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A b s t r a c t : W e succ inc tly  rev iew  a n d  d o c u m e n t n e w  cases o f d iseases o f th e  sk in  a n d  th e  sk e le ta l sy s te m  a n d  e x te rn a l tra u m a ta  
in  ce taceans f ro m  E cu ad o r, C o lom bia , P e ru , C hile , A rg en tin a , U ru g u a y , B razil, a n d  V enezuela . T he su rv e y  rev ea led  590 cases 
d iag n o sed  w ith  a  s ig n ifican t p a th o lo g y , in ju ry  o r m a lfo rm a tio n  on  a to ta l o f 7635 sp ec im en s of 12 o d o n to ce te  spec ies ex am in ed  
or obse rv ed  in  1984-2007. T attoo  sk in  d isease  (TSD), lobom ycosis-like  d isease  (LLD) a n d  c u tan eo u s d iseases of u n k n o w n  aetio logy 
seem  to  b e  em e rg in g  in  sev e ra l p o p u la tio n s . TSD w a s  c o n firm ed  in  e ig h t spec ies f ro m  th e  SE Pacific a n d  SW  A tlan tic . LLD 
affec ted  on ly  in sh o re  T ursiops tru n c a tu s  b u t  w a s  fo u n d  in  fo u r  tro p ic a l co u n trie s , n a m e ly  C o lom bia , E cu ad o r, P e ru  a n d  Brazil. 
L obom ycosis w a s  co n firm ed  b y  h is to lo g y  in  o n e  m ale  f ro m  th e  T ram an d a i e s tu a ry , s o u th e rn  Brazil. A ll L LD -affected sp ec im en s 
w e re  e n co u n te re d  in  th e  v ic in ity  of m ajo r p o r ts  a n d  c ities a n d  a  p o ss ib le  a sso c ia tio n  w ith  chem ica l o r o rg an ic  w a te r  p o llu tio n  
is su sp ec ted . W h itish  ve lv e ty  cu ta n eo u s  m ark s  asso c ia ted  w ith  sca rs  o ccu rred  in  in sh o re  T. tru n ca tu s , Sotalia  gu ia n en sis  a n d  
Pseudorca crassidens. L arge, ro u n d e d  lesions w e re  seen  in  a  C ephalorhynchus eutropia  calf a n d  a  C. com m ersonii. C u tan e o u s  w o u n d s  
a n d  sca rs  as w e ll as b o d y  tra u m a ta  p o ss ib ly  re la te d  to n e t e n ta n g lem en ts  a n d  b o a t co llisions w e re  o b se rv ed  in  73 d e lp h in id s  
a n d  Phocoena sp in ip in n is . T rau m atic  in ju ries  re su lte d  in  th e  p a r tia l  o r co m p le te  a m p u ta tio n  a n d  o th e r  d is f ig u rin g  sca rs  of 
a p p e n d a g e s  in  17 cases. F rac tu re s  o f th e  sku ll, r ib s  a n d  v e rte b rae  th o u g h t to  be  c au sed  by  f ish e rie s-re la ted  in te rac tio n s  o r b o a t 
co llisions w e re  seen  in  s in g le  in d iv id u a ls  o f D elp h in u s capensis, L agenorhynchus obscurus, T. tru n ca tu s , S. g u ia n en sis  a n d  Z ip h iu s  
cavirostris. P rev a len ce  of o s te o p a th o lo g y  in  sm all ce tacean s fro m  P eru , B razil a n d  V en ezu e la  ra n g ed  w id e ly , f ro m  5.4% to 
69.1%. In  fo u r  spec ies f ro m  P eru , ly tic  c ran ia l les io n s w e re  th e  m o st f req u e n tly  o b se rv ed  d isease  (5.4%-42.9%), fo llo w ed  by  
h y p e ro s to s is  a n d  an k y lo s in g  sp o n d y litis  in  o ffsh o re  (31%, n=42) a n d  in sh o re  (15.4%, n=26) T. tru n ca tu s . F rac tu re s  a n d  o th er 
b o n e  t ra u m a ta  w e re  p re se n t in  47.2% of 53 ax ia l sk e le to n s  o f S. g u ia n en sis  f ro m  th e  n o r th e rn  Rio d e  Jan e iro  s ta te  (Brazil) in  1987- 
1998. A h ig h  p rev a len ce  (48.4%, n=31) of, a p p a re n tly  cong en ita l, m a lfo rm atio n s  o f cerv ica l v e rteb rae , o b se rv ed  in  a  2001-2006 
sam p le , m ay  be  ex p la in ed  by  a h y p o th e tica l g en etic  b o ttlen eck  in  th is  p o p u la tio n . M a lfo rm a tio n s w ith  d e fic ien t o ssification  
w o u ld  c learly  increase  su scep tib ility  fo r frac tu res . T h is s tu d y  d e m o n s tra te s  th e  u tility  o f a  c o n tin e n t-w id e  an a ly sis  to  d iscern  
ep izo o tio lo g ica l tre n d s  m o re  read ily  th a n  a n y  local s tu d y  co u ld  p ro v id e . S econdly , it u n d e rsco re s  th e  n e ed  fo r fo cu ssed  resea rch  
o n  th e  effects o f h u m a n  activ ities  o n  th e  sp re a d  of d iseases in  cetaceans, p a r ticu la r ly  in  n e a r-sh o re  p o p u la tio n s  th a t  u tilize  
h ig h ly  d e g ra d e d  co asta l h ab ita ts .

R e s u m e n : E n e s te  trab a jo  re v isam o s  y  d o c u m e n ta m o s  b re v e m e n te  n u e v o s  caso s de  e n fe rm e d a d e s  de  p ie l  y  d e  e sq u e le to , y 
t ra u m a s  e x te rn o s  en  ce táceo s d e  E cu a d o r, C o lo m b ia , P e rú , C hile , A rg e n tin a , U ru g u a y , B rasil y  V en ezu e la . D e u n  to ta l  de  
7635 e sp e c ím e n e s  de  12 e sp ec ies  d e  o d o n to c e to s  e x a m in a d o s  e n tre  1984 y  2007, se  e n c o n tra ro n  590 caso s con  u n a  p a to lo g ía  
s ig n ifica tiv a , h e r id a s  o m alfo rm ac io n es. L as co n d ic io n es  c o n o c id as  com o 'e n fe rm e d a d  c u tá n e a  d e  ta tu a je ' (TSD), 'e n fe rm e d a d
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p a re c id a  a  lo b o m ic o s is ' (LLD) y  e n fe rm e d a d e s  c u tá n e a s  d e  e tio lo g ía  d e sc o n o c id a  p a re c e n  e s ta r  e m e rg ie n d o  e n  v a r ia s  
p o b lac io n es  de  cetáceos. L a p re sen c ia  d e  TSD fu e  c o n firm a d a  en  och o  esp ec ies  d e l Pacífico  S u re s te  y  d e l A tlán tico  S u ro este . 
LLD se  e n co n tró  so la m e n te  e n  T ursio p s tru n c a tu s  co s te ro s  e n  c u a tro  p a íse s  tro p ica le s: C o lo m b ia , E cu a d o r, P e rú  y  B rasil. U n  
caso  de  lo b o m ico sis  fu e  c o n firm ad o  p o r  h is to lo g ía  en  u n  m ach o  d e  T. tru n c a tu s  d e l e s tu a r io  d e  T ra m a n d a í en  e l s u r  de  B rasil. 
T o d o s  Ios e sp e c ím e n e s  con  LLD fu e ro n  e n c o n tra d o s  e n  la  p ro x im id a d  d e  p u e r to s  g ra n d e s  y  c iu d a d e s , y  se  so sp ec h a  u n a  
a so c iac ió n  con  la  c o n ta m in a c ió n  q u ím ic a  u  o rg á n ic a  d e l a g u a . E n T. tru n c a tu s  co stero s , Sotalia  g u ia n en s is  y  P seudorca crassidens 
se  o b se rv a ro n  le s io n es  c u tá n e a s  b la n q u e c in a s  y  a te rc io p e la d a s  a so c ia d a s  con  c icatrices. G ra n d e s  le s io n es  re d o n d a s  fu e ro n  
v is ta s  e n  u n a  c ría  d e  C e p h a lorhynchus eu trop ia  y  e n  u n  e je m p la r d e  C. com m ersonii. H e r id a s  c u tá n e a s  y  c icatrices, a sí com o 
tra u m a s  c o rp o ra le s , p o s ib le m e n te  re la c io n a d o s  con  la c a p tu ra  e n  re d e s  d e  p esca  y  co lis io n es co n  b o te s  fu e ro n  re g is tra d a s  en  
73 d e lf in es  y  en  Phocoena sp in ip in n is . A lg u n o s  t ra u m a s  p ro v o c a ro n  d e sd e  c ica trices d e s f ig u ra n te s  h a s ta  la  a m p u ta c ió n  to ta l 
o p a rc ia l  de  la s  a le ta s  o d e  la  co ia  d e  17 e sp éc im en es. F ra c tu ra s  de l c rán eo , d e  las c o s tilla s  y  de  la s  v e r te b ra s , p o s ib lem e n te  
c a u sa d a s  p o r  in te rac c io n e s  v io le n ta s  co n  p e sq u e ría s  o co lis io n es co n  b o te s  fu e ro n  o b se rv a d a s  en  in d iv id u o s  d e  D e lp h in u s  
capensis, L agenorhynchus obscurus, T. tru n ca tu s , S. g u ia n en sis  y  Z ip h iu s  cavirostris. La p re v a len c ia  de  p a to lo g ías  ó seas en  p e q u eñ o s  
ce táceo s de  B rasil, P e rú  y  V e n ez u e la  osc iló  a m p lia m e n te  e n tre  5.4% y  69.1 % d e l to ta l  de  Ios a n im a le s  a n a liza d o s . L as les io n es 
lítica s  d e l c rán e o  e n  L. o bscurus, D . capensis, T. tru n c a tu s  y  P. sp in ip in n is  d e l P e rú  c o n s t itu y e ro n  las e n fe rm e d a d e s  m ás 
fre c u e n te m e n te  o b se rv a d a s  (5.4% - 42.9% ), se g u id a s  p o r  h ip e ro s to s is  y  e sp o n d ili t is  a n q u ilo sa n te  en  T. tru n c a tu s  o ceán icos 
(31%, n=42) y  c o ste ro s  (15.4%, n=26). F ra c tu ra s  y  o tro s  t ra u m a s  ó seo s  fu e ro n  re g is tra d o s  e n  e l 47.2% d e  53 e sq u e le to s  de  S. 
g u ia n e n s is  e n  e l n o r te  d e l e s ta d o  d e  Rio d e  Ja n e iro  (B rasil) e n tre  1987 y  1998. L a a lta  p re v a le n c ia  d e  m a lfo rm ac io n e s , 
p ro b a b le m e n te  c o n g én ita s  d e  las v e r te b ra s  ce rv ica les  en  u n a  m u e s tra  co le c ta d a  e n tre  Ios a ñ o s  2001 y  2006, p u e d e  se r  d e b id a  
a  u n a  s itu a c ió n  d e  cu e llo  de  b o te lla  g en é tico  e n  e s ta  p o b lac ió n . L as m alfo rm ac io n e s  con  d é fic it d e  osificac ió n  a u m e n ta r ía n  
c la ra m e n te  la  p re d is p o s ic ió n  a las fra c tu ra s . E ste  e s tu d io  d e m u e s tra  la  im p o r ta n c ia  d e  u n  a n á lis is  a  e sca la  re g io n a l, y a  q u e  
e n  é s te  se d isc ie rn e n  las te n d e n c ia s  e p iz o o tio ló g ica s  m ás  fá c ilm e n te  q u e  e n  in v es tig a c io n es  a  n iv e l local. A d e m á s  in d ic a  la 
n e c e s id a d  d e  u n a  in v e s tig a c ió n  d e d ic a d a  a  e s tu d ia r  Ios e fec tos q u e  tie n e n  las a c tiv id a d e s  h u m a n a s  en  la  d ise m in a c ió n  d e  las 
e n fe rm e d a d e s  e n  cetáceos, e sp e c ia lm en te  e n  las p o b lac io n es  c o s te ra s  q u e  v iv en  en  u n  a m b ie n te  a lta m e n te  d e te r io ra d o .

K e y w o r d s : C etacean s, d iseases, sk in , sk e le to n , tra u m a ta , m a lfo rm atio n s , e p id em io lo g y , S o u th  A m erica , p o llu tio n .

Introduction

M ore than half (57.7%) of the 71 recognized odontocete 
species of the w orld  inhabit the extensive m arine and 
freshw aters of South America. There, as in  m any other 
a re a s , th ey  face a h o s t of h u m a n -c a u se d  th re a ts  
in c lu d in g  in c id e n ta l m o rta lity  in  fish e rie s , d irec t 
exploitation, vessel strikes as well as habitat degradation 
and  loss, and  a significant num ber of populations are 
considered  vulnerable. Especially for the latter, any 
source of enhanced natural or anthropogenic m ortality 
or m orbidity  should be of concern.
A lthough  ded ica ted  research  on the ep izootio logy  of 
in fectious d iseases is still in  an  early  phase  in  South 
A m e ric a n  (SA) c e ta c e a n s , a n u m b e r  of v iru s e s , 
b ac te ria  an d  d isease -cau sin g  m ac ro p a ras ite s  have  
been  d o cu m en ted  in  severa l species (see Table 1). 
Some have the potential for significant adverse im pacts 
on population abundance by increasing baseline natural 
m ortality (e.g. cetacean m orbilliviruses, Crassicauda spp.

nem atodes and, possibly, cetacean poxviruses) or by 
negatively affecting rep ro d u c tio n  (e.g. Brucella spp., 
Phocoena sp in ip inn is  p a p illo m a v iru s  ty p e  1) (V an 
Bressem  an d  V an W aerebeek, 1996; V an Bressem  et 
al., 1996; 1998; 1999; 2001a,h; 2006a; 2007a,h). Brucella 
spp . an d  cetacean  p o x v iruses possib ly  rep re sen t a 
z o o n o tic  th re a t (V an B ressem  et al., 1993; 2001a; 
2007b). M iscellaneous non-infectious diseases, lesions, 
anom alies an d  trau m ata  are  also com m only found  in 
SA sm all ce taceans (e.g. V an B ressem  et al., 2000; 
2006b; Ram os et al., 2001; Sánchez et al., 2002; Flores 
et al., 200518; Flach, 200619; Laeta et al., 200620; M endonça 
de Souza et al., 200621) and  m ay also have a negative 
im pact on  rep ro d u c tiv e  success, im p a ir feed ing  or 
cause p rem ature death  (Van Bressem et al., 2000; 2006b; 
Ram os et al., 2001; Sánchez et al., 2002; Siciliano et al., 
in  press). A nth ropogen ic  activ ities m ay influence the 
c o u r s e  o f  d i s e a s e s  a s  w e l l  a s  d i r e c t l y  c a u s e  
trau m a ta  an d  lesions (Van B ressem  et al., 1994; 1999; 
2001b; Ross, 2002; V iddi et a l, 200522; Flach, 200619).

18 Flores, P.A.C., Bazzalo, M., Da Silva, L.Z. an d  W ells, R.S. (2005) Evidência de residencia individual e ocorrência de lesdes epidérmicas em 
golfinlios T ursiops trunca tus lia Bata Norte, SC, Brasil Page 87 in: Abstracts, III C ongresso Brasileño de M astozoologia, f2 -f6  October, 
2005, A racruz, ES, Brazil.

19 Flach, L. (2006) Photo-identification stu d y  reveals human threats toivards estuariae dolphins in southeast Brazil. Page 46 in: Siciliano, S., 
Borobia, M., Barros, N.B., M arques, F.C., Trujillo, T. an d  Flores, P.A.C. (Eds) W orkshop on Research an d  C onservation of the Genus 
Sotalia, f  9-23 June 2006, Arm açào dos Búzios, RJ, Brazil.

20 Laeta, M., M endonça de Souza, S.M.F. an d  Siciliano, S. (2006) Anom alías congenitus em Sotalia guianensis da costa norte da estado do Rio 
de Janeiro- Brasil. Page f23 in Abstracts, I Congresso Sul-Am ericano de M astozoologia, 5-8 October 2006, Graneado, RS, Brazil.

21 M endonça de Souza, S.M.F., Laeta, M., an d  Siciliano, S. (2006) Lesdes osseus em colunas vertebráis de golfinlios do género Sotalia, provenientes 
do litoral norte do Rio de Janeiro, Brasil. Page 32 in Siciliano, S., Borobia, M., Barros, N.B., M arques, F.C., Trujillo, F., Flores, P.A.C. (Eds) 
W orkshop on Research and  C onservation  of the G enus Sotalia, f  9-23 June 2006.A rm açào dos Búzios, RJ, Brazil,

22 Viddi, F.A., Van Bressem, M.-F., Bello, M. an d  L escrauw aet, A.K. (2005) First records o f skin lesions in coastal dolphins o ff southern Chile. 
f  6th Biennial C onference on the Biology of M arine M am m als, f  2-f 6 Decem ber 2005, San Diego, CA, USA.
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Besides their po ten tia l to kill ou trigh t, m any types of fisheries 
m ay also provoke serious injuries and  stress as w ell as influence 
the outcom e of host-p arasite  in terac tions in  the an im als tha t 
survive an  encounter (Van Bressem  et al., 1994; 1999; 2006b; C lark 
et al., 2006). P o ly c h lo rin a te d  b ip h e n y ls  (PCBs) a n d  re la te d  
com pounds m ight contribute to the severity  of v iral epizootics 
th ro u g h  toxicity at the level of the im m une system  (A guilar and  
Borrell, 1994; Ross, 2002).
W hile a considerable num ber of pathology case studies have been 
im plem ented in  South America, m ainly over the past 15 years, no 
com prehensive overview  of progress has so far been undertaken. 
In an  effort to im prove our understand ing  of pathological agents 
and  processes that m ay co-determ ine m odal health  and  potentially 
influence net recru itm en t and , indirectly , pop u la tio n  size, w e 
analysed data for 12 species of small cetaceans from  the w aters of 
eight SA countries and  placed them  in an  epizootiological context. 
We further a ttem pted  to evaluate w hether, and to w hat extent, 
hum an  activities m ight contribute to traum ata and  m alform ations 
or facilitate the spread of certain infectious diseases.

M a t e r i a l  a n d  M e t h o d s

Study areas and species

In the period  1984-2007 the au thors stud ied  gross pathological 
evidence in about 7635 free-ranging, by-caught, and  some stranded 
sm all ce taceans b e lo n g in g  to  12 species from  the w a te rs  of 
Colombia, Ecuador, Peru, Chile, A rgentina, U ruguay, Brazil and  
Venezuela (Table 2). Voucher data  include images, field notes, 
m u se u m  sp ec im en s  (sk e le to n s)  a n d  o th e rs . C o n d itio n s  of 
individuals stud ied  ranged from  1 to 5 (alive to m um m ified or 
skeletal rem ains; Geraci and Lounsbury, 1993) bu t m ost w ere alive 
or freshly dead. A database inc lud ing  55 p aram eters for each 
specim en p resen ting  lesion(s) w as com piled . The presence of 
suspected anthropogenic factors (fisheries, vessel collisions, fish 
farms, sewage and  other pollu tion  or any other type of coastal 
habitat encroachm ent) w ithin, or in  the vicinity of, each studied  
p o p u la tio n 's  h a b ita t w as n o ted . Som e su b se ts  of d a ta  w ere  
p re v io u s ly  p re se n te d  a t co n fe ren ces (B o laños-Jim énez an d  
Berm údez, 199623; M oreira and  M oreno, 200424; Flores et al., 200518; 
Siciliano et a l, 200525; V iddi et a l, 200522; Flach, 200619; Laeta et al, 
200620; M endonça de Souza et al., 200621), used in M aster's theses 
(Fragoso, 2001; M ontes-Iturrizaga, 2003) or published (Ramos et 
al., 2001; M ontes et al., 2004; Van Bressem et al., 2006b).

23 Bolaños-Jimenez, J. an d  B erm udez, V. (1996) Un caso de malformaciones óseas 
en delfín estuarina (Sotalia fluviatilis) en el Estado Zulia. Page 101 in Libro 
M em orias, III C o n g reso  de  C iencias V e terin aria s  " E d u a rd o  M endoza  
Goiticoa", 29 Septem ber- 4 O ctober 1996, M aracay, AR, Venezuela.

24 M oreira, M.B and  M oreno, I.B. (2004) Patología epitelial em  T ursiops truncatus 
no R io  M a m p itu b a , sa l do Brasil. Page  92. in  A b s tra c ts , XI R eu n ió n  de 
Especialistas em  M am íferos A cuáticos del A m érica Del Sur, 12-17 Septem ber, 
2004, Quito, Ecuador.

25 Siciliano, S., Hassel, L.B., A lves, V.C., D ittm ar, K. an d  M endonça de Souza, 
S.M.F. (2005) Pathological fin d in g s in the skeletons o f small cetaceans from Rio de 
Janeiro, Brazil. Page 51 in: Abstracts, 1st Paleopathology A ssociation M eeting 
in  S o u th  A m erica, 25-29 July  2005, Escola N acional de Saúde  P ú b lica / 
FIOCRUZ, Rio de Janeiro, RJ, Brazil.
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Skeletal material

H ie skulls and skeletons of 399 dolphins and porpoises 
from  Ecuador, Peru, U ruguay, Brazil and  Venezuela 
(T ab le  2) w e re  e x a m in e d  fo r  th e  p re se n c e  of 
osteopathology and abnorm alities. Particular attention 
w as paid  to Crassicaudiasis, apparen tly  irreversible, 
basket-like cranial lesions caused by Crassicauda spp. 
nem atodes because of h igh potential for pathogenicity 
and  m ortality (e.g. Perrin  and  Powers, 1980; Raga et al., 
1982; Dailey, 1985). Skeletal m aterial is deposited  at 
cetacean reference collections including the M useo de 
Delfines (Pucusana, Peru), A reas Costeras y Recursos 
M arinos (ACOREMA, Pisco, Peru), G rupo de Estudos 
de M am íferos M arinhos da Regiào dos Lagos (GEMM- 
L agos, B raz il), U n iv e rs id a d e  E s ta d u a l do  N o rte  
F lum inense-L C A  (B razil), M u seu  de Z o o lo g ía  da  
U niversidade de Sao Paulo (Brazil), M useo de Ballenas 
(FEMM, E cuador), M useo de la E stación Biológica 
R ancho G rande (EBRG, M in isterio  del A m biente  -  
MINAMB, Venezuela) and  Exhibición M useo del M ar 
(M aldonado, U ruguay).
Ind iv iduals  w ere considered  cranially  m ature  w hen  
presenting advanced fusion in  the frontal-supraoccipital 
o r p rem axillary -m axillary  su tu res  or, if these w ere  
dam aged, in  at least tw o of five o ther indicative cranial 
su tures (Van W aerebeek, 1992; 1993).

Recently dead specimens

Carcases of 6128 small cetaceans from  Ecuador, Peru, 
Chile and Brazil w ere exam ined, predom inantly  under 
field conditions (e.g. fish  m arkets an d  beaches), for 
m acroscopical lesions, m alform ations and  cutaneous 
diseases. O bservations w ere opportunistic  in  Peru  until 
1990. D edicated research in  1993-95 allow ed practically 
unbiased prevalence rates to be estim ated for by-caught 
dusky dolphins (Lagenorhynchus obscurus), offshore and  
in s h o re  co m m o n  b o ttle n o s e  d o lp h in s  (Tursiops  
truncatus), long-beaked com m on dolphins (Delphinus 
capensis) a n d  B u rm e is te r 's  p o rp o is e s  (Phocoena 
spinipinnis). Sexual m aturity  w as determ ined, in females, 
from  the presence of a t least one corpus lu teum  or 
corpus albicans in  one of the ovaries, or evidence of 
lac ta tion  or p regnancy  (visible foetus); in  m ales, if 
sem inal fluid w as detected m acroscopically in  at least 
one freshly cut epididym is. W hen sexual m aturity  status 
could no t be determ ined directly, it w as inferred based 
on an approxim ation for the m ean standard  body length 
(SL) at sexual m aturation  for these populations (Van

W aerebeek et al., 1990; Van W aerebeek, 1992; Reyes and 
Van W aerebeek, 1995; Van Bressem et al., 2006b).

Free-ranging dolphins

The prevalence of ev iden t derm atologie disease, gross 
body deform ations and  traum ata, including  extensive 
scarring  or m utilation , w as stud ied  in  a m in im um  of 
1196 free-ranging dolphins (Table 2) from  im ages taken 
du ring  photo-identification  surveys from  sm all boats 
or from  shore (Félix, 1997; Bolaños-Jim énez et al., 1998; 
2007; Sanino and  Yáñez, 2001; Reyes et al., 200226; Ott, 
2004; Flores et a l, 200518; V iddi et a l, 200522; Flach, 
200619; F lores an d  F on tou ra , 2006). D o lph in s  w ere  
in d iv idua lly  iden tified  from  n a tu ra l m arks (W iirsig 
and  Jefferson, 1990). The m atu rity  class (calf, juvenile, 
adult) of T. truncatus from  C olom bia's Bahia M álaga 
(and  su rro u n d in g s) , C hile, the G ulf of G u ay aq u il 
(Ecuador) an d  sou thern  Brazil, of C hilean dolph ins 
(Cephalorhynchus eutropia) and  G uiana dolphins (Sotalia 
guianensis) from  Sepetiba Bay, Brazil, w as estim ated 
from  relative body size an d  behavioural clues (Wells 
et al., 1980; Shane, 1990) or from  the period of residence. 
M aturity  of A tlantic spotted  dolphins (Stenellafrontalis) 
from  V en ezu e lan  w a te rs  w as  e s tim a te d  fro m  the 
degree of body spo tting  (H erzing, 1997). D edicated 
surveys to assess the presence of skin conditions and  
traum ata  w ere conducted in  C. eutropia, Peale's dolphin 
(Lagenorhynchus australis) and  T. truncatus from  Chile 
as w ell as in  S. guianensis from  Sepetiba Bay (V iddi et 
al., 200522; Flach, 200619). P o p u la tio n s of in sho re  T. 
truncatus from  Paracas (Peru), the G ulf of G uayaquil 
(Ecuador), and  Rio G rande do Sul and  Santa C atarina 
(B razil) h av e  b een  the  ob jec ts  o f lo n g -te rm  fie ld  
research (O liveira et al., 199627; Félix, 1997; Reyes et al., 
200226; Flores et al., 200518; Flores an d  Fontoura, 2006). 
In these cases, prevalence of diseases and  traum ata  
could be estim ated  w ith  precision.

Sexual and ontogenetic variation

W ith sam ple sizes perm itting, w e exam ined w hether 
disease prevalence varied w ith  sex and  sexual or cranial 
m aturity  as a proxy for age. Prevalence refers to the 
am o u n t of lesions an d  disease in  sam ples an d  sub­
sam ples a t the time of exam ination, w ithou t distinction 
b e tw e e n  o ld  a n d  n ew  cases  (T h ru s f ie ld , 1986). 
Significance of differences in prevalence (< 0.05) w as 
verified w ith  chi-square contingency tests or one-tailed 
F isher's exact tests (Swinscow, 1981).

26 R eyes, J.C., E chegaray , M. a n d  De Paz, N. (2002) D istribución , com portam ien to  y  conservación de cetáceos en el área Pisco Paracas. 
Pages 136-144 in M endo , J. a n d  W olff, M. (Eds). M em orias I Jo rn ad a  C ien tífica  R eserva N acio n a l de  P aracas. U n iv e rs id ad  
N acio n a l A g ra ria , L im a, Peru .

27 O liv e ira , L.R., O tt, P .H , B orges-M artin s , M. a n d  D an ilew icz , D. (1996) F o to id en tificaçào  d a  p o p u laç ào  de b o to s  (T ursiops 
tru n ca tu s )  do  e s tu á rio  do  Rio T ram an d a í, RS, B rasil, p.250 in XXI C on g resso  B ras ileñ o  de Z oolog ía , 1996, P o rto  A legre, 
Brasil.
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Results

C utaneous diseases, w ounds, scars and  traum ata w ere 
observed  in  large num bers of sm all cetaceans from  
Colombia, Ecuador, Peru, Chile, A rgentina, Brazil and 
V enezuela (Table 2). For instance, all populations and 
ecotypes of T. truncatus from  South Am erica exhibited 
skin diseases. Due to the very large am ount of data w e 
have lim ited this prelim inary analysis to diseases that 
are likely of highest concern in relation to environm ental 
factors and  anthropogenic effects.

Cutaneous diseases 

^T attoo  skin disease

T attoo  sk in  d isease (TSD) is ch arac terized  by very  
typical, irregular, grey, black or yellow ish, s tipp led  
lesions that m ay occur on any part of the body bu t show 
a preferential corporal d istribution  depending  on the 
species (Van Bressem and Van W aerebeek, 1996). Tire 
prevalence of tattoo positive dolphins and  porpoises 
from  the SE Pacific and SW Atlantic is presented in Table 
3. TSD is h ig h ly  p re v a le n t a n d  like ly  en d em ic  in  
P eruvian sm all cetaceans and, at least in  delphinids, 
affects predom inantly  juveniles. The earliest confirm ed 
case in  Peru  is a D. capensis landed  in  January 1986 (Van 
Bressem et al., 2006V). The apparen t low  prevalence in 
inshore T. truncatus from  the Bay of Paracas (Peru) is 
likely related to the fact that photo-identification images 
perm itted  only dorsal parts of the body to be exam ined 
and  that tattoos m ay be difficult to spot on the dark  grey 
skin. The disease is also p resen t in  the short-beaked 
com m on dolphin  (Delphinus delphis) from  Ecuador, P. 
spinipinnis and  T. truncatus from  Punta de Choros and 
surroundings (Chile) and, possibly, in the C om m erson 's 
dolphin  (Cephalorhynchus commersonii) from  A rgentine 
Patagonia. In inshore C. eutropia from  southern  Chile 
an d  S. guianensis from  S epetiba Bay (23°S, 44°W), 
so u th e rn  Rio de Janeiro  state (Brazil), ta ttoos w ere 
observed only in adu lts (Figure 1 a,b). H ow ever, 167 of 
the 168 S. guianensis photo-identified during  this study 
w ere adults. Both active tattoos (dark  gray or black 
stippled lesions, Figure lb) and  tattoo rem ains (light 
g ray  m ark s, F igu re  le ) w ere  seen  in  the S epetiba 
do lph ins. TSD w as no t de tec ted  in  91 S. guianensis 
accidentally caught off northern  Rio de Janeiro (RJ) in 
1988-2004 (Van Bressem et al., 2003a; Di Beneditto, pers. 
obs.) bu t m ay represen t a th rea t for this popu la tion  
th rough contacts w ith  dolphins from  southern  RJ.

^R o u n d ed  cutaneous lesions

Large rounded  lesions w ith  an  orange or dark  outline 
and  a light inner colour w ere seen in  a C. commersonii 
from  A rgentine Patagonia in  2001 and  a C. eutropia calf 
from  so u th e rn  C hile  in  2003 (F igu res 2a,b). T heir 
irregular rounded  shape evoked superinfected tattoo 
lesions seen, for instance, in  a T. truncatus calf from  the

Sado Estuary, Portugal (Van Bressem et al., 2003b) bu t 
their aetiology is unknow n. Tire lesions w ere extensive 
in  both  dolphins and  the calf apparently  died six weeks 
after the lesions w ere first noted. A sim ilar bu t m uch 
sm aller orange, rounded  skin m ark w as seen in  another 
C. commersonii from  Puerto  Deseado, A rgentina w hile 
a t least six dark  orange skin m arks w ith  an  irregular 
outline w ere detected in  a S. guianenis from  Sepetiba 
Bay. In  these tw o cases the lesions also show ed the 
irregular, rounded  shape characteristic for tattoo-like 
lesions. D iatom s have been found in  orange skin m arks 
o n  h a rb o u r  p o rp o is e s  (Phocoena phocoena) f ro m  
W ashington state, northeastern  Pacific (N orm an et al., 
2004) and could have superinfected existing lesions in 
SA small cetaceans.

^W hitish  velvety lesions

W hitish lesions w ith  a velvety appearance and  often 
associated  w ith  u n re la ted  w o u n d s, scars an d  too th  
rakes w ere observed on the beak, back, dorsal fin and  
flukes of inshore T. truncatus from  the Bay of Paracas, 
S. guianensis from  Sepetiba Bay and  a false killer w hale 
(Pseudorca crassidens) s tranded  in  Santa Elena, Ecuador 
(Table 3; F igures 3a,b,c,d). In  tw o p h o to -id en tified  
com m on bottlenose do lphins in  the Bay of Paracas in 
2004-2005, dorsal fin skin lesions u lcerated , exposing 
the underly ing  connective tissues, and  subsequently  
cicatrised over a period  of 2-6 m onths (Figures 3c,d).

P Lobomycosis-like disease (LLD)

W hitish  to slightly  pink, verrucous lesions, often in 
p ro n o u n c e d  re lie f, th a t  m ay  u lc e ra te  a n d  evoke  
lobomycosis (Migaki et ah, 1971) w ere observed in free- 
ranging inshore T. truncatus from  Colombia, Ecuador, 
Peru and  Brazil (Table 3; Figures 4a,b,c,d). Tire lesions 
w ere either dissem inated or localized and affected the 
beak, dorsal fin, dorsum , flanks, belly, tailstock and  
flukes. In Bahia M álaga and  surroundings, Colombia, 
LLD w as first observed in tw o adults from  a group of six 
in A ugust 2005. Two dolphins w ith  LLD, possibly the 
same as those seen in 2005, were sighted in February 2006 
am ong a group of seven. In addition, single dolphins w ith 
LLD w ere  re p ea ted ly  p h o to g ra p h e d  in  the p e rio d  
F e b ru a ry -O c to b e r 2006 am o n g  g ro u p s  of 4 to  37 
in d iv idua ls (Figure 4d). Two m atu re  do lph ins from  
Tram andai estuary, southern Brazil, know n since 1991, 
developed LLD over several years. The lesions w ere 
observed on the dorsal fin of the first one in May 1999. 
The d o lp h in  w as last s igh ted  an d  p h o to g rap h ed  in  
A ugust 2003 (Hoffmann, 2004), and  probably died since. 
Tire second dolphin (GEMARS 1259), a male, w as first 
seen w ith  LLD on the rostrum  in December 2002. It died 
in Novem ber 2005 w ith  w idespread lesions (Figure 4b). 
Histological examination confirmed the visual diagnostic 
of lobom ycosis (GEMARS, unpub lished  data). In the 
estuary of M anrpituba river, southern Brazil, about 80 km  
n o rth  of T ram andai, an o th e r T. truncatus w as firs t 
no ticed  w ith  LLD on  the flanks in  S eptem ber 2003.
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Figure la .  Tattoo lesions in  an  ad u lt Cephalorhynchus eutropia (CEU-012) from  so u thern  Chile.

Figure l b .  Tattoo lesions a n d  em aciation in  an  a d u lt Sotalia guianensis (SEP-007) from  Sepetiba Bay (Brazil).

Figure le . Tatoo rem ains on the  dorsal fin  a n d  back of a  Sotalia guianensis (SEP-021) from  Sepetiba Bay (Brazil).
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Figure 2a. Large, ro u n d ed  lesions in  a  calf Cephalorhynchus eutropia (CEU-37) from  n o rth e rn  Patagonia (Chile).

Figure 2b. Large ro u n d e d  lesions in  a  Cephalorhynchus commersonii (CCO-SN) from  Patagonia (Argentina).

Figure 3a. W hitish, velvety  lesions associated  w ith  a  deep  w o u n d  in  an  ad u lt Sotalia guianensis (SEP-033) from  Sepetiba Bay (Brazil).
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Figure 3b. W hitish, velvety lesions associated  w ith  scars in  an  inshore Tursiops truncatus (PBD-060) from  Paracas Bay (Peru).

Figure 3c. Ulcerated whitish lesions on the dorsal fin of an  inshore Tursiops truncatus (PBD-015) from Paracas Bay (Peru) on 10 November 2004.

Figure 3d. H ealed  lesions on the  dorsal fin  of a n  inshore Tursiops truncatus  (PBD-015) from  Paracas Bay (Peru) on  18 January  2005.
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Figure 4a. Lobom ycosis-like disease in  an  ad u lt, inshore  Tursiops truncatus  (TPBN-03) from  Baia N orte, Santa C atarina  (Brazil).

F igure  4b. Lobom ycosis in  an  ad u lt m ale, inshore  Tursiops truncatus (GEMARS-1259) from  the T ram andai E stuary  (Brazil).
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Figure 4c. Lobom ycosis-like disease in estuariae  Tursiops truncatus (FEMM-22, -148, -149, -160, -282, -318 and-319) from  the Gulf of 
G uayaquil (Ecuador).
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Figure  4d. Lobom ycosis-like disease in an  inshore  Tursiops truncatus  FYUB-BM-0206G1-1 from  Bahia M álaga an d  su rro u n d in g s 
(Colombia).

It presented w idespread lesions on the dorsum  in March 
2004 (Moreira and Moreno, 200424). Further north  two T. 
truncatus from  Baia N orte also had LLD. In one of them  
the disease lasted at least 20 m onths (Flores et al., 200518). 
One T. truncatus sighted off Callao, Peru 's m ain port, in 
D ecem ber 2006 show ed  ex tensive lobom ycosis-like 
lesions and  ulceration of the dorsal fin. Im portantly , 
despite observations a t hundreds of both captured and 
free-ranging ind iv iduals by CEPEC and  ACOREMA 
scientists along the entire Peruvian coast (Reyes et al., 
200226; unpublished data), this condition w as never seen 
in the period 1984-2005. Hence, LLD is considered an 
em erging disease in  Peru.

^V esicular lesions

Vesicles w ere noticed in  an  adu lt female T. truncatus 
(Figure 5) from  Palena, Chile in  December 2003. Several 
ulcerated lesions w ere observed on the flanks of a T. 
truncatus s tran d ed  in  RJ in  M arch  2007. U lcerative 
derm atitis caused by Aeromonas hydrophila w as described 
in T. truncatus (Cusick and  Bullock, 1973). A calicivirus 
(cetacean calicivirus 1) caused ulcerative vesicular lesions 
in tw o captive Atlantic T. truncatus (Smith et al., 1983).

Miscellaneous traumata

W ounds and extensive traumata affected the head, trunk 
and appendages of different species and populations (Tables 
4 and 5). A large percentage of the cutaneous wounds, cuts, 
large or deep scars and other traum ata observed in all 
populations studied was likely related to net entanglements 
and to a lesser extent to boat collisions (Tables 4 and 5). hr 
17 cases involving T. truncatus (both ecotypes, Peru), P. 
spinipinnis (Peru), S. guianensis (Brazil) and Stenella frontalis 
(Venezuela) the dorsal fin, flippers and flukes were severely 
injured resulting in partial or complete amputations and

defomrations (Figure 6a; Table 5). Interactions w ith fisheries 
are thought to have caused these injuries in at least 70.5%  of 
the affected animals. In addition, remains of nylon gillnets 
were seen in five S. guianensis from Sepetiba Bay (Figure 
6b) and two from northern RJ (Fragoso, 200 1 ; Ramos et al., 
2001 ; Table 5). hr a number of species, incisive w ounds and 
scars possibly inflicted by propellers are currently under 
study, in an  effort to identify confirmed cases (see Van 
Waerebeek et al, 2 0 0 7 , this volume). A healing, large shark 
bite w as observed in at least one free-ranging S. guianensis 
from  Sepetiba Bay (Figure 6c).

Lesions of the skeleton

L esions of th e  sk e le to n  w ere  c la ss ified  in to  fo u r 
ca tegories (Table 6). P revalence  of o steopa tho logy  
ranged from  a low  5 .4 %  in Peruvian  P. spinipinnis up  to 
a h igh 6 9 .1 %  in  Peruvian  offshore T. truncatus.

'A M alform ations

B r a z i l .  A m ong 5 3  S. guianensis collected in  1 9 8 7 -1 9 9 8  in 
northern  RJ, congenital m alform ations w ere detected in 
7 .6%  of the skulls and  9 .4 %  of axial skeletons (Table 6 ). 
They affected the maxillaries, premaxillaries, mandibles, 
occipital, cervical and  thoracic vertebrae, sternum  and 
rib s . T h ree  m a tu re  fe m a le s  sh o w e d  m u lt ip le  
m alform ations of the w hole skeleton. M alform ations of 
the axial skeleton characterized by an  incomplete closure 
of the vertebral arch of the seventh cervical vertebra and 
som etim es associated w ith  the presence of cervical ribs, 
w ere observed in  4 8 .4 %  of 3 1  S. guianensis gathered in 
the same region in  2 0 0 1 -2 0 0 6  (Figure 7 ) . M ost (6 6 .7 % ) 
affected specimens w ere im m ature. Tire spinal processes 
of some thoracic and  caudal vertebrae w ere abnorm ally 
curved in an  im m ature female inshore T. truncatus from  
northern  RJ.
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Figure 5. Vesicles on the sk in  of a fem ale Tursiops truncatus (TTR-143) from  sou thern  Chile.

T ab le  4. Prevalence of externally  visible traum ata , cu taneous wounds*, large or deep scars an d  abscesses in sm all cetaceans from  
South Am erica, w ith  an  indication  ( % ) of possible h um an-re la ted  origin.

Sa m pl in g
C u t a n e o u s  w o u n d s , T ra u m a t a

C o u n t r y  & SCARS AND ABSCESSES (EXTERNALLY VISIBLE)

Species Re g io n per io d N  N po s  P rev  HR N  N po s  P rev  HR

Peru

Delphinus capensis Central coast 1990-1994 54

Lagenorhynchus obscurus Central coast 1993-1994 240

Phocoena spinipinnis Central coast 1991-1994 106

Tursiops truncatus, inshore Central coast 1985-1989 16

Tursiops truncatus, inshore Paracas Bay 2004-2006 70

Tursiops truncatus, offshore Central coast 1985-1990 52

Tursiops truncatus, offshore Central coast 1993-1994 13

15 27.8% 80% 545 3 0.6% 100%

13 5.4% 30.8% 240 4 1.7% 25%

22 20.8% 45.5% 106 2 1.9% 50%
0 0% - 16 3 18.8% 66.7%

1 1.4% 0% 70 3 4.3% 66.7%

2 3.8% 0% 52 4 7.7% 28.6%

2 15.4% 50% 13 1 7.7% 100%

Chile
Northern

Lagenorhynchus australis Patagonia 2003 45 1 2.2% 100% - 45 0 0%

Brazil

Sotalia guianensis Sepetiba Bay 2005-2007 168 8 4.8% 87.5% 168 10 6% 80%

Venezuela

Stenella frontalis Central coast 2005 200 1 0.5% indet 200 3 1.5% 100%

Stenella frontalis____________ Central coast______ 1996-2000_______ ne ne_____ ne_______ ne_____ 100-400 1 0.25-1% indet

N = num ber of specim ens exam ined, Npos= num ber of positive, p rev  = prevalence, HR = h u m an  related, ne = no t exam ined, indet = 
indeterm ined ; * = no t including harp o o n  w ou n d s that caused death.

P e r u .  C o n g en ita l m alfo rm atio n s of the sk u ll w ere  
observed  in  L. obscurus, D. capensis an d  in sho re  T. 
truncatus but not in P. spinipinnis and offshore T. truncatus 
(Table 6). Severe m alform ations involved the cran ium  
of a L. obscurus (F igure  8) an d  a D. capensis (Van 
Bressem  et al., 2006b). In o ther do lph ins lesions w ere 
benign (brachygnathia, prognathism , beak deviation) 
and  likely d id  not interfere w ith  feeding or o ther vital 
activities.

^F ractu res and  other traum ata
B r a z i l .  Am ong 53 S. guianensis from northern RJ collected 
in 1987-1998, the following percentages showed fractures 
affecting the ribs (20.8%), scapulae (1.9%) and vertebrae 
(22.6 % ) including cervical (9.5% ), thoracic (3.8% ), lum bar 
L6-L8 (15.1%) and  caudal (5.7%) vertebrae. A m ong S. 
guianensis collected in  the sam e region in  2001-2006, 
fractures of the hem i-arches of C 7, T l an d  T2 w ere 
observed in  a m ature specimen of unknow n sex (3.2%).
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Figure 6a. Deep cut on  the  anterior insertion of the dorsal fin  in an  inshore Tursiops truncatus (PBD-007) from  the Bay of Paracas (Peru).

F igure 6b. R em ains of a  ny lo n  tw ines encroached in  a  large scar o n  the  an terio r basis of the  dorsal fin  a n d  healing  lesion  o n  the  tailstock 
of a n  a d u lt Sotalia guianensis (SEP-005) from  Sepetiba Bay (Brazil).

F igure 6c. H alf-severed  dorsal fin  together w ith  a  large scar from  a  shark  b ite  in  a  free-ranging Sotalia guianensis (SEP-015) from  
Sepetiba Bay (Brazil)
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These injuries m ay have been inflicted by 
violent conspecific or interspecific interactions 
(see e.g. Jepson and  Baker, 1998), fishery 
interactions or resulted from congenital defects 
and functional stress (Fragoso, 2001; Laeta et 
al., 200620). In the 1987-1998 sample, lesions of 
the skull associated w ith remains of fishing 
gear w ere  seen in  tw o m atu re  do lph ins. 
Finally, the palatine of a juvenile male w as 
perforated as from a sharp fish spine or bone. 
An adult male T. truncatus (GEMM-081) live- 
stranded in RJ in 2005 showed healed and non­
healed fractures of several ribs (both left and 
right) and of the neural process of the fourth 
and fifth thoracic vertebrae. Tírese traum ata 
w e re  a lso  like ly  cau sed  by conspecific , 
interspecific or fishery interactions.

P e r u .  A m ong four species, p revalence of 
fractures and traum as in by-caught specimens 
varied from  0% in P. spinipinnis to 7.7% in 
inshore T. truncatus (Table 6). Healed or non­
healed  fractures w ere encountered  in  the 
mandibles of one L. obscurus, one D. capensis, 
two inshore T. truncatus and three offshore T. 
truncatus, all adults (Figure 9a), either from the 
im p a c t of f ish in g  g ear or from  v io len t 
conspecific or interspecific interactions. In two 
o th e r cases the  in ju rie s  w e re  d e fin ite ly  
anthropogenic. A L. obscurus w as shot in the 
head and the impact of the bullet was seen in 
the right maxillary, right pterygoid and left 
mandible. Two holes (diameters 15 and 5mm) 
w ith  irregular edges, likely inflicted by an 
unidentified piercing object, perforated the 
occipital bone close to the left condyle in a 
m ature male D. capensis (Van Bressem et al., 
2006b). The n o n -h e a le d  fra c tu re  in  the 
mandible of a m ature T. truncatus may also 
have had an  anthropogenic origin (Figure 9a).

V e n e z u e l a .  Perim ortem  traum ata, possibly 
inflicted by a p iercing or sm ashing object 
w ere observed in  the skull of tw o im m ature 
S. guianensis found in  Falcon (1991) and Zulia 
(2002) (Tables 5 and  6).

U r u g u a y .  A c ra n ia l ly  m a tu re  fe m a le  
C u v ie r 's  b e a k e d  w h a le  (Z. cavirostris) 
s t r a n d e d  in  L a g u n a  G a rz ó n  a t  an  
inde te rm in a te  date  d u rin g  1998-2000 had  
h e a le d  f ra c tu re s  in  th e  tw o  p o s te r io r  
lu m b a r  v e r te b ra e , tw o  a n te r io r  c a u d a l 
v ertebrae, an d  healing  com plete fractures 
in  three ribs an d  the rig h t m andib le . Such 
f in d in g s of m u ltip le  frac tu res  w o u ld  be 
co n sis ten t w ith  a co llis ion  w ith  a large 
vesse l. A c ran ia lly  m a tu re  P. crassidens 
fo u n d  in  L a g u n a  G a rz ó n  in  th e  sam e 
perio d  h ad  frac tu res in  tw o ribs.

LAJAM 6(1): 7-42. June 2007
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Figure 7. C ongenital m alform ations in the seven th  cervical vertebra  of a Sotalia guianensis (GEMM-068) from  n o rthern  Brazil.

F igure 8. C om plete skull m alform ation  in an  ad u lt Lagenorhynchus obscurus (MFB-667) (Peru). 
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Ly tic lesions
O s t e o m y e l i t i s  a n d  o s t e o l y s i s .  O s te o m y e li t is  is 
c h a ra c te r iz e d  by n o n -sp e c if ic  a c u te  o r c h ro n ic , 
localized or generalized , bone infection accom panied  
by bone destru c tio n  or d isso lu tion  (osteolysis) and  
new  bone fo rm ation . P revalence of such  lesions is 
g iv e n  in  T a b le  7. In  S. g u ia n en sis  f ro m  B ra z il 
osteom yelitis an d  osteolysis w ere d iagnosed  in  the 
sty lohyoid  (one case), the occipital condyles and  atlas- 
axis block (one case), the scapulae (tw o cases) an d  in 
the lu m b ar an d  caudal v erteb rae  (tw o cases). In  S. 
g u ia n en sis  f ro m  V e n e z u e la , o s te o m y e li t is  a n d  
osteolysis w ere detec ted  only in  the m axillaries and  
m and ib les (Figure 9b). In  P e ru v ian  cetaceans, they

m o s tly  a ffe c te d  th e  m a n d ib le s , m a x illa r ie s  a n d  
p re m a x il la r ie s  (F ig u re  10a). In  o n e  D. capensis, 
osteom yelitis also affected the p terygo id  an d  palatine. 
A n  o f f s h o re  T. tru n c a tu s  p r e s e n te d  e x te n s iv e  
osteolysis in  the left m an d ib u la r ram u s (Figure 9a). 
In bo th  do lphins, the osteolytic lesions m ay have been 
caused  by a traum a. Some osteo lysis w as observed  in 
bo th  scapulae of a Z. cavirostris (Figure 10b) s tran d ed  
in  L aguna G arzón  (U ruguay) an d  in  an  im m atu re , 
fem ale inshore T. truncatus found  a long  the coast of 
RJ in  2001. Possible osteom yelitis w as rep o rted  in  a 
caudal verteb ra  of a P. crassidens s tran d ed  in  L aguna 
G arzón  tha t also suffered  extensive hyperostosis  and  
anky losing  spondylitis .

F ig u re  9a. C om ple te  frac tu re  of the  left m an d ib le  to g eth e r w ith  a large , oval lytic  les ion  in  an  a d u lt offshore  T ursiops trunca tus  
(JCR-1649) (Peru).

F igure  9b. O steolysis an d  osteom yelitis on  the right m andib le  of a Sotalia gidanensis (EBRG-21069) from  Venezuela.

LAJAM 6(1): 7-42. June 2007
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T ab le  7. Prevalence of lytic lesions in small odontocetes from Peru, Brazil and Venezuela.

A rea and  Species H abitat Sampling Bone Lytic lesions

period REMAINS N Cr a s s ic a u d a

spp.
OSTEOMYELITIS OSTEOLYSIS PLD

Peru

D elph inus capensis O ffshore/neritic 1985-2000 Skulls 103 26.5%* 1.9% 4.9% 1%

Lagenorhynchus
obscurus

O ffshore/neritic 1984-2001 Skulls 46 4.4% 0% 2.1% 8.7%

Phocoena sp in ip inn is Inshore /  neritic 1985-1999 Skulls 37 0% 2.7% 5.4% 2.7%

Tursiops trunca tus Inshore /  neritic 1984-2000 Skulls 26 7.7% 7.7% 7.7% 15.4%

Tursiops trunca tus O ffshore/pelagic 1984-2000 Skulls 42 26.2% 4.8% 9.5% 16.7% b

Brazil

Sotalia guianensis Inshore /  estuarine 1987-1998 Skulls 53 1.9%* 1.9% 0% 15.1%

Sotalia guianensis Inshore /  estuarine 1987-1998 Axial
skeleton

53 - 7.6% 0% -

Sotalia guianensis Inshore /  estuarine 2001-2006 Axial
skeletons

31 - 3.2% 0% -

Tursiops trunca tus Inshore & offshore 2001-2005 Skulls 8 25% 0% 0% indet.

Tursiops trunca tus Inshore & offshore 2001-2005 Skeletons 8 - 12.5% 12.5% -

Venezuela

Sotalia guianensis Inshore /  estuarine 1991-2003 Skulls 46 0% 2.2% 6.5% 10.9%

N = total number of specimens, PLD= periodontal lytic disease; indet.=indeterminate, aN  =98;b this percentage m aybe an underestimate; 
c possible Crassicauda spp. infestation in one Sotalia guianensis.

Figure 10a. Osteom yelitis in the left m andib le  of a m atu re  D elp h in u s  capensis  (KVW-2400) (Peru).

P e r i o d o n t a l  l y s i s .  P e r io d o n ta l  ly s is  (T a b le  7 ) ,  
presum ab ly  caused  by m iscellaneous local infections 
in  m a tu re  a n d  im m a tu re  o d o n to ce te s  (F igu re  11) 
rep resen ted  from  6.1% (D. capensis, Peru) to 100% (P. 
sp in ip inn is, P e ru ) of th e  cases  o f o s te o ly s is  a n d  
osteom yelitis observed  in  skulls from  Peru, Brazil and  
V enezuela (Table 7 ) .

C r a s s i c a u d i a s i s .  C rassicaud iasis  w as detec ted  in  all 
spec ies ex cep t in  P. spinip innis  from  P e ru  an d  S.

guianensis from  Venezuela (Figure 12; Table 7 ). Possible 
Crassicauda lesions w ere also seen in the pterygoids of a 
m ature S. guianensis from  northern  RJ. Tire pterygoid 
bones w ere m ost frequently affected in  all species except 
in L. obscurus w here only the alisphenoid, basioccipital 
and frontal were dam aged. Prevalence of Crassicauda spp. 
lesions varied significantly („I2 = 10,46, df= 1, P = 0.0012) 
according to the species and ecotypes, being higher in D. 
capensis and  offshore T. truncatus from  Peru (Table 7 ).
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F ig u re  1 0b . O s te o ly s is  in  th e  
s c a p u la  o f a  m a tu re  Z ip h iu s  
cavirostris (ZCAV-SN) (Uruguay).

F igure  11. Periodontal lytic disease 
in  a  m a tu re  Phocoena sp in ip in n is  
(KVW-2427) (Peru).

F igure  12. Crassicauda spp . lesions 
in  the skull of an  im m ature  offshore 
Tursiops truncatus (DMI-186) (Peru).
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In D. capensis, prevalence d id  no t vary  significantly 
(Fisher's; P = 0.8) betw een cranially adu lt fem ales (25%, 
n  = 8) and  m ales (19.4%, n  = 31), allow ing pooling of 
sexes. Prevalence of Crassicauda cranial bone dam age 
w as sim ilar (X 2 = 0.177, df = 1, p = 0.67) in  cranially 
im m ature  (22.7%, n  = 22) an d  a d u lt (27.3%, n  = 66) 
do lphins (Van Bressem  et al., 2006b). Tire sam e m ay be 
true in  offshore T. truncatus bu t sub-sam ples w ere too 
sm all to verify this hypothesis (Table 8).

^D egenerative bone diseases
Degenerative bone diseases including hyperostosis and 
ankylosing spondylibs w ere seen in all species examined 
w ith  the exception of P. spinipinnis. They w ere especially 
frequent (31%) in  offshore T. truncatus from  Peruvian 
w aters (Table 6).
H y p e r o s t o s i s .  Hyperostosis, a condition characterized by

d iffu se  or lo ca lised  b one  o v e rg ro w th , so m etim es 
concurren t w ith  bone rarefaction, w as d iagnosed  in  
skulls from  inshore and  offshore T. truncatus (Figure 
13«), L. obscurus and  D. capensis from  Peru as w ell as in 
the skull of an  inshore T. truncatus from  northern  RJ and 
on the vertebrae of a P. crassidens from  U ruguay. In 
Peruvian T. truncatus, this condition alw ays affected the 
occipital bone and  less frequently the nasals, maxillaries 
and  frontal bone. H yperostosis w as benign or severe, 
affecting the w hole skull. Prevalence of this condition 
in  four sub-sam ples of offshore T. truncatus is given in 
Table 8. In these dolphins, prevalence of hyperostosis 
seem ed to be higher in  m ature m ales than in  im m ature 
males and  m ature females. H owever, significance could 
no t be statistically  tested  due  to sm all sam ple size. 
H y p ero sto sis  o ccu rred  in  th ree  im m atu re  an d  one 
m ature inshore T. truncatus of unknow n sex.

T able  8. Prevalence of Crassicauda spp ., hyperostosis a n d  ankylosing  spondylitis in  fo u r sub-sam ples of offshore bo ttlenose  do lphins 
from  Peru.

N

Cr a s s i c a u d a  spp.
lesions 

N pos Prev N

H yperostosis 

N pos Prev N

Ankylosing  
spondylitis 

N pos Prev

d Im m ature 5 2 40% 5 1 20% 5 1 20%
M ature 12 4 33.3% 12 8 66.7% 12 2 16.7%

9 Im m ature 5 1 20% 5 1 20% 5 0 0%
M ature 4 0 0% 4 1 25% 4 1 25%

N = to ta l nu m b er of specim ens; N pos = n u m b er of positive; Prev = prevalence.

F igure 13a. H yperostosis in  a  m atu re  offshore Tursiops truncatus  (JCR-1649) (Peru).
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A n k y l o s i n g  s p o n d y l i t i s .  Ankylosing spondylitis (AS) is a 
syndrom e including new  bone formation, loss of bone 
density and often resulting in the fusion of two or more 
vertebrae or the atlas ankylosing w ith  the occipital bone, 
as well as other abnorm al ankylosing processes (Sweeny 
et al., 2005). It w as encountered  in  both  T. truncatus 
eco ty p es from  P e ru v ia n  w a te rs  (F igure  13b) w ith  
prevalences of 3.9% and 9.5% in, respectively, 26 inshore 
and  42 offshore dolphins. All affected specimens also 
su ffered  hyperosto sis . The only  in sho re  bo ttlenose  
dolphin w ith  AS w as an  im m ature (176 cm) individual 
of unknow n sex. All its cervical vertebrae were ankylosed 
into one block and the atlas had started to fuse w ith  the 
occipital. Possible AS w as also observed in  the caudal 
vertebrae of an  im m ature  D. delphis an d  the lum bar 
vertebrae of a m ature T. truncatus stranded in the northern 
Gulf of Guayaquil (Ecuador) in 1998-1999 as well as in 
three caudal vertebrae of a P. crassidens from  Uruguay.

D iscussion

In this paper w e docum ented and  review ed skin and 
skeletal diseases, congenital malformations and externally 
visible traumata, many apparently due to encounters w ith 
fishing gear and boats, in small cetaceans from SA waters. 
Tattoo skin disease is caused by poxviruses that belong to 
a recently discovered genus of Chordopoxvirinae, but 
w hich have a common, m ost im m ediate ancestor w ith 
terrestrial poxviruses of the genus Orthopoxvirus (Florn and 
Houk, 1979; Geraci et al, 1979; Bracht et al, 2006). Tírese 
viruses are thought to induce hum oral inununity that may 
protect calves from the disease via colostrum ingestion 
(Smith et al, 1983; Van Bressem and Van Waerebeek, 1996). 
TSD w as know n only in odontocetes until 2006 w hen it 
w as firs t rep o rted  from  a b ow head  w hale  (Balaena 
mysticetus) (Bracht et al, 2006). Here we report for the first

time on the presence of TSD in D. delphis from Ecuador, P. 
spininnipis, T. truncatus and  C. eutropia from  Chile, C. 
commersonii from Argentina and S. guianensis from Brazil, 
thus extending the geographic area and the num ber of 
species susceptible to this disease. It is the first time that 
TSD is encountered in the SW Atlantic. W ith the exception 
of Peruvian dolphins and porpoises, the epizootiological 
status of TSD in SA small cetaceans is unknow n and should 
be e x p lo red  fu r th e r . T h o u g h  ce tacean  p o x v iru ses  
apparently do not cause high mortality w hen endemic 
(Van Bressem et al., 1999), they could represent a significant 
threat to naive populations.
Tire appearance of velvety, sometimes ulcerative, skin 
m arks as well as of large, rounded lesions in dolphins 
from  Peru, Chile, Argentina and Brazil, w e suggest, may 
be related to poor w ater quality. Tire bay of Paracas is 
heavily contam inated by organic m aterial (phosphorus 
and organic nitrogen) released by fish-meal factories and 
s u r ro u n d in g  to w n s, re s u lt in g  in  sev e re  w a te r  
eutrophication (PNUM A/CONAM , 2006). The factories 
also release caustic soda used  to clean the m achines 
(CPPS, 1998). In  a d d itio n , b a lla s t w a te r  from  the 
num erous cargo ships transporting gas in the bay as a 
consequence of the CAMISEA project may introduce alien 
m ic ro -o rg a n ism s  th a t  c o u ld  s ig n if ic a n tly  h a rm  
ecosystems (Ruiz et al., 2000; PN U M A /CO N A M , 2006; 
Drake et al., 2007). Chile's southern fjords are hom e to 
large num bers of salm on fish farm s that continue to 
expand, heavily use prophylactic antibiotics that select 
antibiotic resistance in pathogenic bacteria and release 
biological and chemical contam inants directly into the 
ocean (Moore and W ieting, 1999; K em per et al., 2003; 
Cabello, 2004; 2006). Interestingly, skin lesions w ere also 
repo rted  from  an  appreciable num ber of blue w hales 
(Balaenoptera musculus) off the n o rthw estern  coast of 
Isla  G ran d e  de C hiloé (B row nell et al., 2007) an d  
C hañaral Island (G. P. Sanino, unpublished data), Chile.

Figure 13b. A nkylosing spondylitis in  a  m atu re  offshore Tursiops truncatus (KVW-1047) (Peru). All cervicals a re  fu sed  in to  a  single 
block, w hich  is fu sed  to  the  occipital.
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Sepetiba Bay in Brazil is hom e to two large ports and is 
characterized by chemical and organic pollution as well 
as w ater eutrophication (Copeland et al., 2003; Molisani 
et al, 2004).

Lobomycosis (or lacaziosis) is caused by a yeast-like 
organism  know n as Lacazia loboi (Taborda et al, 1999) (syn. 
Loboa loboi; Caldwell et al., 1975). It naturally affects hum ans 
and dolphins (T. truncatus and S. guianensis). In humans, it 
is a self-lim ited, chronic fungal infection of the skin 
endemic in rural regions in South and Central America. 
Tire natural reservoir of L. loboi is unknow n but soil and 
vegetation seem to be likely sources of infection (Honda et 
al., 2007). P a tien ts  w ith  lo b o m ycosis  m ay  h av e  
immunoregulatory disturbances that could be responsible 
for the lack of pathogen containment (Vilani-Moreno et 
al., 2005; H onda et al., 2007). In T. truncatus from  the 
southern part of the Indian River Lagoon, Florida, the 
disease was associated w ith an im paired im m une function 
possibly caused by anthropogenic factors. Variation in 
salinity and w ater tem perature may also play a role (Reif 
et al., 2006). During the present study lobomycosis-like 
d isease w as only  seen in  inshore p o p u la tio n s of T. 
truncatus. Tiróse from Colombia, Ecuador and southern 
Brazil (Santa Catarina) inhabited waters of low salinity and 
relatively high tem perature situated close to mangroves 
and estuaries. All affected T. truncatus inhabited waters 
surrounding  large ports and  cities and, in  the case of 
G uayaquil, also h a rb o u rin g  in tense shrim p farm ing  
activities. M ost of these w aters are heavily polluted by 
chem icals and  biological contam inants (CPPS, 2000; 
W HO /  UNICEF /  WSSCC, 2001; CVC, 2003; UNEP, 2006). 
It is quite likely that some of these pollutants affect the 
im m une system  of inshore dolphins as described for 
cetaceans elsewhere (Aguilar and Borrell, 1994; Jepson et 
al., 1999; Sm yth et al., 2000). Ballast w ate r from  the 
num ero u s cargo sh ips en te ring  SA po rts  m ay have 
contributed to disseminate the yeast to places w here it was 
norm ally not present. In addition, cities in  the region 
typically discharge untreated w astew ater directly into 
estuaries and oceans. Tire w aters of the Bay of Málaga and 
surroundings (Colombia), Gulf of Guayaquil (Ecuador), 
Florianópolis, Laguna and M am pituba rivers (Brazil) and 
Lima (Peru) contain extremely high levels of fecal coliforms 
(SDM, 1998; CPPS, 2000; CVC, 2003; Haase et al, 200328) 
indicative of organic contamination and considered a major 
health threat to humans, hr Brazil, all cases of lobomycosis 
and  LLD, including the first report in an  adult female 
bottlenose do lphin  in 1990 in Laguna (28°30'S,48°55'W) 
by Simoes-Lopes et al. (1993), were recorded between Baia 
Norte (27°50'S, 48°58'W) and Tranrandai estuary (29°58'S, 
50°07'W). It is likely that LLD is endemic in the coastal 
population of T. truncatus from this area. Tire infection may 
represent a threat to possibly susceptible S. guianensis (de 
Vries and Laarman, 1973; Flores et al., 200518). Though the

organism  found in dolphins may not be the same as in 
hum ans (Haubold et al., 2000), lobomycosis and LLD may 
be zoonotic and care should be taken w hen m anipulating 
affected dolphins (Synrmers, 1983). F isherm en w ork  
closely to bottlenose dolphins during cooperative m ullet 
f ish in g  in  L aguna, T orres an d  T ran ran d a i e s tu a ry  
(S inröes-L opes et al., 1998) a n d  m ay  be a t r isk  of 
infection. Indications are that in  Peru  LLD is a newly 
e m erg in g  d isease  in  in sh o re  b o ttlen o se  d o lp h in s . 
Further research on  the aetiology and  epizootiologic 
trends of skin diseases in  sm all cetaceans from  South 
America is urgently needed, including periodic surveys 
to assess the presence of cu taneous lesions an d  the 
analysis of existing inrage databases.
External injuries, body traumata and bone fractures caused 
by interaction w ith fisheries and boats were seen in inshore 
and offshore small cetaceans from both SW A tlantic and  
SE Pacific oceans. Severe traum ata due to a variety of 
fishing devices likely result in  secondary m ortality of 
unassessed num bers of escaping but injured dolphins and 
porpoises. Therefore, total fisheries-related small cetacean 
m ortality m ust be higher than can be accounted for by the 
tallying of landed specimens. A num ber of cases of incisive 
injuries, dorsal fin mutilation and bone fractures are the 
result of boat collisions, especially propeller hits, however 
other potential sources like fishing lines and post-mortem 
damage on carcasses m ust be excluded (Van W aerebeek 
et al., 2007). Boat collisions and net entanglements likely 
cause great stress in surviving animals. Chronic high levels 
of stress horm ones may depress the im m une system and 
favour the developm ent of infectious diseases as well as 
dam age the circulatory system  and  kidneys (e.g. Van 
Bressem et al., 1994; Cowan and Curry, 2002).
Various osteolytic lesions of the skull w ere com m on in 
several species of dolphins and in Burmeisteri s porpoises 
in Peru, Brazil and Venezuela. Periodontitis and  dental 
diseases, impact or piercing traumata as well as Crassicauda 
spp. infestation were firmly or tentatively diagnosed as 
the origin for a high percentage of these conditions. In P. 
spinipinnis, periodontal and dental diseases were thought 
responsible for all the lytic injuries. Tírese diseases are likely 
a consequence of tooth decay, infection and loss (De Snret, 
1977). Tire loss of a large num ber of teeth w ith resulting 
damage to the alveoli and, eventually, lysis of surrounding 
bone tissu e  m ay lead  to co n sid e rab le  p a in  in  the 
affected anim als. Post-traum atic  osteolysis has been 
rep o rted  in  hu m an s (Ryan an d  M unk, 2004) an d  is 
though t to have been responsible for lysis found  in  the 
m andibles of a S. guianensis (Venezuela) and an offshore 
T. truncatus (Peru) exam ined during this study. A dult 
roundw om rs Crassicauda spp. infest the cranial sinuses and 
produce the typical, apparently irreversible, perforating 
lytic bone lesions w ith  a basket-like appearance that 
often deform pterygoids (Raga et al., 1982; Dailey, 1985).

28 Haase, ]., Stringhini, M.H., Silva, M.L.B.C., Rodrigues, M.L.K. and Kodi, S.M.V. (2003) Qualidade das aguas superficiais do litoral norte e médio do 
Rio Grande do Sid. Pages 1-17 in 22° Congresso Brasileiro de Engenharia Sanitaria e Ambiental, 14-19 September, 2003, Joinville, SC, Brazil.
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They w ere entirely absent in Peruvian P. spinipinnis. In 
the o ther species the highest prevalence w as observed 
in  the o ffsh o re /p e la g ic  stocks, p o in tin g  to a p rey  
relationship. Interestingly, in  offshore T. truncatus and 
in  D. capensis f ro m  P e ru , m a tu re  a n d  im m a tu re  
specimens w ere equally affected. However, the prim ary 
questions that need to be answ ered before differential 
age-related m ortality can be confidently evaluated from 
skulls are w hether the bone lesions rem ain  extant long 
after the nem atodes have died, and  w hether re-infection 
is likely . In  p a n tro p ica l sp o tted  d o lp h in s  (Stenella 
attenuata) from  the Eastern Tropical Pacific, prevalence 
w as higher in  younger anim als, w hich w as attribu ted  
to m ortality caused by Crassicauda spp. infestation in 
young dolphins (Perrin and  Powers, 1980). H ow ever, if 
m ost infested juveniles recovered, build  som e level of 
im m unity and  cranial lesions healed, it w ould  also be 
co nsisten t w ith  find ings. The osteom yelitic  lesions 
observed in  this study  probably have a bacterial origin 
as in other m am m als (Bubenik, 2005) though protozoans 
and  fungi cannot be excluded. Brucellae are know n to 
circulate am ong P eruv ian  D. capensis and  m ay have 
caused orchitis an d  vertebral lesions in  at least one 
specim en (Van Bressem et al., 2006b).
D egen era tiv e  d iseases in c lu d in g  h y p e ro s to s is  an d  
ankylosing  spondy litis  w ere especially  p reva len t in 
offshore T. truncatus from  Peru, possibly related to deep- 
w ater feeding habits. There w as some indication that 
hyperostosis m ay occur m ore frequently in ad u lt m ales 
than in  others bu t larger samples are required for testing. 
If confirm ed, the hypothesis that the disease m ight be 
related to physiological (hyperbaric) stress associated 
w ith  feeding at greater depths in adu lt m ales than in 
im m atures and  females w ould  deserve further study. 
H yperostosis seems to be linked to the developm ent of 
ankylosing spondylitis. Prevalence of AS w as sim ilar 
in  m ature and  im m ature male offshore T. truncatus. Tire 
only inshore dolphin  w ith  AS w as a young im m ature. 
Tire aetiology of AS in hum ans is still poorly understood, 
bu t a strong genetic influence exists and  approxim ately 
90-95% of patien ts  w ith  AS have the tissue an tigen  
h u m a n  leu k o cy te  a n tig e n  B27 (D o u g ad o s , 2005). 
U nknow n environm ental factors (bacterial infection in 
h u m a n s)  m ay  tr ig g e r  th e  d e v e lo p m e n t of AS in  
individuals genetically predisposed. H yperbaric stress 
related to deep diving m ay represent one of those factors 
in  offshore T. truncatus and  other species w ith  similar 
feeding habits. Prevalence of AS w as 21% in 52 long- 
fin n e d  p ilo t w h a le s  (Globicephala melas) fro m  the 
N orthw est A tlantic (Sweeny et al., 2005). Degenerative 
d is e a se s  c a lle d  's p o n d y l i t i s ' a n d  's p o n d y lo s is  
d e fo rm a n s ' w e re  p re v io u s ly  d e sc r ib e d  in  sm all 
odontocetes (review ed by Kompanje, 1995a,b).
Tire high prevalence of congenital bone m alform ations 
in  S. guianensis from  northern  RJ is of great concern and  
likely indicates a genetic bottleneck in  this population. 
Tire m alform ations possibly facilitated the occurrence 
of fractures seen in  the vertebrae of this species (Fragoso,

2001; Laeta et al., 200620; this paper). A t least 25% of the 
167 photo-identified ad u lt S. guianensis from  Sepetiba 
Bay p re s e n te d  in fe c tio u s  sk in  d ise a se s , b o d y  
deform ations, em aciation and  traum ata  caused by boat 
collisions and  non-lethal entanglem ent in  gillnets. The 
injuries likely result in  h igh stress levels and  secondary 
m ortality w hich goes unaccounted for. In addition, in 
b o th  so u th e rn  an d  n o rth e rn  RJ, coasta l w a te rs  are 
heavily contam inated by industrial and domestic wastes 
(FEEMA, 2007). A ltogether findings indicate that this 
S. guianensis population is in poor health and underscore 
the need to closely m onitor health  status including their 
g e n e tic  v a r ia b il i ty  a n d  to  im p ro v e  a n d  en fo rce  
conservation m easures.
W e conclude  th a t odon toce tes from  SA w ate rs  are 
affected by a variety of acquired, congenital, traum atic, 
infectious an d  parasitic  diseases. Some of these are 
severe and  bound to im pair norm al vital functions and 
behaviour. Interactions w ith  artisanal and  industria l 
fisheries and, to a lesser degree, boat collisions, are an 
im portan t cause of debilitating physical traum ata in 
several populations.The feasibility of applying fishing 
g e a r m o d if ic a tio n s  a n d  o th e r  p o te n t ia l  b y c a tc h  
m itigation m easures, including regulatory instrum ents, 
should be re-evaluated in  South Am erica as one of the 
m ost relevant issues for the enhanced conservation of 
m arine m am m al populations. In addition, aquaculture, 
fish factories, un trea ted  w astew ater, ballast w ater as 
w ell as chem ical p o llu tio n  a re  b e liev ed  to p lay  a 
significant role in  the detoria tion  of m odal cetacean 
population  health  and  in facilitating the em ergence of 
new  diseases. Further research to establish cause-effect 
relationships is required.
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