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Abbreviated abstract: The Peruvian anchovy is an important species from an ecological and economical 
perspective. In this context it is important to investigate the anchovy dynamics across years. Specifically, we 
propose flexible Bayesian hierarchical spatio-temporal models for zero-inflated positive continuous data. These 
models are able to capture the spatial and temporal distribution of the anchovies, to make spatial predictions. 
To make our modelling computationally feasible we use the stochastic partial differential equations (SPDE) 
approach combined with the integrated nested Laplace approximation (INLA) method.  
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Problem and Data
The marine ecosystem of Peru is highly dominated by the anchovy.  
• In order to preserve the species it is important to investigate the spatial 

anchovy abundance distribution across years.  
• What is known about the anchovy distribution?  

• Nested aggregation structures: schools, clusters.  
• Fast response to environmental variability. 

•
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• Data: collected by IMARPE during the summer season, 
from 1999 to 2007, —> T = 8. 

• Variable of interest:“anchovy abundance”  
• Continuous and non-negative 
• High proportion of zeros (gray dots) 
• Spatio-temporal dynamics  

• The study area is divided using a Dealunay triangulation.    
• N = 785 triangles with anchovy absence/

presence.  
• Presence of anchovy ⇒ mean of anchovy 

abundance (>0).  
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Models
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• y(si,t): observed response representing the anchovy 
abundance in the location (centroid) si ∈ Ds ⊂ R2 at 
time t ∈ Dt ⊂ א, where i = 1,...,N and t = 1,…,T.  The 
distribution for Y (si , t ) has the finite mixture 
density:  

p(si,t): probability of anchovy absence;  δ0: Dirac delta 
function; Yit|Yit > 0 ∼ gamma(φ, φ/μ(si , t)), mean μ(si , t) and 
precision parameter φ; h is the pdf of a gamma distribution.  
• Let define the linear predictors: 

For each linear predictor (k = 1, 2): Z(k) is a covariate matrix, 

β(k) is a coefficient vector (or regression parameters).  

•  f (k)(t) is a temporally structured effect: 
• Autoregressive dynamic AR(1) 
• Second-order random walk (rw2)  

• fs (k)(.) is an spatio-temporal effect: spatio-temporal 
process changing in time with an autoregressive dinamic AR(1),  

  
    a(k)| < 1, w(k)(s , t) ⊥ f (k)(s , 1)                                    

ws(k)(t)  is a Gaussian field with Matérn covariance function 

with effective range r(k) and marginal variance σ2(k) .
 

• Using the SPDE approach,  
w(k)(si,t) is approximated by: 

for  nv vertices, {ψj } are basis functions  
and  {gj } are Gaussian weights with an sparse  
precision matrix (inverse of covariance matrix). 
• Fast Bayesian Inference through INLA.

mailto:zquiroz@pucp.edu.pe


Results
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• Model ST1 is better in terms of goodness of fit and 
prediction capability.  

•

• -Effective range of the probability of 
anchovy absence  is 244 km, while for 
anchovy abundance is 22 km.  

• -The probability of absence/presence 
and abundance of anchovy for each site 
depends positively on the previous 
year .

Conclusion: Our model provides a novel 
 method to investigate the Peruvian anchovy 
dynamics across years, giving solid statistical 
support to many descriptive ecological studies. 

Maps: Posterior estimation of probability of absence, 
anchovy of abundance given presence of anchovy and 
E[yp|y] of anchovy abundance from 1999 to 2006. 

• Further the distance is, the 
higher the probability of 
anchovy absence.  

• Higher probability of anchovy 
absence at the extremes. 

• (⋆) : >depth distance : >prob.abs. 
• The higher SST, the higher 

probability of anchovy absence 
and anchovy abundance.  

• (⋆⋆) : >depth distance: <abund. 
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