
Extended Abstract  11th ISE 2016, Melbourne, Australia 
 

MISUSING PHYSICAL HABITAT ASSESSMENT TECHNIQUES FOR 
ENVIRONMENTAL FLOWS CALCULATIONS 

 
ANTONI PALAU 

Department of Environment and Soil Sciences, University of Lleida,  
Avda. Alcalde Rovira Roure 191, 25198 Lleida, Spain 

 
JORGE ALCÁZAR 

Department of Environment and Soil Sciences, University of Lleida,  
Avda. Alcalde Rovira Roure 191, 25198 Lleida, Spain 

 
RAFEL ROCASPANA 

GESNA Estudis Ambientals, S.L. 
C/ Prat de la Riba, 51, 225240 Linyola (Lleida), Spain 

 
ENRIC APARICIO 

Institut d’Ecologia Aquàtica, Universitat de Girona 
Campus de Montilivi, 17071 Girona, Spain 

 
FERNANDO MARIÑO 

Ingeniería y Ciencia Ambiental 
C/. Miguel Menéndez Boneta, 2-8ª, 28460-Los Molinos (Madrid), Spain 

 
Physical habitat assessment techniques were originally developed to be used in decision-making framework for 
assessing the impacts of water development projects on aquatic ecosystems. However, the wider application of 
these techniques, at least in the European Union, now concerns the calculation of environmental flows. Spain is 
a good example of this, where these techniques have been implemented in a policy concerning water resources 
management plans. There are several problems associated with this approach, especially in Mediterranean rivers. 
In this study, environmental flows determination based on Spanish legislation is analyzed on a real scenario. 
Results show a high dispersion of results, and therefore calls into question the robustness of the techniques for 
the calculation of instream flow needs. 
 

1 INTRODUCTION  

The calculation of environmental flows has been one of the major scientific challenges of the last decades in the 
preservation of river ecosystems. From the pioneering work ([1], [2] and others), there have been many and 
varied approaches [3]. A review of the general types of methods can be found in [4], [5]. 

During the last few years, in many countries around the world, and particularly in the European Union (EU) 
since the adoption of the Water Framework Directive, a major policy effort has been undertaken to achieve a 
substantial improvement in the ecological status of all inland water bodies and existing coastlines. This effort has 
required the incorporation of principles for establishing the environmental flows into the law. Each country in 
the EU has followed its own criteria. Some countries have taken a simplistic approach compared to others who 
favour a more complex method with a supposed stronger ecological basis. Among the latter (e.g. Spanish 
legislation), it can be included the methods based on the use of the assumed relationship between physical 
habitat for fish (weighted usable area; WUA) and flow (F) [6]. 

This article discusses the significant uncertainty and arbitrariness that has the use of the WUA/F curves for 
calculating environmental flows. No doubt, these limitations stem from the ecological limitations of such 
relationship, which have already been widely highlighted by different authors in a while [3], [7], [8], [9], [10], 
[11], [12]. There have not been found yet solutions to this problem, despite the elapsed time [13]. 

It should be noted that the models are only predictive tools. Modelling for quantifying fish physical habitat 
were conceived as a tool for evaluation and negotiation of the environmental impacts of hydraulic works [14] 
and, for that purpose, they are certainly useful. But since the beginning it has been indicated that they should not 
be used for calculating simple ecological flows. Not surprisingly, the temporal variability of the suitable physical 
habitat is remarkable and requires to be quantified [15], [16], especially in Mediterranean rivers. 
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2 MATERIAL AND METHODS 

For the uncertainties analysis of the WUA/F curves, as a tool for calculating environmental flow, a section of a 
large Spanish River in the Meseta area (central part of Spain) was chosen. There were five fish species in the 
study area and an there was an adequate hydraulic characterization available for the study. The name and 
location of the studied stretch of river is omitted because it has no relevance, since the objective is the systematic 
comparative analysis of the results, independently of the selected scenario. 

On a stretch 20 km long, 4 subsections (SS) of about 150-300 m long were selected, showing a high variety 
of mesohabitats. In each subsection, 15-20 transects were made measuring water depths and velocities, and 
characterizing the type of substrate. The circulating flow was also obtained. The model RHABSIM was used for 
the calculation of the physical habitat, and it was calibrated for at least two different flow rates in each 
subsection. The choice of a 1-D model would be a first subject of discussion, especially in rivers such as the 
selected, where the hydraulic lateral heterogeneity is important [17]. 

The fish species considered were brown trout (Salmo trutta), common barbel (Luciobarbus bocagei), roach 
(Achondrostoma arcasii), iberian nase (Pseudochondrostoma polylepis) and chub (Squalius pyrenaicus). The 
preference curves were taken from [18] for trout, and from [19] for the rest of species. The final preference 
curves combined different stages of development of each species, distinguishing between wet (October-June) 
and dry (July-September) periods, accordingly to the criteria established by [6]. On the resulting WUA/F curves, 
step by step established criteria in [6] was applied for calculating environmental flows. Comparison of results 
was carried out with the values of 50% and 80% of the maximum WUA, also according to [6]. 

 

3 RESULTS 

Figure 1 shows, as an example, the WUA/F curves for the five species of fish and different developmental 
stages, in one of the river subsections considered (SS2). Besides the logical variability in relations WUA/F 
depending on the species, there is a wide disparity of shapes: there are curves having a gradually or abruptly 
WUA decrease with high flows, whereas other curves show a gradually WUA increase at high flow rates.    
   
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. WUA/F curves for each species and each development stages, for subsection 2 (SS2). St: brown 

trout; Ca: roach; Bb: common barbel; Sp: chub; Cp: iberian nase; Al: fry; Ju: juvenile; Ad: adult.  
 

These results already indicate that, depending on the river subsection considered, species and stage of 
development, the resulting environmental flow may indeed be very different to the aim of preserving a certain 
proportion of the WUA. Table 1 shows the environmental flow extreme values obtained in each subsection, for 
dry and wet periods, and for each species. In subsection 2, for example, according to [6], the environmental flow 
could be 1.14 to 5.87 m3.s-1, whereas in the subsection 1 it would be between 1.75 and 13.35 m3.s-1. Considering 



brown trout as the reference species, the environmental flow for the whole study area (including all subsections) 
which guarantees at least 50% of the WUA does not vary much (between 1.12 and 1.79 m3.s-1), whereas for the 
common barbel it lays within the interval of 1.75 to 5.20 m3.s-1. 
 

Table 1. Tentative environmental flows (m3.s-1) for each species (combined development stages) and 
subsection (SS1-SS4) for the wet and dry period, according to [6]. 
 

Subsections /fish species 
Wet Period Dry Period 
m3.s-1 

(50% WUA) 
m3.s-1 

(80%WUA) 
m3.s-1 

(50% WUA) 
m3.s-1 

(80%WUA) 

SS
1 

Brown trout 1.75 11.13 1.79 10.57 
Common barbel 4.47 13.35 5.20 14.59 
Iberian nase 4.77 12.41 4.69 12.03 
Chub 3.94 12.04 2.06 11.67 

SS
2 

Brown trout 1.64 2.97 1.14 1.89 
Common barbel 1.75 3.70 1.83 3.89 
Iberian nase 2.06 3.97 1.23 2.10 
Chub 2.75 5.87 1.46 2.95 

SS
3 

Brown trout 1.12 2.67 1.18 1.97 
Common barbel 4.73 13.29 4.47 12.42 
Iberian nase 1.82 10.12 1.85 9.25 
Chub 4.05 11.84 1.92 10.05 

SS
4 

Brown trout 1.28 2.67 1.36 2.24 
Common barbel 4.78 11.14 4.56 10.71 
Iberian nase 1.12 1.79 1.10 1.76 
Chub 4.76 11.06 1.50 3.87 

 

4 CONCLUSIONS  

The habitat simulation methods show enormous uncertainties in every step of calculation, especially in 
Mediterranean rivers. There are many reasons for that: i) a few hydraulic variables (depth, water velocity, 
substrate type, etc.) may not always properly describe the amount of available habitat for a given species; ii) 
results of physical habitat obtained in a specific river reach can hardly be extrapolated to other reaches; iii) 
besides spatial variability, there is also a temporal variability in physical habitat data for a river reach (i.e. 
changes before and after flood events); iv) habitat preferences are of course different depending on species and 
life stages, and the may also change throughout the day. Therefore, preference curves only partially reflect the 
ecological requirements of the species (which on the other hand never occur separately but combined), and do 
not integrate requirements for all present species. Physical habitat simulation models have been used in legal 
texts by several countries like Spain [6] as reference methods for calculating environmental flows. This has led 
to some controversy because of the arbitrariness of results. It usually is due, among other factors, to the potential 
wide range of results that makes its practical application unfeasible. The bottom line of this problem is the 
concept of "environmental flow". For some people it is the flow that has to be imposed above any other water 
use. Others think that it is the leftover flow in regulated rivers after any other water use is fulfilled. 
Environmental flow actually does not exist as such in nature. It can be found minimum flows, maximum flows, 
most frequent flows, etc. but not environmental flows. It is certainly a mistake to think that a river ecosystem can 
be maintained at a rate of 10%, 20% or 60% of its natural regime, without any significant changes in its 
structure, organization and functioning. It would mean that rivers have more water than enough, and that is not 
possible in nature. Everything has its function and natural systems are always arranged and structured 
accordingly to the availability of energy, space and matter. 

Probably, the most accurate way of understanding environmental flows is as a ‘social pact’ between the 
preservation of a certain ecological status and the use of water resources. Environmental flows are therefore a 
socioeconomic and environmental commitment, whose definition requires coordination between water uses and 
preservation of aquatic ecosystems. We recommended the use of more objective methods for environmental flow 
calculation. Efforts should be made in follow-up studies after environmental flows delivery. This will provide a 



continuous learning about operation and a progress towards an ever more efficient management of water 
resources. Given the importance of the environmental flow implementation, both from an ecological and 
socioeconomic point of view, it would be desirable and reasonable to ensure that quantification methods are 
bounded with sufficient accuracy. 
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