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Comments on the Genetics Research Proposal in Document SC9-JM04 

from Chile and on the More General Analyses of the Population 

Structure of Trachurus murphyi through Genetic Markers and  

a More Expanded Multidisciplinary Approach 

by 

IMARPE-PERU 

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-JM04, 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: 

- In Goal 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 Niño and La Niña, 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.  

It is 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 T. 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 Niño and La Niña 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 
questions 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 (d18O) reflect both the temperature and the d18O 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. 

e. 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 Ñiquen (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. 

f. 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, Sánchez 
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), 
quantifying 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.  

g. 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. 

h. 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 Niño and La Niña 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. 
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