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Abstract 

In this study, we described the spatial changes of jack mackerel (Trachurus murphyi) 

distribution in the Peruvian sea during 1996-2007 using the information of the fishing set 

positions of the Peruvian purse seine fleet collected by on board observes and to relate the 

jack mackerel and their relationship to the dominance of some types of water masses.  

 

Jack mackerel presented two marked scenarios in its distribution: Scenario 1 (1996-2001), 

in a latitudinal gradient all catches were made between 03°S and 14°S (North - Central 

Region) and longitudinally the fleet operated in the 10-250 nautical miles range. Also, it is 

important to highlight that the "last time" we observed adults in the north zone was in 1997.  

In scenario 2 (2002-2007), jack mackerel "disappeared" of the north zone observing all 

fishing locations between 10° and 18°S (Central - South Region), except in 2006, while its 

longitudinal distribution was near the coast (between 10-170 nm). With regard to the 

relationship resource-environment, in scenario 1, jack mackerel was found in the four 

different types of water masses. In the scenario 2, it was distributed mainly in the mixing 

zone of the masses of Cold Coastal Water and Superficial Subtropical Water. 

The change in the distribution of jack mackerel to the south was partially determined by 

environmental conditions and the convergence of other factors such as food. In this sense, 

the change of its food composition since 2002 to munida, which would indicate that the 

availability of the prey was an important factor, although further observations are needed.  
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Introduction 

Jack mackerel (Trachurus murphyi) is a highly migratory pelagic species widespread in the 

South Pacific Ocean which exploits different oceanographic conditions and hence deals 

with climatic disturbance by moving to favorable areas (Bertrand et al. 2004). These 

characteristics make difficult to determinate a horizontal migration pattern throughout its 

life cycle.  

 

One way to know where the resource was or which were the changes in its spatial 

distribution is through studying the movements of the fishing fleet, which would be 

modulated by the migratory behavior of the resource (Arcos et al. 2004). Thus, information 

from the fishing locations constitutes an important and economic complementary source for 

researching of spatial behavior of a resource (Sparre & Venema, 1995). For example, Serra 

et al. (1991), through hydroacoustic surveys and fishing locations of the fleet data, 

identified a seasonal migration pattern of the Chilean jack mackerel: an offshore spawning 

migration in spring and an inshore feeding migration in autumn and winter.  

 

In the Peruvian sea is not recognized a clear pattern of migratory behavior of jack mackerel 

throughout its life cycle. One of the causes for which there are many gaps about it is the 

lack of a systematic and addressed sampling to this species. In the first place, the majority 

of surveys of scientific cruises performed by Instituto del Mar del Peru (IMARPE) to 

research pelagic resources does not allow to have a "real" distribution of jack mackerel 

because longitudinal sampling depends upon the distribution of anchovy (Engraulis 

ringens), which is normally found as far as 100 or 120 nautical miles from the coast 

(Ñiquen, et al. 1991). However, jack mackerel is distributed inside and outside the 200 

nautical miles (Dioses, et al.l 1995). In the second place, jack mackerel is an alternative 

resource for purse seine fleet when the anchovy, the main resource that sustains the 

Peruvian fishery, is in fishing close. Hence, the sampling bias of the data is influenced by 

this alternation. Besides, during the periods of anchovy’s fishing, the fleet dedicated to jack 

mackerel is not sampled.  
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However, despite the two points mentioned above, information obtained in situ by on board 

observers of the fleet allows us to have a better approximation of the spatial distribution of 

jack mackerel because fleet will longitudinally go to its target species.   

 

In that context, the objective of this work is to describe the changes in the latitudinal and 

longitudinal distribution of the aggregations of jack mackerel in the Peruvian Sea using 

information from on board samplings of purse seine fleet during 1996 - 2007 and their 

relationship to the dominance of some types of water masses. 

 

II. Materiales y métodos  

We used data from Logbook-On board Observers Program for fishing activity performed 

by a IMARPE between 03° and 18° S during 1996 - 2007. The information included only 

the samplings recorded for jack mackerel fishery during this period.  

 

Of all the information recorded in the fishing logbook, we analyzed the geographic 

positions of the fishing set with success and its respective biometric sampling of the total 

length of the individuals of jack mackerel sampled. The minimum size of capture (31cm of 

the total length) was considered to separate juveniles from adult’s individuals. To analyze 

the spatial distribution of jack mackerel adults and juveniles, we categorized each fishing 

set as sampling of adults or juveniles. For this, if 51% of the individuals of a fishing set 

were smaller than 31 cm, the fishing set was categorized as a sample of juveniles, and vice 

versa.   

 

We analyzed size structure of jack mackerel by latitudinal degree and distance to the coast 

using frequency histograms. 

 

Finally, in order to relate jack mackerel and water masses distribution, we mapped and 

overlapped the positions of fishing sets of jack mackerel and the oceanographic surveys 

performed during the fishing season using a surface mapping system (SURFER Version 8).  
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Results 

 

1. Latitudinal and longitudinal distribution of jack mackerel. 

Knowing that the latitudinal and longitudinal scope of the distribution of the fishing 

location may have been influenced by the intensity of sampling in relationship to the total 

distribution of the fleet, we observed two marked scenarios in the spatial distribution of 

jack mackerel during 1996 - 2007 (Fig.1). Scenario 1:  between 1996 and 2001, in which 

all catches were made between 03 °S and 14°S (North-Central Region) and adult and 

juvenile fish occupied the same area only in the first two years. In 1996 the fleet operated 

mainly north of 05°S and between the 20 to 250 nautical miles. Then during El Niño 97-98, 

jack mackerel came up to coast and it was caught north of 12°S. The "last time" that we 

observed adults in the north zone was in 1997. Then catches were almost totally composed 

of juveniles (80% - 90%). Those juveniles began to spread to offshore during 1999 - 2000 

being found north of 12°S. Finally, in 2001 we observed that jack mackerel began to move 

more towards south and approached to the coast because fleet operated mainly between 8°S 

to 14°S. Scenario 2: between 2002 and 2007, latitudinally jack mackerel “disappears” of 

the north zone because catches were distributed between 10°S-18°S (Central-South 

Region), except in 2006. Longitudinally, the catches were near to the coast being 60 and 

170 nautical miles minimum and maximum distance. In this scenario, the presence of 

juveniles continued being high but less than Scenario 1. In some years, we observed a 

segregation of the adults and juveniles distribution. For example, in 2005 notorious young 

groups were registered more towards out of the coast that adult and in 2006, juveniles were 

found more to the south extreme. In general, the smaller sizes were located to the south 

extreme of their distribution; situation that probably continued in the Chilean north zone, 

where it was registered major incidence of juveniles. 
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Figure 1. Spatial and temporal distribution of the locations of the fishing set with juveniles (red 

circle) and adults (blue circle) of the jack mackerel during 1996 – 2007. 

 

 
 

2. Latitudinal and longitudinal size composition of jack mackerel catches 

Between 1996 and 1999 the larger specimens were mainly reported to north of their 

latitudinal distribution (Fig. 2), founding the higher modes of 32 and 34 cm of the total 

length (TL) to 1996 and 1997 respectively. The fraction of adults was more than 50%. 

Since1998 to 2001, we observed a reduction in the modal sizes because of high incidence 

of juveniles, predominating modal groups between 19 and 27 cm TL. 

 

In contrast to the situation in which large fish were found to north, we observed that large 

sizes were presented to south of their distribution from 2001.However, smaller specimens 

were found to south its distribution in the two last years of our study period. It is important 

to highlight that there was neither a homogeneous modal distribution nor progressive by 

latitudinal grade because in some zones the modes were below and above the minimum size 

of capture. 

 

Longitudinally, the size composition was homogeneous. The smaller specimens were found 

more towards out of the coast and larger fishes were found close to the coast. 
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Figure 2. Latitudinal distribution of length composition of the jack mackerel during 1996 – 

2007.The red line indicates the minimum size of capture.  

 

 

3. Annual size composition of jack mackerel catches 

According to biological year of jack mackerel, which corresponded maximum peak of spawning 

making between October to November (Dioses, 1995), we observed important modal groups. In 

each year during 1996 - 1998, there were two modal groups one of juveniles and other of adults 

whose modes were between 26-27 and 33 cm TL respectively. From 1999 to 2005, the juveniles 

observed in 1999 could have constituted the group of the following years because main mode was 

progressively increased. This would indicate that jack mackerel stayed in Peruvian waters.   During 

1999 – 2001, the modes fluctuated between 28 to 30 cm TL. To 2002 and 2005, we observed a 

modal progression more marked because modes increased. In 2005, it was reported an adult groups 

with a modal class very high reached to 46 cm TL. In that year, there were two very marked modal 

groups, the first was of adults previously mentioned and the second was of juveniles whose mode 

was of 17 cm TL, so that juveniles group was increasing of size as mode was of 23 cm TL in 2006 

and in 2007 there were two modal groups being of 26 and 34 cm TL.   
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Figure 3. Length composition of the jack mackerel  according to biological year. 

 

4. Jack mackerel and its relation with water masses 

The data analyzed of jack mackerel and water mass corresponded only to summers. 

Between 1996 and 2001 (Scenario 1), jack mackerel was found in the four different types 

of water masses. It was distributed in Cold Coastal Water (CCW), which had a 

homogeneous distribution from 04°S to 08°S in 1996 and from 05°S-11°S in 1997 (Fig 4). 

But, fishing zone where operated fleet did not covered all occupied area by this water mass. 

In 1998, jack mackerel was exclusively found in Superficial Subtropical Water (SSW). This 

water mass almost predominated along the Peruvian coast, except in the north where 

tropical and oceanic and equatorial water masses were observed, mainly from March to 

May (Bertrand et al. 2004). Subsequently, in 1999 and 2000, jack mackerel that was in 

north presented a heterogeneous distribution because it was found in four different types of 

water masses. In summer 1999, jack mackerel was distributed mainly offshore where 

oceanographic conditions were probably dominated by mixed water (scientific survey did 

not cover this area). However few jack mackerels was found in equatorial (SEW) and 

tropical (STW) water masses which were observed north of 6°S. This last situation was also 

observed in 2000. Finally, in 2001 a strong intrusion of SEW to 7°S approximately 

coincided with “latitudinal migration” of jack mackerel  to south, so it was found between 
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CCW and SSW. During 2002 and 2007 (Scenario 2), in general jack mackerel was 

frequently distributed in mixing zone formed by CCW and SSW. It is important to observe 

that in 2002, when jack mackerel began to “disappears” of the north  we observed again the 

intrusion of the SEW in the north, which reached to 08°S. Subsequently although, 

oceanographic conditions retuned to its “normality” we did not observe that jack mackerel 

“come back” to north. 

 

 
Figure 4. Distribution of the location of fishing sets of the jack mackerel (orange circles) and water 

masses during 1996 - 2007 summers. 

 

Discussion and Conclusion 

In Peru, the study of jack mackerel spatial distribution and the behavior of its migratory 

movements are made difficult by own characteristics of the species. Another disadvantage 

is that there is not a systematic and addressed sampling to this species as in scientific cruise 

expeditions dedicated to anchovy resource.  

 

On the other hand, it is assumed that the spatial distribution of fishing locations should 

reflect part of the distribution of its target resource (Verdoit et al. 2003 & Arcos et al. 

2004); although, it does not necessarily inform us about the species state.  Hence, positions 

of the fishing set of the fleet that was addressed to jack mackerel has allowed us to know, 
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as first point, which were the changes  that jack mackerel presented in its spatial 

distribution in the Peruvian sea.  

 

Thus, the latitudinal distribution of the catches of jack mackerel clearly showed a change in 

the distribution of this resource, probably from north to south since 1998. Although, 

Bertrand et al. (2004) analyzing acoustic surveys showed that at the beginning of 1999, 

jack mackerel presented an offshore migration and latitudinal migration as the stock split 

into two subgroups, one migrating north and the other south. Since 2002, jack mackerel 

passed definitely to have a central-south distribution, “disappearing” in the north. Previous 

years, it was mainly captured between 03°S-10°S. Hence in the present work, we define 

two scenarios: Scenario 1 (1996-2001): north-central distribution and Scenario 2 (2002-

2007): central-south distribution.  

 

The relationship of jack mackerel and water masses distribution was not clear. This 

situation was mainly observed during the Scenario 1 because jack mackerel was found in 

the four different types of water masses. This result coincided with acoustic surveys of 

1997 to 1999, when jack mackerel distributed in warm and oxygenated water without a 

marked preference for one water mass (Bertrand et al. 2004) However, during Scenario 2 

jack mackerel was frequently found between CCW and SSW, situation that has been 

characterized by some authors (Dioses 1995 & Grechina et al. 1998) founding that jack 

mackerel preferentially inhabits in the mixing zone, which formed by the interaction of 

CCW and SSW.  

 

One the other hand, to discuss why jack mackerel does “disappears” in the north zone? and 

why does it stay in the central-south zone, preferentially in the south? is complex. We think 

that the change in the distribution of jack mackerel to the south was partially determined by 

environmental conditions and the convergence of other factors as food. First, jack mackerel 

began to disappear in the north when a strong intrusion of equatorial waters reached to 

08°S. However, when normal oceanographic conditions returned, jack mackerel did not 

come back to north. Probably, jack mackerel is staying in the central-south region because 

of availability of food and favorable oceanographic conditions. A study about food 

composition of jack mackerel in the latitudinal grade 05°S (north), 12°S (central)  and 17°S 
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(south) showed that adult fish of the central zone changed its food diet, becoming munida 

(Pleuroncodes monodon) its main prey (Blaskovic et al. 2007, unpublished).  However, we 

know that jack mackerel is an opportunist predator and moreover the munida was 

distributed up to 06°S during cold conditions (IMARPE Reports). We could assume that in 

the north zone there were favorable conditions that allowed jack mackerel to spread more to 

north of its distribution during Scenario 2. So, probably there were other factors as a 

predator pressure, although further observations are needed.  
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