Estimhab

(and approximate english translation …)

Estimating instream habitat quality changes

associated with river management

ecoflows.inrae.fr
nicolas.lamouroux@inrae.fr
Estimhab is a cost-efficient tool for estimating the impacts of hydraulic changes for stream fish populations (minimum flow choices, weirs management). It provides results close to those of more classical instream habitat models (Phabsim, Evha), but requires cheap input data (depth and width measurements at two different discharges). For a simple use and to facilitate its evolution, it is provided as an excel sheet.
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Partners:

Cemagref

CSP – Conseil supérieur de la pêche

See ‘references’ for scientific bases

You can refer to ‘Estimhab’ as: 

Lamouroux N. (2002) Estimhab: estimating instream habitat quality changes associated with river management. Shareware & User's guide. http://www.lyon.cemagref.fr/bea/lhq/lhq.html. Cemagref, Lyon.

A – Scientific context

Instream habitat models (Phabsim, Evha …) contribute to estimate the impacts of hydrological and morphological changes on populations in stream reaches. They link a hydraulic component (that estimates local hydraulics in stream reaches and their changes) with biological preference models (preference curves). They predict habitat values (scores between 0 and 1) or weighted usable areas (habitat values * surface area) for a number of species or specific life stages.
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Conventional instream habitat models have been used mostly for salmonids. They require expensive input data (topography, hydraulics) and experience. This limits their use in multiple stream reaches (e.g. for catchment-wide management). To address these limits, Estimhab relies on a number of  recent scientific results :

· The development of preference curves for many European fish species. 

Preference models were developped for 24 European fish species and their life stages, using data collected in 6 streams in Southern France. The preference models reflect microhabitat preferences WITHIN stream-reaches. They make it possible to apply habitat models in any type of stream.

· The simplification of the input data required for instream habitat modelling.
Once conventionnal instream habitat models hab been applied in dozens of stream, a sensitivity analysis revealed that their output were predictable from average hydraulic characteristics of stream reaches (discharge, depth, width, substrate size).  As a consequence, we could reduce the field work required to run the models.

· The biological validation of model predictions.

Several predictions of instream habitat models have been validated using fish samples collected in the Rhône river basin, elsewhere in France, or abroad (e.g. North American rivers). Some characteristics of fish communities can be predicted from hydraulics, similarly in multiple sites. 

B – Elements from Estimhab

Estimhab will evolve. It is a simple excel file with three sheets

1) ‘results-populations’

2) ‘results-guilds’

3) ‘field data’

For each new modelled reach, duplicate the file, rename it and fill it.

‘results-populations’

Habitat quality is estimated here. The sheet includes

· the input data (e.g. reach-averaged width an depth measured at two different discharges, see ‘Input data’).

· Graphs showing automatically how habitat values and weighted usable areas evolve with discharge, for the fish species included.

Simulations for brown trout are valid in small streams dominated by trout. Simulations for other species are valid for adults, in trout streams and in larger ones.

 (TRF = brown trout, estimates for juvenile trout remain valid for the young of the year stage; BAF = barbel ; CHA = sculpin ; GOU = gudgeon ; LOF = stone loach ; VAI = minnow).

‘results-guilds’

Similar sheet, with habitat values averaged by guilds (life stages with comparable microhabitat use). These can be used for a species not cited above, if it can be reasonably associated with one of the following guild (e.g., nase, dace and grayling could be considered  as belonging to the ‘midstream’ guild):

‘Riffle’ guild : includes stone loach, sculpin, barbel <9cm

‘Midstream’ guild : includes barbel >9cm, blageon >8cm 

‘Pool’ guild : includes eel, perch, pumpkinseed, roach, chub >17cm

‘Bank’ guild : includes gudgeon, blageon <8cm, chub <17cm, minnow

The midstream guild includes species particularly affected by discharge decreases. Weir additions would favour the pool guild over the riffle guild.

‘field data’

You can use it to save your field data, and calculate the input variables that will be reported in the ‘results’ sheets. Sending this sheet to Cemagref after your modelling exercice will also contribute to model improvement. This would be appreciated.

C – What is predicted ? ('results' sheet)

As conventionnal instream habitat models, Estimhab predicts habitat values (scores between 0 and 1) or weighted usable areas (habitat values * surface area) for a number of species or specific life stages. Their interpretation depends on available biological validations (see ‘references’). Main lessons from biological validations are : 

1) Species-specific results: 

For a given species or life stage, habitat values generally decrease at high discharges. This decrease is partly due to a technical difficulty to sample fish in deep and fast-flowing conditions. Therefore, we avoid interpreting the curves for discharge ranges that would correspond to depth >1.5 m or velocities >0.7 m/s. Specific curves are generally used to identify discharge thresholds, under which habitat values can decrease sharply.  

At-a-site and at the species level, specific abundances depends on numerous historical or environmental filters (temperature, water quality …). For this reason, simulated habitat values reflect potential densities, not real ones, and their changes with discharge. It is therefore recommended to interpret differences in habitat values (e.g. between species, between sites or between discharge rates) rather than raw habitat values.

2) Relative positions of specific curves

This is an information for which biological validations are more convincing. For example, if the habitat value for species A is multiplied by 2 between dicharges Q1 and Q2, whereas the habitat value for species B remains constant, we can expect that the proportion of species A vs B would be roughly multiplied by 2 in case of discharge change. 

3) Which discharge rate influences community structure ?

Many aspects of discharge history affect fish communities, and Estimhab can be used to estimate the history of habitat values. However, instream habitat models are essentially designed for describing biological changes among low discharge ranges. Available biological validations suggest that species relative proportions are strongly affected by hydraulic characteristics corresponding to the minimum monthly flow, or alternatively, Q80 (value above which discharge is 80% of the time).

4) Underlying hypotheses

Estimhab, as any management tool, does not replace expertise. It quantifies the expected impact of hydraulic changes in stream reaches with quasi-natural morphologies. However, it assumes, e.g.,  a well-balanced geomorphological and thermal functioning. We recommend to read the much more complete guides of conventional instream habitat models and the relevant scientific litterature before using Estimhab.

D – Input data ('results' sheets)

	Input data
	
	

	discharge (m3/s)
	width (m)
	depth (m)

	0.5
	15
	0.2

	1.5
	20
	0.35

	median natural discharge Q50 (m3/s)

	5
	
	

	particle size (m)
	
	

	0.1
	
	

	modelling range (discharges, m3/s)

	0.2
	4
	


The input variables shown above are sufficient to estimate the habitat values at any discharge rate. They include 

1) the reach-averaged wetted width and water depth, measured at two different discharge rates. A field protocol is proposed below. Width and depth at other discharge rates will be extrapolated from these measurements. Therefore, it is necessary to choose two sampling discharge rates as contrasted as possible.

2) the median daily discharge under natural conditions (if flow was not regulated). It can be extrapolated from gauges close to the reach, or using any relevant hydrological model. Note that it is uncommon to think about minimum flow choices if discharge history is unknown !

3) the average size of bed particles. The protocol shown below suggests to measure point particle size at points where water depth is measured, and to average these values.

4) the modelling range. Habitat values will be estimated for discharges between the two extreme values entered here. Avoid discharge values too different (e.g. > 5x) from sampling discharges, especially if sampling discharge are not contrasted enough. 

ALL VARIABLES ARE IN m, m3/s

E - Field methods (‘field data’ sheet)

The stream reach

Habitat quality estimates are relevant for a stream reach including several pool-riffle sequences (reach length typically should be at least 15 times the average width). If biological data were collected, it is better if the modelled reach matches the biological site (similar upstream and downstream limits). 

Suggested field methods 

Input variables of Estimhab require field measurements at two contrasting discharge rates, below bankfull. The two campaigns can be done at different seasons/years. The important point is that discharge values should differ from more than 50%. If discharge rates on sampling dates are not known, they should be measured on both dates.

At each discharge, sampling aims at estimating the mean (reach-averaged) water depth, particle size and wetted width. We recommend measuring about 100 point depth values + point particle sizes on a ‘random’ or ‘systematic’ grid across the reach. About 15 wetted width should also be estimated. Point measurements need not a high precision, as we are interested in reach-averaged values. 
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Measuring 
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depth

, 

particle 

size)

they 

are distant 

from 

about W/7 

along transects

where 

W 

is 

the 

average width

Distance 

between transects 

: about L/15

where 

L 

is 

the 

reach length

.

Wetted width is measured at each transect 


An ‘objective’ way for choosing sampling points is to evaluate (in number of steps !) the average width W and its total length L. Then, transects can be chosen along the reach, every L/15 steps. Wetted width is measured at these transects. Point depth and point dominant particle size (visually estimated for 1m2 surface area) can be measured every W/7 steps along each transect (i.e. measurements are more numerous along wide transects). Note that it is sufficient to estimate particle size at only one discharge rate.

Practically …. The Figure (above) shows possible measuring points within the reach. Say the transect is about 100 steps long and 15 steps wide. A transect will be chosen every 7 steps along the reach (about 100/15). Wetted width will be measured there. Along the transect, water depth and dominant particle size are measured every 2 steps (about 15/7). The first measurement is made ‘at random’, sometimes close to the bank, sometimes 1 or 2 steps distant from the bank. Following measurements are made every 2 steps until we reach the opposite bank. It is not important to locate the measuring points precisely, neither to follow ‘straight’ transects. However, it is important to choose measuring points ‘blindly’. If your stick is ‘blindly’ put over a rock, measure the water depth above that rock.

This sampling strategy requires no velocity measurement. Measuring points need not being precisely located, and can be different for the two different discharges. Two hours * two persons should be sufficient at each discharge. Field measurements can be reported in the ‘field data’ sheet of Estimhab, e.g., as :

	transect
	width (m)
	depth (m)
	part.size (m)

	1
	18
	0.05
	0.15

	
	
	0.15
	0.07

	
	
	0.22
	0.05

	
	
	0.81
	0.12

	
	
	1.00
	0.00

	
	
	0.07
	0.08

	2
	15
	0.10
	0.20

	
	
	0.50
	0.12

	
	
	etc …
	etc …


F - In case of weir modification




By default, Estimhab provides habitat value (or weighted usable area) vs discharge curves. Though not optimally designed for this purpose at the moment, it can be used for estimating the impacts of weir modification. In that case :

1) Choose a reach long enough, so that less than 50% of its length is hydraulically affected by the weir.

2) Estimate reach-averaged wetted width (L1), reach-averaged water depth (H1), and reach-averaged particle size (D1) in the present situation (at the median daily flow Q50). For this purpose, you can use any appropriate protocol, derived or not from the field protocol described above

3) Estimate L2, H2 in the future situation (at the median daily flow Q50), by any appropriate mean (e.g. by predicting the future water surface level)

4) On 'results' sheet, fill the ‘input’ framework as follows :

	Input
	

	discharge (m3/s)
	width (m)
	depth (m)

	Q50
	L1
	H1

	Q50*1.1
	L2
	H2

	median natural discharge Q50 (m3/s)

	Q50
	
	 

	particle size (m)
	 

	D1
	
	 

	modelling range (discharges, m3/s)

	Q50
	Q50*1.1
	 


5) The difference between the right and left ends of the curves estimates the impact of weir management on habitat values. 
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