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 The goals of protecting natural ecosystems are typically defined with reference to 23 

population size and viability, or to measures of community structure, composition and 24 

function where the protection of biodiversity is involved. In the case of ecological risk 25 

assessment (ERA) for chemicals, however, such protection arises usually by extrapolation 26 

from laboratory studies that depend, in turn, on single species or highly simplified 27 

communities of test organisms that are assumed to represent field response (Hommen et al. 28 

2010). These laboratory investigations benefit from controlled conditions, though their 29 

realism is clearly questionable. In contrast, field surveys can provide realistic descriptions 30 

of biotic communities or functions potentially at sites where anthropogenic effects on 31 

organisms are either inferred from pattern or measured directly at population and 32 

community levels. Although they lack the close control of laboratory investigations, field 33 

surveys should have a critical or at least complementary role in ERAs (Iwasaki and 34 

Ormerod 2012) in providing original data or validating laboratory work. It is surprising, 35 

therefore, that field approaches to risk assessment are infrequent in the literature by 36 

comparison with laboratory and modeling studies. In addition to the lack of control, 37 

probably this deficit reflects the time-consuming nature of field work, the difficulties in 38 

drawing clear conclusions about cause-effect relationships, the high variability of field 39 

data. These themes are long-standing and were previously discussed elsewhere (e.g., 40 

Clements and Kiffney 1994). 41 
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 Here, with respect to these challenges, we would like to highlight the usefulness 42 

of field approaches for assessing the relevance of laboratory results to natural populations 43 

or communities by introducing recent studies on metals and riverine macroinvertebrates. 44 

We also highlight further needs to improve the understanding of field studies. While this 45 

letter is based on information on macroinvertebrates and metals, the information has wider 46 

relevance for considering the impacts of other chemicals on other aquatic organisms. 47 

 The estimation of “safe” concentrations of chemical substances, below which 48 

unacceptable effects will not occur, such as predicted no effect concentration (i.e., PNEC) 49 

is a critical step in ERAs. Generally, such safe concentrations are derived from results of 50 

laboratory toxicity tests or/and their statistical extrapolation to community-level 51 

consequences (i.e., species sensitivity distribution). Thus, the assessment of field 52 

relevance of laboratory estimates is a necessary step in the ERA process (Crane and Babut 53 

2007; Crane et al. 2007). River macroinvertebrates, good representatives of local 54 

conditions, are frequently used in routine biomonitoring and field surveys to accomplish 55 

such needs. Although the impacts of metals on river macroinvertebrates are well 56 

documented, until recently, they had not necessarily provided useful information on safe 57 

concentrations largely due to high natural variability. However, several recent studies have 58 

provided valuable new insights (e.g., Crane et al. 2007; Iwasaki et al. 2011; Iwasaki and 59 

Ormerod 2012; Schmidt et al. 2010). They can be divided into two approaches according 60 
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to the quantity and quality of data obtained.  61 

 The first is the estimation of safe concentrations of individual metals using 62 

quantile regression analysis (Cade and Noon 2003) using large field datasets (e.g., >250 63 

sites (Crane et al. 2007) and 472 sites (Iwasaki and Ormerod 2012)). Although analyzing 64 

large field data is often difficult due to their high variability associated with the many 65 

factors that might affect the biological metric of concern, the use of quantile regression 66 

analysis with modeling the maximal response provides several advantages (see Cade and 67 

Noon (2003) for more details). For instance, Crane et al. (2007) used this approach to 68 

suggest the likely ranges of environmental quality standards for metals using field data on 69 

macroinvertebrates. Given the large amount of data available from biomonitoring 70 

literature, this approach has great potential. Another approach – of long standing in 71 

general biomonitoring – is the use of field surveys which are carefully designed to 72 

minimize data variability caused by nuisance variables and confounding factors (e.g., 73 

Iwasaki et al. 2011; Schmidt et al. 2010). These studies involve sampling polluted and 74 

unpolluted sites with similar physicochemical conditions as far as possible by carefully 75 

considering the ecology of target organisms, for example surveying only streams with 76 

similar size or ionic composition as well as collecting samples at microhabitats with 77 

similar velocity, substrate conditions, etc. The result is usually clearer 78 

concentration-response curves that aid the evaluation of safe concentrations. Using such 79 
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methodology, Iwasaki et al. (2011) suggested that the Japanese water quality standard for 80 

zinc is likely to be overprotective for macroinvertebrate diversity. These field studies 81 

evidently demonstrate their usefulness for evaluating the level of protection provided by 82 

safe concentrations (e.g., water quality standards) derived from individual-level effects 83 

from laboratory toxicity tests.  84 

 In spite of these achievements, there are still further issues to address to allow 85 

improved interpretation of the field effects of chemical substances and to provide more 86 

reliable information to ERA. Two key issues are i) to identify the appropriate predictors of 87 

field effects of metals and ii) to characterize the most appropriate spatiotemporal scales at 88 

which invertebrates respond to metals. Regarding the former, there are limitations in using 89 

the metal concentrations in ambient water (usually, dissolved metals) as the predictor. Xie 90 

and Buchwalter (2011), showing the toxicological importance of dietary exposure of 91 

metals to an aquatic invertebrate, stated that “Because we know so little about the true 92 

toxicity of trace metals to aquatic insects, it is impossible to determine whether current 93 

water quality criteria are protective.” The statement reminds us of the potential limitation 94 

of using the simple assumption that dissolved metal concentration equals effects and, in 95 

spite of the very considerable difficulties of field process studies, calls for improved 96 

mechanical understanding of the effects of metals in real field environments. Likewise, the 97 

consideration of metal bioavailability and multiple-metal effects would be valuable, 98 
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although evidence showing how the effects of metal bioavailability should be incorporated 99 

into models of responses of common lotic macroinvertebrates (e.g., mayflies and 100 

caddisflies) is still limited (Iwasaki et al. 2011). There are a few studies that address these 101 

issues using field data (Schmidt et al. 2010; Schmidt et al. 2011; Stockdale et al. 2010). 102 

Schmidt et al. (2011), for example, used the amount of metal bioaccumulation observed in 103 

aquatic insects to predict effects on invertebrate populations and communities in the field 104 

(i.e., tissue residue approach).  105 

Secondly, the consideration of macroinvertebrate responses at different 106 

spatiotemporal scales is required to aid interpretations. Here, the effects are several. They 107 

include both behavioral responses of invertebrate individuals at short time scales, the 108 

effects of larval exposure on adult insects and their reproduction, and evolutionary 109 

responses of populations. Considerations on these issues are infrequently noted thoroughly 110 

in the literature.  For example, at one extreme, macroinvertebrate populations may have 111 

adapted to metal pollution over many generations, particularly in extensive polluted areas. 112 

At the other extreme is the long-standing problem of separately assessing the effects of 113 

metals in short, brief exposures of high concentrations during hydrological events by 114 

comparison with more prolonged low-level exposure. Under these circumstances, 115 

macroinvertebrates can drift downstream in response to metal exposure or also drift from 116 

unpolluted sites into polluted sites sampled. Both processes would lead to a mismatch 117 
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between faunal composition and base-flow metal concentrations. 118 

 Overall, the state-of-the-art science in this area of ERA has been practically 119 

developed to evaluate field effects, so that we can overcome, at least in part, the issue 120 

related to the field variability. Although there is still a need to pay careful attention of the 121 

interpretation of field data, we believe field studies provide crucial evidence to evaluate 122 

the relevance of laboratory-based estimates in natural environments, which is an 123 

unquestionably important step in value-relevant ERAs. Further research is strongly 124 

encouraged to address the issues. 125 

 126 
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