
Smith & Smith: Environmental Modelling 
 

 

OXFORD H i g h e r   E d u c a t i o n 

3.b. Using sensitivity analysis by Monte Carlo simulation to estimate risks of 
lead poisoning to Spanish Imperial eagles in the Doñana wetland system  
 
Toby Marthews,  School of Biological Sciences,  
University of Aberdeen, Cruickshank Building,  
St Machar Drive, Aberdeen, AB24 3UU,  
Scotland 
 
 
 
 
 
 
 
 
 
 
 
The managers at Doñana are trying to decide whether to devote their limited resources to reducing hunting in the park or 
bringing pressure to bear on upstream mining to reduce lead pollution. A sensitivity analysis of a model of blood lead levels 
will help them to identify the most cost-effective decision.  
 
A basic model of blood lead levels in Spanish Imperial eagles in Doñana is (a simplified version 
of the model in Carlisle & Marthews 2004): 
 

BLL = DFP+BD = (NLP*PD)+BD 
 
where BLL is the blood lead level in Spanish Imperial eagles (ppm), DFP is the blood lead dose due to pellets (ppm), NLP is 
the number of lead pellets in a mallard duck which varies greatly from duck to duck (assumed to be a discrete-exponential-
random number with rate=0.7), PD is the dose an eagle receives from ingesting one pellet from a duck carcass (difficult to 
measure in the field so assumed to be a uniform-random number with min=0.01 and max=0.13 ppm), and BD is the 
background dose from sediments which depends greatly on the pressure the park managers can bring to bear on the mining 
companies (assumed to be a normal-random number (mu=0.07, sigma=0.1, truncated to the range [0,5] which makes 
mean=0.11). 
 
There are different sources of variability in this model: the uncertainty in NLP is due to natural 
variability in the duck population, the uncertainty in PD comes mostly from measurement inaccuracy 
and the uncertainty in BD is due to the different management options available. All three types of 
uncertainty are relevant to this problem. According to this model, you would expect to find DFP = 
0.05 ± 0.09 ppm and BLL = 0.16 ± 0.12 ppm, with some birds having BLL values up to 1.5 ppm. 
These levels are high (blood lead above 0.2 ppm represents subclinical poisoning for eagles, above 
0.5 ppm is clinical poisoning and above 1 ppm is severe poisoning from which eagles do not 
recover), which agrees with the high rates of lead poisoning the park managers have been recording 
in their eagles. From these figures, the value of BLL is 31% due to the value of DFP and 69% due to 
the value of BD, but this tells you nothing about how sensitive DFP and BLL are to changes in the 
three inputs. A sensitivity analysis using 1000000 Monte Carlo runs (following the method of Vose 
2000:401) shows: 
 
 Variability in DFP: 83% due to NLP, 17% due to PD. 
 Variability in BLL: 51% due to NLP, 13% due to PD and 36% due to BD. 
 
This tells us that the majority of the lead in Spanish Imperial eagles in Doñana (BLL) is due to the 
background dose (BD), but changing the lead pellet levels (NLP) will have a much larger effect in 
the short term than changing the background dose. It is likely that eagles recover from the poisoning 
due to the sediments, but the occasional lead pellet induces immediate severe poisoning. The 
appropriate management advice is for the managers to tackle the lead pellet levels first and to make 
a long-term plan for the industrial pollution (Carlisle & Marthews 2004). 
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