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Problem and Research Objectives:

Physical habitat simulation is a part of the Instream Flow Incremental Methodology,
which was developed in the early 1970s as a planning tool for the negotiation of in− and
out−of−stream water use. This method uses high−precision measurements of physical
conditions to predict flow−related changes of habitat potential. Recently, this technique
has been criticized as being too narrowly focused on local−scale issues, and therefore
inadequate for modern, more holistic management of running waters. In the process of
generalizing the results to a scale relevant to construction planning, this high precision is
rapidly being lost. On the other hand, this technique deals with the functional relationship
of physical attributes and biology, making it highly attractive for large−scale
applications.

The scope of our study was to design and test modeling techniques that allow for a better
assessment of habitat conditions on a larger scale and integration with river basin
methods. Keeping technical considerations in mind, two objectives were defined:

• Development and evaluation of overall sampling strategy.
• Testing of sampling techniques combining GPS−supported survey equipment

with GIS background data and modern hydraulic sensors.

Methodology

This methodological study was conducted to support the ongoing river restoration project
on the Quinebaug River in Massachusetts and Connecticut. A 38 km−long study area
frequently changes due to geological, hydrological, and human influences. The
Quinebaug River is therefore considered representative of upcoming issues of large−scale
river restoration projects in highly urbanized areas of the United States.
In the first step, a theoretical concept of the large−scale survey was developed. An
analytical process was subsequently simulated, using available and extrapolated data. The
survey instruments were purchased and tested under field conditions. We applied our
refined method to map the Quinebaug River under three different flow conditions. Data
obtained to determine fish community composition was used to establish the habitat
model for the study area. The performance of this method was analyzed and the
objectives and strategy of the survey were modified to accommodate the findings. 

Principal Findings and Strategy

The elaborated survey strategy builds upon hydro−morphological features (pools, riffles,
etc.) as basic spatial habitat units. By reducing spatial resolution from the micro− to
mesohabitat level, one is able to survey river sections much longer than would be
possible using the standard approach. Supported by the application of a real−time GPS
positioning system and aerial photographs, we determined the location and estimated the
character of each hydro−morphological unit. Through the examination of the quantitative



distribution of such units in the first survey, one can delineate specific sections and
identify representative sites to be re−sampled at different flow conditions. The habitat
suitability of each unit can be determined by a multivariate analysis of fish community
response to specific combinations of physical conditions. The collective area of all units
suitable for fish is a measurement of habitat quality at observed flows. It can be used to
produce a rating curve of habitat quality vs. flow. This rating curve indicates fish
community response for a variety of river restoration scenarios.

The application of the above sampling strategy to the Quinebaug River has shown that
the hydro−morphological mosaic is a sensitive indicator of flow−dependent fish−habitat
fluctuations (Figure 1). The biological−response models constructed at the same level of
resolution had highly predictive values and corresponded with known life history
patterns. We were able to survey the Quinebaug at an average rate of 1 km per day. The
use of real−time differential GPS (Ashtech Z−Surveyor) did not provide as precise data
as had been expected, however; problems caused by multipathing and canopy cover
resulted in unnecessary delays and inaccuracy.



The greatest significance of the elaborated system (MesoHABSIM) has been its
successful closure of the gap between large− and small−scale assessment techniques. It
permits quantitative analysis of impact across multiple scales, connecting the river−
management scale with the scale relevant to biota. This makes the quantitative evaluation
of restoration measures both possible and easy. The elaborated technique also has very
high potential as a research tool, allowing for a multitude of analytical procedures

Figure 1. Spatial distribution of hydro−morphological units measured in site 4 of the
Quinebaug river during 0.6 m3s−1 (top), 1.1 m3s−1  (middle) and 2 m3s−1 (bottom)
release from East Brimfield Lake.


