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TROFODINAMICA 2

MODELOS TRÓFICOS
Función

Esctructura

dinámica predador-presa

MODELOS EBE

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:

Sp;a;i;j ¼
Up;a;i;j=!Np;aWp;a

P
p

P
a
Up;a;i;j=!Np;aWp;a

; (4)

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
#

ln Wi;j=Wp;að Þ#ηð Þ2
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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MÉTODOS EN TROFODINÁMICA 3

SCA
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HM

SIA
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SCA

Provee info. presas 

Incertidumbre cero

SIA

Info a largo plazo 

Inferencias de consumo

‣ Sesgos debido a las TDg 

‣ Info a corto plazo

‣ Alta incertidumbre - sin SCA 

‣ Elevado costo para continua eva.



ENTENDIENDO SIA EN ECOLOGÍA TRÓFICA

TIEMPO δδ

PLASMA SANGRE
HIGADO

MUSCULO
HUESO

DIAS SEMANAS MESES

HISTORIA DE VIDA

Kohn 1999

PRESA CONSUMIDA POR EL PREDATOR + PRESA ES 
ASIMILADA POR EL PREDADOR.  

= 
EL VALOR DE SIA DE PREDADOR, REFLEJA LA “SEÑAL” 

ISOTÓPICA DE LA PRESA
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ENTENDIENDO SIA EN ECOLOGÍA TRÓFICA
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EJEMPLOS 
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Dissostichus eleginoides
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ALIMENTACIÓN 
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           ¿QUE?

SE DEBE A QUE PROBABLEMENTE LAS PRESAS DE 
BACALAO ENCUENTREN MAYOR REFUGIO EN ESTAS 

ÁREAS. Y POR ENDE LOS BACALAO TIENDEN A 
AGRUPARSE EN ESTAS ÁREAS COMO ZONAS DE 

ALIMENTACIÓN





OBJETIVO

ANALIZAR LA ALIMENTACIÓN Y DETERMINAR 
LA TASA DE CONSUMO DEL BACALAO DE 

PROFUNDIDAD, MEDIANTE ANÁLISIS 
ESTOMACALES E ISÓTOPOS ESTABLES EN LA 

ZONA DEL PACIFICO SUR AUSTRAL



MATERIALES Y MÉTODOS 14

998 
 SCA

151 
 SIA 100 BACALAOS 

+ 
51 PRESAS

CONGELADAS -20º SCA; 80º SIA - UNAB - 



SCA 15

Lab. work - UNAB - ESTÓMAGOS

VACÍO

P, N, F
>GD- 

SIA

Análisis de datos

Importancia de la presa; %PSIRI
PERMANOVA

W test  Zar (1999)

Consumo alimento SCA

Alimentacion frecuente Elliot & Persson (1978)

Alimentacion intermitente Diana (1979)

LLENO

PRESAS

TAXON



SIA 16

Lab. work - UNAB -

0.4-0.6 MG  LOPEZ ET AL. (2013)

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

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

Analisis de datos

MixSIAR, MCMC  Stock & Semmens et al. (2013)

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

Consumo alimento SIA

Balance enegertico - SIA   Inger et al. (2006)

ANOVA 

Agrupacion de presas  Fry (2013)



RESULTADOS
PRUEBAS; DIAGNÓSTICOS Y LÍPIDOS

17
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RESULTADOS SCA 18

42.1%
57.9%

Vacios
Llenos



RESULTADOS SCA -GENERAL-
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Item N W FO PSIRI %PSIRI

Morids 66 6440 50 97.7 16.6

Hakes 55 7879 53 143.4 24.3

Rattails 19 4981 19 262.2 44.4

Shrimp 8 190 7 23.8 4.0

Squids 51 3199.8 48 62.9 10.7

Total 199 22689.8 177 589.9 100



RESULTADOS -SIA-

Species Group δ15N ‰ δ13C ‰ n

Dissostichus elegoniodes Patagonian tooth-fish 18.30 ± 1.89  -16.88 ± 1.89 100

Gonatus antarcticus 
Onykia ingens 

Todarodes filippovae

Squids 10.41 ± 2.23  -18.09 ± 2.13 14

Campylonotus semistriatus 
Acanthephyra carinata Shrimp 10.98 ± 2.90  -18.91 ± 2.68 6

Macrourus carinatus 
Coelorinchus fasciatus 
Macrourus holotrachys

Rattails 15.89 ± 1.76  -16.24 ± 1.71 8

Antimora rostrata 
Notophycis marginata Morids 13.85 ± 2.97  -16.66 ± 1.60 14

Micromesistius australis 
Macruronus magellanicus 

Merluccius australis

Hakes 14.84 ± 2.13  -15.95 ± 1.31 9

Total 151



BI-PLOT BACALAO



BI-PLOT POBLACIÓN ESTUDIADA
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DIETA -SIA-



DIFERENCIACIÓN ONTOGENICA



CONSUMO DE ALIMENTO

328.02 GR 
2.12% BW

GER 1.8 GR H

100 GR 2.4 DÍAS



DISCUSIÓN 

Número de estómagos fue suficiente para estudiar la dieta del bacalao 

SCA - SIA concuerdan con los reportes anteriores 

Existen diferencias ontogeneticas a través del nitrógeno, pero no en su proporción dietaria 

la tasa de consumo de bacalao se ajusta a las de un depredador de alimentación intermitente. 

Similar consumo con otros depredadores de aguas profundas (2-5%).  

Mirando hacia el futuro: integración de la composición energética de las presas - mediciones en estructuras duras (d13C,d15N y 
O18). 


