
LAJAM 6(2): 171-183, December 2007
e-IS S N  2236-1057 -  d o i:1 0 .5 5 9 7 /la jam 0 0 1 2 2  

h t t p : / / d x .d o i.o rg /1 0 .5 5 9 7 /la ja m 0 0 1 2 2 ISSN 1676-7497

P r e y  o c c u r r e n c e  i n  t h e  s t o m a c h  c o n t e n t s

OF FOUR SMALL CETACEAN SPECIES IN PERU

I g n a c io  G a r c ía - G o d o s 1'*, K o e n  V a n  W a e r e b e e k 2, J u l io  C. R ey e s3, 

J o a n n a  A l f a r o -S h ig u e t o 4'5 a n d  M il e n a  A r ia s -S c h r e ib e r 6

A b s t r a c t : T he d ie ts  o f lo n g -b eak ed  c o m m o n  d o lp h in s  D elp h in u s capensis (n=117), d u sk y  d o lp h in s  L agenorhynchus obscurus  
(n=72), B u rm eiste r 's  p o rp o ise s  Phocoena sp in ip in n is  (n=69) a n d  o ffshore  co m m o n  b o ttlen o se  d o lp h in s  Tursiops tru n ca tu s  (n=22) 
w e re  d e te rm in e d  b a se d  on  th e  analy sis  o f th e  s to m ach  co n ten ts  co llected  fro m  an im a ls  lan d e d  in  p o r ts  a lo n g  th e  P e ru v ian  
cen tra l coast a n d  fro m  M arcona , in  so u th e rn  P eru , d u r in g  1987-1993. T he n u m b e r  of p re y  in g es ted  w as  o b ta in ed  b y  c o u n tin g  
th e  n u m b e r  o f fish  o to lith s  a n d  cep h a lo p o d  m an d ib les  (beaks). O n ly  fish  c o u ld  be  id en tified  to  species level. L o n g-beaked  
co m m o n  d o lp h in s  fed  m ain ly  on  P e ru v ian  an ch o v y  E ngraulis ringens  (70.0% by  n u m b er), P a n a m a  lig h tfish  Vincigerria lucetia  
(7.8%) a n d  slim ta il lan te rn fish  L a m panyctus parvicauda  (6.7%). D u sk y  d o lp h in s  c o n su m ed  m ain ly  an ch o v ies (49.7%, 16.8%), 
slim ta il lan te rn fish  (23.6%, 0.1%), Inca scad  Trachurus m u rp h y i (17.1%, 0%) a n d  m o te  scu lp in  N o rm a n ich th ys crockeri (0%, 76.0%) 
off th e  cen tra l P e ru v ian  coast a n d  M arcona , respec tive ly . In  th e  sam e  areas, B u rm eiste r 's  p o rp o ise s  fed  m ain ly  on  an ch o v y  
(88.9%, 77.6%), s ilv ers id e  O dontesthes regia (6.5%, 0%), m o te  scu lp in  (0%, 8.1%) a n d  S o u th  Pacific h ak e  M erluccius g a y i (0.6%, 
7.9%). O ffshore  co m m o n  b o ttlen o se  d o lp h in s  c o n su m ed  m ain ly  slim ta il lan te rn fish  (39.2%), b a r ra c u d a  Sphyraena  sp . (13.5%) 
a n d  P e ru v ian  p ilc h a rd  Sardinops sagax  (13.3%). T he d iv e rs ity  ind ices of th e  d ie t a n d  tem p o ra l sh ifts  in  th e  m ain  p re y  su g g est an  
o p p o rtu n is tic  fe ed in g  s tra teg y  fo r th e  fo u r cetacean  species s tu d ied , w h ich  tak e  a d v an tag e  of th e  locally  m ost availab le  ep ipe lag ic  
a n d  m eso p elag ic  sch o o lin g  fish. C lu ster an a ly sis  sh o w s h ig h  sim ila rity  in  th e ir  d ie ts, w ith  these  fo u r m arin e  to p  p re d a to rs  
b e in g  ab le  to  o p tim a lly  ex p lo it th e  h ig h  p ro d u c tiv ity  o f th e  P e ru v ian  u p w e llin g  ecosystem .

K e y w o r d s : sm all cetaceans; food; p rey ; hab ita t; fe ed in g  ecology, P e ru , S o u th east Pacific.

Introduction

The P eru v ian  u p w ellin g  system  is one of the  m ost 
p ro d u c tiv e  ecosystem s in  the w o rld  (R yther, 1969; 
Duffy, 1994; Bakun and Weeks, 2008), supporting a great 
variety of fish species and  fisheries that provide food 
for hum ans and  p rim e m aterial for the anim al feed 
industry. Despite intense exploitation, our know ledge 
of the trophic re lationships w ith in  this ecosystem  is 
lim ited (Pauly and Tsukayam a, 1987), w ith  the highest 
re sea rch  efforts fo cu sed  on  th e  P e ru v ian  anchovy  
Engraulis ringens.

The Peruvian  anchovy is the m ost heavily exploited 
m arine resource in  Peru  and  its industria l fishery for 
fish m eal and  oil is the largest single species fishery in 
the w orld  (W hitehead et al. 1988, Jahncke et al. 2004; 
Bakun and  Weeks, 2008). O ver-exploitation in  the early 
1970s, in  com bination  w ith  a severe  El N iño  even t 
caused the collapse of anchovy populations and  their 
fishery, w hose effects are experienced even decades 
after (Jordán, 1982; Jahncke et a l, 2004). Together w ith  
the  anchovy  its p red a to rs  also co llapsed; the m ost 
c o n sp ic u o u s  case  w as  th a t  of P e ru v ia n  g u a n o - 
p ro d u c in g  se a b ird s , w h o se  p o p u la tio n s  d ec lin ed  
dram atically  (Duffy et a l,  1984; Jahncke et a l ,  2004). 
O ther m arine p red a to rs , inc lud ing  sm all cetaceans, 
co u ld  a lso  h av e  b e e n  n e g a tiv e ly  a ffec ted  by  th e  
anchovy collapse. H owever, no inform ation is available

due to the lack of studies during  those years.
Research on the exploitation of cetaceans by artisanal 
and  industrial fisheries in  Peru started in  late 1984 by 
scientists of the Peruvian Centre for Cetacean Research 
(CEPEC) an d  associates (e.g. Read et a l,  1988; Van 
W aerebeek and  Reyes, 1990; García-Godos, 1993; Van 
W aerebeek et a l ,  1994a, b). The m o rta lity  of sm all 
cetaceans caused by these fisheries in 1985 and 1994 was 
estim ated to range betw een 10000 and  17500 individuals 
(Read et a l ,  1988; Van W aerebeek and  Reyes, 1994), 
including by-catch in  gillnet and purse-seine operations 
and  anim als taken directly w ith  large-m esh gillnets or 
h an d -th ro w n  h arpoons. Of the  32 cetacean  species 
recorded to date in  Peru (Arias-Schreiber, 1996), these 
takes affected m ainly four species: the dusky dolphin 
Lagenorhynchus obscurus, the  long -beaked  com m on 
d o lp h in  D elphinus capensis, the com m on bo ttlenose 
dolphin Tursiops truncatus (both offshore and  inshore 
form s sensu Van W aerebeek et a l,  1990; Sanino et a l, 
2004) and  the Burmeister's porpoise Phocoena spinipinnis. 
T hese  sp ec ies  h a v e  b e e n  p ro te c te d  b y  P e ru v ia n  
legislation since 1990, bu t w ith  low im pact on mortality 
ra te s  u n til  1996 w h e n  law  e n fo rc e m e n t w as 
im p lem en ted  m ore  s tric tly  a fte r a m assiv e  p u b lic  
cam paign for their conservation. N ow adays the fishery- 
re la te d  m o rta lity  of ce taceans m ay have  dec lin ed  
significantly, although a black m arket for dolphin  m eat 
persists (García-Godos, 2007).
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Despite the intense exploitation of small cetaceans in the 
late 1980s and  early 1990s, there is only fragm entary 
knowledge on the natural history of these species, w ith 
the exception of the dusky dolphin (e.g Van Waerebeek, 
1992a,b; Van W aerebeek and  Read, 1994; M cKinnon, 
1994). Pauly and Tsukayama (1987) argued that the lack 
of knowledge of the diet of small cetaceans was a limiting 
factor for designing a m odel for the m anagem ent of 
fisheries in  the Peruvian-Chilean region. Here w e present 
an  analysis of the diet of the four m ain small cetacean 
species caught in fishing operations from  central and 
southern ports of Peru over the past two decades, w ith 
the focus on fish prey. Comparisons between their diets 
are discussed as to define their respective ecological roles 
in the Peruvian upw elling ecosystem.

Material and Methods

Samples

Stom ach contents of 280 sm all cetaceans lan d ed  by 
artisanal fisherm en in  the  P eruv ian  ports of Ancon, 
Pucusana, Cerro Azul and  San Juan de M arcona (further 
referred to as Marcona) (Figure 1) w ere collected and 
exam ined by the authors betw een 1987 and  1993. The 
sam ples from  M arcona w ere collected by MAS during 
p o rt m onitoring  for the P un ta  San Juan  Project (see 
Majluf et al., 2002). The cetacean sam ple consisted of 
stom ach  contents of long-beaked com m on dolphins 
(n=117), dusk y  d o lp h in s  (n=72), offshore  com m on 
bottlenose dolphins (n=22) and  Burm eister's porpoises 
(n=69). All prey items sam pled from  stom ach contents 
in  the ports of Pucusana, Cerro Azul and  A ncon w ere 
pooled as from  single stocks nam ed 'central 
coast of Peru ', com prising a coastal strip of 
ca. 160km long (Figure 1). Indeed, the marine 
ecosystem  of the  central coast of P eru  is 
p rac tica lly  ho m o g en eo u s (B rainard  an d  
McLain, 1987; Peña et al., 1989).
Stomachs (fore, main and pyloric) of freshly 
landed cetaceans were dissected at the local 
fish markets and their complete contents were 
sieved and w ashed over plastic containers.
H ard items including otoliths and squid beaks 
w ere recovered. O toliths w ere stored dry, 
while squid beaks were kept in 70% ethanol.
All material and field data are deposited at the 
Museo de Delfines, CEPEC, Pucusana. Where 
po ssib le  o to lith s  w ere  m o rp h o lo g ica lly  
id en tified  to species by th e  firs t a u th o r 
following García-Godos (2001) and reference 
collections. Squid beaks could not be identified 
to species d u e  to the  lack of a reference 
co llection . H ow ever, p o o led , th ey  w ere  
accounted for in the general prey composition.
A lso b ecau se  of th e ir  low  occu rrence  16° S 
cephalopods were not further analyzed, but 
were considered as a single item in the inter­
species cluster analysis of the diet (see below).

Data analysis

Samples w ere grouped by sam pling periods determ ined 
by the season and  the year they w ere collected (the 
'sa m p lin g  p e rio d ') . M ain  food  p a ram e te rs  s tu d ie d  
included the 'frequency of occurrence' (FO), defined as 
the percentage of occurrence (%FO) of a particular prey 
species in  the sam ple of stom ach contents for each 
cetacean species, and the 'p rey  com position by num ber' 
(% Num ) as the percentage of the total num ber of all 
fish  prey  ind iv iduals for each cetacean species. The 
num ber of individual fishes found in each stom ach was 
determ ined as the num ber of sagittae otoliths divided 
by tw o (Frost and  Lowry, 1980; McKinnon, 1994).
To v e rify  d iffe ren ces in  th e  d ie t w ith  re sp e c t to 
reproductive status of the cetaceans, the sam ple was 
d iv ided  into five categories: 1) im m ature females; 2) 
resting adult females; 3) reproductive females (pregnant 
or lactating); 4) sexually im m ature males; and 5) adult 
males. Reproductive status was determ ined in the field 
based on the macroscopic exam ination of gonads and 
other reproductive organs (Van W aerebeek, 1992a; Van 
W aerebeek and  Read, 1994). The frequency distribution 
of reproductive status per species is show n in Table 1. 
N on-param etric statistics were used in  the data analysis 
because of the heterogeneity of the sam ple and small 
sam ple sizes of sub-groups. To determ ine differences 
in  the  m ed ian  p ercen tage  of p rey  co n su m p tio n  by 
n u m b e r am o n g  seaso n s , re p ro d u c tiv e  s ta tu s  an d  
d iversity  (see below ), K ruskal-W allis (KW), M ann- 
W hitney (MW) and  C hi-square tests (Siegel, 1956) were 
applied. M ann-W hitney test w as also used to determ ine 
apparen t bias in the sample, probably caused by a m ore

77° W 76° W 75° W 74° W 73° W 72° W  

Figure 1. Sam pling locations along the Peruvian coast
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intensive sam pling in  1987. Spearm an correlations w ere 
com puted betw een the body length of cetaceans and 
b o th  th e  n u m b e r  of p re y  sp ec ies  a n d  n u m b e r of 
individual prey items.
The trophic niche breadth  was estim ated for each species 
sam p led  u s in g  th e  S h an n o n  a n d  W iener in d ex  of 
diversity (H) as defined by Krebs (1989). The logarithmic 
base of this index is 2, therefore its units are bits and  it 
ranges from  zero to infinite. For a better interpretation 
of this index w e used its standardized form  (H tó) w hich 
ranges from  zero to one (Krebs, 1989). To determ ine the 
level of sim ilarity  in  the d ie t of the sm all cetaceans 
s tu d ied  w e used  the S im plified M orisita 's  index  of 
sim ilarity (Krebs, 1989).
For a graphical view  of diet diversification in  the small 
cetacean com m unity w e ran  a m ean linkage hierarchical 
c lu ste r an a ly sis  (K rebs, 1989) u s in g  the  M o ris ita 's  
sim plified sim ilarity index and  the pooled ratio of prey 
species for each cetacean species. The level of overlap 
betw een the general consum ption by small cetaceans 
and  the landings of the pelagic industrial fishery was 
prelim inarily estim ated using the latter index. Fishery 
landings w ere taken from  the statistics published  by 
Ñ iquen and  Bouchón (1995).

Results

Long-beaked common dolphin

Food item s of long-beaked  com m on do lph ins w ere 
m a in ly  fish , c o m p ris in g  98.7% of th e  p re y  (9828 
ind iv iduals), w hile the rem ainder w as com posed of 
squids and  crustaceans. From the 20 fish prey species 
observed, six w ere present in a t least 10% of the pooled 
sam ple  (Table 2). The P eru v ian  anchovy  Engraulis  
ringens w as the m ost im portan t prey (70%), followed 
by the Panam a lightfish Vinciguerria lucetia (7.76%) and 
th e  s lim ta ile d  la n te rn f ish  L am panyctus parvicauda  
(6.66%). The Peruvian anchovy w as the m ost frequently 
consum ed prey  (81.51% FO), fo llow ed by silverside 
O dontesthes regia  (17.65% FO), P e ru v ia n  p ilc h a rd  
Sardinops sagax (15.97% FO), Inca scad Trachurus murphyi 
(15.97% FO), South Pacific hake Merluccius gayi (14.29% 
FO) and  squids (11.76% FO). No statistical difference 
w as found in prey composition by num ber betw een 1987 
and  the w hole period sam pled (MW= 185.00, P>0.6),

h o w e v e r  s ig n if ic a n t d iffe re n c es  e x is te d  in  th e  
consum ption of anchovy (KW= 14.042, P<0.05, df= 6) 
and  silverside (KW= 24.498, P<0.01, df= 6) am ong seven 
sam pling periods w ith m ore than  five stom ach contents 
collected. For 1987, differences w ere  fo u n d  am ong 
seaso n s fo r an ch o v y  (KW= 9.541, P<0.05, df=  3), 
s lim tailed  lan te rn fish  (KW= 17.86, P<0.001, df=  3), 
pearly  lan ternfish  M yctophum  n itidu lum  (KW= 13.23, 
P<0.01, df=  3) an d  P anam a lig h tfish  (KW= 18.416, 
P<0.001, d f=  3). T he la rg e s t a m o u n t of an ch o v y  
consum ed in  1987 w as during sum m er and winter, while 
m eso p e lag ic  spec ies like l ig h tf ish  a n d  s lim ta ile d  
lanternfish show ed higher consum ption during autum n 
and  spring of that year (Table 2).

A m ong reproductive status, no statistical differences 
w ere found in the m edian num ber of prey species (KW= 
2.469, P=0.65, df= 4), in  the num ber of prey consum ed 
(KW= 2.021, P>0.7, df= 4) nor the m edian percentage of 
anchovy (KW= 4.527, P>0.3, df= 4). The body length of 
dolphins w as positively related to the num ber of prey 
species (r= 0.243, n=84, P<0.05) and the num ber of prey 
(r= 0.283, n=84, P<0.01).

The standard ized  Shannon-W iener index of diversity 
(Hsld) obtained for the pooled sam ple w as 0.397 (mean= 
0.199, S.D.= 0.156, n= 14). No statistical differences in 
the diversity of the diet w ere found am ong all sam pling 
periods (x2=7.600, P>0.8, df= 13; using H max as expected 
value: x2=9.952, P>0.5, df=13). A higher diversity of diet 
w as observed w hen different prey other than  anchovy 
dom inated the diet. D uring 1987, w hen  mesopelagic fish 
dom inated the diet, H sld w as higher, 0.472 and  0.453 in 
au tum n and spring, respectively (Table 2).

D usky dolphin

The diet of the dusky dolphin in  the central coast of Peru 
(n= 49, Table 3) consisted alm ost exclusively of fish, w ith 
14 prey species (1815 prey individuals), the rem ainder 
(0.11%) w ere  sq u id s . A nchovy w as the  m ain  p rey  
consum ed by num ber (49.70%), followed by the slimtail 
lanternfish (23.61%), Inca scad (17.06%), and  Panam a 
lightfish (3.52%), am ong other species. A nchovy w as 
also  the m o st fre q u e n t p rey  species (71.43% FO), 
followed by Inca scad (57.14% FO), pilchard Sardinops 
sagax (20.41% FO), silverside (16.33% FO) and  slimtail 
lanternfish (12.24% FO).

Table 1. Categories of reproductive sta tus in the sam ple of Peruvian  sm all cetaceans exam ined for this study.

Reproductive status
D.capensis

Species 

L. obscurus T. truncatus P.spinipinnis

9 - im m ature 22 4 2 3
9 - resting adult 3 3 2 3

9 - reproductive 5 8 1 7

d  - im m ature 35 3 3 15

d  - adu lt 19 18 9 13
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Dusky dolphins landed at Marcona ate mainly fish w ith 
some squid present in their diet. Fourteen prey species were 
reco rd ed  (5,966 in d iv id u a ls). The m ote scu lp in  
Normanichthys crockeri was the main prey species consumed 
(76.00% by number), followed by anchovy (16.79%), among 
other species. However, the anchovy was the most frequent 
species consumed (95.65% FO), followed by the mote sculpin 
(60.87% FO), hake (43.48% FO) and squids (43.48% FO). 
There was no statistical difference between the percentage 
of prey by number consumed in 1987 and in  later years 
(MW= 64.00, P>0.1), therefore all the samples were pooled 
for further analysis. For the Peruvian central coast no 
difference was found in the median consumption of anchovy 
(KW=7.712, P>0.1, df=4) between sampling periods, with 
important consumption of this prey in summer as in winter, 
but with some exceptions (Table 3). Similarly, there were 
no significant seasonal differences in the consumption of 
silverside (KW= 5.824, P>0.2, df= 4) and slimtail lanternfish 
(KW= 6.968, P>0.1, df= 4), in contrast w ith Inca scad (KW= 
23.243, P<0.001, df=4) as it was absent during two sampling 
periods. In Marcona there were significant differences in 
the consumption of anchovy (MW= 51.00, P<0.05) and mote 
sculpin (MW=51.00, P<0.05) betw een spring 1992 and 
sum m er 1993, w hen  one of the species predom inated 
by num ber in each period, respectively.
No statistical differences w ere found in the central coast 
am ong reproductive status w ith respect to the num ber

of prey (KW= 6.287, P>0.1, df= 4) and species consumed 
(KW= 4.010, P>0.4, df= 4), nor in the num ber of anchovy 
(KW= 2.452, P>0.6, df= 4) and  Inca scad (KW= 6.869, 
P>0.1, df= 4) consumed. No relationship existed between 
the num ber of prey species (r = 0.05, n= 42, P>0.7) and 
the num ber of individual fish consumed (rs = 0.084, n= 
42, P>0.6) w ith respect to the body length of the dolphin.
The standardized Shannon-Wiener index (Hsld) of diversity 
for the pooled sample of the central coast was 0.509 (mean 
= 0.257, SD= 0.126), while for Marcona this index was 0.29. 
No statistic differences were detected in the diversity of 
the diet among sampling periods {x2= 1.174, P>0.9, df= 5) 
and the combined diversity H sld for the two areas sampled 
was 0.474 (mean = 0.284, SD= 0.145).

Offshore common bottlenose dolphin

The diet of offshore com m on bottlenose dolphins was 
com posed  exclusively  of fish , acco u n tin g  fo r 1157 
individuals representing 21 prey species, including the 
slim tail lanternfish  (39.89% by num ber), follow ed by 
barracuda Sphyraena sp. (13.71%), Peruv ian  pilchard 
(13.53%) and the lum ptail sarobin Prionotus stephanophrys 
(9.75%), am ong o ther species (Table 4). The slim tail 
lan tern fish  w as also the m ost frequen tly  consum ed 
species (45.45% FO), followed by pilchard (40.91%), Inca 
scad (31.82%) and  anchovy and barracuda, both w ith 
22.73% FO, am ongst other species (Table 4).

Table 4. Percentage by num ber (% Num .) of prey of offshore com m on bottlenose do lphins landed  in  central Peru.

L o c a t io n

P rey  it e m
P u c u s a n a A n c o n

C e r r o

A z u l

P o o l e d

Sum-87 Sum-88 Aut-89 W in-89 Spr-89 Aut-90 Sum-92 Spr-87 % F.O. % Num .
FISH
Engraulis ringens 0.93 3.57 100.00 22.73 4.13
Odontesthes regia 2.44 4.55 0.09
M erluccius gayi 21.05 81.82 13.64 7.56
Sardinops sagax 15.17 3.57 41.99 1.43 40.91 13.53
Trachurus murphyi 6.19 33.93 5.19 31.82 4.48
Scomberesox saurus 0.93 4.55 0.26
Scomber japonicus 0.62 4.55 0.18
Lampanyctus parvicauda 18.27 44.64 4.76 85.24 4.55 45.45 39.89
Sphyraena sp. 30.96 13.33 22.73 13.71
M ugil cephalus 0.31 4.55 0.09
Prionotus stephanophrys 48.05 4.55 9.75
Stellifer minor 7.14 4.55 0.35
Galeichthys peruvianus 97.56 4.55 3.51
Labrisomus philippii 1.79 4.55 0.09
N D  1 4.33 9.09 1.23
N D 2 33.33 4.55 0.09
N D 9 1.79 4.55 9.09 0.18
N D  10 1.24 9.09 0.35
N D  11 3.57 4.55 0.18
N D  12 9.09 4.55 0.18
N D  14 66.67 4.55 0.18
Sample size 7 4 4 1 3 1 1 1 22
H a d . 0.578 0.458 0.328 0.153 0.037 0.215 0.206 0.627

% F.O. = Frequency of occurrence; = S tandardized Shannon-W iener d iversity  index; ND = N ot determ ined.
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There w as no statistical difference betw een the num ber 
of prey consum ed in 1987 and  the rest of sam ples (MW= 
198.00, P=0.3), therefore all sam ples w ere pooled. No 
significant differences existed am ong sam pling periods 
w ith  respect to the m ean num ber of slimtail lanternfish 
(KW= 1.272, P>0.7, df= 3), anchovy (KW= 4.35, P>0.2, 
df= 3), pilchard (KW= 1.75, P>0.6, df= 3) and  Inca scad 
(KW= 1.87, P=0.6, df= 3).
The m ean num ber of prey consum ed (KW= 6.286, P>0.15, 
df= 4) and the num ber of prey species (KW= 3.527, P>0.4, 
df= 4) d id  no t vary  significantly am ong dolphins of 
different reproductive status. Neither w ere differences 
no ted  (KW tests, df=4) in  the m ean  consum ption  of 
slimtail lanternfish (P>0.2), pilchard (P>0.4), Inca scad 
(P>0.35) nor anchovy (P>0.2) am ong reproductive status. 
No significant relationship was apparent between the size 
(body length) of the dolphin and  the num ber of prey 
species consumed (r = 0.24, P>0.3, n= 18), nor the num ber 
of individuals eaten (rs =0.18, P>0.45, n=18).
The standard ized  Shannon-W iener index of diversity 
(Hsld) obtained for the pooled sam ple was 0.627 (mean= 
0.29, SD= 0.20). There w ere  no sta tistic  d ifferences 
betw een sam pling  periods w ith  respect to Shannon- 
W iener indices (x2=1.918, P> 0.95, df= 7; w ith  H  asV '  '  '  max
the expected value: x2= 1.942, P>0.95, df= 7).

Burmeister's porpoise

The diet of the Burm eister's porpoise in the central coast 
of P e ru  w as co m p o sed  a lm o st ex c lu siv e ly  of fish  
(98.35% ), re p re s e n te d  by  e ig h t sp ec ies  a n d  1070 
individuals (Table 5). Anchovy w as the m ain prey by 
n u m b e r  (88.88%) fo llo w e d  by  s ilv e rs id e  (6.53%), 
am ongst other species (Table 5). Anchovy w as present 
in 90.38% FO of stom ach contents, followed by silverside 
(9.62% FO) and  hake (7.38% FO).
In  M arcona the d ie t w as largely  com posed  of fish  
(94.78% by num ber) followed by squid. Fish accounted 
for 762 individuals representing eight species. Anchovy 
w as the m ain prey by num ber (77.61%), follow ed by 
the m ote sculpin (8.08%) and  hake (7.96%). A nchovy 
w as the m ost frequent prey (76.47% FO), followed by 
squids (52.94% FO), hake (35.29% FO) and  m ote sculpin 
(23.53% FO).
There w ere no significant differences in the percentage 
by num ber of prey consum ed in  1987 and  the rest of the 
sam ples from  the central coast (MW= 22.00, P>0.29), 
th e re fo re  all sam p les  co u ld  be p o o led . The m ean  
consum ption of anchovy (KW= 9.798, P>0.10, df=6) and 
of silversides (KW= 10.601, P>0.10, df= 6) d id  not vary 
significantly. There w ere no statistical differences (MW 
tests) in  the consum ption  of anchovy (P>0.4), hake 
(P>0.1), m o te  s c u lp in  (P>0.8) a n d  sq u id s  (P>0.2) 
betw een spring 1992 and  sum m er 1993 in  Marcona. 
P o rpo ises of d iffe ren t re p ro d u c tiv e  s ta tu s  d id  no t 
show  significant varia tion  w ith  respect to the num ber 
of p rey  (KW= 6.526, P>0.15, df= 4) nor in  the num ber 
of p rey  species consum ed (KW= 7.229, P>0.1, df= 4).
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There w ere no differences am ong reproductive status 
w ith  respect to num ber of anchovy (KW= 5.281, P>0.2, 
df= 4) nor in the percentage of anchovy consum ed (KW= 
3.697, P>0.4, df= 4). W hile w e fo u n d  a sign ifican t 
relationship betw een the num ber of prey consum ed and 
the porpoise 's body length (rs=0.41, P=0.01, n=46), there 
w as no re la tio n  w ith  th e  n u m b e r of p rey  species 
consum ed (rs=0.03, P>0.8, n=46).
The s ta n d a rd iz e d  S han n o n -W ien er in d ex  (H sld) of 
diversity obtained for the pooled sam ple of the Peruvian 
central coast w as 0.23 (mean= 0.177, SD= 0.145, n= 11), 
while that obtained for M arcona w as a higher 0.39 (n=2). 
There w ere no differences in  indices calculated for every 
period sam pled (x2=3.501, P>0.95, df= 10; w ith  H max as 
the expected value: x2= 1.699, P>0.99, df= 10).

Interspecific relations

The m ean linkage cluster analysis applied to the ratio 
of contribution of the prey species to the pooled sam ple 
of each cetacean studied, using the sim plified M orisita's 
index (Figure 2) show s that the diet of the four cetacean 
species is very similar, w ith  overlapping trophic niches. 
The Burmeister's porpoise and  the long-beaked common 
dolphin are closest w ith  a similarity of 0.965. This cluster 
joins w ith  the dusky dolphin at a sim ilarity of 0.920 and 
w ith  the offshore com m on bottlenose dolphin at 0.873, 
Figure2.
The sim ilarity  m atrix  calculated  for 1987 am ong D. 
capensis, L. obscurus and  P. spinipinnis  d id  no t differ 
greatly  from  th a t o b ta ined  for the poo led  sam ples, 
supporting  the m ethodology used for the pooled data. 
A high sim ilarity index (0.915) w as found betw een the 
general diet of small cetaceans and  the industrial fishery 
of pe lag ic  resou rces (Ñ iquen  an d  B ouchón, 1995), 
explainable because anchovy, the m ain target 
of industrial fisheries in  Peru, is also the m ain 
p rey  of the  m ost a b u n d a n t sm all cetaceans o ■
sp ec ie s , in  th e  sam e  a rea . S ince c e tacean  
m ortality in  the artisanal fishery occurs m ainly 
on the continental shelf (Van W aerebeek et al.,
1997), it fu lly  o v erlap s  w ith  th e  in d u s tr ia l 
fishery for anchovy.

S
I

D is c u s s io n

I  ■
Long-beaked common dolphin Ï

'a  .
Epipelagic schooling fish, m ainly anchovy, was 
the m ain prey of long-beaked com m on dolphins 
off central Peru. O ther prey w ere im portant only 
during  certain sam pling periods and  com prised 
neritic (silverside), epipelagic (pilchard and Inca 
scad ), d e m e rsa l (hake) a n d  m e so p e lag ic  
(lanternfish and  lightfish) fish species. These 
results are consistent w ith  the findings for the 
B enguela C urren t, w here  com m on do lph ins 
forage over the shelf on both shallow  and  deep- 
w ater fish (Sekiguchi et ah, 1992).

Anchovy schools off Peru are found over the shelf from  
the surface and  30 m  depth  at n ight and  betw een 30-60 
m  d u rin g  the  day  (Jordán  an d  V ildoso, 1965). The 
mesopelagic prey species found are associated w ith  the 
d eep  sc a tte r in g  lay e r an d  also  sh o w  d ie l v e rtica l 
m igrations from  surface at n ight to 400-1000 m  depth  
during the day (Fitch and  Brownell, 1968; W isner, 1976; 
R o b in so n  a n d  C ra d d o c k , 1983). T h ere  is l i ttle  
inform ation on the depth  at w hich this dolphin feeds, 
b u t daytim e surface feed ing  (likely on anchovy) has 
been observed by the authors off central and  northern 
Peru. G askin (1982) suggested that com m on dolphins 
(Delphinus sp.) m ake deep dives for food at n ight and 
stay near the surface during  the day.
El Nmo-Southern Oscillation (ENSO) events exert a great 
influence over pelagic resource fluctuations in the Peru 
Current (Arntz and  Fahrbach, 1996) and thus over prey 
availability. Anchovy w as the m ain prey species overall, 
bu t it was not consum ed by com m on dolphins during 
all the periods sam pled, w hen  alternative prey form ed 
the b u lk  of the  diet. For exam ple, m esopelagic fish 
during the 1987 El Niño, as well as silversides, hake and 
s c u lp in s  d u r in g  d if fe re n t p e r io d s  a c q u ire d  h ig h  
im portance tem porally. This flexibility agrees w ith  an 
opportunistic feeding behaviour related to local prey 
availab ility . The low  troph ic  n iche b re a d th  values, 
unexpected from  any opportunistic feeding strategy, are 
th o u g h t to  be an  a r tifa c t p ro d u c e d  b y  th e  h ig h  
availability of Peruvian anchovy, w hich is perm anent 
a n d  a b u n d a n t  d u r in g  n o rm a l y e a rs  (P au ly  a n d  
Tsukayam a, 1987). O pportun istic  feed ing  behav iour 
a p p ea rs  to be cha rac teris tic  fo r com m on d o lp h in s  
around the w orld, their stom ach contents reflecting the 
local availability of resources (Klinowska, 1981). Off 
southeast South Africa long-beaked com m on dolphins

P spinipinnis D capensis L. obscurus T truncatus

Figure 2. M ean linkage cluster analysis of the diet of four species of sm all 
cetaceans from  the Peruvian  central coast
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forage on the m ore available prey (Young and  Cockcroft, 
1994; Sekiguchi et al., 1992). Neritic squids, engraulids, 
c lupeids an d  m ackerels w ere  the m ain  p rey  in  the  
Benguela C urrent system  (Sekiguchi et al., 1992), while 
Y oung an d  C ockcroft (1994) rep o rted  p ilch ard  and  
myctophids. In the California C urrent system  the species 
feeds m ainly on clupeids, engraulids and  hake (Norris 
an d  Prescott, 1961; H eyning  an d  Perrin , 1994). O ur 
results for the Peruvian C urrent ecosystem are consistent 
w ith  these findings. O n the other hand, short-beaked 
com m on dolphins, not typically associated w ith  coastal 
upw elling  areas, appear to feed on m esopelagic fish 
(myctophids), w ith  epipelagic fish as alternative prey 
in  the w estern N orth  Pacific (Ohizum i et ah, 1998; Chou 
et al., 1995) an d  m esopelag ic  fishes (Evans, 1980), 
carang ids an d  squ id s  (Pascoe, 1986) in  the  E nglish 
C hannel. P rey  d ifferences b e tw een  b o th  species of 
com m on dolphin appear to reflect their diverse habitat 
(O h izu m i et al., 1998). M ore p ro d u c tiv e  co as ta l 
u p w e llin g  e n v iro n m e n ts  u su a lly  m a in ta in  a h ig h  
biom ass of epipelagic schooling fish like anchovies and 
sardines, while mesopelagic diel m igratory fish are more 
abu n d an t in  oceanic w aters (M ann and  Lazier, 1996; 
Barnett, 1984).
A higher consum ption of anchovy w as observed mainly 
du ring  w inter, w hen  anchovy disperses an d  reaches 
greater depths (Jordán and  Vildoso, 1965; Jordán, 1982). 
Young and  Cockroft (1994) found  diet differences in 
long-beaked com m on dolphins of different sex, size and  
reproductive status off South Africa. H ow ever, such 
differences w ere not found in  the present study, possibly 
due to sam pling discontinuity.

D usky dolphin

The diet of the dusky do lph in  w as com posed m ainly 
of epipelagic schooling fish  (anchovy, scu lp ins and  
scads) and  m esopelagic fish (lanternfish and  lightfish), 
w ith  an  im portan t incidence of neritic fish (silverside) 
and  som e dem ersal fish (hake). Off central Peru dusky 
d o lp h in s  fo ra g e d  m a in ly  o n  a n c h o v y , w h ile  off 
M arcona they foraged on sculpins. M cKinnon (1994) 
recorded 92.5% by w eight of anchovy in  central Peru 
in  1985-1986 besides Inca scad, hake and  pilchard, bu t 
in  c o n tra s t  w ith  th e  p re s e n t  s tu d y  he  fo u n d  no 
m esopelagic species, w hich  suggests changes in  the 
food supp ly  or in  the feeding habits. O n the Atlantic 
coast of South Am erica, another engraulid  is the m ain 
prey  of dusky  dolphins w hich  forage m ainly  in  the 
afternoon (W ürsig and  W ürsig, 1980; Crespo et a l, 1994; 
Koen Alonso et a l,  1998). Off South Africa the species 
feeds at any tim e of the day on both  pelagic and  deep 
w ater fishes such as m ackerels, hake and  lanternfishes 
in  areas closer to shore and  m ore on the shelf than  other

cetacean species (Sekiguchi et a l,  1992, 19957). Dusky 
dolphins off Peru  have been observed by the presen t 
authors feeding on anchovy during  both  n ight and day. 
Stom ach contents suggest tha t they could also feed on 
mesopelagic fishes a t night.
L atitud inal differences in  the d iet of dusky  dolphins 
betw een  M arcona and  Peru 's  central coast suggest low 
prey specialization. This becom es ev iden t considering 
the h igh  occurrence of anchovy in  M arcona (96% FO) 
and  its low  percentage by num ber (17%), below  m ote 
scu lp in s , w h ich  w ere  co m p le te ly  ab sen t from  the 
cen tra l coast sam ple . Im p o rta n t lan d in g s  of m ote 
scu lp in , a su b a n ta rc tic  sch o o lin g  fish , h av e  b een  
repo rted  in  the area since 1991 (Q uiroz et a l ,  1996). 
C oincidently , the so u th ern  d istribu tion  lim it for the 
N orthern-C en tral stock of anchovy is s itu a ted  a t 14°S 
(P au ly  a n d  T su k ay am a, 1987), i.e. n e a r  M arcona, 
w here  anchovy becom es scarce. D usky dolphins then  
c o u ld  tak e  a d v a n ta g e  of th e  h ig h  a v a ila b ility  of 
sculpins in  the  area.

D iet com position  an d  troph ic  n iche b read th  seem s 
influenced by different food supplies off the central coast 
a n d  off M arco n a , th e  r e s u lt  of th e  d iffe re n t 
oceanographic conditions. Tem poral differences in diet 
w ere also detected on the central coast during  years of 
strong influence of El N iño  (e.g. in 1987). W e conclude 
th a t  d u sk y  d o lp h in s  in  P e ru v ia n  w a te rs  are  
opportunistic  schooling fish feeders, foraging on the 
m ore abundan t and  available prey at determ ined areas 
and  periods, replacing anchovies for sculpins, scads and 
lanternfishes according their availability.

Offshore common bottlenose dolphin

The m ain  prey  observed w ere m esopelagic m yctophid  
fish  w ith  h igh  diel m igration. Van W aerebeek et al. 
(1990) found  anchovy an d  lan tern fish  to be the m ain  
p rey  of coasta l a n d  o ffsh o re  P e ru v ia n  b o ttlen o se  
do lphins, respectively. C onsidering  the bathym etric 
d istribu tion  of its m ain  prey  (W isner, 1976; Fitch and  
B ro w n e ll, 1968), o f f s h o re  c o m m o n  b o tt le n o s e  
do lphins in  Peru  are th o u g h t to feed from  the surface 
dow n to a t least 200m dep th , b u t the ir diel behavior 
is unknow n. H ow ever, inshore bo ttlenose do lph ins 
com m only forage d u rin g  the day (authors, personal 
observations).

The values of trophic niche b read th  obtained for this 
species are the h ighest of the four species analysed in 
this study  and  are a reflection of a m ore varied  diet, 
w ith  six prey  species consum ed w ith  m ore than  10% 
FO. This figure  suggests th a t the  offshore com m on 
bottlenose  d o lp h in  is an  o p p o rtu n is tic  an d  flexible 
feeder w ith  a w ide trophic niche.

7 Sekiguchi, K., Best, P.B. and Klages, N.T.W. (1995) Foraging tim es of day  for three Benguela dolphin  species. Eleventh Biennal Conference 
on the Biology of M arine M am m als, O rlando, USA. (Abstract).
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Burmeister's porpoise

The main prey species of the Burmeister's porpoise was 
anchovy followed by silverside in the central coast and 
South Pacific hake and  m ote sculpin in  M arcona. By 
occurrence, squids were im portant prey in Marcona. The 
high am ount of anchovy in the diet biased diversity indices 
as a result of its high availability. However, an im portant 
consum ption of other prey suggested an  opportunistic 
feeding behav iour on schooling fish and  a h igh  diet 
flexibility, consistent w ith conclusions from previous work 
(Reyes and Van Waerebeek, 1995). Porpoises caught off 
M arcona consum ed less anchovy than  those from  the 
central coast, but instead consumed more hake, sculpins 
and  squids. Recent nuclear and  m t-D N A  analysis of 
B urm eister's  po rpo ises (Rosa et al., 2005) ind icates 
population differences betw een Peruvian, Chilean and 
A rg en tin ean  in d iv id u a ls , w h ile  su g g estin g  genetic 
heterogeneity also betw een northern and central Peru. 
Differences found in diet composition between central Peru 
and Marcona (separated by ca. 500km) may reflect different 
feeding habits between subpopulations.
Information gathered from by catches in Peru indicates that 
the Burmeister's porpoise is a neritic species. It has been 
sighted in both, protected bays and open waters relatively 
close to shore (Read et al„ 1988; García-Godos, 1993; Reyes 
and Van W aerebeek, 1995; Van W aerebeek et ah, 2002; 
Reyes, 2002). Insights obtained from  stom ach contents 
collected in the present w ork confirm such a neritic habitat. 
Such field data allow a more accurate definition of habitat 
range than that predicted indirectly from oceanographic 
inform ation (e.g. Molina-Schiller et ah, 2005). A similar 
inshore distribution has been observed in southern South 
America w here this species also prey on clupeids and 
gadids (Goodall et al., 1995a, b). On the basis of its prey, 
sightings and  reports of specim ens captured in  shore 
seines, Burmeister's porpoise w ould be the second most 
neritic forager of the Peruvian small cetaceans after the 
inshore common bottlenose dolphins (not sampled in this 
study, but see Van W aerebeek et al., 1990). Despite this, 
the occurrence of Inca scad and other pelagic prey includes 
a subtle offshore component or adaptability to occasional 
prey occurrence in its habitual environment.

Interspecific relations

The diet of all the species studied was highly related among 
them, conforming a cluster to a high similarity level of 
0.85 (Fig. 2). The long-beaked common dolphin comprises 
the first cluster w ith Burmeister's porpoise at a similarity 
of 0.97, and not w ith dusky dolphin, contrary to expectation 
w hen considering that in Peru both dolphin species overlap 
considerably in distribution, and often form mixed schools 
(authors' observations). However, their diets are still very 
similar, at a level of 0.875. The common bottlenose dolphin 
logically showed the more distant diet because the sample 
belongs to the large offshore population (Sanino et ah 2005). 
Likely the identification of cephalopods to species could 
add  more detail to this cluster analysis than cephalopods 
considered as a single item, although their contribution to

the diet was low.
Although the diets of Burmeister's porpoise and dusky 
dolphin were relatively close off central Peru (simplified 
Morisitas' Index = 0.780), they were distant in Marcona, at 
0.313 of the same index, explainable by a different habitat 
use further south. The dusky dolphin off Peru shows mainly 
pelagic, not inshore, habits in relation to coastal waters (Van 
Waerebeek, 1992a,b), while Burmeister's porpoise is most 
often sighted nearshore and often occupies, and apparently 
feeds in, shallow waters of protected bays (Van Waerebeek 
et ah, 2002). Despite this difference, both species feed on 
anchovy and mote sculpin off Marcona, but probably on 
different components of these fish stocks.
High similarity in diet between species translates in a low 
level of diversification in feeding habits and broadly similar 
foraging strategies. This low diversification w ould  be 
related to the vast availability of anchovy off Peru 0ordán, 
1982; P au ly  an d  T sukayam a, 1987) w h ich  can  be 
considered a stabilizing factor for Peruvian small cetaceans 
u n d e r 'n o rm a l' oceanograph ic  cond itions, keep ing  
interspecific competition for food low, in agreement with 
theoretical models (Giller, 1984). However, the uncertainty 
produced by El Niño events off Peru (Arntz and Fahrbach, 
1996) sums a selection pressure that would compel small 
cetaceans to keep an opportunistic feeding strategy. 
Despite the high similarity in the diets of these four highly 
sympatric small cetaceans studied, some differences in 
feeding habits can be noted. Burmeister's porpoise feeds 
closer to shore than the other species and w ith a more 
demersal foraging component. The distribution range of 
dusky dolphin and long-beaked common dolphin largely 
overlaps off Peru, perhaps w ith some latitudinal differences 
at their northern limits of distribution. Along the Peruvian 
coast the dusky dolphin distribution is strongly linked to 
cool waters and the species is thought to migrate southward 
when a severe El Niño occurs (Van Waerebeek, 1992; García- 
Godos, 1993). Offshore bottlenose dolphins occur in deeper 
w ater off Peru even beyond the continental slope, as 
reflected in a different diet based on mesopelagic fish. 
Peruvian anchovy has been exploited at a large scale since 
the 1960s and both overexploitation and fluctuations caused 
by El Niño have led to the collapse of anchovy predators 
like guano-producing seabirds (Amzt and Farbach, 1996). 
Jahncke et ah (2004), using time series of wind stress, sea 
surface tem perature, seabird population and anchovy 
landings from central and northern Peru between 1925 to 
2000, found  tha t Peruvian guano-producing  seabirds 
reduced their consumption of the available anchovy in the 
system from 14.2% before the development of the fishery 
to 2.2% afterw ards, w hen  fishery captured 85% of the 
available anchovy of the system. Together, overfishing and 
severe El Niño events dramatically reduced the local seabird 
populations, mainly during the collapse of the anchovy 
fishery (Duffy et ah, 1984; Jahncke et ah, 2004). The diet of 
Peruvian guano-producing seabirds is mainly composed 
by anchovy and other pelagic species 0ahncke and Goya, 
1997; 1998), which suggests that seabirds are positioned 
trophically very close to the studied small cetaceans. This
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assumption allows us to suppose that small cetaceans could 
be similarly affected by the anchovy fishery and El Niño as 
seabirds were. Some evidence supports this hypothesis. 
Reyes and Van Waerebeek (1995) recorded strandings and 
emaciated Burmeister's porpoises during the 1982-83 El 
Niño, suggesting some related effects involved, while food 
stress during the same event was recorded in dentinal layers 
of Peruvian dusky dolphins (Manzanilla, 1989). Qn the other 
hand, the decrease in dolphin catches, as indicated by 
decreased landings, during the 1991-92 El Niño may also 
suggest population  m ovem ents (García-Godos, 1993), 
presumably southw ard as occurs w ith Peruvian guano- 
producing seabirds during  El N iño  events (Arntz and 
Fahrbach, 1996).
Based on the relation of prey com position in  cetacean 
species and the Peruvian anchovy, w e hypothesize that 
s trong  El N iño  events w ou ld  affect firstly  and  m ost 
intensively inshore species and  populations in  coastal 
waters of the Peru Current, i.e. Burmeister's porpoises, 
followed by dusky dolphins and long-beaked common 
dolphins. Especially the latter species appears somewhat 
more flexible in habitat and foraging. Offshore common 
bottlenose dolphins are expected to cope considerably 
better than the other small cetaceans studied.
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