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In a recent paper Alve & Bernhard (1995) tested the
hypothesis that dissolved oxygen concentration drives
foraminiferal vertical distribution within the sediment.
The study addresses an important aspect of fora-
miniferal ecology, the conclusions of which will have
great ecological and paleoecological implications. Ver-
tical distributions of foraminiferal assemblages within
the sediment were followed in boxcore mesocosms
under varying concentrations of dissolved oxygen in
the overlying water. Opposing physical or biological
displacement (e.g. Buzas 1977, Collison 1980, Moodley
1990), Alve & Bernhard concluded that dissolved
oxygen drives foraminiferal vertical distribution within
sediments and that foraminiferal species track and
select a particular oxygen regime regardless of its posi-
tion with respect to the sediment-water interface and
irrespective of bioturbation activity. In our opinion,
these conclusions cannot be drawn on the basis of Alve
& Bernhard's data set because: (1) oxygen was not
directly measured in the sediment, (2} their choice of
reference level (depth above which 85 % of the speci-
mens >63 pm were found) is subjective, and (3) differ-
ences between control and experimental mesocosms
were not significant given the limited replication. Their
data set does however contain important and unique
information about benthic foraminiferal tolerance for
dysoxic and anoxic conditions.

Alve & Bernhard manipulated the oxygen concentra-
tion in the water column and not that in the sediment.
In coastal sediment with a relatively high organic
carbon content, oxygen penetration depth is usually
limited to a few mm (e.g. Revsbech et al. 1980, Ras-
mussen & Jergensen 1992) whereas subsurface distri-
bution of foraminifera are usually studied at the cm
scale (up to 10-25 cm) rather than mm. Therefore
oxygen cannot play a direct role in the subsurface dis-
tribution of foraminifera at depths more than a few mm.
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Alve & Bernhard chose to present their data and
draw their conclusions based on the depth above
which 85 % of the stained individuals occurred. This is
not 85% of the total population, but 85 % of the speci-
mens larger than 63 pm. Although the use of a 63 pm
sieve is consistent with most foraminiferal studies,
utilization of only 85 % of this size fraction for analysis
1s subjective.

The few (pseudo) replicate cores presented for the
experimental conditions indicate that variability is
high, and it can be questioned if the changes in vertical
distribution are significant. We analysed the available
data (raw density data from Alve & Bernhard's Table 2}
with a nested ANOVA, separating variation between
treatments from variation between cores within a treat-
ment. The basic variable in this statistical procedure is
(log-transformed) depth at which an individual occurs.
The analyses were performed separately for each
sampling event, since treatments (average oxygen
concentration in the water prior to sampling) differed
for each event. The results (Table 1) consistently show
that the replicate cores contribute significantly to the
variation, but that treatment does not add significantly
to the depth distribution. We conclude that the varia-
tion in the data does not support the conclusions drawn
by Alve & Bernhard!

However, when the data set is viewed in its totality,
an important result of Alve & Bernhard's study that
they did not discuss is that all species survived mod-

'After information exchange (Moodley et al., Alve & Bern-
hard, MEPS editor), the following clarification was added by
Moodley et al. to their original manuscript:

‘It should be noted, however, that the power of the experi-
ment set-up to reject the null hypothesis {no effect of treat-
ments) and therefore to accept the alternative hypothesis
(oxygen regime affects depth distribution) is very limited.
Thus, even if the analysis shows no support for Alve & Bern-
hard's conclusions, it should not be considered in itself as a
proof that oxygen does not affect depth distribution’
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Table 1. Results of nested ANOVA analysis of depth distribution of foraminifera
at different sampling events. F (T:C) tests the significance of treatment variation
over variation between cores within treatments, F (C:E) tests significance of
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demonstrates that these benthic fora-
minifera have extremely low oxygen
requirements and even flourish under

cores within treatment over error variation. NS: p > 0.05, ***p < 0.001 ) )
short-term anoxia and that the direct
. ) _ role of oxygen in the subsurface ac-
Sampling Treatment Cores within Errors within F(T:C) F{(CE) tivit f benthic f nif b
evert treatment cores ivity of ben ic foramini era may be
MS  df MS  df MS af grossly overestimated.
2 0.285 1 1.142 1 0.061 1767 0.250N  18.661°*"
5 2173 1 1855 1 0.065 2488  1.171™ 28344 Acknowledgements. Karline Soetaert is
6 66.853 1  10.949 1 0096 2123  6.106™ 113.908"*" gratefully acknowledged for critically re-
7 4987 1 6.005 1 0.046 3805 0.830N5 131.747°"" viewing the manuscript.

erate to severe dysoxic conditions ([Oz} =210 0.7 mI1™})
for 93 d and suboxic conditions ([O,] = 0.16 ml I'!) for
34 d. Considering that the investigated sediments were
fine-grained with a relatively high organic carbon con-
tent (2.9 to 3.1 %), bottom waters with only 0.16 m] 17!
oxygen will have induced totally anoxic conditions
close to the sediment-water interface (within the scale
of micrometers) if not at the sediment boundary layer.
This in turn would mean that all species survived
anoxic conditions for at least 34 d. This indicates that
many species of benthic foraminifera are not affected
by and cope rather well with dysoxic and anoxic condi-
tions (Josefson & Widbom 1988, Bernhard & Reimers
1991, Moodley & Hess 1992, Bernhard 1993). Conse-
quently, all species encountered in their study can be
classified as being highly tolerant to dysoxic and sub-
oxic/anoxic conditions. During the long duration of
Alve & Bernhard's experiment (246 d) reproduction
took place (as evidenced by the presence of juveniles)
and their epifaunal species (i.e. preferring higher
oxygen concentration) Bulimina marginata also repro-
duced under dysoxic and suboxic/anoxic conditions.
Their study is therefore the first record of reproduction
under dysoxic or suboxic/anoxic conditions. It clearly
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