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Multispecies virtual population analysis is an extension of
single-species virtual population analysis (SSVPA) and esti-
mates fishing mortality, recruitment, stock abundance, and
predation mortality based on catch-at-age data and stomach
content data. Therefore, MSVPA uses the same equations and
backward algorithm as SSVPA (Gulland 1965). Abundance
for the plus group and the final year of the assessment is
calculated from Baranov’s catch equation,

Nþ
a;t
¼ Ca;tZa;t

Fterm;a;t 1# e#Za;tð Þ
; (1)

where Ca,t represents the annual catch at age; Za,t represents the
total mortality at age (Za,t = Fterm,a,t + Ma,t); Fterm,a,t represents
the terminal fishing mortality at age; Ma,t represents natural
mortality (described in detail below); and Nþ

a;t represents the
abundance of the plus group or the abundance of age-class a in
the final year of the assessment (2007). The abundance of the
remaining age-classes is backward calculated as

Na#1;t#1 ¼ Na;teZa;t : (2)

Equation (2) is also used directly to estimate recruitment (N0,t).
Fishing mortality at age is also calculated iteratively from
equation (1).

The MSVPA differs from SSVPA primarily by separating
natural mortality (M) into two components: residual mortality
(M1) and predation mortality (M2). Residual mortality encom-
passes several causes of mortality, such as aging, starvation,
diseases, and predation by other species not included in the
model; M1 is assumed to be constant for each age-class within
each species. This separation hypothesis allows predation mor-
tality to be estimated for each age-class through time. Predation
mortality is calculated with the following equation (Sparre 1991),
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where M2,p,a is the predation mortality of prey p at age a; !Ni;j is

the average abundance of predator i at age j !Ni;j ¼ Ni;j;tþ1#Ni;j;t

Zi;j;t

! "
;

Rij is the annual ration (total annual food consumption, kg) for
the predator species; Sp,a,i,j is the suitability coefficient for each
predator–prey combination; Bof is the biomass of other prey
(“other food”) available to the predator; Si,of is the suitability
coefficient for the predator–other prey combination; !Np;a is the
average abundance of prey p at age a; and !Wp;a is the average
weight of the prey. For simplicity, the index t for time has been
omitted from equation (3).

Suitability coefficients reflect the predator’s diet composi-
tion relative to the available food (Sparre 1991). Estimation of
suitability is based on stomach content data according to the
following operational definition:
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where Up,a,i,j is the observed food composition in the preda-
tor’s stomach contents; a is the age of prey p; and j is the age
of predator i. Predator/prey suitability values have also been
defined as a weighting factor determining the availability of
prey p as food for predator i (Gislason and Sparre 1987).
Solution of the previous equations (1–4) requires the use of
three nested iterative algorithms (Sparre 1991). More details
on MSVPA assumptions, equations, and algorithms are
provided by Sparre (1991) and Magnusson (1995).

Due to its complexity, MSVPA requires several types of input
data, including stomach content data, annual predator ration,M1,
catch at age, and Fterm, all of which are described below.

The food composition or stomach content data are probably
the most important data for estimating predation mortalityM2 in
the MSVPA. However, diet composition information is scarce
for SCDF species; therefore, we considered a different approach
for these fisheries based on the work of Ursin (1973). The
approach uses parameters from the predator–prey size ratios to
arrive at a theoretical estimate of Ursin’s prey selectivity index.

Using a simplification from Bogstad et al. (2003), the suit-
ability coefficients were calculated with the following equation:

Sp;a;i;j ¼ e
#
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2σ2

# $

; (5)

where Wi,j is the weight of predator i at age j; and Wp,a is the
weight of prey p at age a. The constant η represents the mean
log ratio between the predator weight and prey weight,

FIGURE 1. Predation interactions for the species system used in the multispecies
virtual population analysismodel defined for the southernChilean demersalfishery.
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¿QUÉ VARIABLES USA EBE PARA SU MODELACIÓN?
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MÉTODOS EN TROFODINÁMICA 4
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ENTENDIENDO SIA EN ECOLOGÍA TRÓFICA
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ENTENDIENDO SIA EN ECOLOGÍA TRÓFICA
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ENTONCES… ¿PORQUÉ LA CIENCIA PESQUERA NO INTEGRA SIA (ALIM) A SUS EXPLICACIONES? 7
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EL CASO DEL PEZ ESPADA
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Our conceptual model of a fish population

Growth (G)

Recruitment (R) Natural mortality (M )

Fishing mortality (F )

Biomass

Biomass added      Biomass removed

Bt+1=Bt+R+G-M-C



FISHERIES MANAGEMENT BASED ON ECOSYSTEM

for instance at the beginning, midpoint, and end of a growing season. Examples of this can be found in Christensen 
and Pauly (1993b). 

Judicious identification of periods long enough for sufficient data to be available, but short enough for massive 
changes of biomass not to have occurred, will thus solve most problems associated with the lack of an explicit time 
dimension. Moreover, when a build-up of biomass is known to have occurred, this can be considered explicitly as 
‘accumulated biomass’, a component of biological production.  

The Ecopath system is built on an approach presented by Polovina (1984a; 1984b) for the estimation of the biomass 
and food consumption of the various elements (species or groups of species) of an aquatic ecosystem, and 
subsequently combined with various approaches from theoretical ecology, notably those proposed by R.E. 
Ulanowicz (1986), for the analysis of flows between the elements of ecosystems. 

Once a model of the type discussed here has been built, it can be used directly for simulation modeling thanks to the 
time dynamic model, Ecosim, and the spatial dynamic model, Ecospace, both fully integrated with Ecopath in the 
present software.  

3.3 The Ecopath model 

The core routine of Ecopath is derived from the Ecopath program of Polovina (1984a; 1984b) modified to render 
superfluous its original assumption of steady state. Ecopath no longer assumes steady state but instead bases the 
parameterization on an assumption of mass balance over an arbitrary period, usually a year (but also see discussion 
about seasonal modeling). In its present implementation Ecopath parameterizes models based on two master 
equations, one to describe the production term and one for the energy balance of each group. 

3.3.1 Mortality for a prey is consumption for a predator 

The first Ecopath equation describes how the production term for each group (i) can be split in components. This is 
implemented with the equation, 

Production = catches + predation mortality + biomass accumulation + net migration + other mortality; 

Eq. 1 

or, more formally, 

)1(2 iiiiiiii EEPBAEMBYP −⋅+++⋅+=   

Eq. 2 

where Pi is the total production rate of (i), Yi is the total fishery catch rate of (i), M2i is the total predation rate for 
group (i), Bi the biomass of the group, E i the net migration rate (emigration – immigration), BA i is the biomass 
accumulation rate for (i), while M0i  = Pi · (1-EEi) is the ‘other mortality’ rate for (i).  

This formulation incorporates most of the production (or mortality) components in common use, perhaps with the 
exception of gonadal products. Gonadal products however nearly always end up being eaten by other groups, and 
can be included in either predation or other mortality.  

Eq. 2 can be re-expressed as 

∑
=
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MATERIALES Y METODOS
3 casos estudiados 

930 SCA + 165 SIA 1050 SCA + 130 SIA 871 SCA + 124 SIA

320 TEJIDOS DE PRESAS

Xiphias gladius Prionace glauca Isurus oxyrinchus



LAB. WORK 12

CONGELADAS -20º SCA - SIA  - LAI UNAB - 

0.4-0.6 MG

~10 MG; EX. LÍPIDOS (C:M 2:1)  HUSSEY ET AL (2010)

13C, 15N, %CN; STANDARD: PEE DEE BELEMITA 13C Y N 
ATMOSFÉRICO 15N



SIAR, MCMC (Parnell & Jackson (2015)

A priori (SCA), α  Klarian et al (unpublished)

Agrupación de presas  Fry (2013)

NUEVO ÍNDICE PROPUESTO 
THE MELÉNDEZ TROPHIC INDEX MTI



1.- SIA DEBE ESTAR EN VALORES ENTRE 0 Y 1 
2.- SIA DEBE SER ENTENDIDO COMO UN VALOR DE ASIMILACIÓN 

3.- CADA VALOR DE PRESA SIA DEBE SER INDEPENDIENTE 

SIAI, CORRESPONDE AL VALOR DE LA PROPORCIÓN DE LA 
DIETA DE LA PRESA I

WI/NI, ES EL PESO PROMEDIO DE LA PRESA I ENCONTRADOS 
EN LOS ESTÓMAGOS 

EI, ES UNA FRECUENCIA MODIFICADA, DONDE NI/TOTAL DE SCA

VALOR DE PROBABILIDAD DE CONSUMO MTIP



15RESULTADOS 
CASO ESTUDIO 1. PEZ ESPADA

Presas W/N SIA ⧲ E MTI gr %MTI MTIp
Cefalópodos 402.17 0.05 20.11 0.88 17.79 57 0.8
Camarones 8.63 0.01 0.09 0.31 0.03 0.01 <0.01
Atunes 1025.40 0.05 51.27 0.04 1.97 6.3 0.25
Jureles 500.00 0.34 170.00 0.04 6.54 21 0.5
Peces pequeños 120.45 0.27 32.52 0.15 4.88 15.6 0.67

31.20 gr 100



16RESULTADOS 

CASO 2. BLUE SHARK
Prey W/N SIA ⧲ E MTI gr %MTI MTIp

Squids 210.12 0.085 17.86 0.54 9.67 9.5 0.6

Tunas 2427.60 0.085 206.35 0.08 17.20 16.9 0.25

Mackerels 500.00 0.139 69.50 0.08 5.79 5.7 0.1

Nomeids 415.03 0.135 56.03 0.33 18.21 17.9 0.4

Marine Mammals 2000 0.27 540.00 0.08 50.87 50.0 0.15

101.74



17RESULTADOS 

CASO 3. MAKO SHARK
Prey W/N SIA ⧲ E MTI %MTI MTIp

Squids 315.29 0.07 22.07 0.23 5.00 8.7 0.4

Tunas 3915.29 0.065 254.49 0.05 11.88 20.7 0.1

Mackerels 426.16 0.144 61.37 0.17 10.23 17.9 0.25

Nomeids 159.55 0.151 24.09 0.38 9.15 16 0.4

Marine Mammals 2000 0.315 630.00 0.03 21.00 36.7 0.05

57.26



DISCUSIÓN Prey %MTI %IIR %GI %PSIRI

Squids 0.570 0.9 0.7 0.87

Shrimps 0.001 0.01 0.01 0.01

Tunas 0.063 0.01 0.01 0.01

Mackerels 0.210 0 0.01 0

small fishes 0.156 0.08 0.25 0.20

Prey %MTI %IIR %GI %PSIRII 
Squids 0.095 0.27 0.20 0.21
Tunas 0.169 0.15 0.10 0.09
Mackerels 0.057 0.1 0.1 0.1
Nomeids 0.179 0.21 0.19 0.2

Marine Mammals 0.500 <1 0 1

Prey %MTI %IIR %GI %PSIRI

Squids 0.087 0.12 0.10 0.11

Tunas 0.207 0.08 0.1 0.1

Mackerels 0.179 0.12 0.20 0.22

Nomeids 0.160 0.42 0.3 0.40

Marine Mammals 0.367 <0.01 0.05 >0.01



WHATS NEXT 

 test MTI Mesocosmos 

 Es seguro usar presas de los SCA con baja DG? 



GRACIAS.. 


