
526 M. Levasseur, F. Bérubé and N. E. Bergeron

Copyright © 2006 John Wiley & Sons, Ltd. Earth Surf. Process. Landforms 31, 526–530 (2006)

Earth Surface Processes and Landforms
Earth Surf. Process. Landforms 31, 526–530 (2006)
Published online in Wiley InterScience (www.interscience.wiley.com) DOI: 10.1002/esp.1344

Letter to ESEX

A field method for the concurrent measurement
of fine sediment content and embryo survival in
artificial salmonid redds
Mylène Levasseur, Francis Bérubé and Normand E. Bergeron*
INRS- Eau, Terre et Environnement, 490, rue de la Couronne, Québec, G1K 9A9, Canada

Abstract
The infiltration cube method presented in this paper allows concurrent field measurement of
fine sediment content and embryo survival in an incubating environment reproducing, as
closely as possible, the morphology and grain size composition of a natural salmonid redd.
An infiltration cube is made up of a rectangular (30 cm square and 20 cm high) steel frame
with no walls, which has a folded plastic bag attached to its base. Each infiltration cube is
buried in the substrate using a procedure aimed at reproducing, as closely as possible, the
construction and morpho-sedimentological structure of a natural salmonid redd. Using a
tripod installed on the river bed or at the surface of the ice, the infiltration cube method
provides a quick, easy and robust way to pull relatively large samples (approximately 65 kg)
out of underwater substrate even during tough winter field conditions. The absence of walls
on the cube also precludes bias in infiltration rates by both allowing lateral sediment trans-
port within substrate and preventing loss of fine particles during retrieval from underwater.
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Introduction

It is widely acknowledged that excessive amount of fine sediment within salmonid spawning gravel is detrimental to
the survival of embryos through a decrease of the intragravel flow necessary for the oxygenation of the embryos and/
or a reduction of the emergence success of fry due to entombment (see Chapman (1988), Reiser (1998) and Armstrong
et al. (2003) for review). However, it has also been noted that almost regardless of the original fine sediment content
of the spawning gravel, the digging and egg-burying process performed by the spawning female causes the removal of
a significant amount of fines (Lisle and Lewis, 1992; Reiser and White, 1988), thereby ensuring an appropriate inflow
of oxygenated water to the embryos at the beginning of the incubation (Everest et al., 1987; Kondolf et al., 1993).
Thus, the negative effect of fine sediment on embryo survival is more dependent on the amount of fines infiltrating the
redds during the period between spawning and fry emergence than on the fine sediment content of the spawning gravel
before or immediately after reproduction (Lisle, 1989; Lisle and Lewis, 1992; Acornley and Sear, 1999). For this
reason, assessment of gravel suitability for spawning should not be based on samples of undisturbed potential spawn-
ing gravels but on measurements of fine sediment content and associated embryo survival obtained within redds
during the incubation period.

Although several methods have been used to monitor embryo survival (Harris, 1973; Gustafson-Marjanen and
Moring, 1984; Lacroix, 1985; Mackenzie and Moring, 1988; Scrivener, 1988; Rubin, 1995; Donaghy and Verspoor,
1997) or fine sediment infiltration (Lisle, 1989; Wesche et al., 1989; Lisle and Eads, 1991; Lisle and Lewis, 1992;
Fletcher et al., 1995; Clarke and Scruton, 1997, Acornley and Sear, 1999; Soulsby et al., 2001; Bond, 2002), none of
them allows concurrent field measurements of embryo survival and fine sediment content in an environment reproduc-
ing a natural salmonid redd. A natural redd has a surface morphology and grain size composition which is distinct
from the adjacent undisturbed gravel (Kondolf et al., 1993). Morphologically, it is characterized by an upstream pit
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and a downstream tailspill inducing a characteristic flow pattern within the redd (Cooper, 1965). In terms of grain size,
it is composed of coarser lag gravels with larger pore sizes than outside the redd (Lisle and Eads, 1991; Kondolf et al.,
1993). Based on these differences, the flow and fine sediment infiltration processes occurring inside and outside the
redd area should not be similar, demonstrating the need to develop a method capable of measuring fine sediment
content and embryo survival inside the morpho-sedimentological unit of the redd. Moreover, since the amount and
timing of fine sediment infiltration within the redds depend on the characteristics of the flow and sediment transport
events occurring during the incubation period, this method should allow measurements to be made in the time period
between redd construction and emergence of fry (Lisle and Eads, 1991). The method should not utilize containers with
vertical walls, whether solid or porous, since they interfere with the intragravel flow of water and infiltration of fines
within the redd, as well as modifying the scour and fill processes, which may change redd gravel composition and
induce embryo mortality by scouring the eggs (Lisle and Eads, 1991). Finally, the method should preclude any
sampling bias due to a loss of fine particles during retrieval of the substrate samples from the channel bed.

In this paper, we present a new field method which allows concurrent measurement of fine sediment content and
embryo survival in an incubating environment reproducing, as closely as possible, the morphology and grain size
composition of a natural salmonid redd, as well as the flow and sediment transport conditions experienced by the
embryos of natural redds during the incubation period.

Description of the method

The general principle of the method is to bury an infiltration cube containing a known amount of fertilized eggs within
a morpho-sedimentological unit resembling a salmonid redd. The cube is installed in the spawning gravel during or
immediately after the reproduction period of the studied salmonid species, it can then be pulled out of the substrate at
any time during the incubation period in order to determine survival up to that moment and to assess the fine sediment
content of the redd. However, the cube should be retrieved no later than approximately one week prior to the expected
emergence of fry in order to avoid escapement of fry.

The infiltration cube ensues from a modification of the infiltration bag sampling method developed by George
Sterling in 1980, but described in detail for the first time by Lisle and Eads (1991). An infiltration cube is made up of
a rectangular (30 cm square and 20 cm high) steel frame with no walls, which has a folded plastic bag attached to its
base (Figure 1). In our method each infiltration cube is buried in the substrate using a procedure aimed at reproducing,
as closely as possible, the construction and morpho-sedimentological structure of a natural salmonid redd. First, a
depression about 30 cm deep and 75 cm wide is dug in the substrate by manually excavating the particles underwater

Figure 1. An infiltration cube with the folded bag attached to its base.
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and pushing them into the downstream current. The infiltration cube and folded bag are then installed in the depression
and covered with a layer of gravel, 5–10 cm deep, by mobilizing particles from the bed just upstream in a manner
similar to a spawning female salmon. This enables a portion of fine sediment to be swept downstream by the flow,
thereby constructing a redd composed of coarser lag gravels with fewer fines and larger pore sizes than outside the
redd. A few large rocks are then positioned at the centre of the cube in order to create large interstices where a known
number of fertilized salmonid eggs are carefully placed with a pipette to avoid losing or injuring them. The construc-
tion of the redd is then completed by covering the infiltration cube and eggs with upstream gravel in a manner that
aims to reproduce the winnowing action of the spawning female. Upon completion of the artificial redd, the infiltration
cube is therefore embedded in a morpho-sedimentological unit that has the typical grain size and form characteristics
of a natural salmonid redd with an upstream pit and a downstream tailspill (Figure 2).

Four wires are affixed to the corners of the bag and project above the bed surface after installation for later removal.
These wires are used to raise the sides of the watertight bag and winch it up along with the substrate contained by
the cube using a tripod installed on the river bed (Figure 3a), on a floating platform, or on the surface of the ice
(Figure 3b). When pulling the bag upward, the rectangular metal frame leads the opening of the bag in the upright
direction, thereby ensuring the proper collection of the unbounded rectangular volume of substrate lying immediately
above the bag. Indeed, preliminary trials of the method did not include the metal frame, and we noticed that during
extraction, larger bed particles often caused the opening of the bag to deviate from the upright direction, thereby
sampling diagonally the substrate towards the surface. Because we needed to ensure that all incubating embryos

Figure 3. Extraction of an infiltration cube using a tripod installed (a) on the river bed, and (b) on the surface of the ice.

Figure 2. Infiltration cube with eggs embedded in a morpho-sedimentological unit similar to a natural salmonid redd.
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would be enclosed in the sampled volume of substrate, the concept of the rectangular metal frame with no walls was
conceived and added to our methodology to solve this problem. Once retrieved from the substrate, the bag containing
the substrate sample, embryos and metal cube is put in a larger container and the gravel is carefully inspected in order
to count all embryos present, determine whether they are dead or alive, and identify their stage of development. The
coarser part of the sample recovered from the infiltration cube (particle sizes >16 mm) is then wet-sieved and weighed
in the field, and a well mixed sub-sample of the <16 mm fraction is taken to the laboratory for a standard dry-sieve
analysis at 1 phi intervals.

The infiltration cube provides a quick, easy and robust method to pull relatively large samples (approximately
65 kg), yielding more precise grain size statistics, out of underwater substrate even during tough winter field condi-
tions. The cube design also precludes bias in infiltration rates by both allowing lateral sediment transport within
substrate (absence of walls on the cube) and preventing loss of fine particles during retrieval from underwater.

Comparison between artificial and natural salmonid redds

Morphologically, the artificial redds obtained by the method outlined above are characterized by an upstream pit and
a downstream tailspill very similar to natural salmonid redds. In terms of grain size, we tested the ability of our redd
construction method to reproduce the winnowing effect of a salmonid female constructing its redd, by measuring the
fine sediment content of substrate samples taken inside and outside artificial redds immediately after construction.
Nine paired substrate samples were collected, using the freeze–core technique (Walkotten, 1976; Lisle and Eads,
1991; Petts et al., 1989), inside and outside artificial redds constructed on an Atlantic salmon (Salmo salar) spawning
site of the Sainte-Marguerite River (Saguenay, Québec). The results indicate that the artificial redd construction
procedure had the general effect of reducing the percentage of sediment <1 mm of the artificial redds by an average of
2·3 per cent compared to the surrounding gravel. This value is comparable to the 1·1 to 5·1 per cent range of reduction
values reported by Kondolf et al. (1993) in nine of the 13 studies of changes in fine sediment content due to spawning
salmonids he analysed. This result suggests that the artifical redd construction procedure we use is adequate to
replicate a natural salmonid redd.

Potential applications

As decribed above, the infiltration cube method is ideally suited for the evaluation of the quality of salmonid spawning
gravel and for field studies of the effect of fine sediment on embryo survival. Levasseur et al. (2006) used this method
at two spawning sites of the Sainte-Marguerite River, Québec, Canada, to conduct a field experiment examining the
survival to hatching of Atlantic salmon (Salmo salar) embryos in relation to the seasonal and spatial variations of silt
and very fine sand (SVFS) content within the redds. The method prevented the loss of SVFS particles during retrieval
of the substrate sample from underwater, which allowed the detection of small variations of this fine fraction.
Although the proportion of SVFS rarely exceeded 1 per cent of the redd, it was shown to vary seasonally and spatially
and to play an important role in embryo survival to hatching, explaining more than 85 per cent of its variation.

Besides its ecological applications, the infiltration cube method could also be used to study only the dynamics of
fine sediment content in river gravel by installing the cube in the substrate without reproducing the morphology and
grain size composition of a redd. A precise evaluation of the total amount of fine sedimentation during the experiment
would then require filling the cube with gravel having a known composition and porosity, since these characteristics
are known to greatly affect the fine sediment infiltration process (Lisle and Eads, 1991). This could be accomplished
either by taking an initial sample of the in situ bed material used to fill the cube, or by preparing an experimental
gravel having a known size distribution.
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