], Jjoders  Jo ders EElie| £a1g speqdumy 3977y I YIrm woiy)
jo aynpy  saddig pansing Jo 'oN Jo 'oN Funoenur ‘OU JUIAT]
uonen sardadg
Joraeyaq aeym peqdunyy saeym JO[[TS]
(pmuziod) [ g7 ],



MARINE MAMMAL SCIENCE, VOL. 33, NO. 1, 2017

26

(ponuziuo?))

papiodas
UOTIDBIANUT JTe2 IN0YIIM
yrads ON n n qu0 ¢ < (s)poeqdumpy 9C
papiodas
UOI1DLIANUT OU JTBD IN0YIIM
S/ JuATSURI T, n n  AJMIN ¢ ¢ (s)oeqdumpy 94
JTB2 IN0YIIM
SHH WPIA, SN n n - AJMIN 1< i (s)peqdumpy yc
sdeys aFepuadde
s M\ sppdas
Apuaredde ymnpe B2 InoyIIm
dH .PosseivH,, X X n n q0 1 8 (spprqdumpy (74
AN
Surqru jo dnois
woij Aeme wims
(poynuaprun |
pue orew anpe 7) J1ed Inoyarm
SqH paeisy X n n qu0 ¢ IS4 (sppeqdwngy cc
SdH
Surdders-1res 1 jo
dnois 1ySn jo
©IIEL JILIPAWIUT JTeD MOYIIM
UL/ ¢ X n n - AN 4 IS (spprqdumnpy 0c
way? 191381
PU® S Jo
dnoi3 e aFreyd JTBd IN0YIIM
gH jo dnoin +0€ X X N n - AIN 12 71 (s)peqdumpy 61
pSIuRwwo)) (urur) (s)durISIP  YSE[s Usels  mo[pg  Sd[eyM  (Paf[RY  Jotaeyag L2dhoog safeyM sareyM sareyM (xtpuaddy
UOTIDBIANUT [PARI], joders o defs ATy Aa1g speqdwny 39y Bl SRS wozy)
jo ampy  seddigy pansing Jo 'ON. Jo 'ON Sunoeraur *0U JUIAY
uonem saradg
Jo1ARYAq ATeyM peqdwniy SaTRYM JI[TY]

(porutiuo))

T 1971



27

PITMAN ET AL.: HUMPBACK WHALES MOBBING KILLER WHALES

(ponusinoD)

IS 03 350[> Avas
Aoqa  parense,
0510AU00 S
arew Inpe z 1SS

Surypene sy X X n Vo AN 4 } UOI[ B3S II[[ANS 29
s1addrg
YIIA 31 (ONOA
‘ssedIed punore
SAIIRIISUOWIP
SEH “ISS 11
S FudIsueI], 0¢ X X X A vV XAJIN 4 9 UOI[ B3S IS 19
IS Jo 2anda101d
Sunoe gH orew
SUO[® YIIM ISS
Suppene sy +<9 A vV XAMIN 1 ¥ UOI[ BaS IS 09
uasaxd
SEH Y+ €, T
MO S CT A Vo AN L <1 oreym Aeioy 148
A3es Jj0
2301q JTed/M0D
€H ‘U o¢ 10j Jeo Y
ST Sutseyd sgH +0¢ X N n qun < <1 (oppeqdumy 0¢
aH
ﬁ@uduqmd qaim g M mﬂ.ﬂu moyrm
3900 3uads SN 8 +081 X X n n - AXAJIN 1 8 (spprqdumpy LT
pSIuawwoy) (uru) (s)dueISIp  yse[s ysels  mo[pg  seys  pa[iy  Jomaegeg  adhoog soreym Sa[eyM soreym (xipuaddy
UoTdeIanuT ToA®RI], Jo Qdﬁm Jo Q.maw REIII ] %wum V—UdLQEdF— RIS IO yarm EC.H,«V
Jo aynpy  saddrg pansing Jo 'ON Jo 'ON. Sunoeiaur "0U JUAY
uonem(y sardadg
JorAeya(q o1eyM V—U.@G_QEZ: Sareym JaTI3
(pomuziuod) [ 34q71,



MARINE MAMMAL SCIENCE, VOL. 33, NO. 1, 2017

28

(pomusiuno)

dqH Jo ared 4q
2DUAIJIANUT,

s[qssod
(STSD Sununy
3q 03 yeadde
S\ JudIsuBI],
Pa10U SUOTIDBIANUT
Ou ‘3U0 Jed pue
[ *STSD 3jovare
S\ JudISueI] Se
Jeau, g [eI9AS
SA . Sserey,
A1qrssod pue
MO[[0} A[350]> sgH
paearse 1ISS 115
S\ JUSISURI T,
sa[ny pue syaddrg
yarm (4a1d j0)
S e Surysers
Aqrssod g suof
¢SS Surydeie
S\ JUSISUBI ],
[ Supnp
M\ oTeWw 3npe
Aq  paressod,
gH ¢ “ISS 1M
S\ JUDISUBI],

+0¥

+¢01

+0¢

+09

(W 8°0)
AW /1

X X X X

X v

AIN

MATIN

MATIN

MATIN

MATHN

¢

8

GOS BaS
eruIopED)

uoIy Bas

eIuIoJIE)

50: Bas uUZuum

UoI] ©as ubjbum

UoI] 83s JA[[1S

L

1L

69

¥9

€9

pHIuawwoy)

(urw)
uondrINUI
jo
uoneng

(s)2dUrISIP
~®>.m.,—.H.

ysers
10 ders
=30

yse[s
0 des
saddrpg

Mmofag  saeym
I
pansing

SPRIIR - Jotaeyag
£a1g

L2d&oog

uOTV.mf—Uﬂ Ifeym V—UMAH—QE:E

saTeyA Ia7ry]

safeyMm
yoeqdumy
JOON

safeym
IRy
Jo ON

safeym

B P

Sunoeiaur
sardadg

(xrpuaddy
woiy)
‘0U JUIAT

(ponuziuo))

‘I 971



29

PITMAN ET AL.: HUMPBACK WHALES MOBBING KILLER WHALES

(ponuziuo))

ISO ® 1 pue 3oene
£aya se utw 9y
s3] J® 10§

S\ 1uarsuenn uory BIS
Suowe Ut SgH OMT, +9% A Vo XAJIN 4 9 BIUIONTED ¥8
LRI UL H T
+ 2, “ISO I uor eas
S\ FUDISUBL], A Vo XJIN ¥ 9 BIUIONITED) €8
Juasaid, sgH ¥
Am\HW mamm‘mﬂu UOT] Bas
S\ FULIsUBL], +€9 n vV AMIN 4 9 BIUIONTED 18
Juasaxd |
SHH ¢ 5]
e (5TQ Surseyd uoI] ©as
S\ FURISuRL], 69 N vV AMIN cl 9! BILIONTED) 6L
SSedIED pUB M\
yam  Sunapaur,
qH “1SO uory 8as
T S\ JUDISUBIL], X A Vo AJNIN 1< < BILIONTED 9L
.¢SNOLIND ‘PIA[OAUT, |
dH T 18D 1™ uor eas
S\ FUDISUBL], +601 A vV AJIN 4 ¢ BIUIONTED <L
i\
JPTm ﬁuuuﬁubuﬂﬂz
(JTed/m00
Surpnpour)
qH ¢ “ISD Yoene uor] B3S
S\ FUdIsuBL], A vV AJIN ¢ ¢ BILIONTED) VL
_umuEuEEOU AE:\EV vauuﬁmumﬂu yse[s yse[s MOTTg Sofeym um—u&j—v— AuOM\rﬁﬂum aM&%uOUm Safeym Soreym Soreym AN—TEMQQ<
UorIdRIANUI [PA®RIT, joders o des I Aa1g speqdwny 391y DY YIm woiy)
jo ampg  saddigg pansing Jo 'ON Jo oN Sunoesaur '0U JUIAY
uonemnd muﬁuwhmw

J01ARYAq SeyM peqdwnty sareyMm JO[[IS]

(parnuzguoy

‘I 1971



MARINE MAMMAL SCIENCE, VOL. 33, NO. 1, 2017

30

(ponutiuno))

U23S UOTIDBINUT
ou S
JuaIsUeR) Sununy
PIemol pauiny
Apuazedde sgiy
(¢Teas 1e sadims
[rea Sunjes g4
Jrew npe ‘g
11 Ajqewmsaid
pue 3pene
S\ JUDISUBIT,
ST S/
€ 1389y $31 UO
dn [eas saxer sqH
2anoa101d jo sred ®
JO 3UO g\ YOr1Ie
SA d 2d4a a5ret
(L84 229)
dH T + ¢ Suowe
98nja1 Furas
Arqrssod g/
S g 2d4a o8reT
PapIodax
SUOIIDBINIUT
ou 9uasaid s18D)
pue sgH ¢ s
S\ JUSISURI ],

+09

+6

(W $°0)

afTw /1 X X X X

n

n

ATIN

AIN

ASTIN

ASTIHN

MATIN

o1

1T

(028

4

Teas 3ueydapa
UIYIION.

[e3s JoqIeH]

1228 TPPPA\

1225 TPPPA\

:C: B3s
eruIojIE)

€6

16

88

®/8

<8

pSIIAWWO)

(urw)
U01IOeIIUT
Jo
uone(y

(s)adURISIP
[oABI],

ysers
10 des

g

ysers
30 des
Jaddryy

Bozu m mwﬁwﬂB
R

pansimg

SCPITTH
Aa1g

JOTARUD
Jorenpg

Ldhoog

Jo1ARYAq Seym Speqdwnpy

saTeLA J[IY

mbﬂmﬂkw
speqduwny
Jo'ON

m®~dﬂ3
il
30 'ON

safeym
B YA
Sunoeraur

saradg

(xrpuaddy
woij)
‘0U JUIAY

(ponuziuo))

‘I o971



31

PITMAN ET AL.: HUMPBACK WHALES MOBBING KILLER WHALES

‘areym peqdumy (g oreym [y : M,
‘uMmouu() i) ‘SaX X ‘ON N,

‘umouNu i) IS, LT, ‘oeny Vq
-2d43005 pauTwIalapuUn (U] I93EI-Ysy M\ T FOIBI-[EWWEW M\ TN,

Apouq
S\ JUdIsuen PaA1asqo
Surseyd sgH oML, n n - AJNIW 4 < fasdoN 901
w3 yIrm
UOTIDRINUT PAIIOXI |
2ATq dH ¥ puv
Sunyiawos paypry, Aaxd
SN FudIsueI], +89 A vV AXAJIN 4 ¢ payiusprufy €01
133owiad punore
Surwwims
gH ¢ SP1s
£31d uo Furarp Aoxd
SN FuRIsueI], X A vV AXAJIN ¢ Su4 payiausprufy 101
qH ue
53, Ajpaazodar
¢ Sunglowos Funes | £a1d
SAN FUDIsUEI ] A vV AJNIN € paglauspiufy 86
gH 9-€ P
parenosse ‘ysguns
e 238 Apuaredde
SAN FudIsueI], n vV AXAJIN 9-¢ 9! ysyuns uen0 <6
pSITIWWOD) (urur) (s)poueIsip  yse[s ysels  mo[pg  SdEym pa[[y  Jomaeyog  adhoog safeyMm safeyMm safeyMm (xrpuaddy
uordeTINUI [oA®I], joders o des I Ka1g speqdwny 39Ty I YA wouy)
jo oy sddigg pansimg JO 'ON. JO 'ON. Sunoernur ‘0U JUIAY
uonen saradg
Jo1A®Yaq oTeyMm Mdeqdumpy SoTeyM JI[T]
(pomuziuod) [ 24971,



32 MARINE MAMMAL SCIENCE, VOL. 33, NO. 1, 2017

and another possible fish-eater (small type B [B2]) found in Antarctic Peninsula
waters (Pitman and Ensor 2003, Durban et @/. 2016). The killer whales listed in
Table 1 were classified as mammal-eating killer whales (MEKWs) if they were iden-
tified in the Appendix S2 accounts as “transients;” if they were attacking a marine
mammal at the time of the observation, or if the encounter occurred in tropical or
subtropical waters. Killer whales in lower latitudes tend to have unspecialized diets
that include marine mammals (Baird ez #/. 2006). Killer whales were classified as
fish-eating ecotypes if they were identified as such by experienced observers or from
photo-identification matches to known types. Killer whales that could not be catego-
rized were classified as “ecotype unknown.”

From the accounts in Appendix S2, we classified interactions between humpbacks
and killer whales based on which species approached the other (i.e., which species ini-
tiated the interaction) or as “unknown” if a determination could not be made (z.c., the
interaction was already in progress when the observer arrived) or was unrecorded
(Table 1). Based on our interpretation of the duration and intensity of the approaches
and the specific comments in the Appendix S2 accounts, we further categorized
MEKW approaches to humpbacks as either a “test” (sometimes described in the nat-
ratives as a brief harassment), an attack, or unknown. Tests usually lasted 5 min or
less and often were little more than a brief pass-by; attacks lasted more than 5 min
and involved direct contact with the targeted species.

When possible, humpbacks were also noted as being either with or without a calf.
If a calf was not specifically identified, humpbacks were recorded “without calf,”
although small calves may have been overlooked and larger calves can be difficult to
distinguish from other adults. The sex of individual humpback whales was sometimes
determined, either genetically (through the analysis of tissue biopsies or sloughed
skin) or from photographs of the genital area. An animal was also inferred to be
female if it was closely and consistently attended by a calf at some time.

The term “escort” is usually used to indicate an adult male humpback that
accompanies a female with a calf on the breeding grounds (Herman and Antinoja
1977, Tyack and Whitehead 1983, Clapham 2000). However, as is clear from the
accounts in Appendix S2 and Pitman ez 2/. (2015), cow/calf pairs are sometimes
accompanied by another humpback also during migration and on the feeding
grounds. Therefore, although deviating somewhat from current usage, for this paper
we define “escort” as any humpback that accompanies a humpback cow/calf pair
anytime or anywhere, including on the breeding or feeding grounds, or during
migration. “Group size” for killer whales and humpbacks refers to the total number
of individuals directly involved in an individual interaction and within one hump-
back body length (cz. 15 m) of other conspecifics at some time during the interac-
tion.

“Bellowing” is the term we use for the very loud exhalations humpbacks make
when they are excited (Whitehead and Glass 1985, Dolphin 1987). These sounds are
variously referred to in Appendix S2 as “trumpeting,” “trumpet blowing,” “wheezing
blows,” “snorting,” “exhaling loudly,” ezc. “Mobbing behavior” is defined as one or
more humpbacks approaching MEKWs and doing one or more of the following:
charging or chasing after the MEKWs, bellowing, and/or slapping or slashing their
flipper or tail. As an additional cue, when humpbacks were mobbing, MEKWs
actively fled from them or avoided them. Unless otherwise indicated, numbered refer-
ences in the text (usually in parentheses) refer to the specific numbered events in
Appendix S2 and Table 1.

» <«
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RESULTS

Appendix S2 (summarized in Table 1) provides details of 108 encounters between
killer whales and humpback whales; six of these encounters (Appendix S2: #16, 39,
48, 49, 58, 87) included a further 1-2 interactions with additional groups of hump-
backs, which were treated as separate events, giving a total of 115 interactions.
Although these events were recorded at widely scattered locations around the world
(Fig. 1), by far the majority was recorded in the eastern North Pacific Ocean includ-
ing Monterey Bay, California (48 interactions; 42% of total) and Southeast Alaska
(27 interactions; 23%).

Interactions between humpbacks and killer whales were usually agonistic and
sometimes protracted, but which species behaved offensively, and which defen-
sively, depended largely on the ecotype of the killer whales involved, and which
species initially approached the other. Humpback whales interacted almost exclu-
sively with mammal-eating killer whales (MEKWSs) zs. fish-eating forms: of the
115 killer whale groups observed interacting with humpbacks, 108 (94%) were
identified to type, and these included 95% MEKW:s and 5% known or suspected
fish-eaters (Table 1).

Overall, humpbacks approached MEKWs more often than MEKWs approached
humpbacks: of 103 interactions, MEKWs approached humpbacks 27 times (26%),
humpbacks approached MEKWs 38 times (37%), and the approaching species was
unknown 38 times (37%). When the approaching species was known (z = 65),
humpbacks initiated 58% of these interactions and MEKWs 42%. Among the 43
humpback/killer whale interactions for which the approaching species was not
known, 38 (88%) included groups of MEKWSs and 5 (12%) involved unidentified
killer whale types.

60°E 120°W 0° 60°E

60°E 120°W 0° 60°E

Figure 1. Locations and numbers of recorded interactions between humpback and killer
whales described in Appendix S2 and summarized in Table 1; the number in each circle is the
number of interactions from the general area.
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Below we describe the behavioral responses of humpbacks and killer whales during
their interactions based on which was the approaching species. We also provide some
quotes from Appendix S2 from people who observed these interactions.

Killer Whales Approached Humpbacks

Killer whale groups that approached humpbacks (7 = 31) were almost exclusively
MEKWs (at least 27 groups; 87%). The remainder comprised fish-eaters (6%, n = 2)
and unidentified types (6%, n = 2; Table 1). Among the identified ecotypes,
MEKWs comprised 93% of the total. On the two occasions when fish-eaters
approached humpbacks, the interactions were relatively benign: (1) a group of “resi-
dent” killer whales apparently “harassed” a lone adult male humpback for 5 min
before leaving it (#6), and 2) suspected fish-eaters in Antarctica (type B2; Pitman and
Durban 2010, Durban ez /. 2016) caused a group of humpbacks to become briefly
agitated. Other humpbacks converged on the site, but then the killer whales traveled
with the humpbacks for a while afterward without incident (#49).

When MEKWs approached humpbacks (z = 27), no other potential prey species
were observed, although it is possible that small prey, such as a pinniped, could have
been overlooked (see, for example, #87). Humpback calves were present during at
least 17 (63%) of the approaches, and MEKWs attacked during at least 16 (94%) of
those. In at least 12 of the 16 (75%) attacks with a calf present, it was reported (or
suspected) that the calf was specifically targeted (#30, 33, 34, 36, 37, 39, 40, 42, 43,
45, 47, 48), and in the other four cases, calves were likely targeted as well (#31, 35,
38, 41).

When MEKWs attacked humpbacks and no calf was reported, there was, nonethe-
less, evidence that younger animals were in fact targeted in most and perhaps all
cases. On the 10 occasions when MEKW's approached humpbacks and a calf was not
reported, 7 resulted in attacks of which at least 6 (86%) appeared to target nonadults,
including two possible calves (#2, 16), two single juveniles (#14, 58), a possible juve-
nile (#10), and a lone subadult (#21). The remaining attack was on an animal of
unknown age (#1). During the three MEKW approaches when no humpback calves
were seen and no attack was reported, MEK'Ws were described as “testing” or “harass-
ing” (i.e., possibly attacking) humpbacks of unknown age on one occasion (#3), and
on two other occasions MEKWs approached single humpbacks that were identified as
adults (#13, 28), engaged them briefly, and then left.

Although interaction times were infrequently noted, when MEKWs approached
humpbacks the interaction lasted longer if the humpback was with a calf. Six interac-
tions with calves present lasted 20, 20, 26+, 45+, 150+, and 390+ min (#33, 40, 34,
47,48, and 41, respectively). When MEKWs approached humpbacks and calves were
definitely not present, typically there was a brief bout of bellowing or surface-active
behavior by the humpback(s), and the MEK'Ws moved on (#13, 28; these two inter-
actions lasted an estimated 5 and 2 min, respectively).

Although MEKWs purportedly killed one humpback calf (#36) and possibly
another (#10; neither kill was confirmed), no adult humpbacks were reported killed
or seriously wounded during any of the interactions. Observers sometimes reported
seeing exposed flesh, minor bleeding, or bits of skin and blubber floating on the sur-
face during some of the attacks (#2, 3, 34, 47), but there was no evidence to suggest
that any adult humpbacks sustained life-threatening wounds.
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Humpbacks Approached Killer Whales

The killer whales that humpbacks approached were almost exclusively mammal-
eating forms: among the groups identified to ecotype, 38 of the 41 (93%) were
MEKWs; the remaining three (7%) were known or suspected fish-eaters (Table 1).

Humpback approaches to fish-eating killer whales were relatively uneventful. In
Alaska, humpbacks followed a group of known fish-eaters for over 2 h without inci-
dent (#15); in Antarctica, a lone humpback followed a group of suspected fish-eaters
(#29). Also in Antarctica, suspected fish-eaters caused a group of humpbacks to
become agitated, and several nearby humpbacks moved in among them, but nothing
happened and the humpbacks dispersed (#49b).

Although infrequently noted, the distance humpbacks traveled to approach
MEKW's was sometimes considerable. The six observer accounts that included esti-
mated travel distances included: 200 m, >300 m, “several hundred meters,” >1 mile
(>1.6 km), cz. 1.8 km, and 2 miles (3.2 km; #92, 96, 78, 4, 59, and 77, respectively).
On another occasion (#55), one humpback observed among a group of attacking
MEKW:s had been photographed feeding 2.7 h earlier, 3.5 nmi (6.5 km) away; a sec-
ond had been photographed feeding 2.5 h earlier, 3.6 nmi (6.7 km) away, and a third
humpback among this group had been photographed feeding 6.1 h earlier, 4.1 nmi
(7.6 km) away. During each of these events, the MEKWs were attacking or feeding
on prey when the humpback(s) arrived. The killer whale prey included a harbor seal
(Phoca vitulina), an ocean sunfish (Mola mola), a California sea lion (Zalophus californi-
anus), a humpback (no calf reported), a Steller sea lion (Eumetopias jubatus), another
California sea lion, and a gray whale calf, respectively.

When humpbacks approached MEKWs (z = 38), at least 87% were attacking or
feeding on prey at the time, and at least three of the other five MEKW groups may
also have been with prey. Two groups (#87, 99) were suspected of having prey, and in
one event (#108) MEKWs were “playing, jumping,” which they often do after a kill
(Ford and Ellis 1999, Matkin ez 2/. 1999; Table 1). When humpbacks approached
attacking MEKWs, among the prey identified (z = 29) were at least 10 species of
large marine vertebrates, including humpbacks (17%) and other species (83%), the
latter including four cetaceans, at least five pinnipeds, and one teleost fish. During an
additional 43 interactions between MEKWs and humpbacks when the approaching
species was not known, at least 23 (56%) of the MEKW groups were reported attack-
ing or feeding on eight different prey species (including other humpbacks). Overall,
humpbacks interacted with MEKWs that were attacking a total of 11 different
prey species: other humpbacks (# = 6; two with calf, four without); gray whales (»
=5), common minke whale (Balaenoptera acutorostrata; n = 1), Dall’s porpoise (Pho-
coenoides dalli; n = 1), Steller sea lions (z = 13), California sea lions (2 = 14), Wed-
dell seals (Leptomychotes weddellii; n = 1), crabeater seals (Lobodon carcinophaga; n =
1), harbor seals ( = 3), northern elephant seals (Mirounga angustirostris; n = 2),
ocean sunfish (z = 2), and unidentified (but nonhumpback) prey (z = 7; Table 1,
Fig. 2). In summary, when humpbacks interacted with attacking MEKWs (i.e.,
humpbacks approached killer whales or the approaching species was unknown),
and the prey were identified (# = 56), 11% were humpbacks and 89% were species
other than humpbacks.

The sex of humpbacks that approached MEKWs was determined for 15 individu-
als from nine events and included both males and females (one male was recorded
twice; see below). Among humpbacks that approached attacking MEKWs, the sex
was known for five individuals from three events: a single male and a single female
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Figure 2. Examples of humpback whales interacting with mammal-eating killer whales
attacking various prey species: (A) large type B killer whales attacking a crabeater seal hauled
out on an ice floe with an agitated (bellowing) humpback in the foreground; January 2009,
Western Antarctic Peninsula, Appendix S2 account #89; photo by J. Durban; (B) Bigg’s killer
whales attacking a gray whale calf (gray whale mother on left; wounded calf in center) with a
humpback whale in the background; May 2012, Monterey Bay, CA, #55; photo E. Robinson
courtesy Monterey Bay Whale Watch; (C) Bigg’s killer whales attacking a Steller sea lion with
humpback in the immediate background; 21 August 2010, Vancouver Island, Canada, #67;
photo by R. Frank; (D) Bigg’s killer whales attacking a harbor seal (below trailing edge of
killer whale dorsal fin; the seal has a transmitter mounted on its head) and a humpback in the
background; June 2005, Glacier Bay, AK, #91; photo by M. de Roos.

(apparently initially unassociated) responded to an attack on a Steller sea lion (#65);
an adult female with two adults of unknown sex approached MEKWs that were with
a Steller sea lion kill (#70), and an adult female with 2—6 adult humpbacks of
unknown sex, and an adult male with three other adult humpbacks of unknown sex
approached MEKWs that killed a gray whale calf (#55). The sex of an additional 10
humpbacks from six events where the approaching species was not known included
eight males and two females: two single males interacted with MEKWs attacking a
Steller sea lion (#60) and a harbor seal (#91); at least two of four humpbacks present
at a Steller sea lion attack (#61) were males; two previously unassociated males each
responded to an attack on a Steller sea lion (#62); an adult male and another adult of
unknown sex interacted with MEKWs at a Steller sea lion kill (#69); and one of a pair
of humpbacks at a Weddell seal attack in Antarctica (#88) was genetically identified
as a male. In addition, on at least two occasions, cow/calf pairs were among other
humpbacks that approached during MEKW attacks on a Steller sea lion (#59) and a
California sea lion (#74), respectively. The single male in event #60 was also photo-
identified as one of the two males in event #62; both events involved MEKW attacks
on single Steller sea lions in Icy Strait, Alaska, one in September 1988 and one in
September 2003—15 years apart!
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When humpback whales interacted with MEKWs, they generally showed the same
behavioral responses regardless of whether they approached MEKWs, or MEKW's
approached them (z.e., the same behaviors were used offensively and defensively), and
regardless of whether the MEKWs were harassing or attacking them, their calves,
other humpbacks, or other species of marine animals (Table 1). The most commonly
reported behaviors for humpbacks interacting with MEKWs, regardless of the
approaching species (7 = 103), included: slapping their flukes at the surface (“lob-tail-
ing”) or slashing them from side-to-side (37 interactions; 36%), bellowing (26%),
pursuing behavior (21%), and flipper slapping (14%). When humpbacks pursued
MEKWSs (7 = 22), regardless of the initially approaching species, they were variously
described as just following the killer whales (#52, 55, 57, 59, 66, 69, 88, 89, 91,
100, 102, 104, 107), chasing them (#2, 39, 50, 55, 86, 94, 96, 105), or charging at
them (#19, 31, 55, 77). We categorized as “mobbing behavior” (see Discussion)
whenever humpbacks used any of these behaviors offensively (i.e., whenever hump-
backs approached attacking MEKWs, or when the approaching species was not
known and humpbacks were interacting with MEKWs attacking a third species or
another humpback). Based on these criteria, humpbacks exhibited mobbing behavior
during at least 31 out of 56 (=55%) interactions with attacking killer whales.

Observers sometimes reported that approaching humpbacks appeared to affect the
outcome of the attack, and were reportedly responsible for the escape of at least two
humpbacks (#16, 39), two gray whales (#52, 53), probably a Weddell seal (#87), and
an unrecorded number of sea lions (#53). When humpbacks approached MEKW's
attacking humpbacks (7 = 5; two with calves), four of the attacks were unsuccessful
and the outcome of the other was unknown. Furthermore, the approaching hump-
backs were described as coming to the aid (#4) or defense (#58) of the attacked
whales, and in two other cases (#16 and 39) they reportedly drove off the attackers.
When humpbacks approached MEKW's that were attacking pinnipeds (z = 18), the
prey was killed on at least 13 (72%) occasions. It was not always possible to deter-
mine exactly when the pinniped died, but on at least five of those occasions (#65, 73,
78, 86, 92) the prey was probably already dead when the humpback(s) arrived.

What follows are quotes from Appendix S2 by three different observers, which offer
some insights into the behaviors of humpbacks that approached attacking MEK'Ws.

“We observed the harassment of a humpback whale by [about 15} killer whales
once; during the attack, other humpback whales rapidly converged on the attackers
and appeared to drive the killer whales away” (#16).

[After being attacked by a group of approximately 15 killer whales, a humpback
cow/calf pair joined a trio of humpbacks}] “and for the next few minutes we could see
what clearly looked like the three Humpback whales chasing off the Orcas! The Orcas
left the scene completely, all the time with the three Humpbacks behind them” (#39).

“I'Wle had traveled quite a distance to observe a group of killer whales attacking a
gray whale mother and calf pair and out of NOWHERE, a humpback whale came
trumpeting in followed by another and then another until we had about 5 or more
humpbacks in the immediate area. It was strange because during the entire journey
with several observers on effort, not a single humpback whale had been observed. It
seemed quite clear that the KW/gray whale interaction had attracted the humpbacks,
though I cannot say whether it was motivated by curiosity, playfulness or an act of
benevolence. The result however was that the gray whale cow/calf pair was able to
escape. [On other occasions} I also personally observed several sea lions surviving pre-
dation attempts as a result of humpback whales distracting killer whales” (#53).
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Additional Biological Observations

The overall median number of MEKWs present during each individual interaction
with humpbacks was six (» = 97; range 1-17), and the median was the same regard-
less of whether they approached humpbacks (7 = 26; range 1-17), or humpbacks
approached them (» = 33, range 2—16). The overall median group size for the total
number of humpbacks present in each interaction was 2 (7 = 92; range 1-16), also
regardless of whether they approached MEKWs (z = 36; range 1-16), or MEKWs
approached them (» = 23; range 1-3).

The duration of interactions between humpbacks and attacking MEKWs was vari-
able but often protracted and ranged from 15 to 437+ min (Table 1). Using data
only from sightings observed from start to finish, humpback/MEKW interactions
lasted an average of 59 min (z = 10, range 15—124). Longer events, however, were
rarely observed in their entirety, usually because observers arrived after the event was
already in progress or departed before it was over. If we also include events where the
approaching species was unknown, there were 13 partially-observed interactions that
lasted 60 min or longer. The longest occurred during a gray whale calf kill where
humpbacks were present for a minimum of 437 min (#55).

When lone humpback cow/calf pairs were attacked (z = 6), the mother was some-
times able to drive off the MEKWs by herself (#35, 42, 45, 46; killer whale group
size during these attacks was 1, 7, 6, and 2, respectively). When humpback cow/calf
pairs were accompanied by an escort, the escort at times appeared to defend the calf as
vigorously as the mother, although even their combined efforts apparently were not
always successful (#36). Escorts were reported accompanying cow/calf pairs on the
feeding grounds (#33, and probably 58), on the breeding grounds (#34, 37, 43), and
on migration (#31, 36).

Attacking MEKWs often tried to separate the humpback calf from its mother
(#34, 43, 45, 47), and the humpbacks took specific countermeasures. A lone mother
raised her calf out of the water on her back and head (#46). Mothers and escorts some-
times responded by flanking the calf (#33, 36, 43, and probably 58), and during one
attack, a mother and an escort flanked a calf and partly raised it out of the water with
their flippers (#33). If there were more than two adult humpbacks present, they
sometimes surrounded the calf or calves (#38, 44).

In addition to mothers and escorts protecting calves from attacking MEKWs,
other unassociated humpbacks in the area sometimes assisted in driving away the
attackers (#4, 16, 39, 48, 49). For example, “in a harassment observed in 1988 in
Chatham Strait [Alaska}, humpbacks came from over a mile away to the aid of the
victim” (#4). In another, 15 MEKWs attacked the smaller of three humpback whales,
and an hour into the attack, three other humpbacks “rapidly converged on the attack-
ers and appeared to drive the killer whales away” (#16). In an encounter in Antarctica,
a humpback cow/calf pair under attack swam in among three adult humpbacks and
the trio apparently chased off the killer whales (#39). In another case, killer whales
were attacking a humpback calf, and 30 min later 13 humpbacks “swam up to the
injured calf” and the killer whales left the area (#48).

Overall, regardless of the approaching species, a minimum of 38 prey animals were
reported killed during the humpback/killer whale interactions, including humpback
whales (two calves/juveniles; kill(s) likely but not confirmed), gray whales (2; includ-
ing at least one calf), minke whale (1), Steller sea lions (10), California sea lions (10),
Weddell seal (1), harbor seals (3), northern elephant seals (2), and unidentified prey
(7). One, possibly two ocean sunfish were attacked and probably killed, also. When
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humpbacks interacted with MEKW's that were attacking other humpbacks (z = 17),
the fate of the prey was recorded 7 times (41%) and there were no kills. These
included two groups with calves and five without. The fate of the prey was unrec-
orded 10 times (59%). When humpbacks interacted with MEKWs that were attack-
ing nonhumpback prey (z = 53), the fate of that prey was recorded 44 times (83%):
of those 36 (82%) were killed, and at least 8 (18%) were seen (or suspected) to escape
(#51,52,53,57,72,79, 87, 89).

Observer Comments

Some observers were clearly puzzled about why humpbacks would approach attack-
ing MEKWs, and a number of possible explanations were included in the accounts.
For example, it was suggested that the humpbacks might have been merely curi-
ous (#53, 75, 89), and others suggested that the humpbacks were also trying to
kill or injure the prey that the MEKWs were attacking, by swatting them with
their flippers or flukes (#61, 64, 65, 91). Although humpbacks in some of the
accounts reportedly struck killer whale prey with their flippers or flukes, includ-
ing in one case when the prey was apparently already dead (#65), it was unclear
whether this contact was intentional, or at least in some cases, whether the pur-
ported contact actually occurred. For example, “three adult humpbacks partici-
pated [in a Steller sea lion kill} by lobtailing on or near the sea lion 15 times,
making physical contact with it a minimum of 10 times” (#61). However, after a
careful review of the video that this account was based on, RLP has concluded
that the humpbacks remained in close proximity to the sea lion and were swat-
ting only when the killer whales made close passes, and that there was no con-
firmed contact with the carcass.”

The following is an example of observer confusion as to whether humpbacks were
attempting to strike the prey with their appendages or were targeting the killer
whales. “It definitely looked like the humpback was slashing, with its pectoral fins, at
the [Steller} sea lion. We were astonished and thought at the time that the humpback
was participating in the kill. I remember noticing that the pectoral fin slashes were
late,” a few beats behind as the Steller swam on the surface alongside the humpback,
with orcas following. . .It’s quite possible that the humpback was actually slashing at
the orcas following the sea lion. Perhaps the animal wasn’t late with its slashes, it
might have been right on time!” (#64).

Other observers specifically stated that the aggressive behavior of the humpbacks
was in fact directed at the attacking killer whales and not their prey (#19, 58, 68, 77,
86). According to one: “I remembered thinking that humpbacks can be fearsome if
necessary. The trumpeting noise and quick forceful movements, directly at the Orcas,
was impressive” (#19). Another wrote that the humpbacks were “swatting killer
whales with their flukes!” (#77). Despite the numerous accounts of humpbacks slap-
ping or slashing their appendages in the presence of attacking killer whales (» = 38;
Table 1), there were no confirmed reports of humpbacks actually striking MEKWs,
although it could have happened (e.g., #55, 59). And finally, some observers inter-
preted the humpbacks’ behavior as attempts to rescue, guard or protect the prey

(#52,53, 55, 60, 68, 88).

“Based on this same video footage, some of the co-authors (VBD, CMG, DRM, and JLN) thought that
the humpbacks were actually attempting to strike the sea lion with their flukes. Links to the video are
listed in Appendix S1.
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DiscussioN

It is clear from these results that killer whales and humpback whales regularly
approached each other but for entirely different reasons. Killer whales that
approached humpbacks were almost exclusively mammal-eating forms (vs. fish-
eaters), and they appeared to be looking for calves or juveniles to attack (see also Pit-
man et al. 2015, Saulitis ez @/. 2015). When humpbacks approached killer whales,
they were selective about the type of killer whale that they interacted with and the
circumstances: 93% of the killer whale groups that they approached were MEKW's,
and at least 84% (and perhaps 100%) of those were attacking or feeding on prey at
the time (Fig. 2). Although the threat of injury to an approaching adult humpback
was probably minimal (see below), these interactions did come at a cost to the hump-
backs. In addition to disruption of their normal behaviors (e.g., feeding, resting,
socializing), they sometimes traveled distances >2 km to approach killer whales. They
often responded vigorously and aggressively and sometimes for extended periods of
time: interactions regularly lasted >1 h and up to almost 7 h. Particularly puzzling
was the fact that when humpbacks approached attacking MEKWs, and the species of
prey was identified (z = 33), 85% of the time it was a species other than a humpback
whale, but the approaching humpbacks often continued their interactions or harass-
ment regardless of the prey species. Below, we discuss the adaptive significance and
implications of these interactions for both species, and we comment on how and why
humpbacks may be willing to confront MEKWs, even when they were attacking spe-
cies other than humpbacks.

Survival of the Biggest

Our review supports previous conclusions that healthy adult humpback whales,
because of their much larger size, sometimes combative nature, and robust appen-
dages (see below), are probably immune to killer whale predation (Whitehead and
Glass 1985, Jefferson e a/. 1991, Mehta ez 2/. 2007, Ford and Reeves 2008, Steiger
et al. 2008, Pitman et /. 2015). Even lone humpbacks sometimes deliberately
approached and interacted with groups of 10 or more MEKWs that were attacking
various prey species (Table 1), and when MEKWs approached adult humpbacks
without calves, the MEKWs left almost immediately. This confirms that any puta-
tive absence of predation pressure on humpback whales by MEKWs (Clapham 1996,
2001; Clapham and Mead 1999; Mehta et a/. 2007) pertains only to healthy adult
humpbacks, which presumably allows them to approach attacking MEKW:s largely
with impunity.

Although adult humpbacks may be safe from MEKW predation, subadults, juve-
niles, and especially calves are vulnerable to attack, and this probably applies to all
species of large whales (Melnikov and Zagrebin 2005; Reeves ez 2/. 2006; Ford and
Reeves 2008; Pitman er /. 2007, 2015; Barrett-Lennard es #/. 2011). As Scammon
(1874) commented about killer whales, “it is but rarely these carnivora of the sea
attack the larger Cetaceans, but chiefly prey with great rapacity upon their young.”

Armed Response

The humpback whale is, to our knowledge, the only cetacean that deliberately
approaches attacking MEKWs and can drive them off, although southern right
whales (Eubalaena australis) may also group together to fend off MEKW's attacking
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other right whales (Sironi e /. 2008). The adult humpback’s enormous body size
certainly contributes to its apparent invulnerability, but there are other, larger
whale species that are not known to deliberately approach MEKWs. We suggest
that the evolution of the humpback’s massive pectoral flippers may have given it an
advantage over killer whales and perhaps altered the balance of power in their inter-
actions.

Humpback flippers (Fig. 3) can measure up to 5 m long, one third of their total
body length (Woodward ez 2/. 2006), and can weigh over 1 ton (1,016 kg, Tomilin
1967). Although they are by far the largest cetacean flippers, both relatively and abso-
lutely, they are quite flexible and maneuverable, and humpbacks can wield them
adroitly (Edel and Winn 1978). Furthermore, in addition to sheer impact power, each
flipper has a knobby leading edge often encrusted with large, sharp, sessile barnacles
(Coronnla spp.) that can tear the flesh of their opponents (Pierroti ¢ #/. 1985, Ford
and Reeves 2008). These formidable appendages provide protection at the anterior
end of the whale, and, when used in concert with the flukes, afford humpbacks with
fore and aft, offensive and defensive weaponry—a capability that is unique among liv-
ing baleen whales. When humpbacks are agitated by killer whales, they appear to
randomly flail their flippers and flukes without specifically targeting individual attack-
ers. Nevertheless, killer whales appear to recognize the danger and normally remain
“atarm’s-length” when interacting with humpbacks (RLP, personal observation)

Various other functions have been suggested for the humpback’s over-sized flip-
pers, including prey herding, visual and acoustic signaling, temperature regulation,
“coital clasping” during mating, and increased swimming proficiency and maneuver-
ability (Edel and Winn 1978, Fish and Battle 1995, Woodward ez «/. 2006). These
massive flippers can be especially important during the breeding season, when adult

Figure 3. A mother humpback whale and newborn calf photographed off Baja California,
Mexico, Oct 2009. When necessary, the mother will use her massive pectoral flippers to defend
her small calf from attacking predators, especially killer whales. Photo: M. Lynn, NOAA,
Southwest Fisheries Science Center.
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male humpbacks participate in aggressive contests for access to breeding females.
During these bouts, vying males engage in charging behavior, flipper- and tail-slap-
ping, and bellowing (Tyack and Whitehead 1983, Baker and Herman 1984, Glock-
ner-Ferrari and Ferrari 1985)—the same behaviors that both sexes use during
aggressive interactions with killer whales (Pitman ez #/. 2015, this study). Regardless
of the initial evolutionary impetus for enlarged flippers in humpback whales, or any
additional functions they may have acquired over time, it is clear that they currently
have important survival value as weaponry against killer whales and for calf protec-
tion, and they may also be a major reason why humpbacks are able to confront and
drive off MEKWs.

Humpback Whale Antipredator Bebaviors

Among the fight baleen whale species described by Ford and Reeves (2008; see
Introduction), mothers with calves will often seek refuge in their physical environ-
ment when they are attacked. This includes gray whales and right whales moving
into shallower waters (Ford and Reeves 2008, Sironi ez «/. 2008, Barrett-Lennard
et al. 2011), and bowhead whales using sea ice as protection from killer whales (Ner-
ini et al. 1984, Philo et /. 1993). Although humpback mothers and calves also
retreat to shallow waters when threatened (Pitman et #/. 2015) or around structures
such as boats (#37) or oil platforms (#41), they appear to require less shelter overall,
which Ford and Reeves (2008) suggested might be due to the proficiency of adult
humpbacks in fending off attacking MEKWs.

In addition to mothers retreating to shallow waters, the fight species described by
Ford and Reeves (2008) also share a number of other behavioral responses to attacking
MEKWs. For example, southern right whales respond with tail- and flipper-slapping
when attacked and have been reported to strike killer whales with their flukes (Ford
and Reeves 2008, Sironi ¢ /. 2008). Right whales also exhibit group defense with
nearby whales coming in to help defend calves from attacking killer whales. There
are also reports of right whales protecting a calf from attack by using their bodies to
enclose the calf in a circle or “rosette,” with their heads pointed in and tails out (Ford
and Reeves 2008, Sironi ez «/. 2008).

Cooperative defense by humpbacks during killer whale attacks has, however,
received relatively little attention. Clapham (2000) made no mention of it in his
comprehensive review, but more recently Ford and Reeves (2008) listed several
instances when humpback mothers and calves were attacked by MEKWs, and nearby
humpback adults approached and acted aggressively toward the killer whales (Fig. 4;
see also Whitehead and Glass 1985, Dolphin 1987, D’Vincent et a/. 1989). Accord-
ing to Ford and Reeves (2008), the approaching humpbacks sometimes “displayed
apparently defensive or protective behaviour” as they positioned themselves closely
around the calves.

From the Appendix S2 accounts, we identified two separate humpback responses
to MEKW:s attacking other humpbacks: (1) when (apparently) unassociated hump-
backs approached other humpbacks that were being attacked (e.¢., Fig. 4), and (2)
when one or more escorts traveling with a cow/calf pair responded aggressively
toward attacking MEKWs. As examples of the former, on one occasion four adult
humpbacks “grouped tightly” around a calf, and the circling MEKWs left after 10
min (#44). On another occasion, humpbacks near Hawaii formed a rosette (heads in,
tails out) around an unspecified number of calves to shield them from attacking
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Figure 4. In the Aleutian Islands, Alaska, 17 Bigg’s killer whales (in the background)
attacked a large humpback calf accompanied by its mother and an escort in July 2003; three
other adult humpbacks joined in and helped drive off the killer whales. (This record arrived
too late to be included in Appendix $2). Photo: © Flip Nicklin/Minden Pictures.

MEKW s (#38). The latter and Acevedo-Guitiérrez (2009) are, to our knowledge, the
only reports of rosette-formation by humpback whales.

Herman and Antinoja (1977) first used the term “escort” to describe a whale
accompanying a mother/calf pair on the breeding grounds, and they suggested that
escorts might have a protective role. Herman and Tavolga (1980) subsequently sug-
gested that the escort might also be a male waiting for the female to come into estrus.
Later work confirmed that escorts on breeding grounds are almost always males and
the current consensus is that their main function is to mate with the escorted female
if the opportunity arises (Clapham 2000). Although the protective role of escorts have
been dismissed (e.g., Darling 2001), there have been numerous recent observations
from Ningaloo, Western Australia, of escorts accompanying cows with calves during
migration to the breeding grounds and vigorously defending the calf when killer
whales attack (Pitman ez «/. 2015, see also Chittleborough 1953). Combined with
some of the Appendix S2 accounts (e.g., #34, 36, 37, 43), these observations suggest
that calf defense by humpback escorts is a temporally and spatially widespread
antipredator measure. Future research that identifies the relatedness of humpback
escorts to the mothers and calves that they accompany, and the duration of their asso-
ciations, will be important for further understanding the social and antipredator roles
of the escort.

The Other “Killer Whales”

In addition to MEKWs, other species in the cetacean subfamily Globicephalinae
(i.e., “blackfish”), including false killer whales (Pseudorca crassidens) and pilot whales



44 MARINE MAMMAL SCIENCE, VOL. 33, NO. 1, 2017

(Globicephala spp.), are also known or suspected predators of other cetaceans, includ-
ing calves of large whales, and humpbacks have at times shown similarly aggressive
responses toward them also.

False killer whales have been known to attack large whales, including sperm
whales (Physeter macrocephalus, Palacios and Mate 1996) and humpbacks (Dolphin
1987, Naessig and Lanyon 2004), and reportedly killed and ate a humpback calf in
Hawaii (Mazzuca er 2/. 1998). Hoyt (1983) reported “an apparently aggressive epi-
sode between humpbacks and false killer whales” in Hawaii: “Snorkeling in the
water, {Graeme} Ellis was watching five false killers quietly share a fish when 'a
humpback came out of nowhere, charged into the middle of them and scattered them
like bowling pins.” The false killers were emitting high-pitched squeaks as they sped
away.

Pilot whales have also been known to act threateningly toward large whales—this
includes short-finned pilot whales (G. macrorhynchus) interacting with sperm whales
(Weller ez al. 1996) and long-finned pilot whales (G. melas) with humpbacks (Ciano
and Jgrgensen 2000). In addition, Siebert (2009) describes an account of a pod of 40—
50 short-finned pilot whales attacking a pair of gray whales off Baja California, Mex-
ico, and a nearby humpback came in and drove off the attackers. Although it is
unclear if this was an actual predation attempt by the pilot whales or just harassment,
the humpback appeared to recognize them as a potential threat and showed the same
aggressive responses that some humpbacks have shown to attacking MEKWs.

Where Do Attacks Occur?

There have been a number of speculations about where (geographically) MEKW's
attack humpback whales, i.e., where do the calves acquire their tooth rake marks.
The three areas considered are the feeding grounds, the breeding grounds, or
along the migratory corridors that link them, and all have been suggested as
likely venues.

Clapham (2000) noted that although as many as 33% of the humpbacks in
the western North Atlantic had killer whale tooth rake marks on their flukes,
during two decades of humpback research in the Gulf of Maine there had been
few killer whale sightings and no reported attacks on humpbacks, and that dur-
ing 16 seasons of field work on the West Indies breeding grounds, no killer
whales had ever been sighted (but see #30). From this it was concluded that
calves were probably attacked mainly while en route to high-latitude feeding
grounds during their first migration (Clapham 2000, 2001; Mehta ez 2/. 2007).
McCordic et al. (2014) reported significant differences in tooth-rake marks among
populations of humpbacks sampled from five different feeding grounds in the
North Atlantic, and because nearly all North Atlantic humpbacks breed in the
West Indies, they concluded that attacks probably occurred either during migra-
tion or on the feeding grounds. When Steiger er #/. (2008) analyzed tooth rake
marks on humpbacks in the eastern North Pacific, they concluded that calves
were attacked mainly on the breeding grounds. More recently, Pitman ez /.
(2015) documented MEKWs attacking humpback neonate calves during their
northbound migration to breeding grounds off northwestern Australia, and esti-
mated that at least dozens were taken annually.

Assuming that humpback calves wean only after they are large enough to
defend themselves against killer whales, they are probably vulnerable to attack
anytime and anywhere that they still accompany their mother. Since calves
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normally stay with their mothers for about 1 yr (one entire migratory cycle;
Clapham and Mayo 1990), this suggests that attacks could potentially occur any-
where within their migratory range, and our records confirm this: humpback
calves have been attacked on or near breeding grounds in the West Indies (#30),
Colombia (#34), Ecuador (#43), Hawaii (#10, 38), Tonga (#37), South Africa
(#35), and West Africa (#41); on the feeding grounds in Alaska (#33, 40, 42,
46, 47), California (#44, 48), and Antarctica (#39), and during migration off
Australia (#31, 36, see also Pitman et a/. 2015).

It is still not clear where the majority of these attacks occur because the feed-
ing and breeding grounds of humpbacks both offer advantages and disadvantages
for both predator and prey. On the high-latitude feeding grounds, MEKWs are
much more abundant (Forney and Wade 2006), but humpback calves there will
have grown considerably larger by the time they reach those areas and would be
more challenging to kill. By contrast, MEKWs are much less common on the
low-latitude breeding grounds, where humpback calves are much smaller and
more vulnerable to predation. Perhaps, as suggested by the disparate results and
conclusions from the different rake-mark studies cited above, important attack
areas may vary with region.

Do Humpbacks Respond to Killer Whale Attack Vocalizations?

Another question concerns how humpbacks were able to detect attacking MEKW's
that were sometimes over 1 km away. We propose that they were responding to
acoustic cues—cues from the MEKWs and not their prey.

Unlike fish-eating killer whales, MEK'Ws in the North Pacific, and probably glob-
ally, are mostly silent when they hunt, presumably because their mammalian prey
species all have acute hearing capabilities (Barrett-Lennard e «/. 1996; Deecke et al.
2005, 2011; Riesch and Deecke 2011). For example, it has been shown that when
gray whales, harbor seals, belugas (Delphinapterus lencas), and sperm whales are
exposed to playback calls of MEKWs, they respond with various antipredator behav-
iors (Cummings and Thompson 1971, Fish and Vania 1971, Deecke ez «/. 2002,
Curé er al. 2013). Humpbacks in the eastern Atlantic also appear to avoid MEKW
vocalizations (Curé ez a/. 2015).

Once MEKWs have detected potential prey, however, they often become vocally
active, during and after attacks (Morton 1990, Guinet 1992, Goley and Straley 1994,
Barrett-Lennard er /. 1996, Deecke et al. 2005, Ford et al. 2005, Deecke et al.
2011, Riesch and Deecke 2011). As Reeves er a/. (2006) suggested, “active sound
processing presumably becomes allowable, and perhaps functionally important, once
contact with the prey has been established.” The reason(s) for vocalizing in this con-
text is not currently understood, but it could be important for coordinating attack
behavior, or for calling in other killer whales—either to assist in the attack, to share
in the kill, or for socializing (Deecke ez a/. 2005).

We suggest, therefore, that when humpback whales approached attacking
MEKWs, they were responding to the attackers’ vocalizations. Four observations sup-
port this notion: (1) MEKWs and fish-eating killer whales occur sympatrically in the
NE Pacific, and presumably elsewhere. They have type-specific vocalizations (Ford
and Fisher 1982, Riesch and Deecke 2011), which humpbacks should be able to dis-
tinguish (Deecke er 2/. 2002); (2) humpbacks approached MEKWs (5. fish-eaters) in
the large majority of cases (93%; n = 41), and when they did, at least 84% (» = 32) of
the MEKW groups were already attacking or feeding on various prey species; (3)
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although infrequently reported in Appendix S2, the distances that some of the
humpbacks traveled when they approached killer whales were obviously well
beyond the visual range of humpbacks. For example, on four occasions humpbacks
reportedly traveled 1.6 and 7.6 km before approaching MEKWs that were attack-
ing a humpback whale, a gray whale, a Steller sea lion, and a California sea lion
#4, 55, 59, 77, respectively); and (4) on two occasions, observers with hydro-
phones specifically recorded MEKWs vocalizing at an attack site before the hump-
backs arrived (#90, 97).

As additional evidence that humpbacks can recognize and respond to MEKW
vocalizations, at least in a defensive way, Curé ez /. (2015) showed that humpbacks
in the eastern Atlantic displayed strong negative reactions (z.e., immediate changes in
feeding behavior, diving patterns, avoidance behavior, erc.) in response to playbacks of
MEKW vocalizations (recorded in the North Pacific). We do not have any informa-
tion on how often humpbacks may actively avoid vocalizing MEKWs, and the Curé
et al. (2015) sample size (» = 8) may have been too small to record the full range of
humpback responses to their playbacks.

Little is known about nonsong vocalizations of humpback whales (Silber 1986,
Clapham 2000, Dunlop ez al. 2008, Zoidis et «/. 2008, Wild and Gabriele 2014),
including whether or not they have an alarm call; if they do, it would be difficult to
explain why they responded when other species were being attacked. Furthermore, it
seems unlikely that humpbacks would respond to acoustic signals from nonhump-
back prey. On at least three occasions (#58, 59, 66), however, observers with hydro-
phones reported that humpbacks among attacking MEKWSs made “a variety of
sounds” underwater and that they regularly bellowed when they interacted with
killer whales (Table 1; see also Whitehead and Glass 1985, Dolphin 1987). The pur-
pose of the bellowing is unknown—it may only indicate a heightened level of excite-
ment, or it could signal aggression. As mentioned previously, humpback males on
the breeding grounds often bellow loudly during aggressive, competitive interactions
with other males (Tyack and Whitehead 1983), but during interactions with killer
whales and depending on how far this sound carries through the water, bellowing or
other vocalizations could also serve as signals to summon or alert other humpbacks in
the area. Therefore, we infer that humpbacks were reacting to calls of attacking killer
whales and not to the calls of their prey, which meant that approaching humpbacks
probably did not know which species of prey was being attacked until they arrived at
the scene.

Although we assume that approaching humpbacks were responding primarily to
MEKW  vocalizations, once among the MEKWs, humpbacks showed various
responses depending on the circumstances and, possibly, the demeanor of the individ-
ual humpback. If another humpback was being attacked, the approaching humpback
(s) always acted aggressively towards the MEKWs, sometimes driving them off. But
when a species other than a humpback was being attacked, the approaching hump-
back(s) showed a range of responses, including: moving away, staying on the periph-
ery of the action as if curious, or aggressively confronting the attackers. This could be
due to individual responses reflecting differences in, for example, sex, size, age, repro-
ductive status, kinship, individual history with killer whales, or personality of the
approaching humpback (e.g., Briffa and Weiss 2010, Highfill and Kuczaj 2010).
Another possibility, testable through play-back experiments, is that the variation in
the humpback responses could also reflect changes in the vocal behavior of the killer
whales: if humpbacks are attracted to attack vocalizations of killer whales, then if
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MEKW:s stop vocalizing when humpbacks approach, it might prevent humpbacks
from interfering.

Mobbing Behavior in Humpback Whales

When a potential prey species detects a predator, the prey can show a range of
responses, and although most animals seek to avoid predators and retreat to avoid
detection, individuals of some species will, under certain circumstances, deliberately
approach and even confront their predators (see review by Caro 2005). The resulting
interaction typically falls into one of two general categories. Predator inspection is when
a prey species approaches a predator, but maintains a safe distance and avoids direct
interaction—it merely observes and sometimes follows the predator. Mobbing behavior
(also known as “predator harassment”) is when a prey species closely approaches, often
harasses, and sometimes even attacks a predator, often while calling to alert or sum-
mon conspecifics (Curio 1978, Berger 1979, Dugatkin and Godin 1992). Whether
the predator is inspected from a distance or harassed at close range normally depends
on the level of vulnerability of the inspecting/mobbing animal or its brood (Berger
1979, Dugatkin and Godin 1992).

Predartor inspection has been reported among a variety of fishes, birds, and terres-
trial mammals, the latter including mainly ungulates, squirrels, and primates
(Owings and Coss 1977, Curio 1978, Pitcher e a/. 1986, Loughry 1988, Tamura
1989, FitzGibbon 1994, Caro 2005, Graw and Manser 2007). Although predator
inspection can be dangerous and occasionally even fatal for the inspector (Sordahl
1990, Dugatkin and Godin 1992, FitzGibbon 1994), numerous overriding benefits
have been proposed: it exposes the presence and location of a predator to conspecifics
and kin; it lets stalking predators know that they have been detected, often causing
them to move out of the area; it allows potential prey to monitor predator move-
ments, and it may also provide an opportunity, especially for younger animals, to
learn about predators (Curio 1978, Dugatkin and Godin 1992, FitzGibbon 1994,
Caro 2005, Graw and Manser 2007).

Mobbing behavior is also a widespread antipredator response. Although especially
common among birds, it is also found among insects, fishes, and terrestrial mammals
(Curio 1978, Dugatkin and Godin 1992, Ostreiher 2003, Caro 2005). There have
been numerous explanations proposed for this seemingly counterintuitive, and some-
times dangerous (e.g., Denson 1979), antipredator strategy, but the consensus is that
it serves many of the same functions suggested for predator inspection, 7e., to alert
stalking predators that they have been detected; to bring the predator to the attention
of kin and other conspecifics, and to summon in others to assist in the mobbing and
driving off the predator. The main difference between inspection and mobbing is in
the level of engagement. Mobbing involves harassment at close range, often with the
mobbers making bodily contact and sometimes even killing the predator (Caro
2005). The main benefit of mobbing (zs. inspecting) is that it can be more effective
in driving off potential predators.

Although more difficult to observe in the marine environment, predator mobbing
has been reported for a variety of marine mammal species. Among pinnipeds,
Galapagos fur seals (Arctocephalus galapagoensis), Galapagos sea lions (Zalophus wolle-
backi), and Australian fur seals (A. pusillus doriferus) have been reported to mob sharks
(Barlow 1972, Trillmich 1996, Kirkwood and Dickie 2005). Steller sea lions have
been reported “harassing” (possibly mobbing) killer whales on at least two separate
occasions (Heise et /. 2003), although the specific details (including ecotype of killer
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whales) were lacking. Matkin ez /. (2007) reported six accounts of groups of 3—50
Steller sea lions approaching MEKW s and following them from distances of 50-100
m; in all but one case, the sea lions outnumbered the MEKW:s, and on each occasion
the MEKW s swam away from the sea lions.

Among cetaceans, mobbing behavior and possible predator inspection have previ-
ously been reported only for odontocetes (toothed whales and dolphins). Dolphins
have been reported to mob sharks (Essapian 1953, Wood et /. 1970, review by Con-
nor 2000) and possibly killer whales. For example, Saayman and Tayler (1979)
described how three Indo-Pacific humpback dolphins (Sousa chinensis, length of adults
<3 m) off South Africa broke from a group of 10 others and pursued an unidentified
4-5 m shark. The dolphins “forced” the shark into two separate coves before driving
it off to the open ocean, after which the dolphins returned to their original group.
Off Southern California, 14 adult bottlenose dolphins (Tursiops truncatus, 3—4 m)
raced toward a white shark (<3 m). They rammed it, breached on it, and drove it
toward the nearby beach before it disappeared.” Long-finned pilot whales were
reported as possibly mobbing killer whales off Norway (Curé ez /. 2012), and de Ste-
phanis ez a/. (2015) described “mobbing-like” behavior by long-finned pilot whales
toward killer whales in the Strait of Gibraltar. In New Zealand, small groups of
dusky dolphins (Lagenorhynchus obscurus) were observed to approach killer whales and
briefly swim around them before departing moments later at high speed (Srinivasan
and Markowitz 2009) in what may have been an example of predator inspection.

We suggest that at least some of the humpback responses to attacking MEKWs
were clear examples of mobbing behavior. When Curio (1978) described mobbing in
birds, he stated that they “assemble around a stationary or moving predator (poten-
tially dangerous animal), change locations frequently, perform (mostly) stereotyped
wing and/or tail movements and emit loud calls.” This description is almost identical
to several of the Appendix S2 accounts that describe humpback whales fluke- and
flipper-slapping, charging behavior, and bellowing during their interactions with
attacking MEKWs. Although predator mobbing typically involves a smaller, more
agile prey species harassing a larger predator, there are also cases of larger species
mobbing smaller (usually pack-hunting) predators. For example, adult African ele-
phants (Loxodonta africana), due to their extreme size and aggressive communal
defense, are normally safe from predators, but their one important predator—the lion
(Panthera leoy—can prey on elephant calves (Joubert 2006). When elephant calves are
threatened, herd members will respond by mobbing (and sometimes killing) their
considerably smaller attackers (McComb e «/. 2011). Also, although mobbing spe-
cies usually detect their predators visually, auditory cues from a predator are also
known to elicit strong mobbing responses, especially among taxa that rely heavily on
acoustic signals, including birds (McPherson and Brown 1981, Chandler and Rose
1988), and possibly, as we suggest above, humpback whales.

Altruism in Humpback Whales?

Reports of mobbing behavior by cetaceans have been rare, and the 31 accounts pre-
sented here are more than all previous reports, for all other cetacean species combined,
and the first for a baleen whale. Not only was this behavior far from rare, but it
occurred in widely scattered locations, across a wide range of years, and this raises

*Personal communication from Eric Martin, Manhattan Beach Roundhouse Aquarium, PO Box 1,
Manhattan Beach, CA 90266, January 2015.
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some interesting questions. Why, for example, would humpback whales deliberately
interfere with attacking killer whales, spending time and energy on a potentially
injurious activity, especially when the killer whales were attacking other humpbacks
that may not be related, or even more perplexingly, as in the majority of cases
reported, when they were attacking other species of prey? Mobbing presumably pro-
vides individual and/or inclusive fitness benefits and would be expected to persist if
these benefits outweigh the costs. Below, we consider three possible drivers of mob-
bing behavior in humpbacks: kin selection, reciprocity, and altruism, and we discuss
their possible fitness benefits.

Kin selection occurs only among related individuals; for unrelated individuals,
reciprocity can occur if there is a stable social unit (Trivers 1971, Connor and Norris
1982). Many cetaceans live in stable social groups that include related individuals,
which could allow for either kin selection or reciprocity, and some odontocete species
are famously known for coming to the aid of threatened or injured conspecifics, as
well as other species, including humans (Caldwell and Caldwell 1966, Connor and
Norris 1982, Whitehead and Rendell 2015). A concise definition of altruism is: “a
behavior that increases the recipient’s fitness at the cost of the performers” (de Waal
2008). To date, purported altruism among cetaceans has been attributed almost
exclusively to smaller odontocetes (Caldwell and Caldwell 1966, Connor and Norris
1982, Wang et al. 2013), but has also been reported for killer whales (Albert, Prince
of Monaco 1898, Mikhalev ¢z /. 1981) and sperm whales (Pitman er o/ 2001,
Whitehead 2003). The few instances of possible altruistic behavior among baleen
whales have mostly involved individuals responding to calves or other associates that
had been harpooned by whalers or were otherwise injured (Caldwell and Caldwell
1966, Deakos et al. 2010).

Although direct evidence for kin selection or reciprocity is generally lacking for
humpbacks, they have several features that could promote the development of either,
including some semblance of social structure as well as site fidelity. Humpbacks are
usually characterized as occurring in small, unstable groups (Connor 2000, Clapham
2009), but some studies have found relatively stable associations on the feeding
grounds that span different seasons (Weinrich 1991, Ramp ez /. 2010) or even dec-
ades (Pierszalowski 2014), which could foster reciprocity. Maternally mediated
philopatry among humpbacks could also allow for either reciprocity or kin selection.
As mentioned previously, humpback calves typically stay with their mothers for
about 1 yr (occasionally 2 yr; Clapham and Mayo 1990)—Ilong enough for the calf
to complete an entire migration circuit and learn their mother’s feeding and breed-
ing grounds (Weinrich 1998). After weaning, calves often exhibit maternally direc-
ted site fidelity (Clapham 1996, Baker er «/. 2013, Barendse ez «/. 2013), with
annual rates of return to their mother’s feeding area up to 90% (Clapham 2000,
Pierszalowski 2014). In addition, Baker ez #/. (2013) reported evidence of strong
natal fidelity by humpbacks to their breeding grounds, although several feeding
stocks sometimes mix within a single breeding area. This consistent evidence for
site fidelity on the feeding and breeding grounds (Datling and Jurasz 1983; Baker
et al. 1990, 2013; Weinrich 1991, 1998; Calambokidis ez «/. 2001; Weinrich ez al.
2006; Witteveen er al. 2011) increases the likelihood that individual humpbacks
are more related to, or long-term associates with, neighboring conspecifics than
they are to individuals in the population at large, thus laying a foundation for
either kin selection or reciprocity.

More often though, humpbacks approached MEKWs that were attacking prey spe-
cies that were clearly not humpbacks (e.g., a gray whale calf with its mother, a seal
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hauled out on an ice floe, a sunfish), and although the humpbacks faced little risk of
serious injury, they also gained no obvious benefits for their time and energy spent.
However, if the net effect for mobbing humpbacks was an increase in their individual
or inclusive fitness through kin selection or reciprocity, then this behavior could per-
sist even if it inadvertently benefitted other species sometimes. This would be an
example of what Norris and Dohl (1980) described as “spillover’ of an intraspecific
pattern into the domain of more distant [7.e., interspecific} relationships.” We suggest
that humpbacks providing benefits to other potential prey species, even if uninten-
tional, could be a focus of future research into possible genetic or cultural drivers of
interspecific altruism.
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The following supporting information is available for this article online at http://
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Appendix S1. Links to video footage of humpbacks interacting with killer whales
attacking various species of prey; numbers in parentheses refer to event numbers in
Appendix S2 and in Table 1. All links accessed on 18 May 2016.

Appendix S2. Accounts of humpbacks interacting with killer whales. We have tried
to retain as much of the original wording of these accounts as possible; any subse-
quent rewording, clarification or comments are included in brackets. The
Appendix is arranged chronologically by the species of prey targeted by killer whales
and, for humpbacks, whether or not they were with calves. The event numbers corre-
spond to numbers provided in the text and in Table 1; mammal-eating killer whales
in the Northeast Pacific are referred to as either “transients” or “Bigg’s” killer whales;
for information on Antarctic killer whale types see Pitman (2011) and Durban ¢z a/.
(2016).



