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1. BACKGROUND

Although jack mackerel is an important fishery species with a wide distribution in the
South Pacific, along South American coastal areas and across a 35° — 45° S band in the
Pacific Ocean to New Zealand (Serra 1991), its population structure is not yet well
known. Indeed, this is a major source of uncertainty for the assessment and
management of this species.

To date, up to five stock structure hypotheses have been proposed for the jack mackerel
Trachurus murphyi. These include the four described in SPRFMO (2008), according to
which (i) jack mackerel caught off the coasts of Peru and Chile each constitute separate
stocks which straddle the high seas, or (ii) jack mackerel caught off the coasts of Peru
and Chile constitute a single shared stock which straddles the high seas; and, (iii) jack
mackerel caught off the Chilean area constitute a single straddling stock extending from
the coast out to about 120°W, or (iv) jack mackerel caught off the Chilean area constitute
separate straddling and high seas stocks. In addition, a fifth hypothesis, of a
metapopulation is proposed by Gerlotto et al. (2012, 2021), which throughout its various
options may include the previous four hypotheses with the added consideration of the
possible effects of long-term changing environmental conditions. Then, all these five
hypotheses would have to be considered to accurately characterize the population
structure, in a regional genetic analysis of jack mackerel including a good sampling
scheme, where potential factors that can affect changes in the genetic variability are
integrated.

2. THE SC9-JM09 PROPOSAL

The proposal in document SC9-JMO04, to develop a regional study of the genetic
signatures, connectivity and admixture proportions of T. murphyi, is an interesting and
valid initiative for tackling part of the above stock structure hypotheses. However, we
feel that this proposal falls short of achieving what should be the main goal, of defining
the jack mackerel population structure and possible type and degree of connectivity
between the various discrete biological and area-fisheries units observed throughout
the jack mackerel range in the South Pacific Ocean.

Population connectivity and spatial structure are aspects to consider for appropriate
management decision making and to ensure sustainable exploitation. But it should be
noted that, marine fish populations are commonly structured at relatively fine scales
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(Waples and Gaggiotti 2006), that are highly connected due to high levels of dispersion
over large spatial scales, and that they are exposed to different pressures, like habitat
degradation and fragmentation, fishing exploitation, environmental changes (Cheung et
al. 2009).

Taking into account the aforementioned, some aspects of the goals pursued in the
proposal referred above may not be resolved due to the sampling designed proposed.
Like, for instance:

- InGoal 3 (to identify and define geographical limits of potential divergent groups),
it will be necessary to consider a wider sampling area along and within the species
distribution (e.g., not only considering northern and center off Peru, and one area
off New Zealand) to define the “limits” of potential groups, moreover when it has
been reported that there is a discontinued distribution of the species, and there are
fluctuations in medium or large time-scales;

- In Goal 4 (to evaluate connectivity and admixture), it will be necessary to consider
not only the spatial distribution, but also a temporal-scale analysis that can explain
migration, due to possible (...and actually observed) expansions and contractions,
and environmental stress responses, of the different population units or sub-units;
as well as the genetic variability contribution of the different spawning areas along
Peru and Chile, and probably further west in the south Pacific. These aspects also
have to be taken into account for Goal 1 (adequate sampling design) and the
interpretation of the species genetic variability of divergent groups mentioned in
Goal 2; and,

- In Goal 5 (to generate a conceptual model), it is reminded that genetic and
demographic connectivity are fundamentally different concepts and require
different, but complementary, methods of assessment (Lowe and Allendorf 2010).
So, to generate a “model” it will be necessary to consider different tools with
different resolution levels, complementary to the SNPs analysis, to solve population
structure and connectivity, as has been also proposed for other commercially
important species (Vendrami et al. 2017, Randon et al. 2020).

3. NEED FOR AN EXPANDED SCOPE BEYOND THE POPULATION GENETIC ANALYSIS

In addition to the population genetic analysis with regards to the abovementioned five
stock structure hypotheses being proposed, due consideration should also be given to
the observed annual and decadal expansions and contractions of jack mackerel
distribution and abundance throughout its whole range and, also, within its major local
fishing areas and possible local subpopulations or stock units, which could be relevant
from the fisheries and fisheries management points of view.

In particular, off the Peruvian coast, noticeable spatial and interannual to interdecadal
temporal changes in distribution and abundance of this and other species have been
reported, in relation to environmental stress and to shorter and longer-term changes of
environmental conditions (Chavez et al. 2003, Espino 2013, Arguelles et al. 2019).
Therefore, a wider temporal coverage of the study might be needed to include stock
abundance and distribution situations under opposed environmental conditions, such
as El Nifno and La Nifa, and possibly longer interdecadal environmental fluctuations
leading to longer-term abundance changes or stock abundance regime shifts.
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A longer-term change in jack mackerel abundance and distribution has also been
observed further south, particularly in the high seas across the 35° - 45° S band in the
Pacific Ocean, where high jack mackerel abundance and high catches were reported
between the late 1970s and the early 1990s, with no signs of similar jack mackerel
expanded distribution and abundance levels being reported in recent years.

Itis also important to take in consideration that several marine populations can be highly
connected due to high levels of dispersion over large spatial scales, so a fine-scale
analysis is required, to facilitate the detection of population structure of species with
high gene flow or with large population sizes (Waples and Gaggiotti 2006).

In this sense, to properly analyze the possible jack mackerel population structure in the
South Pacific through genetic studies, it would be necessary to expand the scope and
modify/expand the sampling areas proposed in document SC9-JM04 from Chile. To
evaluate the organisms” movement in possible subpopulations and admixing, it will be
necessary to increase the spatial area-coverage and include a temporal genetic
monitoring.

So, we suggest evaluating the population structure of 7. murphyi considering two
criteria:

1. Spatial criteria: expanding the spatial sampling areas, to ensure proper coverage
of, for example, the northernmost, southernmost, westernmost and all
intermediate areas of the species distribution range, areas of spawning, high-
density spots, etc.

2. Temporal criteria: genetic monitoring through multi-year sampling is required
for evaluating the stability of the genetic population genetic structure,
homogeneity of genetic diversity or movement of possible sub-populations
along species” distribution range. In this sense, we propose a two-stage
approach, including:

a. Short-term evaluation, to describe the population diversity (or possible
structure), and to evaluate the variability stability of groups’ variability.

b. Long-term evaluation, to monitor environmental changes impacts, such as
those of El Nifno and La Nifia events and possibly longer-term warmer or
colder periods, over the population structure, migration, and contractions or
expansions of biomass, etc.

4. MULTIDISCIPLINARY APPROACH

The accurate estimation of connectivity among populations is critical for assessing the
dynamics that occur within a species, including genetic divergence, adaptation and
speciation; so improved knowledge of connectivity should integrate multidisciplinary
studies. For an effective estimation of population connectivity, one should consider both
genetic and demographic connectivity (Lowe and Allendorf 2010). So, a holistic
approach to managing marine resources that contrasts with the more conventional
focal-species approach to management (Pikitch et al. 2004) is needed, including tools
with different resolution levels complementary to the SNPs analysis, to resolve
population structure and connectivity (Randon et al. 2020).
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We therefore suggest that genetic studies be complemented with other types of stock
structure analyses, evaluated at different spatial and temporal levels, while expanding
and updating on what was suggested years ago by Serra and Glubokov (2008), including:

a. Molecular analysis

Genetic makers give information across generations at an evolutionary time scale,
and in particular SNPs have been reported to have good potential to detect weak
population genetic differentiations (Morin et al. 2009), at fine spatial scales.
Genetic diversity can be characterized at different life stages (larvae, juveniles,
adults) associated to their dispersal capacity through their life cycle along the
species distribution range, and allow the identification of the genetic contribution
of different potential populations to the specie’s genetic diversity.

b. Morphometric studies

Isolation and the exposure to different environmental factors may result in
phenotypic variation among fish within a population, and such variation can be
seen as a basis for a separation into groups that can be managed as distinct stocks.
The quantification of these morphometric variations in an individual or group of
individuals can contribute to demonstrate the degree of isolation, and to better
define and discriminate different stocks. For instance, the use of landmark-based
(e.g., in individuals’ bodies or otoliths) or outline-based (e.g., in otoliths)
morphometric techniques are highly effective in detecting information about the
shapes and, thus, morphometric variations among stocks. This capability has been
improved and facilitated with the development of image processing and statistical
multivariate tools. Examples of the use of morphometric studies in combination
with other tools are provided by Serra et al. (2014) for T. murphyi and by Moreira
et al. (2020) for the blue jack mackerel Trachurus picturatus.

c. Parasite studies

Parasites have been widely used as indicators of various aspects of fish biology
(Williams et al. 1992). One of their most important applications is in stock
identification, the basic principle underlying the use of parasites as tags of fish that
can become infected only when they come within the endemic area of it. This area
is a geographical region in which conditions are suitable for the transmission of
the parasite. If infected fish are found (MacKenzie and Abaunza 1998), hosts can
acquire parasites in their endemic area and carry them to a region where the
intermediate host does not occur or environmental conditions are adverse for the
parasite. Consequently, parasites can act as tags, indicating the past movements
of the individual fish and have been used as biological tags to trace their migrations
(MacKenzie 1983, Lester 1990, Williams et al. 1992, Mosquera et al. 2003).

d. Hard parts microchemistry

The chemical composition of otoliths records ambient water chemistry (Sturrock
et al. 2012) and the analysis by stable isotope provides a chronological chemical
record of the water inhabited by the fish (Tzadick et al. 2017), which address
guestions such as mixing stocks and nursery origin (Schloesser et al. 2010), and
horizontal and vertical migrations (Hanson et al. 2010; Longmore et al. 2011). The
chemistry of otolith nuclei is useful to detect population heterogeneity-based
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Sr/Ca ratios, which is related to temperature (Ashford et al. 2005). The Oxygen
stable isotopic ratios (d180) reflect both the temperature and the d180 of
surrounding waters (Kim et al. 2007). Also, it has been used like a proxy of
temperature and salinity to discuss fish migration between different water masses
(Torniainen et al. 2017) through ontogenetic development.

Life history patterns

The comparative analyses of life history patters throughout the range could also
contribute to determine whether each of two or more fishery or stock subunits
are intermixed or interdependent, and are to be managed as a single stock; or
whether they are relatively independent, with little or no intermixing, and can or
are to be managed as separate stocks, particularly if each unit is self-sustained,
with individuals within being able to reproduce amongst themselves with similar
life-history characteristics and reproduction behavior in relation to an identified
common spawning area (Gulland 1971, Hilborn and Walters 1992), as shown for
jack mackerel off Peru by Csirke and Niquen (2017) and for jack mackerel off Chile
by Serra (1991) and Arcos et al. (2001). On this, during its 5th annual meeting, the
SPRFMO Scientific Committee recognized that a more definitive way to determine
whether stocks (or populations) are different would be to look at the life history
patters across entire boundaries and determine the extent of connectivity
amongst different areas, and included a task to use modelling and observation
data to predict connectivity and seasonal to decadal variability herein in its Multi-
Annual Workplan (SPRFMO 2017). This task is still active in the 2021 SC Multi-
Annual Plan (this meeting, document SC9-Doc05), but to a great extent is still
pending, although the type of data that may be needed for this type of analyses
might be available for most of the mayor areas of interest. As part of these
analyses, one may wish to look at, for instance, the spatio-temporal variability,
differences and similarities in the reproductive cycle (e.g., through changes in the
gonadosomatic index), spawning areas and abundance of eggs and larvae,
presence/abundance of juveniles, recruitment strength, etc.

Food habits and spatiotemporal diet variability

It is more frequently recommended that broader ecological aspects be considered
when assessing and managing exploited fish stocks (Botsford et al. 1997, Garcia et
al. 2003). T. murphyi is an opportunistic predator (Alegre et al. 2013, 2015, Sanchez
de Benites et al. 1985, Konchina 1980, 1983) that due to its migratory nature
accesses epipelagic neritic and oceanic environments to feed (Medina and
Arancibia 2002). Recently, notable changes have been observed in catches,
abundance, distribution and spatial availability, with possible consequences in
their trophic role. Long-term trophic ecology (at individual and population levels)
can be studied by combining stable isotope measurements and sequential
sampling of hard tissues that remain inert after synthesis (Cherel et al. 2009,
Newsome et al. 2009, Vander Zanden et al. 2010). A common method for studying
trophic relationships is the analysis of stomach content (Caddy and Sharp 1988),
guantifying the energy flow in the marine food web, and identifying the most
relevant species in said structure, either as predators or prey. The spatiotemporal
diet variability can be studied by analyzing stomach content with complementary
techniques, such as stable isotope (SIA) and fatty acids (FA). The SIA is useful to
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differentiate trophic niches (Peterson and Fry 1987). Carbon stable isotopic ratios
(d13C) is useful to distinguish sources of organic matter input due to small ratios
shift between adjacent trophic levels (Caut et al. 2009) and can reflect the animals’
habitats and migration patterns (Cherel et al. 2009). The Nitrogen stable isotopic
ratios (d15N) reflect the gradual enrichment between a food source and
consumer, and can be used to estimate trophic levels (Caut et al. 2009). In contrast
to d15N values, which show a stepwise enrichment from prey to predators
(Vanderklift and Ponsard 2003), carbon isotope values vary with spatial variations
of the environment and can indicate offshore vs. inshore feeding, or even
latitudinal variations in foraging habitats (Cherel and Hobson 2007, Jaeger et al.
2010). The FA is a complementary technique to SIA for examining nutrients
constraints and trophic relationships, specifically following some FA related to the
food sources (Koussoroplis et al. 2008, Iverson 2009). Also, DNA metabarcoding is
a relatively new tool for assessing diets (Leray et al. 2013), based on the analysis
of DNA barcode regions amplified from gut contents, allowing the identification of
a large number of specimens at different stages, with less time-consuming.

Distribution patterns and habitat preferences and constrains

The abundance and distribution of a fish may be affected by the extension or the
shrinking of the habitat (Bertrand et al. 2010). In addition, is very important to
clarify the limits of distribution, studying the habitat, with high productivity related
to the high environmental variability and the adaptive response to this habitat in
respect to other stocks of the region (Gerlotto and Dioses 2013). T. murphyi is a
straddling species with a large spatial distribution range in the South Pacific. It is
found under a wide range of environmental conditions and highly heterogeneous
regions in terms of oceanographic and prey conditions (Bertrand et al. 2004, 2006;
Alegre et al. 2015). Its habitat is horizontally and vertically limited mainly by
temperature, productivity and oxygen (Bertrand et al. 2016). The oceanic front
between the Subtropical Surface waters (SSW) and the Cold Coastal Waters (CCW)
is the preferred habitat of T. murphyi off Peru, according to Dioses (2013).
Gerlotto and Dioses (2013, citing Gretchina 2009) show how the overall
distribution of T. murphyi shrank since the 1990s in the western, southern and
northern limits of its area; this is an indication on how much the environment is
responsible of the habitat's extension of this species. On the other hand, Elizarov
et al. (1992) described stratified spatial patterns including its southern distribution
delimited by the sub-Antarctic waters along the so-called ‘jack mackerel belt’.
These differentiations in habitat throughout the Eastern Pacific indicate that
habitat studies would help us clarify the potential limits of population stocks.

Tagging experiments

One other type of study worth mentioning, although it would be audacious to
propose, would be one based on a regional tagging, release and recovery program.
This, if properly done, can provide the most conclusive data to elucidate the
question of stock structure, migration patterns, degree of intermixing, and
connectivity. However, this could be a difficult and very expensive major
undertaking, due to the species' wide range, population size, and the variety of
fleets involved. In addition, the high catch volumes and the type of bulk handling
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and processing (not one by one) on board and on land can be a serious limitation
to successful tag recovery.

5. RECOMMENDATIONS

In view of the above, it is suggested that a well stratified and more extended in space
and time sampling design has to be considered, in order to properly capture the known
dynamics and fluctuations in the distribution, abundance, and availability to the fisheries
of the species throughout its distribution range, taking also into account the different
hypothesis to be evaluated.

The identification of the population genetic structure, connectivity and admixture, and
the delimitation of geographical boundaries of divergent groups, are important goals to
pursue for an effective management of species, but they should be analyzed considering
estimations at a fine scale, including a description of temporal and spatial changes that
can explain the migrations and the impact of environmental changes, such as those that
may be caused by, for instance, shorter term EL Nifio and La Nifia events, medium-term
Pacific Decadal Oscillations (PDOs), and longer-term climate change.

It is also of crucial importance that participating parties analyze and agree on a list of
parameters to be integrated into the genetic studies, to the interpretation of the
population structure in a holistic approach, as well as on uniform sample sizes,
protocols, analysis criteria, etc.

6. REFERENCES

Alegre A, Bertrand A, Espino M, Espinoza P, Dioses T, Niquen M, Navarro |, Simier M,
Ménard F. 2015. Diet diversity of jack and chub mackerels and ecosystem
changes in the northern Humboldt Current system: a long-term study. Progress
in Oceanography 137, 299-313. http://dx.doi.org/10.1016/].
pocean.2015.07.010.

Alegre A, Espinoza P, Espino M. 2013. Ecologia tréfica del jurel Trachurus murphyi en el
Perld entre 1977-2011. Revista Peruana de Biologia 20, 75-82
https://doi.org/10.15381/rpb.v20i1.2622

Arguelles J, Csirke J, Grados D, Tafur R & Mendoza J. 2019. Changes in the predominance
of phenotypic groups of jumbo flying squid Dosidicus gigas and other indicators
of a possible regime change in Peruvian waters. Working paper presented to the
7t meeting of the SPRFMO Scientific Committee, La Havana, Cuba, 5-12 October
2019. SPRFMO document SC7-SQ03: 19 p
http://www.sprfmo.int/assets/2019-SC7/Meeting-Docs/SC7-SQ03-Changes-in-
predominance-of-phenotypic-groups-of-Jumbo-flying-squid-in-Peruvian-
waters.pdf

Arcos D, Cubillos L, Nufiez S. 2001. The jack mackerel fishery and El Nifno 1997-1998
effects off Chile. Prog. Oceanogr. 49: 597-617.

Ashford JR, Jones CM, Hofmann EE, Everson |, Duhamel G, Moreno C., Williams R. 2005.
Can otolith elemental signatures record the capture site of a fully marine fish,
Dissostichus eleginoides, in the Southern Ocean? Can. J. Fish. Aquat. Sci. 62(12):
2832-2840 https://doi.org/10.1139/f05-191



http://dx.doi.org/10.1016/j.%20pocean.2015.07.010
http://dx.doi.org/10.1016/j.%20pocean.2015.07.010
https://doi.org/10.15381/rpb.v20i1.2622
http://www.sprfmo.int/assets/2019-SC7/Meeting-Docs/SC7-SQ03-Changes-in-predominance-of-phenotypic-groups-of-Jumbo-flying-squid-in-Peruvian-waters.pdf
http://www.sprfmo.int/assets/2019-SC7/Meeting-Docs/SC7-SQ03-Changes-in-predominance-of-phenotypic-groups-of-Jumbo-flying-squid-in-Peruvian-waters.pdf
http://www.sprfmo.int/assets/2019-SC7/Meeting-Docs/SC7-SQ03-Changes-in-predominance-of-phenotypic-groups-of-Jumbo-flying-squid-in-Peruvian-waters.pdf
https://doi.org/10.1139/f05-191

SC9-JMO08

Bertrand A, Habasque J, Hattab T, Hintzen NT, Oliveros-Ramos R, Gutiérrez M, Demarcq
M & Gerlotto F. 2016. 3-D habitat suitability of jack mackerel Trachurus murphyi
in the Southeastern Pacific, a comprehensive study. Progress in Oceanography,
146: 199-211
https://www.sciencedirect.com/science/article/abs/pii/S0079661116300404

Bertrand A. Ballon M, Chaigneau A. 2010. Acoustic observation of living organisms
reveals the upper limit of the oxygen minimum zone. PLoS one, 5(4), e10330.
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0010330

Bertrand A, Barbieri MA, Gerlotto F, Leiva F, Cdrdova J. 2006. Determinism and plasticity
of fish schooling behaviour as exemplified by the South Pacific jack mackerel
Trachurus murphyi. Marine Ecology Progress Series, 311, 145-156.
http://www.int-res.com/articles/meps2006/311/m311p145.pdf

Bertrand A, Barbieri MA, Cérdova J, Hernandez C, Gdmez F, Leiva F. 2004. Diel vertical
behaviour, predator-prey relationships and occupation of space by jack mackerel
(Trachurus murphyi) off Chile. ICES Journal of Marine Science 61: 1105-1112.
https://doi.org/10.1016/].icesims.2004.06.010

Botsford L, Castilla J, Peterson C. 1997. The management of fisheries and marine
ecosystems. Science 277: 509-515
https://doi.org/10.1126/science.277.5325.509

Caddy J, Sharp G. 1988. Un marco ecoldgico para la investigaciéon pesquera. FAO Doc.
Tec. Pesca 283:155 p. http://www.fao.org/3/T0019S/T0019S00.htm

Caut S., Angulo E, Courchamp F. 2009. Variation in discrimination factors (A15N and
A13C): the effect of diet isotopic values and applications for diet reconstruction.
J. Appl. Ecol., 46, 443-453. https://doi.org/10.1111/j.1365-2664.2009.01620.x

Garcia S.M., Zerbi A, Aliaume C, Do Chi T, Lasserre G. 2003. The ecosystem approach to
fisheries. Issues, terminology, principles, institutional foundations,
implementation and outlook. FAO Fisheries Technical Paper. No. 443: 71 p.
http://www.fao.org/3/a-y4773e.pdf

Chavez FP, Ryan J, Lluch-Cota SE, Niquen M. 2003. From anchovies to sardines and back:
multidecadal change in the Pacific Ocean. Science 299: 217-221
https://doi.org/10.1126/science.1075880

Cherel Y, Kernaléguen L, Richard P, Guinet G. 2009. Whisker isotopic signature depicts
migration patterns and multi-year intra- and inter-individual foraging strategies
in fur seals. Biol Lett 5: 830-832. https://doi.org/10.1098/rsbl.2009.0552

Cherel Y, Hobson KA. 2007. Geographical variation in carbon stable isotope signatures
of marine predators: a tool to investigate their foraging areas in the Southern
Ocean. Mar Ecol Prog Ser 329: 281-287. http://doi.org/10.3354/meps329281

Csirke J, & Niquen M. 2017. Evidences of the consistent occurrence of all life-history
stages of jack mackerel (Trachurus murphyi) in the northern Humboldt Current
System, off Peru and Ecuador. Working paper presented to the 5th meeting of
the SPRFMO Scientific Committee, Shanghai, China, 23 - 28 September 2017.
SPRFMO document SC5-JM03: 16 p http://www.sprfmo.int/assets/SC5-



https://www.sciencedirect.com/science/article/abs/pii/S0079661116300404
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0010330
http://www.int-res.com/articles/meps2006/311/m311p145.pdf
https://doi.org/10.1016/j.icesjms.2004.06.010
https://doi.org/10.1126/science.277.5325.509
http://www.fao.org/3/T0019S/T0019S00.htm
https://doi.org/10.1111/j.1365-2664.2009.01620.x
http://www.fao.org/3/a-y4773e.pdf
https://doi.org/10.1126/science.1075880
https://doi.org/10.1098/rsbl.2009.0552
http://doi.org/10.3354/meps329281
http://www.sprfmo.int/assets/SC5-2017/SC5-JM03-Evidence-of-all-life-history-stages-for-Jack-mackerel-in-the-northern-Humbolt-Current-System.pdf

SC9-JM08

2017/SC5-JMO03-Evidence-of-all-life-history-stages-for-Jack-mackerel-in-the-
northern-Humbolt-Current-System.pdf

Dioses T. 2013. Patrones de distribucion y abundancia del jurel Trachurus murphyi en el
Peru. Revista peruana de biologia, 20(1), 067-074
http://www.scielo.org.pe/pdf/rpb/v20n1/a10v20nl.pdf

Elizarov AA, Grechina AS, Kotenev BN, Kznetsov AN. 1992. Peruvian jack mackerel
Trachurus symetricus murphyi in open water of the southern part of the Pacific
Ocean. Question of Ichthyology 32: 57-73.

Espino M. 2013. El jurel Trachurus murphyi y las variables ambientales de macroescala.
En: Csirke J., R. Guevara- Carrasco & M. Espino (Eds.). Ecologia, pesqueria y
conservacion del jurel (Trachurus murphyi) en el Perd. Rev. peru. biol. nimero
especial 20(1): 009-020 http://www.scielo.org.pe/pdf/rpb/v20n1/a03v20n1.pdf

Gerlotto F, Dioses T. 2013. Bibliographical synopsis on the main traits of life of Trachurus
murphyi in the South Pacific Ocean. SPRFMO. SC-01-INF-17, 1st Meeting of the
Scientific Committee, La Jolla, 21-27 October 2013. Working paper presented to
the 1st meeting of the SPRFMO Scientific Committee, La Jolla, United States of
America, 21-27 October 2013. SPRFMO document SC-01-INF-17: 36 p
http://www.sprfmo.int/assets/Meetings/Meetings-2013-plus/SC-Meetings/1st-
SC-Meeting-2013/SC-01-INF-17-Bibliographical-synopsis-on-the-main-traits-of-
life-of-Trachurus-murphyi.pdf

Gerlotto F, Gutiérrez M, Bertrand A. 2012. Insight on population structure of the Chilean
Jack mackerel (Trachurus murphyi). Aquatic Living Resources, 25(4): 341-355
https://www.alr-journal.org/articles/alr/pdf/2012/04/alr120036.pdf

Gerlotto F, Bertrand A, Hintzen N, Gutiérrez M. 2021. Adapting the concept of
metapopulations to large scale pelagic habitats. Working paper presented to the
9th meeting of the SPRFMO Scientific Committee, 27 September — 2 October
2021. SPRFMO document SC9-HMO01: 37 p http://www.sprfmo.int/assets/2021-
SC9/SC9-HMO01-Adapting-the-concept-of-metapopulations-to-large-scale-
pelagic-habitats.pdf

Gretchina A. 2009. Estado de conocimiento y actual escenario de desarrollo de
pesquerias del jurel en el océano Pacifico Sur. INPESCA, Talcahuano, Chile, int.
doc.

Hanson NN, Wurster CM, EIMF, Todd CD. 2010. Comparison of secondary ion mass
spectrometry and micromilling/continusous flow isotope ratio mass
spectrometry techniques used to acquire intra-otolith 6180 values of wild
Atlantic salmon (Salmo salar). Rapid Communications in Mass Spectrometry, 24:
2491-2498 https://doi.org/10.1002/rcm.4646

Iverson SJ. 2009 Tracing aquatic food webs using fatty acids: from qualitative indicators
to quantitative determination. In M Arts, M Brett, M Kain (eds). Lipids in aquatic
ecosystems. Springer, London, UK: 281-308.  https://doi.org/10.1007/978-0-
387-89366-2 12

Jaeger A, Lecomte VJ, Weimerskirch H, Richard P, Cherel Y. 2010. Seabird satellite
tracking validates the use of latitudinal isoscapes to depict predators’ foraging



http://www.sprfmo.int/assets/SC5-2017/SC5-JM03-Evidence-of-all-life-history-stages-for-Jack-mackerel-in-the-northern-Humbolt-Current-System.pdf
http://www.sprfmo.int/assets/SC5-2017/SC5-JM03-Evidence-of-all-life-history-stages-for-Jack-mackerel-in-the-northern-Humbolt-Current-System.pdf
http://www.scielo.org.pe/pdf/rpb/v20n1/a10v20n1.pdf
http://www.scielo.org.pe/pdf/rpb/v20n1/a03v20n1.pdf
http://www.sprfmo.int/assets/Meetings/Meetings-2013-plus/SC-Meetings/1st-SC-Meeting-2013/SC-01-INF-17-Bibliographical-synopsis-on-the-main-traits-of-life-of-Trachurus-murphyi.pdf
http://www.sprfmo.int/assets/Meetings/Meetings-2013-plus/SC-Meetings/1st-SC-Meeting-2013/SC-01-INF-17-Bibliographical-synopsis-on-the-main-traits-of-life-of-Trachurus-murphyi.pdf
http://www.sprfmo.int/assets/Meetings/Meetings-2013-plus/SC-Meetings/1st-SC-Meeting-2013/SC-01-INF-17-Bibliographical-synopsis-on-the-main-traits-of-life-of-Trachurus-murphyi.pdf
https://www.alr-journal.org/articles/alr/pdf/2012/04/alr120036.pdf
http://www.sprfmo.int/assets/2021-SC9/SC9-HM01-Adapting-the-concept-of-metapopulations-to-large-scale-pelagic-habitats.pdf
http://www.sprfmo.int/assets/2021-SC9/SC9-HM01-Adapting-the-concept-of-metapopulations-to-large-scale-pelagic-habitats.pdf
http://www.sprfmo.int/assets/2021-SC9/SC9-HM01-Adapting-the-concept-of-metapopulations-to-large-scale-pelagic-habitats.pdf
https://doi.org/10.1002/rcm.4646
https://doi.org/10.1007/978-0-387-89366-2_12
https://doi.org/10.1007/978-0-387-89366-2_12

SC9-JMO08

areas in the Southern Ocean. Rapid Commun Mass Spectrom 24: 3456-3460
https://doi.org/10.1002/rcm.4792

Kim S, O'Neil JR, Hillaire-Marcel C, Mucci A. 2007. Oxygen isotope fractionation between
synthetic aragonite and water: Influence of temperature and Mg2 concentration.
Geochimica et Cosmochimica Acta, 71, 4704-4715
https://doi.org/10.1016/j.gca.2007.04.019

Konchina Y. 1983. The feeding niche of the hake Merluccius gayi (Merlucciidae), and the
Jack mackerel, Trachurus symmetricus (Carangidae) in the trophic system of the
Peruvian coastal upwelling. Journal of Ichthyology 23(2): 87-98.

Konchina Y. 1980. The Peruvian Jack mackerel, Trachurus symmetricus murphyi, a
facultative predator in the coastal upwelling ecosystem. Journal of Ichthyology
20(5): 46-59.

Koussoroplis AM, Lemarchand C, Bec A, Desvilettes C, Amblard C, Fournier C, Berny P,
Bourdier G. 2008. From aquatic to terrestrial food webs: decrease of the
docosahexaenoic acid/linoleic acid ratio. Lipids 43(5): 461-466
https://doi.org/10.1007/s11745-008-3166-5

Leray M, Knowlton N. 2015. DNA barcoding and metabarcoding of standardized samples
reveal patterns of marine benthic diversity. Proc Natl Acad Sci USA 112,
2076-2081.

Lester RJG. 1990. Reappraisal of the use of parasites for fish stock identification.
Australian Journal of Marine and Freshwater Research 41, 855-864.
https://doi.org/10.1071/MF9900855

Longmore C, Trueman CN, Neat F, O’Gorman EJ, Milton JA, Mariani S. 2011. Otolith
geochemstry indicates life-long spatial population structuring in a deep-sea fish,
Coryphaenoides rupestris. Marine Ecology Progress Series 435:209-224
https://doi.org/10.3354/meps09197.

Lowe WH, Allendorf FW. 2010. What can genetics tell us about population connectivity?
Mol. Ecol. 19, 3038-3051. https://doi.org/10.1111/j.1365-294X.2010.04688.x

MacKenzie K. 1983. Parasites as biological tags in fish population studies. Advances in
Applied Biology 7, 251-331. doi: 10.1016/5S1383-5769 (98)80066-4.

MacKenzie K, Abaunza P. 1998. Parasites as biological tags for stock discrimination of
marine fish: a guide to procedures and methods. Fisheries Research 38, 45-56.
doi: 10.1016/S0165-7836(98)00116-7.

Medina M, Arancibia H. 2002. Dinamica tréfica del jurel (Trachurus symmetricus
murphyi) en el norte de Chile. Invest. Mar., Valparaiso, 30(1): 45-55.

Moreira C, Froufe E, Vaz-Pires P, Triay-Portella R, Correia A. 2020. Landmark-based
geometric morphometrics analysis of body shape variation among populations
of the blue jack mackerel, Trachurus picturatus, from the North-East Atlantic.
Journal of Sea Research, Volume 163 (art. id. 101926): 8p
https://doi.org/10.1016/j.seares.2020.101926

10


https://doi.org/10.1002/rcm.4792
https://doi.org/10.1016/j.gca.2007.04.019
https://doi.org/10.1007/s11745-008-3166-5
https://doi.org/10.1071/MF9900855
https://doi.org/10.3354/meps09197
https://doi.org/10.1111/j.1365-294X.2010.04688.x
https://doi.org/10.1016/j.seares.2020.101926

SC9-JM08

Morin PA, Martien KK, Taylor BL. 2009. Assessing statistical power of SNPs for population
structure and conservation studies. Mol Ecol Resour. 9, 66-73.
https://doi.org/10.1111/j.1755-0998.2008.02392..x .

Mosquera J, de Castro M, Gdmez-Gesteira M. 2003. Parasites as biological tags of fish
populations: advantages and limitations. Comments on Theoretical Biology 8,
69-91. doi: 10.1080/08948550390181612.

Newsome SD, Tinker MT, Monson DH, Oftedal OT, Ralls K, et al. 2009. Using stable
isotopes to investigate individual diet specialization in California sea otters
(Enhydra lutris nereis). Ecology 90: 961-974. d0i:10.1890/07-1812.1.

Peterson BJ, Fry B.. 1987. Stable isotopes in ecosystem studies. Annu. Rev. Ecol. Evol.
Syst, 18, 293-320. https://doi.org/10.1146/annurev.es.18.110187.001453

Sanchez de Benites GP, Muck P. 1987. Situacidn alimentaria del jurel Trachurus murphyi
Nichols en un afio normal (1979) y en El Nifio 1982-1983. Boletin Instituto Mar
Peru 11(4): 152-171
https://revistas.imarpe.gob.pe/index.php/boletin/article/view/199/192

SPRFMO. 2008. Report of the South Pacific Regional Fisheries Management Organization
Chilean Jack Mackerel Workshop, 30 June-4 July 2008, Santiago, Chile. Document
SPRFMO-VI-SWG-02: 70p
https://www.sprfmo.int/assets/Meetings/Meetings-before-2013/Scientific-
Working-Group/Jack-Mackerel-Workshop-2008/00.-SPRFMO-JM-2008-
Workshop-Report-FINAL-6.pdf

Schloesser RW, Neilson JD, Secor DH, Rooker JR. 2010. Natal origin of Atlantic bluefin
tuna (Thunnus thynnus) from Canadian waters based on otolith §13C and §180.
Canadian Journal of Fisheries and Aquatic Science 67:563-569
https://doi.org/10.1139/F10-005

Serra R. 1991. Important life history aspects of the Chilean jack mackerel, Trachurus
symmetricus murphyi. Investigacion pesquera, 36, 67-83.

Serra R, Glubokov A. 2008. Population structure of the Chilean jack mackerel, Trachurus
murphyi, in the South Pacific Ocean: full proposal for discussion for international
joint research. Draft proposal for the Jack Mackerel Sub-group of the Science
Working Group (SWG), South Pacific Regional Fisheries Management
Organization. Working paper presented to the Chilean Jack Mackerel Workshop,
30 June-4 July 2008, Santiago, Chile. Document SPRFMO CHIMWS pap # 23: 12
p. https://www.sprfmo.int/assets/Meetings/Meetings-before-2013/Scientific-
Working-Group/Jack-Mackerel-Workshop-2008/23.CHJMWS-Population-
structure-of-the-Chilean-jack-mackerel-Trachurus.pdf

Serra R, Galleguillos R, Ferrada-Fuentes S, Canales-Aguirre C. 2014. Estructura
poblacional de Jurel. FIP N°2010-18/ November 2014. IFOP Technical Report,
341p.

SPRFMO. 2017. Report of the 5th Scientific Committee Meeting, Shanghai, China 23-28
September 2017: 51 p http://www.sprfmo.int/assets/SC5-2017/SC05-Report-
Final-40ct2017.pdf

11


https://doi.org/10.1111/j.1755-0998.2008.02392.x
https://doi.org/10.1146/annurev.es.18.110187.001453
https://revistas.imarpe.gob.pe/index.php/boletin/article/view/199/192
https://www.sprfmo.int/assets/Meetings/Meetings-before-2013/Scientific-Working-Group/Jack-Mackerel-Workshop-2008/00.-SPRFMO-JM-2008-Workshop-Report-FINAL-6.pdf
https://www.sprfmo.int/assets/Meetings/Meetings-before-2013/Scientific-Working-Group/Jack-Mackerel-Workshop-2008/00.-SPRFMO-JM-2008-Workshop-Report-FINAL-6.pdf
https://www.sprfmo.int/assets/Meetings/Meetings-before-2013/Scientific-Working-Group/Jack-Mackerel-Workshop-2008/00.-SPRFMO-JM-2008-Workshop-Report-FINAL-6.pdf
https://doi.org/10.1139/F10-005
https://www.sprfmo.int/assets/Meetings/Meetings-before-2013/Scientific-Working-Group/Jack-Mackerel-Workshop-2008/23.CHJMWS-Population-structure-of-the-Chilean-jack-mackerel-Trachurus.pdf
https://www.sprfmo.int/assets/Meetings/Meetings-before-2013/Scientific-Working-Group/Jack-Mackerel-Workshop-2008/23.CHJMWS-Population-structure-of-the-Chilean-jack-mackerel-Trachurus.pdf
https://www.sprfmo.int/assets/Meetings/Meetings-before-2013/Scientific-Working-Group/Jack-Mackerel-Workshop-2008/23.CHJMWS-Population-structure-of-the-Chilean-jack-mackerel-Trachurus.pdf
http://www.sprfmo.int/assets/SC5-2017/SC05-Report-Final-4Oct2017.pdf
http://www.sprfmo.int/assets/SC5-2017/SC05-Report-Final-4Oct2017.pdf

SC9-JMO08

Sturrock A, Trueman C, Darnaude A, Hunter E. 2012. Can otolith elemental chemistry
retrospectively track migrations in fully marine fishes? Journal of Fish Biology, 81,
766— 795. https://doi.org/10.1111/j.1095-8649.2012.03372.x.

Torniainen J, Lensu A, Vuorinen PJ, Sonninen E, Keinanen M, Jones RI, Patterson WP,
Kiljunen M. 2017. Oxygen and carbon isoscapes for the Baltic Sea: Testing their
applicability in fish migration studies. Ecology and Evolution, 7, 2255— 2267.
https://doi.org/10.1002/ece3.2841

Tzadik OE, Curtis JS, Granneman JE, Kurth BN, Pusack TJ, Wallace AA, Hollander DJ,
Peebles EB, Stallings CD. 2017. Chemical archives in fishes beyond otoliths: a
review on the use of other body parts as chronological recorders of
microchemical constituents for expanding interpretations of enviornmental,
ecological and life-history changes. Limnology and Oceanography: Methods
15:238-263 https://doi.org/10.1002/lom3.10153.

Vander Zanden HB, Bjorndal KA, Reich KJ, Bolten AB. 2010. Individual specialists in a
generalist population: results from a long-term stable isotope series. Biol Lett 6:
711-714. doi:10.1098/rsbl.2010. 0124.

Vanderklift MA, Ponsard S. 2003. Source of variation in consumer- diet d15N
enrichment: a meta-analysis. Oecologia 136: 169—182. doi: 10.1007/s00442-003-
1270-z.

Vendrami DL, Telesca L, Weigand H, Weiss M, Fawcett K, Lehman K, Clark MS, Leese F,
Minn CM, Moore H, Hoffman JI. 2017. RAD sequencing resolves fine-scale
population structure in a benthic invertebrate: Implications for understanding
phenotypic plasticity. R. Soc. Open Sci. 4, 160548.

Waples RS, Gaggiotti O. 2006. What is a population? An empirical evaluation of some
genetic methods for identifying the number of gene pools and their degree of
connectivity. Mol. Ecol. 15, 1419-1439. doi: 10.1111/j.1365-294X.2006.02890.x.

Williams HH, MacKenzie K, McCarthy AM. 1992. Parasites as biological indicators of the
population biology, migrations diet, and phylogenetics of fish. Rev. Fish. Biol.
Fish. 2, 144-126, 1-49.

12


https://doi.org/10.1002/ece3.2841
https://doi.org/10.1002/lom3.10153

	SC9-JM08 Cover.pdf
	9th MEETING OF THE SCIENTIFIC COMMITTEE
	Held virtually, 27 September to 2 October 2021
	Comments on the Genetics Research Proposal in Document SC9-JM04 from Chile
	Peru




