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ABSTRACT. Stable isotope analyses for shortfin mako (Isurus oxyrinchus) and blue sharks (Prionace glauca)
were conducted to assess their trophic position in two periods of time (before 1980 and after 2000) in the
Southeastern Pacific waters (SEP). Both sharks showed that their trophic position decreased over time (P <
0.05). Many factors could be involved in this change such as dietary shifts, prey availability, or indirect fishing
effects in SEP waters.
Keywords: stable isotopes, sharks, top predators, trophic position, southeastern Pacific.

Evaluando los niveles tróficos de dos tiburones oceánicos
del Océano Pacífico suroriental
RESUMEN. Para evaluar los niveles tróficos de los tiburones marrajo (Isurus oxyrinchus) y azulejo (Prionace
glauca) en dos períodos de tiempo (previo a 1980 y posterior al 2000) en aguas del Pacífico suroriental (SEP),
se realizaron análisis de isótopos estables. Ambos tiburones mostraron un descenso del nivel trófico en el tiempo
(P < 0,05). Varios son los factores que pueden estar involucrados en este evento, como los cambios dietarios, la
disponibilidad de las presas o los efectos indirectos de la pesquería en aguas del Pacífico suroriental.
Palabras clave: isótopos estables, tiburones, predadores tope, nivel trófico, Pacífico suroriental.

The trophic level or trophic position (TP) in worldwide
oceans has been decreasing (Pauly et al., 1998) mainly
due to overexploitation of fisheries. Stevens et al.
(2000) reviewed the possible effects of fishing and
concluded that there are two major effects. The first is
the direct impact related to reduction on the abundance
and biomass, changes in the size-age structure, and also
changes in the population parameters of species that are
frequent in fisheries (Myers et al., 2007; Block et al.,
2011). The second effect is indirect, and related to
trophic interactions. Indirect effects are unnoticeable in
the short term (Crowder et al., 2008) with the entire
food web significantly altered, involving shifts in
feeding, meso-predator release, and prey switching in
the ecosystem trophic cascades. Together with the food
web alteration, large marine predators decrease their
___________________
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trophic level (Daskalov et al., 2007). Sharks are
particularly susceptible to fishing effects due to their
life history patterns such as K selected strategy, slow
growth, longevity, and low maturity rates (Baum et al.,
2003). Moreover, these predators play an important role
in the ecosystems which they inhabit, because they
preserve species diversity in the community and sustain
ecosystem health largely by “top down” regulation
(Baum et al., 2009). For these reasons it is important to
study how the TP of sharks changes over time and
assess the role of fisheries in this change. Thus, the
principal goal of this study was to compare the trophic
position of two sharks Prionace glauca (Linnaeus,
1758) and Isurus oxyrinchus (Rafinesque, 1810) -both
well known as top predators in the southeastern Pacific
waters (SEP)-, in two periods of time.
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To compare TP in two different times, samples were
separated into two periods: before 1980 (BE-80) and
after 2000 (AF-00). Historical data confirms that open
ocean fisheries began in 1990 (Cerna, 2009). For the
AF-00 period a total of 100 individuals of P. glauca and
I. oxyrinchus were collected from the bycatch of longline swordfish industrial fishing between 21ºand 35ºS,
78º and 118ºW during 2013. The total length (TL) was
measured on board the vessels and muscle tissues from
dorsal parts were taken and frozen at -20°C. On the
other hand, tissues from 19 specimens of the Museo
Nacional de Historia Natural, Chile (MNHN) (see
Appendix S1) were used to study TP before 1980 (BE80) (Kaehler & Pakhomov, 2001). Considering that the
preservation method can affect the isotope ratios, a
correction was made following Kelly et al. (2006). All
tissues were put in a 2:1 chloroform-methanol solution
for lipid extraction. The isotope composition was
analyzed at the “Laboratorio de Análisis Isotópico
LAI”, Universidad Andrés Bello UNAB, Viña del Mar,
using an Eurovector elemental analyser coupled to a
Micromass Isoprime isotope ratio mass spectrometer.
Stable isotope ratios were reported in the δ notation as
the deviation from standards (Pee Dee Belemnite for
δ13C and atmospheric N for δ15N), therefore δ13C or
δ15N = [(Rsample / Rstandard) – 1] × 103, where R is 13C/12C
or 15N/14N, respectively. Typical precision of the
analysis was ±0.5‰ for δ15N and ±0.2‰ for δ 13C. TP
was estimated using raw 15N values and calculated by
this equation (Post, 2002): TPshark = λ + [δ15Nshark δ15Nbase1]/∆n. Cubiceps pauciradiatus a plankton feeder
which is widely distributed in the SEP area was selected
as TP base1 (TP = 3.5). The mean enrichment of δ 15N
per trophic level (TDFs) for sharks was taken from
Malpica-Cruz et al. (2012), which provides a robust
approximation and a trustworthy value (TDFs = 3.5).
The TPs were compared using a PERMANOVA +
SIMPER analysis (Zar, 2010). All statistical analysis
and mathematical calculations were performed with R
statistical software (R Development Core Team, 2011).
Means of δ15N and δ13C are summarized in Table 1.
With the δ13C value it is possible to infer some aspects
of the sharks’ habitat. Thus, both sharks presented
values of epipelagic predators and did not show diffe-

Figure 1. δ15N and δ13C Bi-plot of blue and shortfin mako
sharks before 1980 (BE) and after 2000 (AF).

rences between BE-80 and AF-00. The TP found for
blue shark in BE-80 was 3.8 while for AF-00 was 3.7.
When the TP before and after were compared, the blue
shark showed significant differences (P = 0.002). On
the other hand, the TP found in shortfin mako sharks
was 4.2 for BE-80 and 3.7 in AF-00. Like blue sharks,
the I. oxyrinchus samples showed statistical differences
(P < 0.001) between the two periods of time.
The stable isotope method constitutes a robust
approach, as it is regularly used to trace energy flow
pathways through food webs (Cabana & Rasmussen,
1996) and recently to assess historical trophic positions
(Doubek & Lehman, 2014). Our results indicate that P.
glauca and I. oxyrinchus had a higher TP before
swordfish long-line fisheries began to operate (Fig. 1).
Blue sharks showed a small decrease in comparison
with individuals of shortfin mako. The latter could
involve changes in their feeding strategy and shifts on
prey consumption. This is a biological concern, since if
these top predators change their TP; consequently the
entire ecosystem changes its mean TP. For example,
Polovina et al. (2002) found an increase in the trophic
level of meso-predators because the apex predator
changed its trophic level. Cox et al. (2002) proposed
that change in the TP of a top predator is one of the most
important effects when their diet changes, causing an

Table 1. Mean trophic position (TP) of the studied sharks before (BE-80) and after (AF-00) the long-line fishery began. n:
number of samples, P-values are from Permanova analysis.
Species
Prionace glauca
Isurus oxyrinchus

BE-80
δ15N
δ13C
TL (cm) n
19.3 ± 2.0 -17.8 ± 2.2 3.8 ± 0.6 9
20.8 ± 1.8 -17.9 ± 0.9 4.2 ± 0.3 10

AF-00
δ15N
δ13C
TL (cm)
n
18.9 ± 1.5 -16.4 ± 1.0 3.7 ± 0.46 50
19.1 ± 1.6 -16.8 ± 1.2 3.7 ± 0.45 50

P value
0.002
<0.001
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alteration in the ecosystem community, predator-prey
size and age structure. In this study we found evidence
that shortfin mako and blue sharks changed their diet
consumption over time with a probable break after
1980, showing changes in their TP, possibly as a
consequence of the fluctuations in population dynamic
parameters of their most important prey.
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Appendix S1. Specimens from the Museum of Natural History. PMNHN (specimen code from collection). *Pelvic fins were removed from the specimen,
**Identification number was not legible on the record card.
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