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Sediment destabilization by animal tubes

by James E. Eckman', Arthur R. M. Nowell' and Peter A. Jumars'

ABSTRACT

Laboratory flume experiments were conducted in order to test the influence on sediment
erodibility of varying densities of the tube-building polychaete worm Owenia fusiformis. Ex-
periments were performed on isolated individuals, in order to measure approximate spatial
limits of isolated tube effects, and on arrays of individuals at densities reported previously to
be associated with stable beds. The bed was destabilized at all densities of tubes tested, and this
destabilization was more pronounced at the higher densities. In the field, stable beds persist
despite the frequently destabilizing influence of animal tubes. We suggest that mucous binding
of sediments by animals, diatoms and/or omnipresent bacteria explains this contradiction.

1. Introduction

Individual structures on an otherwise smooth sea bed (isolated roughness el-
ements, in hydrodynamic terms) are known to cause local scour by deflecting fluid
of relatively high momentum toward the bed. Such scour is seen around single
blades of marine grasses (Neumann et al., 1970; Scoffin, 1970), biogenous mounds
and shell fragments (Young and Southard, 1978), and animal tubes (Gage, 1977).

In contrast to the sediment-destablizing effects of isolated roughness elements is
the widely accepted notion that sediments are stabilized by arrays of seagrass blades
and surface-evident tubes constructed by infauna. This notion has developed from
both field observational studies (Sanders er al., 1962; Fager, 1964; Galtsoff, 1964;
Mills, 1967; Neumann et al., 1970; Young and Rhoads, 1971; Daro and Polk,
1973; Bailey-Brock, 1979; McCall and Fisher, 1980) and laboratory flume studies
(Rhoads et al., 1978; Yingst and Rhoads, 1978).

It is widely believed that animal tubes stabilize sediments by altering the char-
acter of near-bed flow. At some density of tubes the interactions of flow perturba-
tions created by individual tubes may produce a “skimming flow™ (sensu Morris,
1955), effectively protecting the bed from erosion. In “skimming flow™ the region of
maximum turbulent Kinetic energy and shear stress production occurs away from
the bed. Unfortunately, empirical and theoretical means to predict the transitional
tube density between that causing impingement of more Kinetic energy, as in the
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Figure 1. Minimum tube density required to stabilize sediments as a function of tube diameter,
estimated from the results of Nowell and Church (1979). Also plotted are actual values from
our experiments (x’s) and from the following references: (A) McCall and Fisher (1980); (B)
Fager (1964)—mean densities; (C) Bailey-Brock (1979)—chaetopterid mounds; (D) Mills
(1967). Tube diameters are estimated for (A) through (D).

case of isolated tubes (above), versus that causing impingement of less kinetic en-
ergy upon the bottom are not yet well developed. The laboratory flume experiments
of Nowell and Church (1979) suggest, however, that this transition likely will occur
when roughly one-twelfth of the plan area of the bottom is occupied by roughness
elements. Figure 1 expresses this “critical” ratio as a simple relationship between
tube size and density. Surprisingly, densities of tubes reported from some studies of
“stabilized” beds fall well within the range suggested by Nowell and Church (1979)
to be hydrodynamically destabilizing.

There are many possible reasons for this apparent discrepancy (see also Discus-
sion), including problems of dynamic and geometric scaling. Consequently, we have
conducted laboratory flume experiments in order to test the influence on sediment
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erodibility of varying densities of the tube-building polychaete worm Owenia fusi-
formis. We chose to work with Owenia for several reasons: (1) Fager’s (1964)
study of a population of this species is often cited as one of the earliest, definitive
reports of sediment stabilization by animal tubes; (2) Fager reports field densities
of this species encountered in “stable” (i.e., non-rippled) beds; and (3) we were able
to obtain sufficient numbers of adults of this species to create equivalent densities in
our flume studies. Experiments were performed on isolated individuals, in order to
measure spatial limits of isolated tube effects, and on arrays of individuals at densi-
ties reported by Fager (1964) to be associated with stable beds. These densities,
however, fall below the curve of Figure 1. Our objective, then, was to test directly
the ability of Owenia tubes, at these densities, to stabilize sediments.

2. Methods

Experiments were performed in a recirculating seawater flume at the Friday
Harbor Laboratories of the University of Washington. The plexiglass flume is 2.5
m long and 50 cm wide. The bed has a removable section (box) so that sediment
cores 25 cm square and up to 20 cm deep may be placed coplanar with the sur-
rounding flume bed. This box is located 1.75 m from the entrance to the flume.
Further details regarding system design are found in Nowell er al. (in press).

In order to determine the mode of influence of isolated tubes on sediment trans-
port and the areal extent of their effects, four adult Owenia fusiformis (collected
from False Bay, Washington) were placed in a flume box that had been filled to
approximately 2 cm below flume-bed level with a wetted foundry sand (median
diameter = 169 um). The four animals were inserted vertically into the sediments
such that their tubes were below the sediment surface, and were arranged in a
straight line oriented normal to flow direction. Distances between animals were at
least 5 cm, which pretests showed was sufficient to avoid any significant flow inter-
action among tubes. The remainder of the box was then filled with foundry sand
that had been thoroughly washed in fresh seawater less than three hours previously
to minimize confounding effects of mucous binding. The box and surrounding flume
bed (also covered with a thin sand layer) were then carefully leveled to create a
visually smooth, flat surface.

The flume was run at a constant, low discharge rate (surface velocity = 2 cm
sec—!, depth = 2 cm) for 6 hours, long enough to allow all animals to surface and
sweep out a characteristic pit (Plate 1A, see Results). Discharge was then increased
slowly until initiation of sediment motion was noted in the vicinity of any tube. We
define initial motion as rolling motion of individual grains to or on the bed outside
of an animal’s pit (where sediment was often moved by the animal itself). As soon
as initial motion was noted, vertical profiles of flow velocity, from which boundary
shear stress is calculated, were recorded (below) at several locations among and




































