
LAJAM 6(1): 43-69. June 2007
e-IS S N  2236-1057 -  d o i:1 0 .5 5 9 7 /la jam 0 0 1 0 9  

h t t p : / / d x .d o i.o rg /1 0 .5 5 9 7 /la ja m 0 0 1 0 9 ISSN 1676-7497

V e s s e l  c o l l i s i o n s  w i t h  s m a l l  c e t a c e a n s  w o r l d w i d e

A N D  W IT H  LARGE W HALES IN  THE S O U T H E R N  H E M IS P H E R E , A N  IN ITIA L ASSESSM EN T

K o e n  V a n  W a e r e b e e k 1, A l a n  N. B a k e r 2, F e r n a n d o  F é l i x 3, J a s o n  G e d a m k e 4, M i g u e l  I ñ i g u e z 5,
G i a n  P a o l o  S a n in o 6, E d u a r d o  S e c c h i7, D ip  a n i  S u t a r ia s, A n t o n  v a n  H e l d e n 9 a n d  Y a m in  W a n g 10

A b s t r a c t :  C o llis io n s  w ith  v esse ls  a re  a  w e ll-d o c u m e n te d  c o n se rv a tio n  p ro b le m  fo r so m e  p o p u la t io n s  o f la rg e  w h a le s  (LW) 
in  th e  N o r th e rn  H e m isp h e re . L ess a tte n tio n  h a s  b e e n  g iv en  to  in c id e n ts  in  th e  S o u th e rn  H e m isp h e re  o r to  sm a ll c e tacean s 
(SC) w o r ld w id e , th e re fo re  a n  e x p e r im e n ta l d a ta b a se  w a s  c o m p iled  (N=256; 119 LW , 137 SC) to  a llo w  a  ra p id  a sse ssm en t. 
C o n firm e d  co llis io n  re c o rd s  w e re  id e n tif ie d  fo r  25 sp ec ie s  (7 LW , 18 SC) a n d  u n c o n f irm e d  b u t  p ro b a b le  re c o rd s  fo r  10 o th e r  
sp ec ie s  (2 LW , 8 SC). A m o n g  LW , sh ip -c a u se d  m o rta lity  a n d  tra u m a tic  in ju rie s  se e m  to  a ffec t p r im a r ily  s o u th e rn  r ig h t (56 
re p o rte d  cases), h u m p b a c k  (15) a n d  B ry d e 's  w h a le s  (13), b u t  a lso  s p e rm  (8), b lu e  (5), se i (4) a n d  fin  w h a le s  (2) a re  in v o lv e d , 
a n d  p ro b a b ly  A n ta rc tic  m in k e  a n d  d w a r f  m in k e  w h a les . S o u th e rn  r ig h t w h a le  p o p u la t io n s  off S o u th  A frica  a n d  off e a s te rn  
S o u th  A m erica  (B razil, U ru g u a y  a n d  A rg e n tin a ) su ffe r  s ig n ific a n t m o rta lity . In c id e n ce  a n d  p o te n tia l  p o p u la t io n  im p a c t v a ry  
w id e ly  a m o n g  th e  26 sm a ll c e tacean  sp ec ie s  fo r w h ic h  co llis io n  re c o rd s  exist. V essel s tr ik e s  in  a t  lea s t tw o  p o p u la t io n s  each  
of th e  In d o -P acific  h u m p b a c k  d o lp h in  (X iam en a n d  H o n g  K o n g /P e a r l  R iver, p o ss ib ly  w e s te rn  T aiw an ), I r ra w a d d y  d o lp h in  
(M a h ak a m  R iver, C h ilik a  L ag o o n , p o ss ib ly  Laos) a n d  fin le ss  p o rp o ise  (Y angtze  R iver, H o n g  K ong) m ay  d irec tly  c o m p ro m ise  
lo n g -te rm  su rv iv a l. A n n u a l v e sse l-ca u se d  m o rta lity  (m in. 2.9% of p o p u la tio n )  fo r I r ra w a d d y  d o lp h in s  in  th e  M a h a k a m  R iver 
m ay  n o t  b e  su s ta in ab le . T he q u a s i-ex tin c tio n  o f th e  ba iji w a rn s  fo r  a  p o te n tia l  s im ila r  fa te  fo r  th e  Y an g tze  R iv er f in le ss  
p o rp o ise  a n d  G an g es  r iv e r  d o lp h in . T w o  ca lv es o f th e  e n d a n g e re d  H e c to r 's  d o lp h in  a re  k n o w n  k illed  by  b o a ts . A ll h ig h ly  
im p a c te d  sp ec ie s  h a v e  a n e ritic , e s tu a r in e  o r f lu v ia tile  h a b ita t,  a rea s  w h e re  v e sse l tra ffic  is c o n ce n tra ted . S p ec ies th a t  m ay  
rece iv e  a m o d e ra te  im p a c t f ro m  co llis io n s b u t  w h ic h  m ay  b e  su s ta in a b le  a t  sp ec ie s  lev e l (becau se  m a n y  s tr ik e s  a re  n o n - 
le th a l), in c lu d e  c o m m o n  b o ttle n o se  d o lp h in s , k ille r  w h a le s , sh o rt-f in n e d  p ilo t  w h a le s  a n d  p y g m y  sp e rm  w h a les . A lm o st 2% 
of c o m m o n  b o ttle n o se  d o lp h in s  in  th e  G u lf  o f G u a y a q u il  sh o w e d  p ro p e lle r- in f lic te d  in ju r ie s  a n d  scars . P ro p e lle r  g u a rd s  
sh o u ld  b e  m a d e  c o m p u lso ry  fo r  a ll b o a t-b a se d  c e tacean  to u rism , a s  h a b itu a tio n  to  b o a t tra ffic  seem s a c o n tr ib u tin g  fa c to r in  
acc id en ts. L ow  im p a c t o ccu rs  in  15 sm a ll c e tacean  sp ec ies  w ith  o n ly  few  re p o rte d  vesse l s trikes. H o w ev e r, v a s t u n d e r re p o r t in g  
is th o u g h t to  b e  th e  n o rm  a n d  th e re  is a  n e e d  fo r a  g lo b al, s ta n d a rd is e d  d a tab ase .

R e s u m e n :  L as co lis io n es co n  b a rco s  c o n s titu y e n  u n  p ro b le m a  de  co n se rv a c ió n  b ien  d o c u m e n ta d o  en  e l caso  d e  b a lle n as  
g ra n d e s  (BG) e n  e l h e m isfe r io  n o rte . M en o s a te n c ió n  se  le h a  b r in d a d o  a  Ios in c id e n te s  e n  el h e m isfe rio  su r  y  a  Ios cetáceo s 
m en o re s  (CM) a lre d e d o r  d e l m u n d o . A f in  d e  re a liz a r  u n a  e v a lu ac ió n  rá p id a  de  este  p ro b le m a  se  h a  c o m p ilad o  u n a  b a se  de 
d a to s  p re lim in a r  (N=256; 119 BG, 137 CM ), la  c u a l in c lu y e  re g is tro s  c o n firm a d o s  d e  co lis ió n  p a ra  25 e sp ec ies  (7 BG, 18 CM ) 
y  re g is tro s  n o  c o n firm a d o s  p e ro  p ro b a b le s  p a ra  o tra s  10 (2 BG, 8 CM ). E n tre  BG, la  m o r ta l id a d  c a u s a d a  p o r  b a rco s  e in ju ria s  
tra u m á tic a s  p a re c e n  a fec ta r  p r in c ip a lm e n te  a  las b a lle n a s  f ran c a s  a u s tra le s  (56 casos re p o rta d o s ) , b a lle n as  jo ro b a d a s  (15) y 
b a lle n a s  d e  B ry d e  (13), p e ro  ta m b ié n  se  v ie ro n  in v o lu c ra d o s  c ac h a lo te s  (8), b a lle n a s  a z u le s  (5), se i (4), d e  a le ta  (2), y 
p ro b a b le m e n te  b a lle n as  m in k e  a n tá rtic a s  y  m in k e  en an as. B allenas fran cas  a u s tra le s  costa  a fu e ra  de  S u d á frica  y  d e  S u d am érica  
(Brasil, U ru g u a y  y  A rg e n tin a ) su f re n  m o r ta l id a d e s  s ig n ifica tiv as . La in c id e n c ia  y  el p o te n c ia l  im p a c to  p a ra  las p o b lac io n es  
v a r ía n  a m p lia m e n te  e n tre  la s  26 e sp ec ies  d e  cetáceo s m en o re s  p a ra  las q u e  e x is te n  re g is tro s  d e  co lisiones. E n a l m en o s  do s 
p o b lac io n es  d e l d e lf ín  jo ro b a d o  d e l In d o -P ac ífico  (rio  M a h a k am , la g u n a  C h ilik a , p o s ib le m e n te  Laos) y  d e l d e lf ín  liso  (rio 
Y an g tze , H o n g  K ong), las c o lis io n es  co n  b a rc o s  p u e d e n  d ire c ta m e n te  c o m p ro m e te r  su  so b re v iv e n c ia  a  la rg o  p lazo . La 
m o r ta l id a d  a n u a l  c a u s a d a  p o r  b a rco s  p a ra  d e lf in es  de l Rio I r ra w a d d y  en  e l rio  M a h a k a m  (m in. 2.9% de  la  p o b lac ió n ) p u e d e  
n o  se r so s ten ib le . La cu as i e x tin c ió n  d e l b a iji es u n a  a d v e r te n c ia  d e  u n  p o te n c ia l  d e s tin o  s im ila r  p a ra  e l d e lf ín  liso  d e l rio  
Y an g tze  y  p a ra  e l d e lf ín  d e l rio  G an g es . Se conoce  d e  d o s  c ría s  d e l a m e n a z a d o  d e lfín  d e  H e c to r  m u e r to s  p o r  b o tes . T o d as  las 
e sp ec ies  a lta m e n te  a fec ta d a s  tie n e n  u n  h á b ita t  n e rítico , e s tu a r in o  o flu v ia l, á rea s  d o n d e  el trá fico  m a rítim o  se  co n cen tra . 
E sp ec ies  q u e  p u e d e n  re c ib ir  u n  m o d e ra d o  im p a c to  p o r  co lis io n es con  b a rco s  p e ro  q u e  p u e d e n  se r so s te n ib le s  a  n iv e l de  
e sp ec ies  (p u es  m u c h a s  co lis io n es n o  so n  fa ta les) in c lu e n  a  Ios d e lfin es  n a r iz  d e  b o te lla  co m u n e s , o reas, b a lle n a s  p ilo to  de  
a le ta  c o rta  y  cach a lo tes  p ig m eo s. C asi 2% d e  la  p o b lac ió n  d e  d e lfin es  n a r iz  de  b o te lla  d e l g o lfo  de  G u a y a q u il  m o s tra ro n  
h e r id a s  y  c ica trices  c a u s a d a s  p o r  hé lices. Se d e b e ría  o b lig a r e l u so  d e  d isp o s itiv o s  cu b re  h é lice  p a ra  to d a s  las em b a rca c io n e s  
q u e  re a liz a n  tu r is m o  de  o b se rv ac ió n  d e  cetáceos, p u e s  la  h a b itu a c ió n  a l trá fico  m a rít im o  p a rec e  se r u n  fa c to r q u e  c o n tr ib u y e  
a  Ios in c id e n te s . Bajo im p a c to  o c u rre  e n  15 esp ec ies  d e  cetáceo s m en o re s  co n  so lo  u n o s  p o co s  casos r e p o rta d o s  d e  co lisiones. 
Se e s tim a  q u e  so lo  u n a  fracc ió n  d e  las co lis io n es co n  ce táceo s es re p o rta d a . A d ic io n a lm e n te , se  re q u ie re  u n a  b a se  d e  d a to s  
g lo b a l e s ta n d a r iz a d a .
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Introduction

Collisions betw een ever faster, larger, and  increasing 
num bers of vessels and cetaceans have only relatively 
recently become recognised as a significant source of 
an th ropogen ic  m ortality  and  traum atic  injuries (e.g. 
Kraus, 1990; Knowlton et al, 1997; Wells and Scott, 1997; 
Visser, 1999; Knowlton and  Kraus, 2001; Laist et al, 2001; 
IWC, 2003; Jensen and  Silber, 2004; N orm an et al, 2004; 
Silber et al, 2004; de Stephanis et al, 200511; Félix and Van 
Waerebeek, 2005; Weinrich, 2005; Panigada et al, 2006; 
Van W aerebeek et al, 2006). For purposes of management, 
lethal collisions w ith  cetaceans are considered equivalent 
to bycatch. Except for a few areas and populations, mainly 
in the N orth Atlantic, the scarcity of docum ented records 
im pedes any accurate assessm ent of the true collision 
prevalence and trend  analyses (sensu Lam m ers et al, 
2007). The collision predicam ent is often perceived as 
largely confined to large whales in  some ocean provinces, 
such as the N orth  Atlantic Ocean, the M editerranean Sea 
and the N orth Pacific (East Sea/Sea of Japan, Haw aii and 
sou theast A laska) an d  has been considered  of little 
consequence in other oceans including all of those in the 
Southern  H em isphere (SH). H ow ever, opportun istic  
observations suggest that the scarcity of records from  
m any regions may be an artefact of lim ited m onitoring 
and  reporting . C ollision accidents follow  the global 
e x p a n s io n  of m ajo r sh ip p in g  a n d  seab o rn e  trad e  
development, hence occur also in  coastal w aters of newly 
industrializing countries (NICs) and  even developing 
countries (e.g. Félix and Van Waerebeek, 2005). A growing 
body of inform ation also calls into question the w idely 
held  assu m p tio n  th a t only w hales, an d  no t sm aller 
cetaceans, are affected. Results presented here support 
the notion of a sam pling or reporting bias and  largely 
contradict the latter conjecture.

A ssessm ents of im pact on species and  populations are 
thw arted  by a num ber of obstacles. Forem ost am ong 
th e se  is  th e  d if f ic u lty  in  o b ta in in g  a d e q u a te ly  
docum ented cases. Under- or non-reporting is a global 
norm . U seful in fo rm ation  m ay be bu ried  in  largely 
inaccessible ship logbooks. Only a handfu l of countries 
have reporting  requirem ents and, even there, the level 
of com pliance rem ains untested . To carry ou t useful 
tren d s  analy ses an d  m odelling , a u th en tica ted  an d  
standard ised  data  are required . The IW C's Scientific 
C om m ittee  ta sk ed  a w o rk in g  g ro u p  to com pose a 
tem p la te  fo r a g lobal v esse l s trik e  d a ta b a se  (Van 
W aerebeek and  Leaper, 2007). In the m eantim e, a 2006 
experim ental database presented  here allow ed a rap id  
initial assessm ent of sm all cetaceans w orldw ide  and

la rg e  w h a le s  in  the  SH th a t m ay  be s ig n ifican tly  
im pacted and  therefore deserve attention.

M aterial and M ethods

W e c o m p ile d  an  e x p e r im e n ta l d a ta b a se  w ith  25 
param eters and  256 vessel-cetacean collision records, 
137 (53.5%) involving small cetaceans w orldw ide and 
119 (46.5%) invo lv ing  large w hales in  the Southern  
H e m isp h e re  (SH ). Som e 57% w e re  c o n s id e re d  
con firm ed  co llis ions12, 43% w ere  u n co n firm ed  b u t 
p robab le /suspected  collisions. In small cetaceans m ost 
records consisted  of d o cum en ted  sigh tings of free- 
ranging anim als w ith  diagnostic injuries or scars and a 
small sam ple of carcasses, w hile for large w hales the 
m ajority w ere of stranded  carcasses show ing injuries 
c o n g ru en t w ith  vesse l s trikes. In fo rm atio n  on  the 
occurrence of ship collisions w as gathered from  various 
sources including published  records, photographs of 
p ropeller w ounds from  aerial surveys of southern  right 
w h a les  in  A rg en tin a  in  the W C I/O A  r ig h t w h a le  
database (Right W hale Program , W hale Conservation 
Institute), stranding records attributed to ship collisions 
from  the N ew  Zealand W hale S tranding Database, and 
reports of collisions from  state authorities in Australia. 
For purposes of this review , a vessel collision or strike 
is defined as a forceful im pact betw een any p a rt of a 
w atercraft, m ost com m only the bow  or p ropeller and  
a live cetacean, often  resu lting  in  d eath  or physical 
t ra u m a . M o st c o llis io n s  w e re  a t t r ib u te d  to  th e  
m om entum  of the vessel, bu t in  rare cases cetaceans 
r e p o r te d ly  b u m p e d  in to  a b o a t, o r  in v o lv e d  a 
com bination of both. E ntanglem ent or vio lent contact 
w ith  fishing gear som etim es leaves injuries tha t m ay 
inappropriately  be referred to as evidence of a collision, 
w h ile  su c h  e v e n ts  a re  ra th e r  a fo rm  of b y ca tch . 
Incidence ra tes of po st-m o rtem  collisions, re lev an t 
m ostly as m aritim e navigation  hazards, m ay how ever 
shed ligh t on  the possible frequency of false positives. 
P re d is p o s in g  fa c to rs , su ch  as d ise a se , n o n -fa ta l  
en tanglem ents in  fishing gear, and  p rio r injuries m ay 
ham per a w hale 's ability to avoid a vessel. For instance, 
a blue w hale killed by a ship in  N ew  Zealand appeared  
to have been attacked  by killer w hales p rio r to the 
c o l l is io n  (N ew  Z e a la n d  S t r a n d in g  D a ta b a s e ) . 
S im ilarly, O gden  et al. (1981) a rg u ed  th a t frac tu res in 
th e  r a d iu s  a n d  u ln a  o f a f in  w h a le  p ro b a b ly  
p red isp o sed  it to an  im pact by a large vessel. Laist et 
al. (2001) cite a N orth Atlantic right w hale that had parts 
of a gillnet entangled around its tail w hen  it w as h it and  
k illed  by a large vessel off F lo rida in  M arch 1991.

11 de Stephanis, R ., Verborgh, P., Pérez G im eno, N., Sánchez Cabanes, A., Pérez Jorge, S., Esteban Pavo, R., Séller, N., U rquiola, E., and  
Guinet, C. (2005) Im pacts p ro d u ced  by  the m aritim e traffic on cetacean populations in the Strait of G ibraltar (Spain). C urren t situation  
an d  fu tu re  previsions. D irección G eneral para  la B iodiversidad del M inisterio de M edio Am biente. 35pp. (unpublished).

12 O bserved injuries and  scars an d  their location w ere p a tho  gnom onic for vessel strikes: no  o ther know n  causes of traum ata , such as en 
tanglem ent in fishing gear, bycatch, large-preda tor attacks or ice dam age could  explain them .
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H ow ever, such deaths w ere still considered vessel kills 
because individuals, even if w eakened by other causes, 
could have recovered.
The inform ation gathered by m any different observers 
w id e ly  v a ried  in  p a ra m e te r  d e fin itio n , d e ta il an d  
au then tica tion . Evidence ranged  from  m eticu lously  
docum ented cases supported  by necropsies to-the-bone 
by expert sc ien tists to, m ore com m only, rep o rts  of 
c ircu m stan tia l accoun ts by casual observers. M ost 
specimens, especially fresh ones that presented severe 
propeller w ounds dorsally or m assive haem orrhages 
and  m ultiple unhealed bone fractures w ere considered 
killed by a vessel. Scars or injuries on fins following 
killer w hale attacks show  irregular borders that often 
can be differentiated from  propeller traum a in  w hich 
cut surfaces are m ore likely to be clean, often linear (see 
e.g. figure 2 in  Kraus, 1990).
U n c e r ta in ty  of each  a lle g e d  c o llis io n  e v e n t w as  
estim ated based on  total available evidence, or absence 
of it. C ases considered  here w ere e ither 'confirm ed 
collision' or 'unconfirm ed  bu t probable collision '. The 
tw o m ost com m on uncertain ties were: (a) w hether a 
co llis io n  o c c u rre d  an te - o r p o s t-m o rte m , a n d  (b) 
w hether a severe scar or traum atic  injury w as caused 
by a vessel, f ish ing  gear, p re d a tio n /a g g re s s io n  or 
m orbidity . 'U nconfirm ed bu t probable records' w ere 
believed to include m any genuine collisions and  their 
c o n s id e ra t io n  a llo w s  th e  w id e s t  v ie w  o f an  
u n d e rrep o rted  conservation  p rob lem  an d  serves as 
guidance for fu tu re  efforts.
To gain a rough  sense of relative incidence of lethal 
collisions in a species, some authors (e.g. Jefferson, 2000a; 
Best et al., 2001) have applied  an  estim ator for carcasses 
studied, nam ely the num ber of confirm ed vessel-killed 
in d iv id u a ls  v e rsu s  the to ta l n u m b er of specim ens 
exam ined to the bone. W hile this relative incidence may 
not necessarily represent m ortality from  vessel strikes 
in  the population  as a w hole, considering that it does 
not account for dead w hales that failed to strand (such 
as anim als that die in far offshore w aters), it provides a 
useful estim ate allow ing com parisons betw een species. 
H ow ever, in  this initial assessm ent such estim ators 
could not be com puted for lack of inform ation on the 
total num bers of exam ined carcasses.
The p re v a le n c e 13 of n o n - le th a l c o llis io n s  can  be 
e s t im a te d  by th e  n u m b e r  o f re c o g n iz a b le  live  
individuals w ith  diagnostic injuries and  scars versus the 
to ta l n u m b e r of p h o to -id e n tif ie d  in d iv id u a ls  in  a 
population, although it could show  a slight upw ard  bias 
if scarring facilitates photo-identification. Total collision

rate w ould  then be the sum  of lethal and  non-lethal rates. 
Four types of vessel strikes w ere identified:
(1) Indeterminate collisions with hcnv or hull involve vessels, 
or appendages such as struts and  foils, that collide w ith  
a cetacean and  leave characteristic, usually  m assive, 
b lun t traum a from  direct accidental im pacts. A m odel 
fitted to around  100 observations w here vessel speed 
and  the fate of the w hale w as know n suggests that at 
vessel speeds above 15 knots alm ost all collisions are 
likely to be le tha l (V anderlaan  an d  T aggart, 2006). 
M ultiple, com plete and  com m inuted fractures of post- 
cranial and  cranial bones are common.
(2) Bow bulb draping. A d ire c t bow  h it  in  w h ich  
balaenopterids become w edged (draped) across the bow 
of large vessels. Case studies in  varying detail exist for 
fin, blue, Bryde's and  sei w hales (e.g. Jensen and Silber, 
2004; N orm an et al, 2004; Félix and Van Waerebeek, 2005). 
In A ugust 2006 a cruise ship reported a hum pback whale 
d ra p e d  on  its  bow , a p p a re n tly  s tru ck  ju s t o u ts id e  
D ise n c h a n tm e n t Bay n e a r  Y ak u ta t, A la sk a 14, b u t 
otherw ise hum pback  w hales becom e rarely w edged. 
Tírese five species are the only ones currently know n to 
become stuck, presum ably because whales of smaller size 
(e.g. m inke whales) or m arked body shape asym m etry 
along the caudal-cranial axis (e.g. right whales) causes 
these to become hydrodynam ically unstable and  drop 
off. A n observational or m odelled estimate of a 'd rap ing  
rate' (percentage of struck animals ending up  as 'draped ') 
w ould  allow  docum ented cases, typically discovered 
w hen ships enter ports, to be used to estimate a m inim um  
collision m ortality for the balaenopterids involved.
(3) Propeller hits. Shane (1977) an d  S ergean t (1979) 
recognised that injuries inflicted by boat propellers can 
be severe and  cause death. Vessel collisions often leave 
characteristic p ropeller slashes (M organ and  Patton, 
199015; Visser, 1999). Skeg m arks, scrapes m ade from  
the propeller guard  on some outboard engines, may also 
be p re se n t. P ro p e lle r  s la sh es  v a ry  in  a p p e a ra n ce  
depending  on the size of the propeller, the speed of the 
boat, and  the posture and  velocity of the anim al w hen 
hit. W ounds typically consist of m ultiple parallel slashes 
of varying length in  w hich the length  of each slash is 
related to its depth. Distance betw een slashes tends to 
be constant in each case, related  to the size and  pitch of 
the propeller, vessel speed through  the w ater and  shaft 
ro tation  speed. Location and  appearance of traum a can 
help determ ine w hether a collision occurred ante- or 
post-m ortem . D olphins do not norm ally expose their 
undersides to the surface, hence propeller w ounds are 
not expected on the belly (M organ and  Patton, 1990).

13 Prevalence represen ts new  and  pre-existing cases alive on  a certain  date, in  contrast to incidence w hich reflects new  cases of a 
condition  d iagnosed  during  a given period  of time. Prevalence is a function  of b o th  the incidence of the condition  an d  survival.

14 h t tp : / /w w w .m arin eco n n ectio n .o rg / a rch iv es /m arine_im pacts_2006.htm l.
15 M organ, M.A. and  Patton, G.W. (1990) H u m an  D olphin  interactions on the W est C oast of Florida: D ocum entation  from  MM L's 
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Carcasses w ith propeller marks on the dorsum  or w ith 
cleanly severed flukes were m ost likely hit w hen alive 
(Kraus, 1990). D ead w hales floating due  to positive 
buoyancy or decomposition gases typically turn  belly-up, 
w ith tail and flukes hanging dow n in the w ater column 
unlikely to be dam aged by propellers (Kraus, 1990).
(4) Vessel colliding with breaching cetacean and incidents 
where whales bump into vessels. A lthough  rare, boats 
navigating or drifting close to cetaceans m ay intercept 
a cetacean in  m id-air w hen the anim al breaches or jum ps 
clear off the w ater. O ne particu la r case refers to an 
u n iden tified  3m long sm all cetacean ('p o rp o ise ') in 
A ustralia w hen  it 'crashed  on to the front of a launch, 
sk id d in g  across the top  of the  cab in  six m iles off 
U lverstone ' w hile fleeing from  a killer w hale  attack 
(T asm an ian  D PIW  d a ta ). C e taceans, m o stly  la rg e  
w hales, som etim es acc iden ta lly  bu m p  in to  or ram  
vessels, m ay injure them selves in the process and  can 
cause m ajor vessel dam age.

A) L a r g e  W h a l e s  i n  t h e  S o u t h e r n  H e m is p h e re

Southern right w hale Eubalaena australis

From stranding records of southern right whales in South 
A frica (1963-1998), Best et al. (2001) iden tified  ship 
collisions as a know n or possible cause in  20% (11 of 55) 
of recorded deaths. Of these, 55 % (6 of 11) involved calves 
or juveniles. In five cases ship strikes w ere cited as a 
defin ite  cause of d ea th  an d  in  six cases they  w ere  
considered a possible cause. Two of the five definite ship 
strikes involved know n vessels, a hopper dredge and a 
ferry. N on-fatal collisions (n=5) involved tw o m otor 
launches, a 6-rn in flatable boat, a catam aran  w hale- 
watching boat, and a fisheries patrol boat (Best et al., 2001).
In  U ru g u a y , a r ig h t  w h a le  w a s h e d  a sh o re  n e a r  
Portezuela, M aldonado, in  Septem ber 2005 w ith  three 
2m X 0.1m cuts and w ithou t its tail. A nother specim en 
stranded  near La Barra, M aldonado, w ith  the occipital 
bone p a r te d  in  tw o  (p h o to g ra p h e d  by R. G arcia- 
Pingaro). Large tankers anchor a t a pipeline buoy in  an 
area w ith  a h igh  seasonal density  of sou thern  righ t 
w hales, ca. 3nm  from  shore. Presum ably these are the 
tw o cases also briefly referred to by Del Bene et al. (2006).
In  A rg e n tin a , R o w n tree  et al. (2001) r e p o r te d  19 
confirm ed and  3 probable collision cases w ith  southern 
right w hales, m any w ith  scars inflicted by small boat 
propellers. Since then, tw o juveniles w ere sighted off 
Patagonia (18 O ctober 2000 and  7 October 2001) w ith  
positive dorsal propeller scars. A nother individual off 
Caleta Olivia, Santa C ruz (reported on 24 A ugust 2003) 
show ed extensive dorsal bruising.
In Brazil, three propeller-slashed specim ens w ashed  
ashore dead in  Rio G rande do Sul state: a 12.5m m ale at 
32°08'S,52°08'W on 25 O ctober 1993 (Greig et a l, 2001; 
Figure 1A), a young 7.5m m ale at 32°03'S,52°08'W on 
25 A ugust 1989 (Secchi, 1994 and  this paper; Figure IB) 
and  a 12.8m subadu lt m ale on 28 July 1998, som e 5km

north  of the Lagoa do Peixe (Virginia Petry, email comm, 
to ES, 3 Oct 2007). Tire latter stranded  in fresh condition, 
w ith  tw o parallel, 30cm deep cuts some 90cm distant, 
one cut reaching a lum bar vertebra. Greig et al. (2001) 
suggest that several factors m ay explain the relatively 
h igh num ber of stranding  events in the southernm ost 
state, Rio G rande do Sul, com pared  w ith  the m ajor 
breeding g round in  neighbouring Santa C atarina state: 
increased use by righ t w hales (possibly as breeding  
ground); exposed open  coast tha t favours strand ing  
events; and  relatively high num bers of transiting fishing 
and  cargo vessels. However, w e believe that higher ship 
traffic or w hale density m ay be the m ore likely factor. 
S tranding  frequencies of cetacean carcasses are also 
determ ined by p redom inant currents and w inds.
A calf observed for a long period w ith  its m other in 
Golfo de A rauco (37°12'S,73°35'W), Chile, stranded and 
died after it w as w ounded  by propellers (Canto et al,
1991) possibly by im prudent whale-w atchers. This is the 
only case know n from  the SE Pacific Ocean.

H um pback w hale Megaptera novaeangliae

In Bahia D rake, on  the Pacific coast of C osta Rica, 
collisions w ith  hum pback w hale calves occurred in 2002 
and  2005 w ith  boats 7-9m long (S. G oodm an and  P. 
Cubero-Pardo, in litt, to KVW, 24 Jan 2006). In Pacific 
Colombia, at least three fatal collisions occurred between 
1986 and  2000 (Capella et al, 2001). Photo-ID catalogues 
of hum pback  w hales cura ted  by research  g roups in 
Colombia and  Ecuador (see Flórez-Gonzalez et a l, 2007) 
also revealed severe, albeit non-fatal, injuries. Figure 2 
illustrates four possible cases of hum pback w hales w ith  
severed flukes (although killer whale attacks cannot be 
excluded as causes) in Ecuador and Figure 3 shows two 
cases of whales w ith  deep cuts in the dorsum  near the 
dorsal fin, as well as an  adu lt female w ith  three parallel, 
healed scars on the anterior dorsum . C ristina Castro 
(Pacific W hale Foundation, email comm, to KVW, 4 Oct 
2007) sighted an adult hum pback whale w ith  two evident 
propeller scars near Isla de la Plata, on 3 A ugust 2005. A 
young male of ca. 7m length, w ith  severe traum a on its 
upper dorsum  while intact ventrally, stranded in  good 
condition near Punta Negra, south of Talara in northern 
Peru, on 4 December 2007 (in Peruvian daily El Comercio, 
6 December 2007, w ith  voucher photo by Susana Briceño; 
and  A. García-Godos, pers.comm. to KVW, 8 Dec. 2007). 
It is considered a probable, bu t unconfirm ed, case of 
co llision . U n fo rtu n a te ly  the  spec im en  w as b u ried  
w ithou t a detailed necropsy.
Some records from  the NE Pacific w ere included in the 
database because hum pback w hales in  these areas are 
know n (Colombia) or possible (Costa Rica) m em bers 
from  the w este rn  South  A m erica B reeding Stock G 
(reviewed in Flórez-Gonzalez et al, 2007).
A n a d u l t  h u m p b a c k  w h a le  w ith  sev en  p a ra lle l, 
apparently healed, propeller slashes on its upper dorsum, 
w as sighted in  Gerlache Strait, Antarctic Peninsula, in 
January  2006 (F igure 4). Tw o o th e r collisions w ith
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A n in jured hum pback  w hale 
b e a c h e d  a t  A ss in i M afia , 
e a s te rn  Iv o ry  C o ast, o n  23 
A ugust 2007, and  died the next 
day, as su p p o rte d  by pho to  
g ra p h ic  e v id e n c e  (p h o to s  
tak en  by K arnbou Sia). The 
w hale had  reportedly  been hit 
by a propeller on the head and 
back. H um pback w hales w ash  
ashore w ith  some regularity  in 
Benin and  ship strikes are the 
m ain suspect for this mortality. 
A lth o u g h  b re e d in g  in  th e  
northern  Gulf of Guinea, north 
of th e  e q u a to r , th e se  
in d iv id u a ls  form  p a rt of the 
IW C -d e fin e d  S o u th e a s t 
A tlantic Breeding Stock B. Tire 
steep increase in  sh ipping and 
the construction of new  ports 
th roughou t the Bight of Benin 
are of concern for the fu ture of 
th is  SH p o p u la t io n  (V an 
W aerebeek  et ah, 2001; Van 
W aerebeek, 2003). O n 27 July 
1995, a 14.2nr hum pback whale

Figure 1. Carcasses of tw o sou thern  right w hales w ith  evidence of propeller hits, s tranded  in 
Rio G rande do Sul state: [A] 12.5m specim en fo u n d  on 25 O ctober 1993; the  largely  intact 
epiderm is an d  baleen  plates a ttached  to the palate dem onstra te  that the w hale d ied  shortly  
before it w as found. Propeller m arks are p resent on  the tail stock; [B] rem ains of a 7.5m juvenile 
w ith  deep propeller slashes on  the head , fo u n d  on 25 A ugust 1989 (Photo b y  E. Secchi).

hum pback whales w ere reported from the Peninsula, one 
that w as injured by a passenger ship and another hit by a 
zodiac inflatable, possibly w ithout consequences (Jensen 
and  Silber, 2004).
A t least three confirm ed an d  tw o probable collision 
accidents have been recorded in Australian waters. O n 22 
June 2001, one hum pback w hale w as h it in  the lower 
H aw esbury River, New South 
W ales (NSW), causing serious 
d o rsa l w o u n d s . The an im al 
rem a in e d  in  the v ic in ity  of 
Sydney u n til 28 June before 
disappearing. In NSW two adult 
w hales w ashed up dead w ith 
severe ex ternal traum as, i.e. 
gouging and  propeller-cut tail 
fluke, respectively in Ulladulla 
on 27 Sept 2003 and Shoalhaven 
H ead s on  5 O ct 2003 (NSW  
Dept. Environm ent & Climate 
Change). Two other hum pback 
w h a le s  w e re  in v o lv ed  in  
collision accidents, one near Port 
D ouglas, Q ueensland (5 A ug
2004) th a t sw am  aw ay 
(Q ueensland  E nv ironm enta l 
Protection Agency), and one in 
Exmouth Gulf, Western Australia 
(3 O ct 2002) (D epartm en t of 
Environm ent & Conservation,
WA), but their fate is unknown.

w ashed  ashore dead at M ouille Point, Cape Town. Four 
diagonal slashes 1.1-1.3m apart, up  to 2.9m in length 
and  35-44cm deep, along the anim al's back, suggested 
m arks from  the propeller of a large ship (Best, 2007). 
We concur w ith  the latter au thor that 'th e  reason for its 
death seem ed pretty  obvious', considering the propeller 
cuts w ere on the back, and  not the ventrum .
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F ig u re  2. Four hu m p b ack  w hales 
w ith  a  m issing fluke off Ecuador, 
consistent w ith  possible p ropeller 
im p a c ts  a l th o u g h  k i l le r  w h a le  
p red a tio n  is also possible (Photos 
c o u r te s y  o f P a c if ic  W h ale  
F o u n d a t io n  [u p p e r  le f t]  a n d  
F u n d a c ió n  E c u a to r ia n a  p a ra  el 
E s tu d io  de M am ífe ro s M arin o s, 
FEMM [others] ).

F igure 3. Three hum pback  w hales 
s ig h te d  o ff E c u a d o r  w ith  d e e p  
in c is iv e  tra u m a s  (tw o  of th e se  
h e a le d )  a t t r ib u ta b le  w i th  h ig h  
p robab ility  to vessel o r p ropeller 
im p a c ts  (P h o to s  b y  F u n d a c ió n  
E c u a to r ia n a  p a ra  e l E s tu d io  de  
M am íferos M arinos, FEMM).
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Figure 4. H um pback  w hale  w ith  m ostly  hea led  p ropeller scars encoun tered  in  the  G erlache Strait, A ntarctic Pen insu la  in  January  2006 
(Photo by  A.F. A zevedo, Projeto B aleias/P roantar).

Bryde's w hale Balaenoptera brydei

Collisions w ith Bryde's whales have been considered rare. 
A lthough Jensen and Silber (2004) reported only three 
cases w o rldw ide , the ir ra rity  m ay be an  artefact of 
underrepo rting  in  (sub)tropical regions. Several new  
cases have been identified since. A ca. 16m specimen was 
reported in the G uayaquil harbour in  2004 draped across 
the bow of a container ship (Félix and  Van Waerebeek,
2005). Two Bryde's w hales also w ere found dead w ith 
propeller-inflicted traum as in  Brazil. O n 15 September 
2005, a fresh 4m calf stranded, w ith deep propeller slashes 
on its head in  Baia de Sepetiba, Rio de Janeiro (Salvatore 
Siciliano, pers. comm, to ES) and  an  adu lt w ith  massive 
propeller traum a stranded in the Patos Lagoon estuary, 
Rio G rande do Sul state, in  A ugust 1989 (Figure 5). 
B ryde's w hales are struck regularly  in N ew  Zealand 's 
H auraki Gulf by ships travelling to or from  A uckland 's 
busy po rt (N ew  Zealand W hale S tranding Database; 
Mike Donoghue, pers. comm, to ANB). Up to six Bryde's 
w hales, both  confirm ed and  probable cases, m ay have 
been killed by vessels in  N ew  Zealand betw een 1999 
and  2003 (this paper). A B ryde's w hale, identified from  
a DNA trace left on the vessel, in  Twofold Bay, N ew  
South W ales, A ustralia reportedly  "ram m ed a fishing 
b o a t"  o n  1 Ja n u a ry  2001 (N SW  D e p a r tm e n t of 
Environm ent & Clim ate Change).

Fin w hale Balaenoptera physalus

Fin whales are the m ost commonly reported whale struck 
and  killed by ships in the N H  (Laist et al, 2001; Jensen 
and  Silber, 2004; N elson et al., 2007), especially in  the

M editerranean Sea (Panigada et ah, 2006) and  in  the NE 
Pacific (N orm an et ah, 2004). In the SH, however, w e are 
aw are of only two cases, both in Chile. A 13.9m fin whale 
stranded in Quinteros (29°39'S,70°59'W) on 9 July 2004 
had  a b lunt traum a on its left pectoral region w hich w as 
attributed to a vessel strike (Sanino and Yáñez, 2005). A 
second collision, in  w hich a fin w hale lifted a kayak 
partially out of the w ater on its back, occurred north of 
Chañaral Island in  January 1994 (G.P. Sanino, pers. obs.).

Sei w hale Balaenoptera borealis

Reports of vessel traffic accidents w ith  sei w hales are 
infrequent w orldw ide: a 2004 database contains only 
three cases (Jensen and  Silber, 2004) w ith  an  additional 
three reported  from  Senegal and  the US (Félix and  Van 
W aerebeek, 2005; N elson et a l, 2007). As w ith  Bryde's 
w hales, u n d e rrep o rtin g  is suspected . Two dead  sei 
w hales w ere carried into the port of A uckland on the 
bow  of container sh ips in  1993 and  in  2001. A th ird  
possib le  case ex ists for N ew  Z ea lan d  in  w h ich  an  
individual w as found ashore in  N orth  A uckland in 1993 
w ith  suspected  sh ip-caused  traum as (N ew  Z ealand  
W hale S tranding Database).

Blue w hale (P eru /C h ile  stock) Balaenoptera musculus 
subsp.

Only few collisions w ith blue whales have been published 
(Laist et ah, 2001; N orm an et ah, 2004; Carretta et al, 2007). 
O n 31 January  1998, one of tw o b lue w hales sigh ted  
off C h añ ara l Island , C hile (29°01.59'S, 71°33.91'W) 
w as p h o to g rap h ed  w ith  half of its left fluke m issing.
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Figure 5. B ryde's w hale w ith  three  gaping, equ id istan t p ropeller slashes exposing epaxial m uscles s tran d ed  in Rio G rande, Brazil in 
A ugust 1989 (Photo by  Lauro Barcellos, M useu Oceanógrafico "Prof. Eliézer C. Rios", Rio Grande).

U te clean-cut surface w as straight and parallel w ith  the 
body axis indicative of a propeller strike from  a large 
vessel. O n 4 February 2005, a single blue w hale sighted 
near the same island (29°01.14'S, 71°33.11'W), w as seen 
w ith  a healed, deep-cutting injury behind its left flipper, 
possibly the result of a lateral vessel collision (G.P. Sanino, 
pers. obs.). In the Gulf of Corcovado, southern Chile, the 
collision betw een a 20m boat and  a blue w hale w as 
reported  by a salm on farm  w orker in  February 2005 
(Hucke-Gaete et al., 2005). Tire collision has raised concern 
about future accidents in view of a projected increase of 
boat traffic in the area, including from  w hale-watching 
b o a ts . O ne in ju re d , b le e d in g  b lu e  w h a le  w ith  
morphological characteristics interm ediate between an 
ordinary and a pygm y blue whale, run  aground alive on 
a rocky island in  Peru in  1997, possibly attributable to a 
vessel collision (Van W aerebeek et al, 1997). Peru /C hile  
blue w hales com prise an  indeterm inate  bu t discrete 
m anagem ent stock and probably a hitherto unrecognised 
subspecies B. musculus subsp. (Branch et al, 2007).

Pygm y blue w hale Balaenoptera musculus brevicauda

In 1995, a m ale pygm y blue w hale  20.6m long w as 
b rought into the po rt of A uckland, N ew  Zealand, on 
the bow  of a ship. Its very fresh condition (i.e. intact 
ep id e rm is  an d  co lo u ra tio n , an d  baleen  p la te s  still 
inserted in the palate) indicate it w as alive w hen  hit. 
Tooth  rakes by a k iller w hale  also  w ere  visib le on 
f lip p e rs  a n d  flu k es. C o n s id e ra b le  d am ag e  in  the 
postcranial skeleton required  repair w hen  the specimen 
w as assem bled  for d isp lay  in  the M useum  of N ew

Zealand. Based on a pulverised right radius, the vessel 
impact site w as inferred to have been at about the height 
of the right flipper. One of the authors (AvH) examined 
the carcass and concluded that the baleen length/height 
ratio and dorsal fin placement was consistent w ith that of 
a pygm y blue whale. Photos of the whale on the beach, as 
well as video of the animal w rapped around the bow, are 
archived in the New  Zealand Whale Stranding Database. 
On 1 December 2006, after sighting blows and despite 
taking avoidance action, a military vessel collided w ith 
a w h a le  in  th e  w a te rs  o ff P e rth , W est A u s tra lia  
(Departm ent of Environm ent & Conservation, WA). The 
species w as unknow n at the time. Blows w ere sighted 
m inutes prior to a shuddering of the ship w as felt as if it 
had  hit som ething, then shortly afterw ard  blood w as 
sighted in the water. O n 5 December 2006 a pygm y blue 
w hale w ashed up  on the beach approxim ately 30 miles 
north  of Perth w ith  injuries consistent w ith  a ship strike.

M in k e  w h a le s  Balaenoptera acutorostrata  a n d  B. 
bonaerensis

Three probable bu t unconfirm ed cases are reported  for 
minke w hales in  the SH. A n individual (see Baker, 1999) 
w ith  injuries rem iniscent of propeller cuts on head and 
flank w as exam ined at W estland, N ew  Zealand, on 5 
October 1991 (New Zealand W hale Stranding Database). 
Deep bruising to the head and  dorsum  w as apparen t in 
a 3.4m  calf A n ta rc tic  m in k e  w h a le  B. bonaerensis 
encoun tered  a t V ictor H arbour, South  A ustralia  (C. 
Kem per and  D. Stemmer, South A ustralian M useum , 
Adelaide, pers. comm, to JG). A calf dw arf m inke w hale
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B. acutorostrata subsp. that stranded  in Station Creek, 
north  coast N ew  South Wales, show ed a propeller cut 
th rough a tail fluke w hich likely induced its stranding 
a n d  su b se q u e n t d e a th  (source , N ew  S o u th  W ales 
D epartm ent of Environm ent & Clim ate Change).

Sperm  w hale Physeter macrocephalus

Tire scant information on ship interactions w ith SH sperm  
w hales may not be representative of true mortality. A 
suckling calf (female) live-stranded on 21 September 2003 
in  Boyeruca (34°41'S,72°03'W), Chile, w ith  sm all-boat 
p ro p e lle r cu ts on  the cauda l peduncle . A necropsy  
perform ed on 23 September by G.P. Sanino dem onstrated 
that it had  haem orrhaged to death. Boyeruca is situated 
south of Valparaiso, in  an  area w ith  intense industrial 
and  artisanal fisheries vessel traffic. Of 20 sperm  whales 
stranded in Ecuador, one (5%) w as a probable victim of 
a ship strike as w as another that stranded in Param onga, 
northern  Peru  (Haase and  Félix, 1994; Félix and  Van 
W aerebeek, 2005). In New  Zealand, five sperm  whales 
that stranded in the period 1985-2000 had cuts and other 
traum as that w ere consistent w ith  ship collisions (New 
Zealand W hale Stranding Database) and are considered 
probable bu t unconfirm ed records.

B) S m a l l  C e t a c e a n s  W o r l d w i d e  

KOGIIDAE

Pygm y sperm  w hale Kogia breviceps

A t leas t six p y g m y  sp e rm  w h a le s  w ere  k illed  by 
probable ship strikes: four in  the C anary Islands, one 
each in 2001 and 2004 and two in 2002 (Lens et al, 2005)16, 
and  tw o in  South Australia. A 288cm m ale that stranded 
at Point Sinclair (5 Sept 2003), South Australia, presented 
both bruises on head and  broken bones (C. Kem per and 
D. Stemmer, South A ustralia M useum , Adelaide, pers. 
com m , to  JG) a n d  can  be co n sid e red  a con firm ed  
collision victim. Interestingly, no dw arf sperm  w hales 
Kogia sima have been reported killed. Barros et al. (1998)17 
suggested, based on stranding  data, that dw arf sperm  
w hales off the southeast US coast m ay have a m ore 
pelagic d istribution than pygm y sperm  w hales which, 
if confirm ed, w ould  render dw arf sperm  w hales less 
vulnerable to intense coastal sh ipping and  less likely to 
strand if hit. However, indications are that in other areas, 
such as in  Ecuador (F. Félix, pers. obs.) dw arf sperm  
w hales m ay be m ore coastal. In South Africa (Ross, 
1984), juvenile and  im m ature Kogia, particularly K. sima, 
are thought to live closer inshore than  adults, probably

inhabiting the outer continental shelf/slope  area.

DELPHINIDAE 

Killer w hale Orcinus orca

Seven cases of killer w hales struck by vessels in  British 
C olum bia, C anada, and  N ew  Zealand w ere discussed 
by several au thors (Ford et a l, 1994; Visser, 1999; Visser 
and  Fertl, 2000). A n ind iv idual h it by a fishing boat 
p ro p e l le r  in  N o u tk a  S o u n d , V a n c o u v e r  Is la n d , 
re su ltin g  in  a 15-20cm long  x 3cm  deep  gash  w as 
re p o rte d  by O rca N e tw o rk  N ew s in  A u g u s t 2003. 
V isser (1999) te rm e d  m an y  k ille r w h a le s  in  N ew  
Z ea lan d  'p ro p e lle r-p o s itiv e ' for th e ir  ten d en cy  to 
ac tive ly  seek o u t the  w ash  p ro d u c e d  by sp in n in g  
propellers and  even open  their m ou th  a round  these. 
Such behaviour also w as repo rted  by a Ione orca that 
w as killed in  M ooyah Bay, C anada, on 10 M arch 2006 
w hen  p lay ing  in  the turbulence of p ropeller w ash  of 
an  id ling  34m ocean-going tug, and  approach ing  too 
close (Rossiter, 2006).

C om m on bottlenose dolphins Tursiops truncatus

Small-boat propellers have long been recognised as a 
cause of traum as in com m on bottlenose dolphins (Doak, 
1988; Lockyer an d  M orris, 1990; Fertl, 1994). In the 
G alveston Ship Channel, Texas, 10 of 240 (4.17% ) photo­
identified dolphins had obvious propeller cuts (clean, 
v-shaped marks); others had  grotesquely bent or cut 
d o rsa l fins, or h ad  w h ite  sca rrin g  on  the top  th a t 
indicated the possibility of a serious cut (Fertl, 1994). 
Propellers have been im plicated in  several o ther cases 
of d o lp h in  m orta lity  in  Texas w aters  (Shane, 1977; 
Reynolds, 1985, Fertl, 1994). Three dead specimens from  
w este rn  F lorida show ed  various traum as inc lud ing  
p ro p e lle r slashes, cleanly cut-off tail an d  extensive 
b ru is in g  (M organ  an d  P a tto n , 1990). Off S araso ta , 
Florida, four cases of severe propeller cuts on dorsum  
an d  fu n c tio n a l d e s tru c tio n  of the  d o rsa l fin  w ere  
docum ented (Wells and  Scott, 1997). A lthough these 
injuries w ere not im m ediately fatal, long-term  effects 
on survival and  fitness are unknow n, and fatal cases 
m ay go unrecorded . R eynolds (1985) recom m ended 
further studies to determ ine w hether action should be 
taken to reduce dolphin  m ortality from  propellers.
In north-central Chile, do lph in  w atch ing  from  small 
boats has resulted in  repeated  collisions w ith  m em bers 
of a genetically d istinct g roup  of residen t coastal T. 
truncatus, nam ed  'p o d -R ' (Sanino an d  Yáñez, 2000; 
Sanino et a l, 2005; archived video docum entation by

16 Lens, S., Asencio, C. an d  Urquiola, E. (compilers) (2005) Spanish R eport N ovem ber 2005 to IWC Ship Strikes W orking G roup. 4pp. 
(unpublished)

17 Barros, N. B., Duffield, D.A, O strom , P.H., Odell, D.K. an d  C ornish, V.R. (1998) N earshore vs. offshore ecotype differentiation  of 
Kogia breviceps an d  K. sima based  on hem oglobin, m orphom etric  an d  dietary  analyses. Abstracts. W orld  M arine M am m al Science 
Conference. M onaco. 20-24 January.
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G.P. Sanino). Boat disturbance and  collisions constitute 
a m ajor conservation problem  for pod-R, and rigorous 
p ro tec tio n  m easu res  have been  u rg ed  (Sanino and  
Yáñez, 2000; Sanino et a l, 2005).
O ne of us (FF) d ocum en ted  11 com m on bo ttlenose 
dolphins w ith dorsal injuries, including severe mutilations, 
and three animals w ith deep cuts on the posterior dorsum, 
in the imrer estuary of the Gulf of Guayaquil, Ecuador, 
between February 1990 and October 1992 (Figure 6). Tírese 
injuries involved 2.2% of the estimated population size 
(Félix, 1994, 1997). E ight trau m as w ere  considered  
positively propeller-caused (e.g. a complete fluke missing 
w ith straight cut-surface or a series of parallel incisive scars 
on the posterior dorsum), while the other traum as were 
considered of indeterminate origin, possible the result of 
fishing gear (cuts at tip and base of dorsal fin). All vessel 
related traum as w ere likely caused by small outboard- 
pow ered craft and small cargo or fishing vessels.
In Australia at least six probable cases have been reported, 
some of w hich may relate to T. aduncus. Three carcasses 
stranded in Q ueensland, one in  1991 and tw o in  2004, 
bore slashes and  cuts that w ere rem iniscent of boat hits 
(Q ueensland  E nv ironm enta l P ro tec tion  A gency). A 
propeller also injured the dorsum  of an  adult female in 
the Tweed River (New South Wales) on 16 February 1995. 
Tire fate of that anim al w as unknow n (New South W ales 
D epartm ent of Environm ent & Climate Change).
Off O ostende, Belgium, in  the southern  N orth  Sea, a 
com m on bottlenose dolphin  w as observed on 11 and  12 
A ugust 2007 w ith  a large, freshly inflicted propeller 
w ound  on its left flank (Jan Haelters, pers. comm, to 
KVW; Figure 7). Tire anim al had  been approached by 
several small boats.
Several cases, a lbe it p robab le  vessel collisions, are 
poorly supported . In Golfo Dulce, Pacific Costa Rica, C. 
O vares found a dead bottlenose dolphin  in  1999 w ith  a 
propeller cut in the neck region. In 2003, A lfredo Ruiz, 
skipper of a local w hale tourism  boat claim ed that 'jet 
skis have h it dolphins and  w hales' (P. Cubero-Pardo, 
pers. conun. to KVW, 24 Jan 2006). Samuels et al. (2000)18, 
in a review of tourism  pertaining to sw im m ing w ith  w ild 
dolphins, referred  to tw o 'w ell-docum ented  cases of 
vessel strikes' (no location) w ith  Ione sociable bottlenose 
do lp h in s. O ne an im al w as in ju red  a fte r it becam e 
h ab itu a ted  to boats. O ne juvenile  received 37 boat- 
re la te d  in ju r ie s  since  1992, o f w h ic h  e ig h t w e re  
considered life-threatening (Samuels et a l, 2000).
In 1999, an adu lt bottlenose dolphin found dead near a 
fish farm  on Italy's Lam pedusa Island w as attributed to

a collision because of 'ev ident lesions' near the rostrum  
(Pace et al, 2000)19, how ever this cannot be verified. G. 
Lauriano of the Instituto Centrale per la Ricerca Scientifica 
e Tecnológica Applicata al Mare (ICRAM) (email comm, 
to KVW, 2 D ecem ber 2007) referred  to ano ther four 
stranding records of dead com m on bottlenose dolphins 
in Italy, reported betw een June 1991 and  September 2000 
by the Centro Studei Cetacei. All are considered probable 
cases of collision w ith  boat propellers.

Indo-Pacific hum pback dolphin  Sousa chinensis

In C hina, a t least th ree p o p u la tio n s of Indo-Pacific 
h u m p b a c k  d o lp h in s  h av e  su ffe red  m o rta lity  an d  
traum atic injuries from  heavy maritime traffic. Tire Hong 
K o n g /P e a r l  R iver E s tu a ry  p o p u la tio n  is the  b est 
docum ented (Parsons and Porter, 199520; Jefferson, 2000a; 
Jefferson and Hung, 2004). Traum ata consistent w ith boat 
collisions w ere presen t in  10.7% (3 of 28) necropsied 
hum pback dolphin carcasses from  the H ong Kong area, 
how ever not all injuries result in  death (Jefferson, 2000a; 
Parsons an d  Jefferson, 2000). A pho to-iden tification  
catalogue (Jefferson, 2000c, p.31; and Figure 8) illustrates 
several individuals w ith  major scars on the dorsal fin and 
dorsum , from  boat propellers, vessel collisions and ro p e / 
net cuts. In a later survey, 1.2-1.8% of dolphins showed 
propeller scars (Jefferson et al, 2006).
Yarnin W ang suggested that collisions are an im portant 
conservation problem for the Xiamen hum pback dolphin 
population in Fujian, eastern China due to intense vessel 
traffic  in  X iam en h a rb o u r . A t a 2006 w o rk sh o p  
(Anonymous, 2006)21 Chinese scientists recognised it as a 
potential threat to the survival of the Xiamen population 
considering that abundance estimates declined by half 
between 1994 and 2004 (Yang et al, 2006). Further, two 
potential victims w ere docum ented from  Zhuhai City, 
G uangdong Province: one a 206cm m ale found on 16 
September 2003 and the other a 270cm male examined on 
28 February 2003 (Y. Wang, unpublished data).
On 3 October 1988, a male hum pback dolphin washed 
ashore on Saunders Beach in  Q ueensland, A ustralia, 
w ithout tail and w ith dorsal propeller injuries (Queensland 
Environmental Protection Agency; unpublished data).
In  T aiw an , co llis ions h av e  been  ran k e d  as low  to 
m edium  potential im pact, prim arily  because of plans 
to introduce high-speed ferries into w estern Taiwan and 
increasing recreational use of personal w ater craft, such 
as jet-skis. Some of the scarring  seen on  hum pback  
dolphins (two possible cases) in  Taiwan w ere suggestive 
of collision injuries (J. W ang et a l, 2004a,b).

18 Sam uels, A., Bejder, L. an d  H einrich, S. (2000) A review  of the literatu re  pertain ing  to sw im m ing w ith  w ild  dolphins. R eport to 
M arine M am m al C om m ission, Bethesda, MD, USA. 58pp. (unpublished).

19 Pace, D.S., Pulcini, M. an d  Triossi, F. (2000) In teractions w ith  fisheries: m odalities of opportun istic  feeding for bottlenose do lphins at 
L am pedusa island  (Italy). U npub lished  docum ent at w w w .oceanom are .in fo /p d fs /1 6 -publ.pdf

20 Parsons, E.C.M. an d  Porter, L.J. (1995) Tire th reats to H ong K ong's Indo-Pacific hum pbacked  do lph in  population . Pages 101-117 in 
The Third  S ym posium  on Cetacean Ecology an d  C onservation, Taipei,Taiwan, June 15-16,1995.

21 Anonym ous. (2006) Xiamen International W orkshop on Conservation of Sousa chinensis. Journal, Xiamen, China 25-26 M arch 2006. 40pp.
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Figure 6. Partia lly  m u tila ted  fluke a n d  dorsal fins of com m on bo ttlenose do lph ins in  the  G ulf of G uayaquil. Except for one case 
(bottom  left), all in juries app eared  to have  healed . T raum as vary  from  possible to  definite p ropeller strikes, as en tang lem ent in  fishing 
lines o r ne ts m ay  also have  caused  som e of these (Photos b y  F. Félix).
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Figure 7. Lone com m on bo ttlenose  do lph in  seen off O ostende, so u th e rn  N o rth  Sea (first case rep o rted  in  the  area), in  A ugust 2007, 
show ing one deep  a n d  several superficial, vertical p ropeller cuts on  the  left flank (Photo p ro v id ed  by  Jan Haelters).

Irraw addy dolphin  Orcaella brevirostris

A t least three popu la tions of Irraw addy  do lph in  are 
a f fe c te d  by  b o a ts . T h re e  d e a th s  in  I n d o n e s ia 's  
M ahakam  River, K alim antan, w ere a ttribu ted  to vessel 
strikes betw een 1997 and  1999 (Kreb, 2000; Sm ith and  
Reeves, 2004). For an  iso la ted  p o p u la tio n  of ca. 34 
in d iv id u a ls  (K reb, 2002), the  m in im u m  m o rta lity  
estim ate  of 2.9% p er year from  strikes alone is no t 
sustainable. In Laos, a juvenile Irraw addy dolphin  died 
of injuries possibly caused by a boat propeller in  A pril 
2002 (Perrin  et al., 2005). The p o p u la tio n  in  coastal 
w a te rs  off n o r th e rn  A u s tra lia  is n o t k n o w n  to be 
affected (Parra et a l, 2002).
M ortality reports of Irraw addy dolphin  from  Chilika 
Lagoon, eastern India, list at least 45 deaths (2002-2006) 
of w hich 16 (35.6%) w ere diagnosed as vessel strikes 
a n d  p ro p e l le r  in ju r ie s  (P a tta n a ik  et al., 2007)22. 
C ircum stances in  Chilika lagoon can be sum m arised as 
follows (D. Su taria, pers. obs.). Tire m otorised boats use 
longtailed ou tboard  engines of 9 and 12HP. Irraw addy 
dolphins appear to avoid boats that come w ith in  100m. 
Socialising an d  travelling  an im als show  im m ediate  
changes in  behaviour w hen  boats are w ithin 100m, while 
feeding anim als are less likely to change their behaviour. 
B oats h a v e  b een  o b se rv e d  c h a s in g  tra v e llin g  or

socialising Irraw addy dolphins and thus are a source 
of d is tu rb an ce , s tress  an d  risk  of co llisions. F rom  
carcasses exam ined betw een 2004 and  2006, the prim ary 
source of m ortality for Irraw addy dolphins in Chilika 
Lagoon w as interactions w ith  shark nets, hook lines and 
se ine  ne ts , fo llo w ed  by h a b ita t d e te r io ra tio n  an d  
in c reased  in te rac tio n  w ith  eng in e  boats. Tw o live 
anim als show ed dorsal incisive injuries a ttribu ted  to 
im pact w ith  propellers (Figure 9). Boat traffic is heavy 
in Satpada, Chilika's dolphin w atching zone. D uring the 
peak dolphin  w atching season from  October through 
F ebruary , anyw here  betw een  250-280 to u ris t boats 
traverse the 23km2 dolphin  rich zone from  8:30am-5pm, 
w hile in  the low  season the num ber of boats d rops to 
about 7 5 /day. Two com m unity-run tourist associations 
operate in  the Satpada region, one w ith  247 boats is 
licensed and  the o ther w ith  87 boats is unlicensed. Tire 
associations are formed by fishermen w ho have taken up 
tourism  to supplem ent their income. Tire Orissa State 
Tourism Department has nine dolphin watching boats that 
use 25HP inboard engines. Occupancy is limited to seven 
persons per boat in both governm ent and private boats. 
G overnment-run ferries carrying buses and cars also cross 
the prim e dolphin habitat six times a day, from 7anr-6pnr. 
Lastly, there are local boat services that travel through the 
do lph in 's habitat every hour betw een 7anr and 5pnr.

22 Pattanaik , A., Sutaria, D., Khan, M. an d  Behera, B. (2007) Review  of the sta tus and  conservation of Irraw ad d y  do lphins Orcaella 
brevirostris in Chilika Lagoon of India. Pages 41-49 in Sm ith, B.D., Shore, R.G. and  Lopez, A. (Eds) Status and Conservation of Freshwater 
Populations of Irrawaddy Dolphins.WCS W orking Paper Series # 31. h ttp ://w w w .w c s .o rg /sc ien c e .
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Figure 8. Positive (above, centre) a n d  probable (below) propeller scars in  Sousa chinensis from  H ong Kong w aters (Photos courtesy  
H ong Kong D olphin  C onservation  Society an d  [upper] Tom  Jefferson ).
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Figure 9. Probable p ropeller-caused incisive injuries (inset: detail) on the tail stock of an  Irraw ad d y  do lph in  sigh ted  in Chilika Lagoon, 
India, in N ovem ber 2005 (Photo by  D. Sutaria).

C o m m o n  u n d e rs ta n d in g s  a t th e  c o m m u n ity  an d  
governm ental level an d  coord ination  betw een  these 
institutions is a prerequisite for m anagem ent in  tourist 
boat traffic. Efforts by the Orissa Forest D epartm ent, 
Chilika D evelopm ent A uthority  and  local you th  guides 
to m anage tou rist vessels have b ro u g h t abou t some 
positive changes in  2006-2007. Tire associations have 
realised that tu rn ing  off engines around  dolphins gives 
better viewing; chasing dolphins is punishable by law, 
and  using  propeller guards w hile dolphin  w atching is 
legally required  (D. Sutaria, pers. obs.).

H ector's dolphin  Cephalorhynchus hectori

Two H ector's dolphin  calves w ere killed by boat strikes 
in  A karoa H arbour, Banks Peninsula, Canterbury, on 
26 an d  27 Ja n u a ry  1999 (Al H u tt, D e p a rtm e n t of 
Conservation, Duvauchelles, N ew  Zealand, pers.conun. 
to ANB, Decem ber 2005). Stone and  Yoshinaga (2000) 
also reported  calf m ortality and  habituation  to vessels. 
H ector's dolphins regularly  escort boats and bow-ride, 
and  even nudge vessels or rub against the bow  (Mörzer- 
Bruyns and  Baker, 1973; Slooten and  D awson, 1988). 
W hile H ector's dolphins are not attracted  to fast boats 
and  usually  dive at their approach, they do not appear 
to leave areas w ith  high levels of boat traffic or dolphin 
watching (Slooten and  D awson, 1988).

C om m erson 's dolphin  Cephalorhynchus commersonii

A juvenile C om m erson 's dolphin  w ith  healed, shallow 
propeller scars on its anterior dorsum  (Figure 10) w as 
repeatedly  sighted in  Bahia San Julián, A rgentina, in 
January  an d  February  2005 (M. Iñíguez, pers. obs.). 
C om m erson 's dolphins are know n to ride bow, stern 
and  beam  w aves of boats of all sizes, from  freighters 
and tugs to small m otorised skiffs. This behaviour makes 
them  vulnerable to collisions.

G uiana dolphin  Sotalia guianensis

M arcos C. O. Santos (pers. com m , to ES) first noted  
propeller scars on the flank of a Guiana dolphin in  Brazil 
in  2005 (Figure 11). A photo-identified ad u lt female has 
been resighted several times in  the w aters near Cardoso 
Island (25°07.4'S,47°51.7'W), southern  Sao Paulo state. 
C ardoso Island w as designated a state park  in  1962 and 
has become a popu lar site for dolphin  w atching and 
w atersports. O n 19 June 2007, a second G uiana dolphin 
w as seen w ith  propeller scars from  an outboard  engine 
in  Parati Bay (23°18'S,44°30'W), Rio de Janeiro state (L. 
Flach, pers. com m , to ES). These com prise the first 
reports of vessel collisions w ith  G uiana dolphins.

Peale 's dolphin  Lagenorhynchus australis

A sem i-residen t g roup  of P ea le 's d o lph ins in  the bay 
of P un ta  A renas, M agallanes, Chile often accom panies 
sm all c ra ft go ing  back an d  fo rth  to  w a itin g  sh ips 
(L e sc ra u w ae t, 1997; V an  W a e re b ee k , p e rs . obs., 
D ecem ber 1997). A n ad u lt in d iv id u a l w ith  a vertically 
b isec ted  d o rsa l fin, the rea r-h a lf ben t to the  left, w as 
reg u la rly  s ig h ted  b e tw een  1990 an d  2002 by A.K. 
L e sc ra u w a e t (p e rs . com m , to  KVW, 13 Jan  2006; 
F igure  12). The fin  m ay have been slashed  by a right- 
h a n d  p ro p e lle r  (co m p a re  w ith  F ig u re  8, b o tto m  
pho to ), the m ost com m on type. O n im pact, b lades 
m ay have b en t the m ore flexible tra iling  p a rt of the 
dorsa l fin  to the left side, assum ing  d o lp h in  an d  boat 
h ead ed  in  the sam e direction . P ea le 's do lp h in s are 
strongly  a ttrac ted  tow ards m oving  vessels an d  w ill 
a cco m p an y  th em  (G oodall et ah, 1997), in c u rr in g  
e v id e n t risk . This is the  firs t d o cu m en ted  case of 
p rope lle r traum a in  a P ea le 's do lphin .

W hite-beaked dolphin  Lagenorhynchus albirostris

Jepson  (2005) re p o rte d  one w h ite -b eak ed  d o lp h in  
stranded  in  the UK betw een 2001 and  2004 that died of 
acute physical traum a of unspecified origin w ith  a high 
probability that this w as due to im pact w ith  a vessel.
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Figure 10. A C om m erson 's do lp h in  w ith  four parallel, hea led  p ropeller scars (arrow ) on the  an terio r dorsum , pho to g rap h ed  in  Bahia 
San Julián, A rgentina, on  18 January  2005 (Photo courtesy  Fundación  Cethus). F igu re  11. A G uiana do lph in  Sotalia guianensis w ith  five 
p ropeller scars o n  its righ t flank, sigh ted  n ea r C ardoso Island, Brazil (Photo b y  M arcos C.O. Santos). F igure 12. A Peale 's do lph in  
exposing a b isected  dorsal fin  in  P u n ta  A renas bay , M agallanes, Chile (Photo b y  A.K. Lescrauwaet).
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A tlantic spotted  do lphin  Stenella frontalis

Free-ranging A tlantic spotted dolphins are subject to 
to u rism  in  the B aham as by to u r o p era to rs  offering  
opportunities to sw im  w ith  the dolphins in  the w ild. A 
calf in  one p o d  rece ived  life -th rea ten in g  w o u n d s , 
apparen tly  from  a sm all boat propeller. The injuries 
w ere noted because this pod  w as intensively studied. 
Problem s w ith  unm onitored pods m ay go unreported  
(Ransom, 1998; Samuels et a l, 2000). Spotted dolphins 
changed their behaviour 68% of the time w hen  a boat 
approached, w ith  a closing-in response predom inating  
(Ransom, 1998). Increasing hab itua tion  to m otorised 
boats pu ts ind iv idual dolphins at a higher risk.

Spinner dolphin  Stenella longirostris

O n 26 A pril 2006 a live spinner dolphin  w as observed 
inside a cove of Fernando  de N oronha A rchipelago 
(03°51'S,32°25'W) off Brazil, w ith  severed u p p er and 
low er jaw s and  two parallel incisive injuries on its flank 
indicating it had  been h it by a boat propeller (Cam argo 
an d  Bellini, 2007). Since the d o lp h in  lo o k ed  very  
em aciated, feeding apparen tly  had  been im paired and 
its  su rv iv a l seem ed  u n lik e ly . B ecause the  sp in n er 
dolphin population in  this area is subject to intense boat- 
based  to u rism  (C am argo an d  Bellini, 2007), it w as 
thought the strike likely w as from  a dolphin-w atching 
boat not equipped w ith  a propeller guard.

Striped dolphin  Stenella coeruleoalba

G. L a u ria n o  of ICRAM  (em ail com m , to  KVW , 2 
D ecem ber 2007) p ro v id ed  p u b lish ed  references for 
seven s tran d in g  records of dead  s trip ed  d o lph ins on 
the Ita lian  coasts, in d ica ting  in juries consisten t w ith  
vesse l co llisions. S tran d in g s  o ccu rred  b o th  in  the 
L ig u rian  an d  A d ria tic  Seas, w ere  y e a r-ro u n d  an d  
covered  the p e rio d  F eb ru ary  1987 u n til  D ecem ber 
1995. They affected an im als rang ing  from  109cm to 
206cm in length . For four cases p rope lle r dam age w as 
explicitly  m entioned  (A nonym ous, 1988; 1992; 1996; 
1997). D a ta  w e re  c o lle c te d  by  I t a ly 's  n a t io n a l  
s tra n d in g  n e tw o rk  (C en tro  S tu d i C etacei) an d  the 
s e v e n  c a se s  a re  s u f f ic ie n t ly  s u p p o r te d  to  be 
considered  'p ro b ab le  co llis ions '.

Short-snouted com m on dolphin  Delphinus delphis

In an  analysis of strandings around the UK betw een 2001 
and  2004, Jepson (2005) repo rted  one short-snou ted  
com m on dolphin w ith  injuries consistent w ith  a fatal 
im pact from  a boat strike and a further three common 
dolphins that died of acute physical traum a of unspecified 
origin. There are two other probable collision cases in 
New  Zealand, one from  Corom andel (June 1989) and one 
from  W hangaparoa (March 1994) (New Zealand Whale 
Stranding Database). Another recent case in New Zealand 
involved a com m on dolphin jum ping onto a runabout, 
badly injuring a passenger (ANB unpublished data). The 
dolphin bounced on the passenger, w ent over the side

and kept going. Presum ably the skipper w as speeding 
into an active pod, so it w as effectively a ship strike rather 
than a dolphin strike.

Short-finned pilot w hale Globicephala macrorhynchus

In Tenerife, C anary Islands, Heimlich-Boran (1990) and 
C arw ardine (1994) highlighted the dangers posed for 
short-finned p ilo t w hales by the h igh-speed, private 
launches and  hydrofoil ferries. Several ad u lt w hales 
have dam aged dorsal fins and  deep propeller w ounds 
on their backs. In one group, identified by an  individual 
n am ed  'S p lit- f in ', a ll m em b ers  of th is  g ro u p  h ad  
propeller scars. The Tenerife short-finned pilot w hale 
p o p u la tio n  is subject to an  in tense w hale-w atch ing  
industry  w hich increases the risk of vessel collisions 
(Heimlich-Boran, 1990; C arw ardine, 1994). A lm ost 10% 
of all short-finned pilot w hales observed off Tenerife 
have been dam aged  by h u m an  activities (H eim lich- 
Boran, 1990).
Six individuals w ere reported  collided w ith  by various 
w atercraft in the C anary Islands, tw o of these struck by 
a fast ferry off Tenerife on 10 July 1999 (Lens et a l, 200516; 
Tregenza et al., 2002). De Stephanis and  U rquiola (2006) 
repo rt three incidents w ith  p ilo t w hales a round  the 
C anary  Islands, b u t it is u nc lear w h e th e r they  are 
identical to these reported  by Lens et al. (2005)16.

Long-finned pilot w hale Globicephala melas

A ca. 5m female long-finned pilo t w hale stranded  alive 
near Punta Arenas, Chile, on 31 Decem ber 2004 w ith  
in juries consisten t w ith  a la teral boat strike. It w as 
refloated  and  helped  to head  to open  w aters of the 
M agellan Strait by Mr. Rafael O livares and  a Chilean 
N avy inflatable boat, until it crossed the kelp barrier. It 
is not know n w hether it survived (G.P. Sanino archives). 
On an unspecified date in  2004, a long-finned pilot whale 
Globicephala melas w as fo u n d  d ead  in  the  S tra it of 
Gibraltar and  diagnosed as a collision victim; supporting 
docum entation, how ever, is currently  lacking (Lens et 
al, 200516; de Stephanis and  U rquiola, 2006). Tire Strait 
of G ibraltar is an  area of high-density  m aritim e traffic 
and  a know n hotspot for vessel strikes.

PHOCOENIDAE

Finless porpoise Neophocaena phocaenoides

Finless porpoises in  C hina's Yangtze River occasionally 
die or are injured after colliding w ith  pow ered vessels 
and  their propellers. Such collisions are considered a 
significant threat to the survival of the Yangtze River 
population (Zhou et al, 1979, 1980; Reeves et al, 1997, 
2000a,b). Rates of mortality and injury have been suggested 
to be 'm uch lower' than in baiji (Zhou et al, 1979; Zhou,
1992), but no estimates exist. In southern China, a major 
fast ferry rou te  betw een  H ong Kong and  M acao just 
sou th  of L an tau  Island  ru n s th ro u g h  the h ab ita t of 
another finless porpoise popu lation  (Perrin et a l, 2005).
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Evidence of b lunt traum atic injury consistent w ith  boat 
collision has been diagnosed in 9.4% (3 of 32) porpoise 
carcasses necropsied in  H ong Kong betw een 1993 and 
1998 (Jefferson, 2000b23; Parsons and Jefferson, 2000). Boat 
avoidance behaviour, including diving and leaping, is 
com m on (Jefferson, 2000b)23, b u t clearly no t alw ays 
effective. In Thailand, a finless porpoise died as the result 
of being run  over by a "w ater scooter" (Chandropornsyl 
and  Andersen, 1995)24, presum ably a jet ski.

B urm eister's porpoise Phocoena spinipinnis

The only docum ented live-stranding of a B urm eister's 
porpoise w as considered a potential victim  of a boat 
collision. O n 13 A ugust 1986, this anim al beached at 
Playa Coloso, Antofagasta, northern  Chile, w ith  freshly 
inflicted, deep-cutting injuries on its head. It had  moved 
erratically  before stran d in g  an d  G uerra  et al. (1987) 
suggested then that it m ay have been hit by a boat.

H arbour porpoise Phocoena phocoena

Baker and  M artin (1992) exam ined 41 stranded harbour 
porpoises on British coasts bu t did not find evidence of 
traum a related to shipping. However, a dead harbour 
porpoise from  C ardigan Bay, UK, show ed suspected 
propeller-caused lesions (Kirkwood et al., 1997). Jepson 
(2005) reports on one harbour porpoise stranded in the 
UK betw een 2001 and 2004 w ith  injuries consistent w ith  
a fatal boat strike. Twenty-six other harbour porpoises 
died of acute physical traum a of unspecified origin and 
Jepson (2005) suggested that a high proportion of these 
unidentified traum a cases w ere probably fatal impacts 
fro m  w a te rc ra f t , a l th o u g h  som e co u ld  a lso  be 
undiagnosed by catches or bottlenose dolphin attacks. Tire 
carcass of another harbour porpoise 150cm long stranded 
w ith  propeller gashes on a beach at 's  Gravenzande, Tire 
N etherlands, on 13 January 2006 (Kees C am phuysen, 
u n p u b lish ed  data); how ever, researchers could  no t 
confirm  that it d ied from  a propeller strike.

LIPOTIDAE 

Baiji Lipotes vexillifer

M ortality of baiji due to vessel collisions has long been 
recognised as a significant threat, particularly  in  the 
low er reaches of the Yangtze River w here high levels of 
traffic by large com m ercial vessels occurs (Perrin and 
Brownell, 1989; Zhou, 1992; Leatherw ood and  Reeves, 
1994). Chinese scientists also w arned  that the rate of 
killing and  injury by collisions, prim arily  by propellers, 
has been h igh (Zhou et al., 1979,1998; Zhou, 1992; Chen

et a l, 1993). The increase in  large ship traffic resulting 
from  im proved navigation on the upper reaches of the 
Y angtze River after com pletion of the Three G orges 
Dam, is esteem ed to have increased the risk (Reeves et 
al., 2003). A n intense river-wide survey in  late 2006 failed 
to sight a single baiji, leading to the conclusion that the 
species had  possibly become extinct (Guo, 2006; Turvey 
et a l, 2007). Besides bycatch, sh ipping traffic is one of 
two m ain causes that led to the baiji's demise.

PLATANISTIDAE

Ganges River dolphin  Platanista gangetica

A G an g es r iv e r  d o lp h in  (su su ) w a s  re p o r te d  by 
fisherm en to have been killed by the propeller of a cargo 
b o a t in  th e  B ra h m a p u tra  R iv e r n e a r  th e  In d ia  
B angladesh border (Mohan, 199625, cited in  Reeves et 
al., 2000«). It is plausible that the same anthropogenic 
factors, including heavy shipping, that drove the baiji 
to d isappear from  the Yangtze River (Guo, 2006) m ay 
tu rn  ou t to be critical for the susu as well.

ZIPHIIDAE

C uvier's beaked w hale Ziphius cavirostris

A C uvier's beaked w hale stranded  in  Canterbury, N ew  
Zealand, in  Septem ber 1992, w ith  bruises and injuries 
p o in tin g  to a vessel collision  (N ew  Z ealand  W hale 
S tran d in g  D atabase). T hree o th e r C u v ie r 's  beaked  
whales, all of w hich w ashed ashore in  the Canary Islands 
be tw een  2000 an d  2004 have  also  been considered  
possible victims of fatal vessel hits (Lens et a l, 2005)6. 
One anim al stranded  in May 1992 had  propeller cuts in 
its flukes (T regenza et al., 2002). De S tephan is and  
Urquiola (2006) report one collision in  the Gulf of Cadiz, 
M editerranean , and  four events a ro u n d  the C anary  
Islands bu t some of the latter m ay be identical to those 
reported  by the aforem entioned authors.

G ray 's beaked w hale Mesoplodon grayi

Tire adult of a cow /  calf pair sighted in Mahurangi harbour, 
New Zealand, showed a 'series of deep indentations' along 
the back behind the dorsal fin. Tire scars, attributed to 
p ro p e lle r  gashes, a p p e a re d  to  h av e  fu lly  h ea led . 
Swimming movem ent w as fluid and did not appear to be 
affected by this old injury (Dalebout et al, 2004).

A ndrew 's beaked w hale Mesoplodon bmvdoini

A n A ndrew 's beaked w hale stranded in  the C hatham  
Islands in October 1999 w ith a large impact traum a behind

23 Jefferson, T.A. (2000b) Conservation biology of the finless porpoise (Neophocaena phocaenoides) in Hong Kong waters: Final Report. Final 
contract report to the Agriculture, Fisheries and Conservation Department, Hong Kong (Special Administrative Region) Government. 285pp.

24 C handrapornsy l, S. and  A ndersen, M. (1995) The sm all cetaceans in  Thai w aters -  a national review  of their status. U npublished  
report b y  M arine M am m als of Indochina Research project, Thailand.

25 M ohan, R.S.L. (ed). (1996) River do lph in  new s. N ew sletter of the G anges River D olphin  Protection Com m ittee. N o .l.
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Figure 13. The anterior body of an A m our's  beaked whale at Riverton, New Zealand. 
W hen stranded it was in fairly fresh condition. A. van H eiden took this photograph 
several days later w hen the body condition had  deteriorated through decomposition 
and  scavenging. The w hale is thought to have been cut in half by  a ship.

the eye that w as considered a probable vessel 
co llis io n  in ju ry  (N ew  Z ea lan d  W hale 
Stranding Database).

H ector's beaked w hale Mesoplodon hectori

A y o u n g  3 .1nr m a le  H e c to r 's  b e a k e d  
w hale  w ash ed  ash o re  in  W aikaw au  Bay,
H a u ra k i  G u lf, o n  21 A p r il  1992 (N ew  
Z ea lan d  W hale S tran d in g  D atabase) w ith  
a p ro p e lle r gash  on  the an te rio r d o rsu m  
w hich  likely  co n trib u ted  to, if no t caused , 
the  a n im a l 's  d ea th . The in n e r  H a u ra k i 
G u lf  is  w e l l  in s h o r e  o f th e  u s u a l  
d eep w a te r h a b ita t of m eso p lo d o n ts  an d  
the b eaked  w hale  m ay have been  a iling  
w h en  struck .

A rnoux 's beaked w hale Berardius arnuxii

One of us (AvH) exam ined the an terior half 
of an  A rn o u x 's  b eak ed  w hale , w ith  the 
tru n k  and  caudal p a rt m issing, at R iverton, 
s o u th e rn  c o a s t o f S o u th  I s la n d , N ew  
Zealand, on 22 January  2006. The anim al 
w as found  in  a relatively fresh state (days 
before  being  p h o to g ra p h e d , F igure  13) an d  it  h ad  
apparen tly  been sliced in  tw o an te-m ortem  by a large 
vessel. The likely negative buoyancy of a freshly dead 
A rnoux 's beaked w hale w ould  have sunk it ou t of reach 
of vessels.

D iscussion

This in itia l assessm en t sum m arises vessel collision 
re c o rd s  fo r  35 s p e c ie s . O f th e se , r e c o rd s  w e re  
confirm ed  for 25 species (7 large  w hales, 18 sm all 
cetaceans) an d  u n co n firm ed  b u t p ro b ab le  reco rd s 
w ere  iden tified  for 10 o ther species (2 large w hales, 8 
sm all cetaceans), an  appreciab le  increase from  earlier 
repo rts . T ogether, Laist et al. (2001) an d  Jensen and  
Silber (2004) rep o rted  collision records for 21 species. 
Few incidence ra tes  of vesse l-caused  m orta lity  are 
availab le  p a rtly  because com p reh en siv e  s tra n d in g  
ne tw orks an d  long-term  necropsy  p rog ram m es are 
scarce in  the SH.
O p tim a l  a s s e s s m e n ts  s h o u ld  be  o b ta in e d  fo r  
p o p u la tio n s an d  areas w here  com prehensive ph o to ­
id e n t i f ic a t io n  s tu d ie s  a re  c o m b in e d  w ith  to ta l  
coverage s tra n d in g  ne tw orks. Several o th e r b iases 
m a y  h a v e  to  be  a d ju s te d  fo r  in  m o d e ls , b u t  
observational datasets necessary to su p p o rt correction 
factors a re  cu rren tly  n o t availab le . For exam ple, a 
b lu n t im p a c t by a s h ip 's  h u ll c a u s in g  su b -le th a l 
in te rna l in juries could  easily  escape detection  only if 
the w hale  w o u ld  die d u rin g  offshore m igration .

In c id e n c e  in  S o u t h e r n  H e m is p h e r e  l a r g e  w h a l e s

In large w hales of the SH, popu lations of three species, 
nam ely sou thern  right, hum pback  and  B ryde's w hales 
suffer regu lar collisions w ith  ships, b u t also sperm , 
b lue , sei a n d  fin  w h a le s  a re  a t le a s t o ccasiona lly  
affec ted  (Table 1). In blue w hales bo th  B. musculus 
brevicauda and a distinct stock, possibly B. musculus [Chile/ 
Peru] subsp., are involved (see Van Waerebeek et al, 1997; 
Branch et al, 2007). Probable lethal cases exist for two other 
species, i.e. B. bonaerensis and B. acutorostrata subsp.[dwarf]. 
E xcept for the  so u th e rn  r ig h t w hale  off Sou th  A frica, 
in  w h ich  an  e stim a ted  20% (Cl 9-31 %26; in c lu d in g  
severa l 'p o ss ib le ' cases) of d o cu m en ted  m o rta lity  in  
s tra n d e d  an d  ex am in ed  sp ec im en s is d u e  to  sh ip  
strikes (Best et al., 2001), incidence ra te s  can n o t be 
e stim a ted  for o th e r p o p u la tio n s  d u e  to inconsis ten t 
a n d  l im ite d  s t r a n d in g  re sp o n se  e ffo r ts . In d e e d , 
a w a re n e ss  a n d  re p o r t in g  is v e ry  p a tc h y  in  m o st 
a re a s . R ecen t d e a th s  of E. austra lis  d u e  to  sh ip  
co llisions p o in t to  a p o ten tia lly  s ign ifican t p rob lem  
d ev e lo p in g  in  coastal w a te rs  of A rgen tina , U ru g u ay  
an d  so u th e rn  Brazil. R egu la to ry  m easu res  sim ilar to 
those being  d ev e lo p ed  in  the  N W  A tlan tic  to red u ce  
co llis ion  risk s  for N o rth  A tlan tic  r ig h t w h a les  (e.g. 
C o lb o rn  et a l ,  1998) m ay be n eed ed . O nly  a sing le  
s t r ik e  r e c o r d  is  k n o w n  fo r  th e  C h i le - P e r u  
p o p u la tio n , co n g ru en t w ith  the scarcity  of s ig h ting  
records of sou thern  rig h t w hales off w este rn  South 
America (Guerra et al, 1987; Van W aerebeek et al., 1998).

26 95% Cl of incidence, estim ated  b y  norm al approxim ation  ru le to the binom ial.
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T able  1. Species com position of the experimental database of vessel collision records (N= 256) used in this study, covering large 
whales of the Southern Hemisphere and small cetaceans worldwide.

T o ta l records C on f U ncon f L a rge  a reas
Large  w h a le s  o f  S o u th e rn  H em isphere
Balaenoptera acutorostrata 2 0 2 Australia, New Zealand
Balaenoptera bonaerensis 1 0 1 Australia
Balaenoptera bonaerensis/acutorostrata 1 0 1 New Zealand
Balaenoptera borealis 4 2 2 New Zealand
Balaenoptera brydei 13 5 8 Australia, Ecuador, New Zealand
Balaenoptera m usculus 5 2 3 Australia, New Zealand, Peru
Balaenoptera physalus 2 1 1 Chile
Balaenoptera sp. 2 1 1 Chile
Eubalaena australis 56 48 8 Argentina, Australia, Brazil, Chile, 

South Africa, Uruguay
Megaptera novaeangliae 15 9 6 Australia, Antarctic Peninsula, 

Costa Rica, Ecuador, Peru, Ivory 
Coast, South Africa

Physeter macrocephalus 8 1 7 Chile, Peru, Ecuador, New Zealand
Unidentified large whale 10 10 0 Australia, Chile, Ecuador, Peru

subtotal 119 79 40

S m a ll ce ta cea n s  w o r ld w id e
Berardius arnuxii 1 0 1 New Zealand
Cephalorhynchus hectori 2 2 0 New Zealand
Cephalorhynchus comm ersonii 1 1 0 Argentina
Delphinus delphis 4 2 2 New Zealand, UK
Dolphin (unidentified) 4 3 1 Australia
Globicephala macrorhynchus 6 5 1 Canary Islands (Spain)
Globicephala melas 2 0 2 Chile, Spain
Kogia breviceps 6 0 6 Australia, Canary Islands (Spain)
Lagenorhynchus albirostris 1 0 1 UK
Lagenorhynchus australis 1 1 0 Chile
Lipotes vexillifer 1 1 na China (Yangtze River)
Mesoplodon grayi 1 1 0 New Zealand
Mesoplodon bowdoini 1 0 1 New Zealand
Mesoplodon hectori 1 1 0 New Zealand
Phocoena phocoena 1 2 The Netherlands, UK
Phocoena spinipinnis 1 0 1 Chile
Platanista gangetica 1 0 1 India/Bangladesh border 

(Brahmaputra river)
Orcaella brevirostris 18 2 16 India
Orcinus orca 8 6 2 Canada, New Zealand
Neophocaena phocaenoides 4 4 0 Hong Kong, Thailand
Sotalia guianensis 2 2 0 Brazil
Sousa chinensis 6 4 2 Australia, China, Hong Kong
Stenella frontalis 1 1 0 Bahamas
Stenella longirostris 1 1 0 Brazil
Stenella coeruleoalba 7 0 7 Italy
Tursiops sp. 4 4 0 Australia
Tursiops truncatus 41 23 18 Australia, Chile, Belgium, Costa 

Rica, Ecuador, Italy, USA
Ziphius cavirostris 7 2 5 Canary Islands, New Zealand, 

Spain (Gulf of Cadiz)
Ziphiid (unidentified) 1 0 1 Spain

subtotal: 137 67 70

The humpback whales reported from Ivory and Costa Rica belong to SH populations.Although no specific cases 
were identified, vessel collisions are w idely reported to be a m ain threat to the baiji Lipotes vexillifer.This was 
recognised by allocating a single positive record for this species. Records from Italy were summarized from published  
national stranding records provided by G. Lauriano (ICRAM).
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H ie lack of stranding  records of southern  right w hales 
connected  w ith  sh ip p in g  acciden ts in  A u stra lasian  
w aters is likely due to the fact that presently  this species 
is rare and its aggregation grounds lie prim arily outside 
the m ajor p o rts  an d  sh ip p in g  channels of sou thern  
A ustralia and  N ew  Zealand.
W ith only tw o docum ented collision records for SH fin 
w hales, collision m ortality m ight be small com pared to 
that for the M editerranean fin w hale, w here 16% of 287 
carcasses (Cl 11.7-20.3%) w ere a ttribu ted  to ship strikes 
(Panigada et al., 2006). H ow ever, only few stranded  fin 
w hales have been exam ined by scientists in the SH, and 
at least some of 12 unidentified  struck Balaenoptera sp. 
or 'large w hale ' (Table 1) m ay have been fin whales. 
Only four collision records involving minke whales were 
identified  in  the SH, none fully confirm ed, w hich is 
consistent w ith  the scarcity of reports also in  the NH. 
Tire sperm  whale is the large odontocete m ost commonly 
killed or injured by ships in the N H  (Laist et al., 2001; 
Jensen and  Silber, 2004) and  the C anary Islands may 
represent a particular problem  area (A ndré et al.,1994, 
1997; Tregenza et al., 2002; Lens et al., 20056). Shipping 
lanes have been re-routed in the Strait of G ibraltar to 
reduce  the risk  to sperm  w hales (de S tephanis and  
Urquiola, 2006). In the SH, possible collision cases w ere 
reported  from  Ecuador and  Peru (Haase and  Félix, 1994; 
Félix and  Van W aerebeek, 2005).

In c id e n c e  i n  sm a l l  c e t a c e a n s

Vessel collisions have been confirm ed for 18 sm all 
cetacean species: killer whale, short-finned p ilo t whale, 
com m on bottlenose dolphin, Indo-Pacific hum pback 
do lphin , short-beaked  com m on do lphin , Irraw addy  
d o lp h in , H ec to r 's  d o lp h in , C o m m erso n 's do lph in , 
G u iana  d o lp h in , P e a le 's do lp h in , A tlan tic  sp o tted  
do lphin , sp inner do lphin , finless porpoise , harb o u r 
porpoise, baiji, and Cuvier's, Hector's and G ray's beaked 
w hales. Collision records for eight o ther species are 
considered probable.
Inshore, estuarine  and  riverine species are the m ost 
com m only and  m ost severely affected, up  to a degree 
that am ounts to a significant th reat to species survival. 
Tire com bined pressure of collisions and  bycatches has 
d riven  L. vexillifer to v irtua l extinction (Guo, 2006), 
w hich should  serve as a w arn ing  for any m anagem ent 
and  conservation strategy of the Ganges river dolphin 
even though only one collision has been docum ented. 
The sam e m ay be tru e  for the In d u s river d o lp h in  
Platanista gangetica minor a lthough no docum ented cases 
are available.
Finless porpoises of the Yangtze River are thought to 
be significantly im pacted, as are at least tw o populations 
of Indo-Pacific hum pback dolphins in  China (Xiamen 
a n d  P e a rl R iv e r /H o n g k o n g ) .  E v id e n c e  o f b lu n t  
traum atic injury, consistent w ith  boat collisions, w as 
found in  3 of 32 (9.4%, upper Cl 19.5%) finless porpoises

necropsied from  the H ong Kong area betw een 1993 and 
1998 (Jefferson, 20001’). Also, 3 of 28 S. chinensis carcasses 
(10.7%, upper Cl 22.1%) from  the same area show ed such 
traum a (Jefferson, 2000a; Jefferson et al., 2006). Baldwin 
et al. (2004) expressed  concern  ab o u t A rab ian  G ulf 
hum pback dolphins Sousa plumbea given the h igh level 
of sh ipping traffic in  the Gulf. U nfortunately there is no 
m onitoring system  in place for that area.
M arked boat-aversion m ay offer some protection even 
in neritic habitats. No confirm ed incidents exist for three 
species th a t exhibit vessel avoidance behaviour, i.e. 
A tla n tic  h u m p b a c k  d o lp h in  Sousa teu szii (V an 
W aerebeek et a l, 2004), franciscana dolphin  Pontoporia 
blainvillei and  Burm eister's porpoise. Lim ited reporting  
and  incom plete necropsies m ay account for the absence 
of records for vulnerable, river-dw elling species such 
as Platanista minor, the A m azon river dolphin  (boto) Inia 
geoffrensis and  tucuxi Sotalia fluviatilis.
Boat-based tourism  is an established hazard to dolphins, 
and  im pacts on commercially 'w atched ' populations of 
in sh o re  co m m o n  b o ttle n o se  d o lp h in s , I r ra w a d d y  
dolphins (e.g. Chilika Lagoon), sp inner dolphins (e.g. 
F e rn a n d o  de N o ro n h a  A rc h ip e la g o ) a n d  G u ia n a  
dolphins m ust be closely m onitored.
At least three, and  possibly five, beaked w hale species 
are docum ented to have been struck. D espite spending 
a short p roportion  of their tim e close to the surface, 
repeated  ventila tion  after surfacing from  long, deep 
dives m ay p u t ziphiids a t risk. Anaerobic physiological 
s tre s s  c o u ld  c o m p ro m ise  a v o id a n c e  c a p a b ili t ie s  
including evasive fast diving. Similarly, the highest risk 
to right w hales is also thought to occur w hen  em erging 
under a vessel from  a dive (Nowacek et al, 2001). Beaked 
w hales have a low probability of being detected visually, 
com prom ising any potential avoidance m anoeuvres by 
the vessel (Barlow and Gisiner, 2006).
No incidents are reported  for a num ber of oceanic and 
p e la g ic  d o lp h in  sp ec ies  (e.g . Lagenodelphis hosei, 
Peponocephala electra, Feresa a ttenuata , Pseudorca 
crassidens, etc.) G iven dispersed vessel traffic in  pelagic 
areas , if co llis io n s do  occu r th ey  are  like ly  to  be 
infrequent and  pose a negligible risk.
Sublethal encounters w ith  cetaceans have infrequently 
been estim ated, although existing photo-identification 
catalogues m ay be good data sources. Estimates are best 
obtained from  long-term  photo-identification studies 
and  m onitoring of bycatches or directed takes. Three of 
236 bow head  w hales (1.27%; u p p e r C l 2.7%) in  the 
A laskan subsistence harvest of 1976-1992 had  ship- 
c a u se d  in ju r ie s  (S h e ld e n  a n d  R u g h , 1995). T h is 
in te ra c tio n  m ay  rise  w ith  in c rea sed  sh ip p in g , for 
exam ple if the N orthw est Passage becomes a regular 
m aritim e co rrido r as ice cover re trea ts  w ith  global 
w arm ing (Hansen, 2007). Three of 150 (2.0%) critically 
e n d a n g e re d  w e s te rn  g ray  w h a le s  sh o w e d  sca rs  
indicating that they had  survived a t least one vessel 
collision (Bradford et al., 2007). Circa 2% of com m on
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bottlenose dolphins in the Gulf of G uayaquil showed 
severed or otherwise m utilated dorsal fins, flukes or had 
large scars along the dorsum. Both damage from propellers 
and fishing gear are possible causes and distinguishing 
injuries is often difficult. In New Zealand, 1.71% (2/117; 
Cl 0-4.1% ) of photo-identified killer whales had deep scars 
attributed to boat propeller hits (Visser, 1999).

W id e  r a n g e  o f  p o t e n t ia l  im p a c t

In the NH, the N orth Atlantic right whale appears to suffer 
the highest collision incidence in relation to population 
size. Of 50 documented E. glacialis mortalities between 1990 
and 2006,22 (44% ) were caused by ship collisions versus 6 
deaths (12%) from  fishing gear entanglem ent (Marine 
M ammal Commission, 2007). Tire NW  Pacific stock of gray 
whale Eschrichtius robustus is also threatened (Brownell et 
al, 1999; Moore and Clarke, 2002).
In  SH large  w hales, p o p u la tio n  level im p act from  
co llis io n s  c a n n o t be c u rre n tly  a sse sse d  w ith  an y  
precision because of the uncertainty about incidence of 
vessel-caused m ortality and  in  some cases also the lack 
of recent abundance estim ates. Evidence does suggest 
that im pacts m ay vary w idely depending  on the species 
and population. This study identified 56 collision reports 
(m any lethal) for the southern  right w hale in six range 
states, suggesting that this species is the m ost severely 
im pacted  SH large w hale . This s itua tion  shou ld  be 
carefully m onitored taken into account that the long­
te rm  su rv iv a l of the N o rth  A tlan tic  r ig h t w hale  is 
directly com prom ised by collisions (Kraus, 1990; IWC, 
2001; K now lton and  Kraus, 2001; M oore et a l, 2004). 
C oncern should be raised also for SH hum pback and 
B ryde's w hales (each w ith  13 collision reports) and  
sperm  w hales (8 reports) and  their status in  relation to 
ship traffic should be closely m onitored.
In small cetaceans, at the high end of the possible im pact 
range are populations w hose distribution includes areas 
of high levels of ship traffic and  w here collisions can 
directly com prom ise long-term  survival. In this paper 
w e suggest that at least tw o populations of each Indo- 
Pacific hum pback dolphin  (Xiamen and  H ong K ong/ 
Pearl River), Irraw addy dolphin  (M ahakam  River and 
Chilika Lagoon), finless porpoise (Yangtze River and 
H ongK ong/P earl River), as w ell as an  inshore com m on 
bottlenose do lph in  p o pu la tion  in  Chile (Sanino and  
Yáñez, 2005; Sanino et a l, 2005) and H ector's dolphin 
are  like ly  im p ac ted  s ig n ifican tly . For e n d a n g e re d  
d o lp h in  species like  the  G anges r iv e r d o lp h in  P. 
gangetica (EN)4, a few  m orta lity  events m ay exert a 
significant negative im pact on fu tu re  survival. This 
u n d e rs ta n d in g  com es too  la te  fo r th e  baiji, n o w  
practically  extinct (Guo, 2006). All h igh ly  im pacted

species have a nearshore, neritic, estuarine or fluviatile 
habitat, areas w here vessel traffic is concentrated due 
to the presence of ports.
Species that may receive a moderate impact from collisions 
but w hich may be sustainable at species level because 
m any strikes are non-lethal, include common bottlenose 
dolphins (LR/lc)27, killer w hales (LR/cd), short-finned 
pilot w hales (LR/lc) and  pygm y sperm  whales. A t the 
low  end  of the im pact range are 16 non-endangered  
small cetacean species w ith  only few reported  vessel 
strikes: Peale 's do lph in  (DD), w hite-beaked  dolph in  
(LR/lc), short-beaked com m on dolphin (LR/lc), Guiana 
d o lph in  (DD), C om m erson 's d o lph in  (DD), A tlantic 
spotted dolphin  (DD), spinner dolphin (LR/ cd), striped 
d o lp h in  (L R /cd ), long-finned  p ilo t w hale  (L R /lc), 
B urm eister's porpoise (DD), harbour porpoise (VU), 
Cuvier's beaked whale (DD), Gray's beaked whale (DD), 
A ndrew 's beaked w hale (DD), H ector's beaked whale 
(DD) and A rnoux's beaked whale (LR/cd).
Three general caveats, how ever m u st be no ted . First, 
the cu rren t levels of collision incidence, an d  im pact 
p o ten tia l, m ay change ab ru p tly  w ith  m odifications in  
traffic p a tte rn s  an d  in tensity . Second, the aggregated  
effect from  all form s of d istu rbance  resu ltin g  from  
vessel traffic (e.g. h igh -am p litu d e  u n d e rw a te r noise, 
pe rm an en t separa tion  of m others an d  calves, etc., in  
ad d itio n  to collisions) m ay still be significant. Third, 
availab le da ta  an d  stran d in g  m on ito ring  efforts are 
still vastly  insuffic ien t for m ost species to allow  any 
reliable assessm ent.

G l o b a l  s t a n d a r d is e d  d a t a b a se

D esp ite  in c re a se d  re se a rc h  in  a few  N H  species, 
including N orth  A tlantic right w hale (e.g. N ow acek et 
al, 2001,2004), hum pback w hale (Wiley et al, 1994; Laist 
et al, 2001; Lam m ers et a l, 2007) and  fin w hale (e.g. 
Panigada et a l, 2006), a general lack of understanding  
of the circum stances and  factors that cause vessels to 
collide w ith  cetaceans can at least in  part be traced back 
to a shortage of authenticated datasets. In addition, small 
cetaceans and  nautical in form ation  for the colliding 
vessels are rarely addressed, and  inform ation is lim ited 
to the few areas w here reporting systems exist, and even 
there is considerable underreporting  suspected.
D uring the com pilation of the experim ental database 
w e encountered  a vast heterogeneity  in  param eters, 
te rm in o lo g y , o b se rv e r  e x p e r tis e , d e ta ils ,  a n d  
au th en tica tio n  in  bo th  p u b lish ed  an d  u n p u b lish ed  
sources. Difficulty w ith  com parative analysis led to a 
proposal for a com prehensive upgrade  tow ards a fully 
standardised  global database that clearly identifies the 
level of uncertainty for individual records (IWC, 2007).

27 IUCN Red List of T hreatened Species status: L R /lc  (lower r isk /le a s t concern), L R /cd  (lower risk /co n serv a tio n  dependent), DD 
(data  deficient), VU (vulnerable). See h t tp : / /w w w .re d lis t .o rg /search /search -ex p ert.p h p .
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S ince m a n a g e m e n t m e a s u re s  c o n s id e re d  by the  
International W haling C om m ission require estim ation 
of all sources of hum an-induced m ortality, its Scientific 
C o m m itte e  (sp e c if ic a lly , th e  V esse l S trik e  D a ta  
S tandardization  Group) w as requested  to take steps to 
set up  a global data repository. A draft tem plate w as 
presented in  M ay 2007 at the 59th A nnual IWC M eeting 
(Van W aerebeek and  Leaper, 2007) and  w as agreed 
upon  w ith  m inor m odifications.
A co n sis ten t, co m p reh en siv e  w o rld w id e  d a tab ase  
com bin ing  b o th  b io logical an d  vessel d a ta  shou ld  
u ltim a te ly  lead  to  m ore  accu ra te  e s tim a tes  of the 
incidence of m ortality and injuries, help detect trends, 
allow better m odelling of risk factors including vessel 
type and  speed, p o in t to causative or p red isp o sin g  
factors and  reveal unsuspected  collision 'h o t spots'. Tire 
relational database w hich consists of five separate raw  
data tables28 is designed to function as a global standard  
for archiving ship strike data. It is envisioned that once 
fine-tuned  an d  w ide ly  availab le  the tem pla te  (or a 
sim plified version) w ill allow  observers, m ariners and 
researchers to subm it new  records in  a form at that can 
then be screened and  validated. Tire database w ill also 
be p o p u la te d  w ith  'h is to r ic a l ' in fo rm a tio n  from  
publications, reports and  other unpub lished  sources. 
Prim ary sources m ay be contacted to retrieve previously 
unreleased, archived inform ation.
Som e key factors th a t w o u ld  benefit from  species- 
specific analysis of variation m ay include the following:
Effects of age and sex. Species that use neritic w aters for 
calving and nursing may be more vulnerable to collisions 
during these periods. For instance, vessels are urged to 
use special caution while transiting the southeast US coast 
during  the N orth  Atlantic right w hale w in ter calving 
season (15 N ovem ber-15 April), w hen  m other/calf pairs 
are present in the proxim ity of shore (Knowlton et al, 
1997). Partly due to inexperience, calves, juveniles and 
perhaps subadults, as well as nursing females, m ight be 
m ore prone to accidents (Laist et al, 2001).
Effects o f habituation. R ecurring  sw im -w ith -d o lp h in  
activities in  open w aters and  w hale/  dolphin  w atching 
are thought to increase tolerance of hum ans and  vessels, 
d is ru p t n a tu ra l behav iour an d  increase the anim als' 
vulnerability to vessel strikes (e.g. Sam uels et a l, 2000; 
Samuels and  Bejder, 2004; Cam argo and  Bellini, 2007). 
D olphins m ay be m ore capable of avoiding collision if 
a vessel's course is predictable and  if there is adequate 
room  or d ep th  for escape. Such conditions are often 
v io la ted  by d o lp h in -w a tc h in g  p la tfo rm s. D o lp h in  
tourism  program m es should be assessed individually  
for risk, allow ing for considerable variability. W hales 
a lso  m ay  becom e h a b itu a te d  to b o a t no ise , fo rgo

avoidance m anoeuvres and  even approach w atercraft 
m aking accidents far m ore probable (e.g. Visser, 1999; 
Sam uels et al, 2000; Samuels and  Bejder, 2004). Tirus, 
habituation linked to boat-based cetacean tourism  could 
be a significant anthropogenic factor for collisions.
Impact ofsublethal traumata. Tire clean-cutting traum ata and 
multiple parallel incisive injuries and scars encountered 
in increasing num bers of free-ranging small cetaceans is 
diagnostic evidence that boat propellers may be a major 
hazard. Tire lef t-leairing trailing part of bisected dorsal fins 
(Figures 8 and 12) suggests the slashing by a right-handed 
propeller29 w hen a dolphin travels in the same direchon 
as the boat. Sublethal injuries w ould reduce fitness through 
a num ber of negative health consequences. Tírese may 
include weakness from haemorrhage and opportunistic 
infections, stress-induced im m unity  im pairm ent and  
ham pered movements resulting in compromised foraging 
efficiency, predator avoidance and reproductive fitness. 
A dequate datasets should  shed ligh t on the relative 
importance of such factors. Strikes that appear sublethal 
m ay eventually lead to death (e.g. Canrargo and Bellini, 
2007). We reiterate the recom m endation of others that 
propeller guards should be installed on boats that are in 
regular contact w ith cetaceans (Visser, 1999; Sanino and 
Yáñez, 2000), and  should be m ade com pulsory for all 
commercial dolphin w atching or swim-with platforms, 
coupled w ith research to investigate the m ost effechve 
designs for such guards.
Post-mortem strikes. A delicate technical p red icam ent 
concerns the positive diagnosis of death from collision. 
F lo a tin g  carcasses  m ay  be d am ag ed , p o te n tia lly  
confounding interpretations of traumatic lesions, especially 
w hen in advanced decomposition (state 4 or 5). However 
w ith the exception of Balaenidae (Slijper, 1979; Nowacek 
et al, 2001), m ost cetaceans sink immediately after death 
and resurface, belly-up, only after bloating sets in. Tire 
likelihood for a ship to collide w ith a floating carcass that, 
if significantly bloated can be spotted by naked eye or radar 
from a great distance, needs to be evaluated. If a post­
m ortem  collision occurs, the damage can often, but not 
always, be differentiated from  ante-m ortem  traum ata. 
Post-m ortem  dam aged  carcasses (again, Balaenidae 
excepted) w ould  rarely strand  in  fresh state because 
b lo a tin g  a n d  f lo a tin g  re q u ire  som e d eg ree  of 
decomposition. Massive dorsal injuries, haem orrhaging 
and fat emboli in the lum ina of pulm onary vessels are 
indicative of in vivo impact traum a (Hare and Mead, 1987; 
Félix and Van Waerebeek, 2005; Fernández et al, 200530). 
Im p ro v ed  aw aren ess , n ec ro p sies-to -the-bone , new  
histological techniques and standardised data recording 
should further help ensure that a higher percentage of 
carcasses are correctly diagnosed.

28 Including a Record M anager, Specim en on  Shore, Specim en at Sea, Incident at Sea an d  W hale Stuck on  Bow.
29 A righ t-handed  propeller (the m ost com m on type) in fo rw ard  m otion  tu rn s clockwise w hen  v iew ed from  astern.
so Fern ández, A., Arbelo, M., Sierra, E., Castro, P. an d  M éndez, M. (2005) Cetaceans, sh ip  collisions an d  histopathology. Abstract 

p resen ted  in Ship C ollision W orkshop, M onaco (unpublished).
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