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The technique described by Dufour et al. (2005) was
found to be inaccurate in some instances due to problems
associated with the estimation of the theoretical sediment
curve. For example, in sediment sections containing more
than 10% dense material (e.g., rocks, shells), the TSC often
had a larger spread than that of the sediment, and the result-
ing percentage of biogenic structure and organic matter
occupation was underestimated (Fig. 1A). In other cases, the
curve representing sediments was bimodal, and the mean of
the TSC was placed at the larger peak; if this peak happened
to be on the right, then the percent of occupation was over-
estimated (Fig. 1B). Attempts to manually fix these problems
were largely unsatisfactory and time consuming, thereby
defeating the purpose of an automated algorithm. Problems
with the TSC also led to large variability and likely overesti-
mates of percent organic matter + air-filled structures (fig. 3
of Dufour et al. 2005).

An alternate approach to estimating the TSC is based on
the premise that each scanned section of a sediment core con-
tains a certain number of materials, each of which has an
approximately Gaussian distribution of TI values. Symmetrical
Gaussian curves are fitted to the data, and the proportion of
area underneath the curves corresponding to water, organic
matter, and air (if present) estimates the proportion of bio-
genic space occupation in the given section.
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The CT-data obtained for the three cores presented in
Dufour et al. (2005, fig. 2 and fig. 3) are re-analyzed using the
new approach. The Gaussian fits are calculated iteratively
using an Expectation Maximization (EM) algorithm (modified
from code by O. Gal, function #3, http://www.mathworks.
com/matlabcentral/fileexchange/loadFile.do?objectld = 4222&
objectType = FILE) in the software Matlab 6.0 (Mathworks,
Natick, MA). In the program used, the number of Gaussian
curves must be preselected. We chose to fit three curves on all
TI values between —-224 and 1076 HU that should include TI
“populations” of water, organic matter, and sediment. Pixels
having TI values <-224 HU (air-filled voids) and >1076 HU
(dense sediments, rocks, and carbonates) are excluded to
speed the analysis (more Gaussian curves requires a longer
iteration). The threshold TI values were determined after
careful observation of a substantial number of graphs of pixel
number versus TI value, as well as CT images of the corre-
sponding sections.

From three starting points equally distributed along the
x-axis, the Gaussian curves converge iteratively toward local
maxima that become the Gaussian means. The sum of the fit-
ted Gaussian curves closely approximates the data (Fig. 2). In
cases where it is only possible to fit two Gaussian curves to the
data (Fig. 2B), the first curve is set to the extreme left of the
x-axis and ignored from the analysis.

To calculate biogenic occupation in a given section, it is
first necessary to examine the fitted Gaussian curves to deter-
mine which one(s) represent(s) water and/or organic matter;
either one of the leftmost curves (G1 or G2) or both of them
(G1 + G2). The rightmost curve (i.e., higher TI values) corre-
sponds to sediments. Knowing that G1+G2+G3 =1 and G, rep-
resents the area beneath the ith curve, and also knowing the
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Fig. 1. Examples of automated total sediment curve (TSC) determinations
that led to erroneous results. Graphs show the number of pixels versus
tomographic intensity for a T mm CT slice of a sediment core, along with
the TSC and, in gray, the values to the left of the TSC representing space
occupied by organic matter and air/water-filled structures in the sediment
(S). A. Due to the peak of high-density material such as rocks at about
2000 HU, the standard deviation of the TSC is too large, and S is underes-
timated. B. Due to the bimodal peak in sediments, S is overestimated.

total number of pixels in the analyzed section (N), the num-
ber of pixels for TI<-224 HU (N_,,,) and for -224
<TI<1076 HU (N.,,, ,0,), as well as the values for G1 and G2,
then spatial occupation [S] is:

(Gi N - 224 -1076) + N < 224
B N
where G, is either G1, G2, or the sum of G1 and G2.

S

x100 (1)

Re-analysis of the cores represented in fig. 2 and fig. 3 of
Dufour et al. (2005) using the Gaussian fitting technique
resulted in depth profiles of spatial occupation that differed
from those obtained previously (Fig. 3). In particular, the
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Fig. 2. Fitting of Gaussian curves (in gray) to number of pixels versus
tomographic intensity data for two 1 mm CT slices. A. Three Gaussian
curves, corresponding to water (G1), organic matter/interfaces (G2), and
sediments (G3). B. In this section, only two Gaussian curves (G2 and G3)
are fitted; G1 is positioned at the extreme left of the x axis and has a stan-
dard deviation of 1.

curves have a smaller and probably more accurate range of val-
ues compared to the original curves. Spatial occupation
appears more constant in the cores from St-Siméon and Bara-
chois (Fig. 3B, Fig. 3C) using the new technique. This result
would seem to better correspond to the CT-images of these
cores (fig. 2B, fig. 2C, Dufour et al. 2005), where spatial occu-
pation with depth seems more likely to vary by a few percent
than by over 70%.

Compared with the threshold technique (e.g., de Montety
et al., 2003 Mermillod-Blondin et al. 2003; Michaud et al.
2003), the Gaussian fitting algorithm yields similar spatial
occupation values (Fig. 4). In contrast, the TSC method of
Dufour et al. (2005) either overestimates or underestimates
spatial occupation values, especially in parts of the core with
finer sediments (i.e., the clay fraction, 5-10 cm depth), or with
more carbonates (i.e., the fraction containing fossilized shells,
12-16 cm depth). Thus, the Gaussian fitting technique
appears to provide reliable results without the significant time
investment of the threshold technique.
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Fig. 3. Comparison of spatial occupation (air + water-filled structures +
organic matter + interfaces) with depth curves using the previous technique
by Dufour et al. 2005 (thick lines) and the Gaussian fitting technique (thin
lines), on cores from A. Baie du Ha! Ha!, B. St-Siméon, and C. Barachois.

The new approach to calculating the space occupied by
organisms and their burrows in sediment is slightly more
time consuming than the automated TSC technique (~ 1 h per
10 cm core on a dual-processor running at 2.6 GHz); however,
it seems comparatively more robust in accounting for the var-
ious mixtures of materials that are found in sediment cores,
and provides results that appear to be more realistic.

Update: CT scan of biogenic structures

B Percent space occupation
0.1 1 10 100

20

Fig. 4. Comparison of three spatial occupation techniques on a 20 cm
long core from Baie du Ha! Ha!. A. Longitudinal topogram of the core,
revealing muddy sand inhabited by bivalves from 0-5 cm depth, a clay
facies at 5-10 cm depth, and a muddy-sand facies with shells below 10
cm depth. B. Spatial occupation determined using the manual threshold
technique of de Montety et al. 2003 and Mermillod-Blondin et al. 2003
(dotted line); the previous technique by Dufour et al. 2005 (thick line)
and the Gaussian fitting technique (thin line).
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