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The marine environment – high primary productivity 
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World Oceans Net Primary Productivity, years 1997-2002,  from 
SeaWiFS data (Simmon, NASA GSFC) 

Presenter
Presentation Notes
The Peruvian jurisdictional waters correspond to the northern Humboldt Current System, that is one of the four main eastern boundary current systems with the highest biological productivity worldwide after the Benguela Current System and the Canary Current System off Southwest and Northwest Africa.However, the northern Humboldt Current System off Peru produces more fish per unit area than any other region in the world oceans, as can be seen in the next figure…



The marine environment – higher fish production  
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Fish catch versus primary productivity for the four main eastern 
boundary coastal upwelling ecosystems for the years 1998–2005 

(from Chavez et al 2008) 

Presenter
Presentation Notes
This figure shows a plot of the fish catch per unit area versus primary productivity per unit area for the four main eastern boundary coastal upwelling ecosystems.We can note that even during the El Niño year of 1998 the Peruvian fish catch per unit area exceeded that from the other eastern boundary systems.  This suggests that the Peruvian upwelling ecosystem is far more efficient in transferring primary production to fish than the Benguela (Southwest Africa) and the Canary (Northwest Africa) upwelling ecosystems.But the Peruvian system is not only highly productive, it is also highly variable…(for this plot it was assumed that the reported fish catches (Fish and Agriculture Organization, FAO) were made within 100 km from the coast. The catches were then normalized by area. Primary productivity was estimated from satellite remote sensing of chlorophyll and the Behrenfeld and Falkowski (1997) model)



The marine environment – high variability 

Global ocean spatial variation pattern showing the variation of 
Sea Surface Temperature in terms of analysis of Empirical 

Orthogonal Function (from Chavez et al 2008) 
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Presenter
Presentation Notes
This figure shows the global spatial pattern of variability (as the first empirical orthogonal function (EOF) of the Sea Surface Temperature.  It clearly shows that the northern Humboldt Current System (HCS) off Peru has the highest variance relative to any coastal area of the world.Data from 1875 to 2007The first empirical orthogonal function (EOF) of the SST time series was calculated after the trend and the seasonal cycle were removed (a la Mantua et al., 1997 forthe Pacific Decadal Oscillation))



The marine environment – warming of the world oceans  

Trend in sea surface temperature (SST) for the global 
oceans from 1875 to 2007 (from Chavez et al 2008) 
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Presenter
Presentation Notes
From the same set of data Chavez et al (2008) calculated the trend in sea surface temperature (SST) for the global oceans.The warming of the global oceans over the last century and particularly over the last 3-4 decades is clear



The marine environment – decadal pattern in SST off Peru 

Time series of the first empirical orthogonal function 
(EOF) of the sea surface temperature (SST) for the 

northern Humboldt Current System from 1875 to 2007 
(from Chavez et al 2008) 
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Presenter
Presentation Notes
And this is the equivalent time series of the sea surface temperature (SST) in the northern Humboldt Current System from 1895 to 2007, and it shows a sequence of cool and warm periods in the eastern Pacific, with warmer periods from 1895 to 1904, from 1925 to 1941, and from 1975 to 1995, and cool periods from 1878 to 1894, from 1905 to 1924, from 1942 to 1974…This was published in 2008, using data available up to 2007… From: http://ims.ucsc.edu/CCEBM/Agenda/CCEBM_Chavez.pdf



The marine environment – decadal pattern in SST off Peru 

Time series of the first empirical orthogonal function (EOF) 
of the sea surface temperature (SST) for the northern 

Humboldt Current System from 1875 to 2007 
(updated/modified from Chavez et al 2008 by Chavez pers. 

com.) 8 

Presenter
Presentation Notes
This is the same time series, but updated/modified by the same author with data up to 2008. What is important  here is the indication that after having a warm decadal period from 1980 through 2000, since 2000 we my have entered into a cool period, which as we will note later is not ideal for the jack mackerel…From:  http://ims.ucsc.edu/CCEBM/Agenda/CCEBM_Chavez.pdf



The marine environment – local decadal pattern in SST 

Sea Surface Temperature Anomaly (SSTA) by quarter of 
decade, Chicama, Peru 
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Presenter
Presentation Notes
This type of decadal pattern of variability can also be observed in the sea surface temperature anomaly (SSTA) at some local sites along the Peruvian coast, such as the port of Chicama (07°41’S), for where we have sea surface temperature records since 1925. The observed warm and cool cycles are very similar to those observed for the whole northern Humboldt Current System, and the more recent observations in Chicama also suggest that we are in the middle of a cool period that presumably has started with the beginning of this century…



The marine environment – variability patterns at different time scales 

Pacific Decadal Oscillation and Pacific Secular 
Variability (from Espino,  2003) 
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Presenter
Presentation Notes
The variability in the marine environmental conditions off Peru responds to a complex combination of environmental patterns that change at different time scales. These patterns can range from seasonal to secular and can be identified, and eventually can be monitored through the temporal changes in various environmental variables and indexes such as sea surface temperature (SST), the Pacific Decadal Oscillation (PDO) index, the multivariate El Niño Southern Oscillation (ENSO) index and the Southern Oscillation Index (SOI), amongst others.   The Pacific Decadal Oscillation (PDO) is a pattern of Pacific climate variability that shifts phases on at least inter-decadal time scale, usually about 20 to 30 years. The PDO is detected as warm or cool surface waters in the Pacific Ocean, north of 20° N. During a "warm", or "positive", phase, the west Pacific becomes cool and part of the eastern ocean warms; during a "cool" or "negative" phase, the opposite pattern occurs.El Niño–Southern Oscillation (ENSO), or El Niño/La Niña–Southern Oscillation, is a quasiperiodic climate pattern that occurs across the tropical Pacific Ocean roughly every five years.The Southern Oscillation Index (SOI) is a standardized index based on the observed sea level pressure differences between Tahiti and Darwin, Australia. The SOI is one measure of the large-scale fluctuations in air pressure occurring between the western and eastern tropical Pacific (i.e., the state of the Southern Oscillation) during El Niño and La Niña episodes.



The marine environment – variability patterns at different time scales 
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• seasonal scales (summer-winter),  

• inter-annual scales (warm “El Niño”-
cold “La Niña” years),  

• inter-decadal scales (warm “El Viejo”-
cold “La Vieja” multiyear periods) 
(Chavez et al 2003), and 

• secular scales (lasting a century or 
more) (Espino 2003) 

Presenter
Presentation Notes
The analysis of these and other indicators allow the identification of seasonal (summer-winter), inter-annual (El Niño-La Niña), inter-decadal (warm and cold multiyear periods (El Viejo–La Vieja) (Chavez, et al, 2003), and secular (Espino, 2003) scale patters.   From all these variable scale patterns, the most relevant in trying to explain the changes in availability of jack mackerel during the last 30 years are the inter-annual processes that correspond to the dynamic of El Niño Southern Oscillation (ENSO) and the multiyear longer term ones, better known as inter-decadal.



The marine environment – more on variability patterns 

(A) Depth of the isotherm of 15° C  
(B) Spatial distribution of salinity, and 
(C) Depth of the oxygen minimum line 
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(Bertrand, 2008)

Presenter
Presentation Notes
Some of these inter-annual (El Niño-La Niña) and inter-decadal warm and cold multiyear periods (El Viejo–La Vieja) can also be observed from the variability of the depth of the isotherm of 15°C (Fig. A), the spatial distribution of salinity (Fig. B) and the depth of the minimum oxygen line (Fig. C).There is a clear deepening of the 15⁰C isotherm during the decades of the 1980s and 1990s, which is an indicator of favorable sub-surface conditions for the presence and expansion of fish stocks such as hake and jack mackerel, associated with equatorial currents such the Southern Extension of the Sub-superficial Cromwell Countercurrent (SESCC) and the Peruvian Subsurface Current (PSSC). Also, for the same time period, the spatial distribution of salinity (Fig. B) and of the depth of the oxygen minimum (Fig. C) shows that toward the end of the 1970s and during the1980s and 1990s the prevailing conditions were those determined by the intrusion of Superficial Subtropical Waters (SSW), with the type of water masses that are preferred by the jack mackerel off Peru. 



The marine environment – preferred  conditions for  
the jack mackerel off Peru 
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Surface Subtropical Waters (SSW) mixed with 
Cold Coastal Waters, with:  
•temperatures between 15°C and 20°C, 

•salinities between 35.1 ups and 35.6 ups, and 

•oxygen content between 1.0 and 6.0 mL/L  

Presenter
Presentation Notes
The water masses of the Surface Subtropical Waters (SSW) provide the preferred environmental conditions reported for the jack mackerel off Peru, with temperatures ranging between 15°C and 20°C, salinities between 35.1 ups and 35.6 ups and oxygen content between 1.0 and 6.0 mL/LHowever, the ideal environmental conditions for spawning of jack mackerel off Peru are a bit more specific… 



The marine environment – preferred  conditions for  
spawning of  jack mackerel off Peru 
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The water column produced by the oceanic front limited 
by the Cold Coastal Waters (CCW, with salinities lower 
than 35.0 ups) and the Surface Subtropical Waters (SSW, 
with salinities higher than de 35.1 ups, temperature 
higher than 18°C and oxygen around 5.0 mL/L). The 
observed ideal conditions for spawning schools are:  

• depths between 10 and 80 m, 

• temperatures between 15°C and 18°C, 

• salinities between 34.9 and 35.1 ups, and 

• oxygen content between 3.0 and 5.0 mL/L  

Presenter
Presentation Notes
It was found that the main spawning occurs in the water column produced by the oceanic front, limited by the Cold Coastal Waters (with salinities lower than 35.0 ups) and the Surface Subtropical Waters (with salinities higher than de 35.1 ups, temperatures above 18°C and oxygen content around 5.0 mL/L.  In these water columns the spawning schools of jack mackerel tend to be located at depths between 10 and 80 m, with an ideal temperature of 15º to 18ºC, salinity of 34.9 to 35.1 ups and an oxygen content between 3.0 to 5.0 mL/L.   The fact that the spawning of jack mackerel takes place mainly in this area, within the euphotic zone and over the 50 m, explains why the areas of larvae distribution tends to extend further offshore, more than the 200 miles from the coast, since these would be transported offshore by the larvae drift caused by the Ekman transport. 



Inter-annual changes in stock inshore-offshore distribution pattern 

79º W     75º W      71º W

79º W     75º W      71º W79º W     75º W  

79º W     75º W  

Jack mackerel fishing 
areas of ex-Soviet trawl 
fleet in Peruvian 
jurisdictional waters in 
1983 (an El Niño year) 
and in 1984 (cooler 
than normal year) 
(from Icochea 1988)  
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1983         1984       

Presenter
Presentation Notes
Some evidence of the effects of inter-annual environmental variability patterns on the distribution pattern of jack mackerel are found from comparing the spatial distribution of the catches of the ex-Soviet fleet that operated in Peru in 1983 and 1984. During 1983 (an El Niño year) there was a very coastal distribution while during 1984 (a cooler than normal year), the jack mackerel had a wide distribution, reaching as far as 150 miles offshore. 



Inter-annual changes in stock inshore-offshore distribution pattern 

Jack mackerel distribution from acoustic surveys (red lines) and 
catches by the Peruvian purse seine fleet (blue dots) in 1996 (cold 

“La Niña”), 1997-98 (warm “El Niño”) and 2000 (“normal” year) 
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1996 (La Niña)              1997-98 (El Niño)            2000 (“normal”)  

Presenter
Presentation Notes
The same can be observed from more recent information from Peruvian acoustic surveys (red lines) and the location of the jack mackerel catches of the Peruvian fleet (blue dots) during a cold “La Niña” year in 1996, the 1997-98 “El Niño” and a presumably “normal” year in 2000



Inter-annual changes in stock vertical distribution pattern 

Monthly vertical distribution of jack mackerel 
in 1983 and 1984 (from Icochea 1988) 
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Presenter
Presentation Notes
Also, we have reports of significant changes in the vertical distribution of jack mackerel between 1983 (an El Niño year) and 1984 (a cooler than normal year), with vertical movements from the surface or near the surface to depths of 350 m. Under normal conditions the schools of jack mackerel are usually found at depths of 10 to 100 m, while under warmer conditions (as in 1983) schools are usually deeper than 50 to 100m, and under colder conditions (as in 1984) schools are shallower, with a high incidence of schools at depths of 0 to 50m.  



Decadal changes in stock latitudinal distribution 

Distribution of the jack mackerel catches sampled on 
board during the fishing activities of the purse seine 

fleet, from 1966 to 2012 
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Presenter
Presentation Notes
Records from observers onboard the Peruvian purse seine fleet fishing for jack mackerel show that between 1996 and 2001 most of the fleet operated in the northern-central region (03º30’S – 14ºS), while between 2002 and 2011 the catches of jack mackerel were mostly in the central and southern region (11ºS – 18ºS), except for 2006 and 2011 when the fleet also operated in the north.  During these years the fishing activities took place from very close to the coast to as far as 200 nm offshore, with a more coastal distribution during warm periods.  It is important to note that this same figure also shows the presence and distribution of juveniles throughout the whole period (red circles) following more or less the same distribution of adults (blue dots).
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(A) Annual variation of the weighted mean latitude of the fishing 
areas of jack mackerel from 1996 to 2007 (red arrows indicate El 
Niño events); and, (B) weighted mean latitude for two periods  

Decadal changes in stock latitudinal distribution 

Presenter
Presentation Notes
This figure with the mean latitude of the fishing sites weighted by the catch, by year for 1966 to 2007 confirms the above observation regarding the displacement of fishing zones from north to south with the break-point in 2001-2002
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(A) Annual mean distance from de coast of the jack mackerel catches 
from 1996 to 2007 (red arrows indicate El Niño events), and 

 (B) mean distance of the catches by latitude in the same period 

Decadal changes in stock inshore-offshore distribution 

Presenter
Presentation Notes
There is also an important change in the variability pattern of the distance from the coast of the fishing sites during the period 1996- 2007 with a breakpoint in 2001-2002 (Fig. A). Between 1996 and 2001 the fishing sites were farther than 50-60 miles from the coast, while after 2001 these were predominantly within the first 60 miles, except for 2005.  On this it is worth noting that before 2001 the fleet mainly operated in the northern-central region (lower latitudes), where the fishing sites were farther than 60 nm offshore (Fig. B), while after 2001 the fleet operated in the central–southern region (higher latitudes) and closer to the coast (Fig. B). This inshore contraction of the fishing zones is somehow related to the amplitude of continental shelf, which is wider in the north and becomes narrower  in the south.



Decadal changes in stock distribution and abundance 
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A

B

C

Distribution and 
abundance of jack 
mackerel off Peru, as 
obtained from acoustic 
stock assessment 
surveys, 1983 to 2007 

Presenter
Presentation Notes
The acoustic stock assessment surveys conducted by IMARPE as far as 80 to 100 nautical miles from the cost also provide valuable and reliable information on the distribution and availability of jack mackerel within the neritic part of its total distribution area since 1983. Between September 1983 and April 1990 (Fig. A) the neritic distribution of jack mackerel was almost continuous in the whole surveyed area, with the highest density concentrations usually being found north of Pisco (14°S).  Between November 1990 and May 1998 (Fig. B) the distribution areas also extended along the coast, but were getting smaller and with low densities, particularly after 1996. Between February 1999 and April 2007 (Fig. C) the distribution was more disperse than in the previous years, with scarce and low-density nuclei along the coast and with some years when the distribution was mainly south of Pisco (14°C)   



Decadal changes in jack mackerel spawning intensity 
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Monthly 
gonadosomatic 
index of jack 
mackerel off Peru, 
from 1967 to 
2012 

Presenter
Presentation Notes
The analysis of the monthly Gonadosomatic Index (GSI) confirms that jack mackerel has spawned permanently off Peru in the last 50 years, with maximum periods of maturity and spawning each year usually between September and December, with a peak in November, and some long term decadal changes in the frequency and intensity in spawning.  A higher frequency of months with high GSI values has been observed during the decades of the 1980s and 1990s (circled in light red at the bottom of the chart), while more disperse but still important pulses (circled in light blue) are observed in the 1960s-1970s and a bit lower from 2000 to date. 



Decadal changes in jack mackerel spawning intensity 
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Monthly gonadosomatic index of jack mackerel off 
Peru, from 1967 to 2012 

Presenter
Presentation Notes
This can be easier to see in this zoom of the bottom of the chart. It is worth noting that even if the gonadosomatic index since 2000 is on the overall lower than in previous decades, it gets close to the mean in 2010 and a bit out of phase and higher than the mean in late 2009-early 2010 and in early 2012. 



Decadal changes in jack mackerel larvae distribution 
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Distribution 
pattern of jack 
mackerel larvae 
off Peru, from 
1970 to 2010 

Presenter
Presentation Notes
In general, the frequency and abundance levels of jack mackerel larvae have been variable but without any particular trend for the 56 years period being analyzed since 1966. However, important changes with time were found in the spatial distribution of the larvae.  From 1970 to 1979 jack mackerel larvae were present particularly in the southern zone of Peru, while during the period 1980-1989 there was a wide distribution from the north to the south with higher densities north of Punta Falsa (06ºS) and off Chimbote (10°S), and during the period 1990-1999 the distribution was also mainly north of the 10ºS, with a displacement toward the south between 2000 and 2010. 



Decadal changes in jack mackerel larvae distribution 
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Centers of gravity of the spatial distribution of jack 
mackerel larvae off Peru, per year, years 1970 to 2010 

Presenter
Presentation Notes
The centers of gravity of the larvae spatial distribution per year shows some important differences between decades, with three clear periods: the first one between 1966 and 1978 located between 14°S and 18ºS, more coastal; the second between 1979 and 1994 located northward, between 4°S and 14ºS, more offshore; and, the third between 1995 and 2010, located in an intermediate position between the other two. 



Decadal changes in feeding 
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Index of stomach fullness and proportion of prey in stomachs 
of jack mackerel off Peru, years 1977 to 2011 

Presenter
Presentation Notes
The stomach content of jack mackerels collected from the fishery as well as during scientific surveys between 1977 and 2011 shows two temporal scenarios in the diet of this species off Peru: the first one from 1977 to 2000, with an important dominance of euphausids; and the second one from 2000 to the present, with a significant presence of squat lobster (Pleuroncodes monodon) and zoeas (crustacean larvae), besides euphausids. These two scenarios are well correlated with the climatic interdecadal variability and correspond to the above warm and cold climate regimes described before



The fishery and the inter-annual and decadal patterns of change 
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MAIN ACTORS: 
• The Peruvian fishery for jack mackerel 

• The inter-annual and multi-year environmental 
variability patterns 

• The inter-annual and multi-year changes in 
stock abundance and availability 

• The inter-annual and multi-year changes in 
spawning, feeding, larvae distribution and other 
biological characteristics of the stock 

WHO IS DRIVING WHOM…??? 

Presenter
Presentation Notes
One key question arises from observing all these inter-annual and decadal changes in the abundance, distribution, spawning and other biological characteristics of the Peruvian stock of jack mackerel: what is the role of the fishery?If we consider that during most of these years the Peruvian fishery has exerted a very low fishing pressure on the available stock of jack mackerel, none of these observed inter-annual and decadal changes in abundance, availability, spawning, larvae distribution and abundance, and other biological characteristics of the stock can be related to the possible effects of fishing and can be best explained by the possible effects of similar time-scale changes in the marine climate, some of which have already been described and others surely deserve further investigation both at national level as well as within the context of the South Pacific Regional Fisheries Management Organization.



Stock differentiation and environmental signals and inter-
annual and decadal patterns of change  

28 

Are the environmental signals and inter-annual and 
decadal patterns of change strong and persistent 
enough to have an effect on the stock differentiation of 
the Peruvian stock of jack mackerel?   

Presenter
Presentation Notes
Another key question that results from observing all these patterns of change is: are these environmental signals and inter-annual and decadal patterns of change strong and persistent enough to have an effect on the stock differentiation of the Peruvian stock of jack mackerel?   



Stock differentiation and environmental signals and inter-
annual and decadal patterns of change  

29 

Are the environmental signals and inter-annual and 
decadal patterns of change strong and persistent 
enough to have an effect on the stock differentiation of 
the Peruvian stock of jack mackerel?   

 

There are environmental patterns and processes that 
are unique to the northern Humboldt Current System 
and are recurrent and strong enough to prompt an 
adaptation in the life history and population dynamics 
of the jack mackerel in the area. 

Presenter
Presentation Notes
 The available evidence suggests that these types of environmental patterns and processes tend to be unique to the northern Humboldt Current System and are recurrent and strong enough to prompt an adaptation process in the life history and population dynamics of fish stocks such as the jack mackerel. These may cause local adaptations, which in the very long term may lead to changes in the genetic pool provided the differentiating environmental signals are persistent enough and the isolation of the subject group or stock lasts long enough. This may not be fully the case of the jack mackerel, where at least some occasional flow from one group or stock to another may occur at periods of particularly high abundance and population bloom, and/or when severe occasional perturbations of the marine environment occur ‘resetting’ the system. However, even if not enough to determine clear genetic markers, there is ample evidence suggesting a high degree of differentiation in the biology and population dynamics of the Peruvian jack mackerel stock to justify that it be treated as a separate stock unit for the assessments and management of fisheries. 



Stock assessments – estimation of age and growth parameters 
for the Peruvian jack mackerel stock 

30 

Recent work made by Peru to improve the estimations 
of jack mackerel age and growth parameters:  
 direct readings of otoliths, including 

• validation of the first annual ring (analysis 
of micro-increments) 

• correct estimation of the increments of the 
otoliths radio to the second and third ring 

• correct annual rings readings  
 length frequency distribution analysis 

Presenter
Presentation Notes
Most stock assessment methods and models used to provide management advice require that fish age and growth parameters be properly estimated. In this sense, major efforts have been made in Peru in the recent past to improve the estimations of jack mackerel age and growth through the application of several methods based on: direct readings of otoliths, andlength frequency distribution analysis



Stock assessments – age and growth, validation of the 
first annual ring 

31 

Validation of the first annual ring by analysis of micro-
increments in 31 otoliths of juvenile jack mackerel collected 
during the summer of 2011. Gompertz growth fit, estimated 

length at age 365 days = 195.3 mm 

195.3 mm at age 365 days 

Presenter
Presentation Notes
Daily increments were read in 31 otoliths of juvenile jack mackerel collected n the summer of 2011. A Gompertz growth model gave a significant fit and and it was determined that a one year old individual would have a total length of 195.3 mm 



Stock assessments – age and growth, estimation of the 
increments of the otolith radio to the 2nd and 3rd ring 

32 

28 cm 

36 cm 

Single cohort followed and sampled from January 2011 to January 
2012 for age and growth analysis. In the 12 months the otoliths 

total radio growth was 0.62mm (from 3.32 mm to 3.94 mm) 

Presenter
Presentation Notes
A single cohort with modal size 28 cm in January 2011 and 36 cm in January 2012 was followed and sampled for 13 consecutive months for age and growth. At the beginning of the period the otoliths had an average total radio of 3.32 mm (mostly with two rings) while at the end of the period some of the otoliths started to show a third ring and had an average total radio of 3.94 mm. In the twelve months the otoliths had grown an average of 0.62 mm. These results supported the age assignation in the readings of otoliths rings.



Stock assessments – age and growth, correct annual rings readings 

33 

TWO SETS OF READINGS 
 
1st Set of 977 otoliths collected in 1977-79. Includes total lengths 
from 3 to 71 cm. Maximum age/number of rings observed was 11 
and the estimated growth parameters were:   

L∞ = 80.77 cm 
K = 0.16 per year, and  
to = -0.356.  

 
2nd Set of 1179 otoliths collected 1995. Includes total lengths from 
6 to 60 cm. Maximum age/number of rings observed was 7, and 
fixing L∞= 81 cm the other growth parameters were estimated as:  

K = 0.16 per year,  and  
to = -0.587 

  

Presenter
Presentation Notes
Two sets of age readings were undertaken in two different periods of time, and in the two cases the results were very similar, estimating a K=0.16 in both cases…



Stock assessments – age and growth, length frequency 
distribution analysis (LFA) 

34 

Growth curves adjustment to the temporal succession of age groups identified in 
the Peruvian jack mackerel fishery between January 2002 and March 2005 

The mean LFA estimated growth parameters were:   
L∞ = 81.6 cm, and 
K = 0.17  per year 

Presenter
Presentation Notes
The growth parameters were also estimated through the length frequency analysis. It is noted that these are indirect, non-parametric methods, totally independent from the age readings from hard structures. The asymptotic length (L∞) was estimated from the maximum observed length (79 cm) using the method of Froese and Binohlan (2000) as L∞= 81.6 cm, with a lower limit of 68.8 cm and an upper limit of 96.7 cm, and this used as input for the estimation of the other growth parameters using FiSAT (Gayanilo, et al ., 2004) which provided yearly estimates of the growth parameter K ranging from 15 to 18, with a mean value of K= 0.17 



Stock assessments – estimation of age and growth parameters 
for the Peruvian jack mackerel stock 

35 

All the above analyses and 
estimates confirm the following 
growth parameters for the 
Peruvian jack mackerel stock:  

L∞ = 80.77 cm  
K= 0.16 per year, and  
to= -0.356 to -0.587 

Presenter
Presentation Notes
The above estimates confirm that the jack mackerel off Peru grows with an annual K that fluctuates around 0.17, which is very similar to the estimates obtained with the direct methods. In this respect, it is noted that the results obtained for the jack mackerel off Peru and presented herewith (L∞ = 80.77cm, K= 0.16 per year and t0= -0.356 to -0.587) are significantly different from those obtained by other authors for the jack mackerel captured off Chile, where L∞ = 70.8 cm, K = 0.094 per year and t0 = -0.896 (Gili et al ., 1995).



Stock assessments – acoustic biomass estimates 
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Biomass of jack mackerel estimated by acoustics in the coastal 
area (0-100 nm off the coast), Peru, 1983 to 2011 

Presenter
Presentation Notes
The estimated biomasses of jack mackerel limited to the first 80 to 100 nm of the Peruvian jurisdictional waters have been extremely variable, ranging from 8.5 million tons in 1983 to only 1,200 tons in 2010. Also here, two clear periods can be observed, one of high abundance and great availability in the coastal area between 1983 and 1996, and the other of low abundance and lower availability within this coastal area since 1998



Stock assessments – acoustic biomass estimates 

37 

Biomass of jack mackerel estimated by acoustics in the coastal 
area (0-100 nm off the coast), Peru, 1983 to 2011 

Presenter
Presentation Notes
From all the information presented earlier today we conclude that at best, these acoustic biomass estimates are an underestimation of actual biomass of the Peruvian stock of jack mackerel in the northern Humboldt Current System area…In an attempt to calculate the most likely level of underestimation of the total biomass estimated by the acoustic surveys we have calculated for each year and timing of the surveys the most likely areas for jack mackerel presence using satellite environmental information for a wider area in the northern Humboldt Current System, and compared these “suitable” areas with those areas covered by the acoustic surveys…



Stock assessments – acoustic biomass estimates 

38 

Areas with environmental conditions suitable for jack mackerel (green ) 
and areas with jack mackerel covered by the acoustic stock assessment 
surveys (red) in the area of influence of the northern Humboldt Current 

System (blue). Selected survey-months between 1986 and 1994 

Presenter
Presentation Notes
Here the areas with environmental conditions suitable for jack mackerel (in green ) and the areas covered by the Peruvian acoustic stock assessment surveys (in red) in the wider area of influence of the northern Humboldt Current System (in blue)In April 1986 the acoustic survey estimated a total biomass of 4.3 million tons covering only 36% of the so called “suitable” areas for jack mackerel. In March 1993 the acoustic survey estimated a total biomass of 8.5 million tons covering 54% of the so called “suitable” areas for jack mackerel which in this particular case covered almost 100% of the jack mackerel within Peruvian waters. In March 1994 the acoustics estimated 6.4 million tons also covering a large portion of the so called “suitable” areas…
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Areas with environmental conditions suitable for jack mackerel (green ) 
and areas with jack mackerel covered by the acoustic stock assessment 
surveys (red) in the area of influence of the northern Humboldt Current 

System (blue). Selected survey-months between 1998 and 2006 

Presenter
Presentation Notes
 In June 1998 and June 1999 the acoustic survey estimated a total biomass of only 100,000 tons but covered only a small fraction of the so-called “suitable” areas for jack mackerel. Same as in September 2006, when the estimated biomass was a little bit higher (700,000 tons)
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Presenter
Presentation Notes
The Population Balance is a monthly catch projection of the Thompson and Bell type (Thompson and Bell, 1934), used to balance the acoustic biomass, estimate the biomass that is left between surveys and calculate the exploitation rate for each year. On average, the annual exploitation rate calculated with this method has been around 0.23 (23%) even if in some years it has exceeded 0.40. However, in recent years the use of this method has been problematic due to the low availability of jack mackerel in the surveyed area, and the presumably much larger proportion of the non-surveyed portion of the stock in relation to the surveyed portion 
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Biomass, fishing mortality (F) and exploitation rate (E) for the 
Peruvian jack mackerel stock as estimated by the Biomass 

Dynamic Model, years 2002–2011 

Fishing mortality 

Presenter
Presentation Notes
A biomass dynamic model (Hilborn and Walters, 1992) of the Schaefer type has been applied to the Peruvian jack mackerel 2007 as one of the several methods to assess the state of exploitation of this stock and to provide management advice using the Peruvian time series of catch, standardized CPUE (catch/trip) and an index of the acoustic biomass between 2002 and 2011. The results obtained with this method confirms that the fishing mortality is around 0.2 per year and the exploitation rate is around 0.35 per year  
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Biomass projections for different catch scenarios for the Peruvian 
jack mackerel fishery, as estimated by the Biomass Dynamic 

Model, years 2002–2011 
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Presenter
Presentation Notes
Biomass projections for different catch scenarios using the results of this Biomass Dynamic Model applied to the Peruvian case confirms that the management decisions taken so far regarding catch quotas for the Peruvian fleet are on solid grounds
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Jack mackerel biomass off Peru as estimated by the JJM 
model using Peruvian data from 1970 to 2012  

Presenter
Presentation Notes
An attempt has also been made to use the "joint jack mackerel" or JJM model to assess the state of jack mackerel off Peru using the array of Peruvian data from 1970 to date. Alternative runs were made for different indexes of abundance, using only the acoustic biomass estimates, using two catch per unit effort time series and a third run using acoustic biomass until 1997 and CPUE from 2002 onwards. The results obtained seem to capture part of the drop in overall productivity in the recent decade but fails to capture the magnitude of the biomass estimates available for the past and for more recent years and the magnitude of the recent regime shift and overall decline in total biomass
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Jack mackerel biomass off Peru as estimated by the JJM model 
using only CPUE, data from 2001 to 2012  
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Presenter
Presentation Notes
Another set of runs with the "joint jack mackerel" was made only for the most recent years, one starting in 2001 and the others starting in 2002 and 2003 using CPUE as the only index of abundance. The results were slightly different depending on the starting year, but all three runs seem to capture both the magnitude of the biomass estimated by other methods and the slight decreasing trend observed from other sources. 
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Brief description of the Length Integrated Stock Size 
Estimation: an ad-hoc model for the assessment of the 
Peruvian jack mackerel stock: 
 
Incorporates a penalty for simulated biomass lower than 80% of the 
acoustic estimates, besides the calibration of CPUE (two indexes), 
landings and observed length modes from the fishery 

Presenter
Presentation Notes
Due to the difficulties in dealing with some of key issues with variability patterns we have mentioned today, at IMARPE we decided to work on the development an ad-hoc model for the assessment of the jack mackerel. This is the so called “Length Integrated Stock Assessment Model” (still a tentative name) with some espcial features not easily found in other models.One main problem was that when using acoustic biomass estimations in simulation models, the methodological limitations allow the sub-estimation of biomass but hardly the opposite. This ad-hoc model incorporates a penalty for simulated biomass lower than 80% of the acoustic estimates, besides the calibration of CPUE (two indexes), landings and observed length modes from the fishery. 
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Brief description of the Length Integrated Stock Size 
Estimation: an ad-hoc model for the assessment of the 
Peruvian jack mackerel stock: 
 
Incorporates a penalty for simulated biomass lower than 80% of the 
acoustic estimates, besides the calibration of CPUE (two indexes), 
landings and observed length modes from the fishery 
 
integrates the length distribution of all cohorts. Individuals in classes 
of 1cm evolve uniformly but independently from each other. Classes 
up to 90cm are considered 
 
Recruitments are estimated through the parameters of abundance, 
mean length and standard deviation of the length of the new cohort. 
These parameters are estimated loosely, with a uniform prior but 
without suggesting a mean value for the abundance (no a priori 
stock-recruitment relationship is assumed) 

Presenter
Presentation Notes
 This model numerically integrates the length distribution of all cohorts, where individuals in classes of 1cm evolve uniformly but independently from each other. Classes up to 90cm are considered. Recruitments are estimated through three parameters: abundance, mean length and standard deviation of the length of the new cohort. These parameters are estimated loosely, with a uniform prior but without suggesting a mean value for the abundance (that is, no a priori stock-recruitment relationship is assumed).



Stock assessments - ad-hoc Length Integrated Stock Size Estimation 
Model for the assessment of the Peruvian jack mackerel stock 
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Total biomass of jack mackerel as estimated by the ad-hoc Length 
Integrated Stock Size Estimation Model (blue line), and acoustic 

biomass (red bars), 1970-2012 

Presenter
Presentation Notes
With the increased flexibility introduced in this model we seem to be able to take better into account what we know about the biology, abundance and availability of the jack mackerel off Peru and, in particular, can get around the heavy chains imposed by models that assume certain forms of equilibrium or steady state conditions when we are continuously being reminded that we operate in a marine ecosystem  that is highly variable and subject to a combination of patterns of change different in time and space scales.  The total biomass of jack mackerel as estimated by this ad-hoc Length Integrated Stock Size Estimation Model for 1970 to 2012 is represented by the blue line, and for comparison purposes we have the acoustic biomass in red. As can be noted here, this still preliminary results of this ad-hoc model seem to capture fairly well the magnitudes and patterns of change that through other sources have been reported for this important stock.
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