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Introduction 
Certain wild animals represent excellent models, or sentinels, to address issues related to 
environmental pollution[1]. Wild trout present several biological characteristics, that position it as 
a suitable tool for monitoring polybrominated diphenyl ethers (PBDE) levels in freshwater 
environments [3]: 1-They are at top of the food web and have a wide geographic distribution; 2-
They have lipid-rich tissues and pollutant concentration capacity [2]. The presence of lower 
brominated diphenyl ethers has been detected in wild trout collected worldwide [3]. Over the last 
20 years, a large number of studies have been reported using wild trout for PBDE assessment in 
freshwater environments. This work summarizes this research field through a meta-analysis, and 
considers the implications of the reported data with the aim to explore the feasibility of wild trout 
as a sentinel species for PBDEs in environmental assessments. 
Materials and Methods  
Most of the studies reported levels of congener BDE-47, -99, -100. The sum of congeners BDE-47, -
99 and -100 (∑n=3PBDEs)represents on average 81% of the total PBDE concentration reported for 
trout in reviewed papers, and therefore a congener-specific database was compiled and used. The 
units were lipid normalized. Principal component analysis (PCA)was performed to identifying 
whether the usually reported biological factors (size and lipid content), are related to PBDE levels 
in five wild trout species: lake trout (LAT Salvelinus namaycush), brown trout (TRS Salmo trutta), 
rainbow trout (TRR Oncorhynchus mykiss), arctic char (ACH Salvelinus alpinus), and brook trout 
(SVF Salvelinus fontinalis) collected worldwide. Pearson's correlations were used to explore for 
intraspecific relationships between PBDE levels and trout morphometry. 
Calculation of Trout-to-Sediment Ratio of PBDE levels. 
In order to evaluate the feasibility of an organism to be used as a sentinel for pollutants, it is useful 
to analyse its capacity to accumulate chemicals. Bioaccumulation in biota relative to chemical 
concentrations in sediment describes the potential of a species to concentrate pollutants. Biota-
sediment accumulation factors have been used for this purpose [4]. Because PBDE levels in 
sediment were reported for several regions where wild trout were studied, the relationship 
between trout and sediment PBDE levels was explored. Thus, PBDE accumulation capacity of each 
trout species was assessed. Trout-to-sediment ratio was used as a screening tool to identify 
potential PBDE bioaccumulation capacity among the trout species considered. Therefore, those 
species showing a higher value of this ratio potentially represent a more feasible tool for 
monitoring PBDEs. Trout-to-sediment ratio was calculated for each trout species as follows: T-SR = 
BDETrout/ BDESediment, where T-SR is the calculated ratio for concentration of individual congeners 
BDE-47, -99 and -100 reported for trout and sediment from a particular site. Hence, BDETrout and 
BDESediment represent the concentration of each congener reported for trout species (on a lipid 
weight basis) and sediment (on a total organic carbon basis), respectively.  
Results and discussion 
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PCA identified three components that accounted for 83% of the data variance. The PC1 accounted 
for 53% of the variation and was positively associated with levels of BDE-47, -99, -100; and trout 
length, weight and lipid content. The PC2 accounted for 18% of the variation and was positively 
associated with percentage of BDE-99 congener distribution. PC1 is plotted against PC2 in Fig.1 
where different colour symbols denote continental regions. The right side of the figure represents 
fatty and larger trout, with higher PBDE levels. These trout were collected from lakes in eastern 
Norway (cluster A), close to Oslo. The data on trout collected from North America’s Great Lakes, 
cluster together (cluster B) and represents a self-consistent data-set: all lake trout. Trout collected 
from lakes in European high mountains, lakes in Greenland, and rivers in Patagonia all overlap 
(cluster C). Data on Patagonian trout seems to cluster together (cluster C’, Fig. 1). Cluster C is 
somewhat separated from clusters A and B. The distance between these clusters may simply show 
that remote areas would get PBDE inputs through atmospheric transport while lakes in eastern 
Norway and North America’s Great Lakes could be affected by direct inputs. Reported data on size 
of brown trout (n = 387) was positively correlated with levels of BDE47,BDE-99, BDE-100, and 
∑PBDEs(P<0.05). For all other species considered here, no significant correlations were found.  

 
Fig. 1.Position of wild trout data in the plane defined by the first two axes obtained from a PCA carried out with:  levels 
of BDE-47, -99, -100; percentage of BDE congener distribution; and trout morphometry and lipid content. Yellow dots 
are for trout collected in Europe, red for North America, Green for South America, and orange triangles for Greenland. 
Cluster A-C is discussed in the text. 

Regardless of the different world regions where trout were collected, brown trout generally 
showed higher trout-to-sediment ratios, which is suggestive of a relatively greater capacity of this 
species to concentrate PBDEs related to the sediment (Fig. 2). A literature survey indicated that 
brown trout tend to feed higher in the food web and grow to reach largesizes[2]. Taken together, 
these results suggest that, besides pollution level in the studied area, the target species in PBDE 
studies is a critical factor that should not be overlooked. 
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Overall, although any wild species trout could be useful as a PBDE bioindicator, adult 
brown trout is recommended. Full reports on sampling sites, dates, morphometry, tissue type and 
sex are also recommended. 

 

Fig. 2.Trout-to-sediment ratios calculated for individual congeners (BDE-47, -99 and -100) reported for each trout 
species and sediment. Numbers in brackets denote estimation of trout-to-sediment ratios based on ∑n=3PBDEs for both 
trout species and sediment. Country acronyms: Norway (NO), CH (Switzerland), Scotland (SC), AR (Argentina), United 
States (US), and Canada (CA). Trout acronyms in the text. 
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