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Instituto del Mar del Pera (IMARPE)

This report contains information on the jumbo flying squid stock and fishery in
Peruvian jurisdictional waters that, we reiterate, the delegation of Peru, in use of its
discretionary powers, voluntarily provides for the purpose of information and support
to the scientific research work within the Scientific Committee of the SPRFMO. In doing
so, while referring to Article 5 of the Convention on the Conservation and Management
of High Seas Fishery Resources in the South Pacific Ocean and reiterating that Peru
has not given the express consent contemplated in Article 20 (4) (a) (iii) of the
Convention, Peru reaffirms that the decisions and conservation and management
measures adopted by the SPRFMO Commission are not applicable within Peruvian
jurisdictional waters.
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SUMMARY

This document presents the values of natural mortality in D. gigas carried out to date,
and shows the great variability of these estimates, which are associated with the
methods used, periods and areas. In addition, since this parameter has an influence on
potential yield, optimal capture, among others, it is emphasized that its estimation must
be as robust as possible, and in the case of giant squid, the existence of population
subgroups must be considered. Likewise, it is mentioned that given the semelparous
nature of D. gigas, post-spawning mortality should be considered more important than
natural mortality in structured population models.



Comments on estimates of natural mortality of jumbo squid Dosidicus gigas

In most methods of population assessment of fishing resources, the estimation of the
number of specimens that die from natural causes is of the utmost importance. Its
estimation should be as precise as possible, given that this parameter has an influence
in the potential yield, optimal catch between others (Martinez-Aguilar et al., 2010).
However, since natural mortality can vary due to various factors such as age,
cannibalism, diseases, post-spawning stress, hunger, senescence, and interspecific or
intraspecific competition, its estimation is one of the most difficult. So, different methods
have been applied to estimate natural mortality using different sources of information
such as fishing information (catch-analysis methods), life history parameters (Life history
methods). Furthermore, natural mortality can vary by area, depending on the density of
predators, competitors, and environmental factors (Megrey, 1989; Sparre et al., 1989).

For convenience, and in the absence of solid information on its variability, in stock
assessment, it is common to assume that natural mortality is a constant value. This
assumption is based on the concept that natural mortality falls rapidly from very high
values for the egg and larval stages to a relatively constant level at maturity age (Caddy,
1996). What Caddy mention must be correctly interpreted paying particular attention to
the expression “relatively constant”. What happens is that, at the level of the egg and
larvae, for a few days or weeks, natural mortality is very high (and variable), with mortality
values that can exceed 99% in the early stages (days) of life. What would correspond to
an M during the adult stage that is reached in a few days, then decreasing to lower
values as the survivors grow and become stronger and more resistant. Then, compared
to the mortality of eggs and larvae, the mortality of adult or larger specimens is lower
and relatively less changing (i.e., relatively more constant). But, that it varies less than
that of eggs and larvae, does not make the M of adults a constant. Above all, if the M of
adults of different sizes or ages could be compared, and between different environmental
conditions, food availability, presence of predators, cannibalism, etc.

Most squid are semelparous species and generally have a reproductive period during
the year. However, as has been observed by Cordue et al. (2018), in Peruvian waters
there is no time during the year when adults are absent from the population, this means
that this species can spawn at any time of the year, although they generally have a high
spawning season between October and January (Tafur et al. 2001, 2010). This should
be taken into account in any population assessment model, since after spawning comes
post-spawning mortality (semelparous mortality), which should be considered more
important than mortality during the adult stage (Cordue et al. 2018).

The consequence of these two aspects of their biology (semelparous and year-round
spawning) is that the biomass of the adult jumbo squid is constantly renewed. However,
it is necessary to clearly distinguish semelparity from the fact that spawning is observed
throughout the year, as well as the way in which each one affects (or modifies) the
population structure. Semelparity is an intrinsic biological characteristic of the species
(i.e., each and every one of the specimens of the species dies after reproducing, if they
reproduce at all). While the occurrence of spawning throughout the year is, rather, an
adaptation or population response to possible changing environmental conditions, in
some years. Also, it is not that all the specimens spawn throughout the year, but rather,
fractions of the population spawn (and die) at different times of the year (and possibly in
different areas), thus producing several cohorts in some years with some interannual
variability.



It is very difficult to estimate and/or have robust estimates of M, even in species that
show less variability in their life histories. And it is even more difficult in the case of the
jumbo squid, due to all the complexities of its life cycle that we know about, and others
that we probably ignore.

In the case of D. gigas in the Gulf of California, Martinez-Aguilar et al. (2010) have
estimated annual values of natural mortality between 128 and 283 for the egg stages,
between 84 and 136 per year for paralarvae, decreasing rapidly in the juvenile (33-44),
subadult (13-14) and adult stages. (4.7-5.2). In addition, in the case of semelparous
species, such as squid; this natural mortality should rise sharply after spawning.
However, most estimates of natural mortality in Dosidicus gigas report a single value,
which should be representative of its adult stage, values that vary from 0.6 to 5.2 year-
1, depending on the method used (Table 1).

Table 1. Values of natural mortality and longevity of Dosidicus gigas. Updated from
Martinez-Aguilar 2010.

M Longevity References
0.60-1.56 year? 1.3-3.0 years Erhardt et al. 1983
0.48-1.80 year? Morales-Bojérquez et al. 1997

4.80 year* Hernandez-Herrera et al. 1998
1.0 years Masuda et al. 1998
4.80 year? Morales-Bojérquez et al. 2001
1.0-2.0 years Nigmatullin et al, 2001
4.80 year? Morales-Bojérquez, Nevarez-Martinez 2002
0.7-2.0 years Markaida-Aburto et al. 2003
1.0-1.3 years Filauri 2005
1.02-1.95 year Nevarez-Martinez et al. 2006
4.70-5.20 year* Martinez-Aguilar et al. 2010
1.73 years Liu et al. 2013
1-2 years Arkhipkin et al. 2015
0.20 month? Cordue et al. 2018

*value valid for the adult stage

Furthermore, this single value of M for adults does not distinguish by population
subgroup. The large differences in estimates of M (values between 0.6 and 5.2 per year)
could be due to belonging to different groups evaluated, estimation methods, periods,
and areas. For example, the smallest values of M have been estimated using methods
that use life history parameters. While the highest values have been derived from
assessment models. Therefore, taking into account that natural mortality is extremely
important in population models, its estimation should consider all possible variables, for
example, population subgroups that occur in the same year, but in different areas
(coastal - oceanic).
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