Stimulation of Heterotrophic Microplankton
Production by Resuspended Marine Sediments

Sam C. WAINRIGHT

Resuspended material experimentally derived from natural marine sediments and
added to dark microcosms containing natural seawater stimulated the suspended
microheterotrophs (bacteria and protozoa) to attain 2.6 times the biovolume of
controls after 32 hours. Free bacteria benefited most from the stimulus, both
numerically and volumetrically. Attached suspended bacteria also increased in number
during the first 64 hours of the experiment; particles remaining in suspension became
more densely packed with bacteria. This increased microbial production may be an
important source of high-quality biomass for consumers in the nearshore zone,
depending on the frequency, duration, and intensity of resuspension events in a given

region.

ESUSPENDED MARINE SEDIMENTS
Rare an intermittent source of mate-

rial to coastal waters. The nutrition-
al quality of resuspended material varies
widely, but it may be rich in algal biomass
and other particulate organic matter (1).
Resuspension may supply nutrients to phy-
toplankton (2, 3), and may enhance benthic
suspension-feeder production (4). To deter-
mine if resuspended material provides a
source of nutrition for the heterotrophic
portion of the planktonic food web, the
microbial response to this material was ex-
amined. Microbes are likely to react quickly
to this material because of their rapid rates
of growth and physiological diversity, there-
by controlling the quality and quantity avail-
able to other tropic levels (5). Microbially
mediated transformations of dissolved sub-
stances and particulate detritus into living
biomass provide a potential link between
these substances and macroconsumers (6).
Although there is some evidence that detri-
tus and dissolved organic matter may be
directly used by macroconsumers (7), mi-
crobial “conditioning” probably makes these
materials more available to macroconsumers
(8). Since marine sediments typically con-
tain 1000 times as many bacteria per unit
volume as the water column (9), resuspen-
sion should immediately supplement bacte-
rioplankton standing stocks. Furthermore,
the release of benthic nutrients may stimu-
late microheterotrophic production.

To assess the microbial response to resus-
pended sediments, microcosms containing
four experimental treatments were used:
natural unmodified seawater, seawater with
added resuspended sediments, and killed
versions of both of these treatments (10).
The experimental design attempted to con-
trol for both sinking and containment arti-
facts. An annular flume (11) was used to
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suspend surficial sediments. A box core of
sediment (12) was inserted through a false
bottom in the flume channel into a core-
holding chamber. The flume channel was
filled with unmodified seawater, and a bot-
tom shear velocity (»,) of about 1.8 cm per
second (13) maintained for 30 minutes to
resuspend sedimentary material. The result-
ing suspension was noticeably turbid (14),
and sediment erosion was less than 1 mm.
Storm-related sediment mixing to 25 cm has
been reported in the study area (3).
Microcosms were incubated at 12°C in
the dark, with no agitation, because settle-
ment was an issue in this experiment. Sub-
samples were fixed and refrigerated for later
microbial and particle analyses. Acridine or-
ange direct counts were used to estimate
bacterial abundance and biovolume, proto-
zoan biovolume, and seston particle size and
abundance (15). Water in some microcosms
was filtered; retained material was then used
for determination of total seston by weight,
and particulate carbon and nitrogen (16).
The concentration of total microbial bio-
volume (bacteria plus protozoa, Fig. 1A)
increased in live microcosms with and with-
out added resuspended material, as com-
pared with killed controls. These treatments
were treated identically except for the addi-
tion of resuspended material; the statistically
significant difference between them (17) can
thus be attributed to a stimulus to the
microbial community provided by resus-
pended material. Maximum stimulus oc-
curred at 32 hours, where microbial volume
was 2.6 times the volume in the live treat-
ment without sediment (3.8 times the initial
volume in the sediment suspension). These
results agree with those of previous experi-
ments (18). It is not known whether the
stimulated microbes were benthic or pelagic
in origin, but treatments with added resus-
pended material did not initially contain
more bacteria or protozoans than those
without added resuspended material (19).

Bacteria benefited most from the resus-
pended nutrients (Fig. 1B), as indicated by
the proportion of the total volume made up
of bacteria. The net bacterial production
rate, based on increase in bacterial volume,
was maximum early in the experiment, fol-
lowed by a net loss after 32 hours. In
contrast, protozoa maintained their elevated
biovolume at least until 128 hours, and
equaled or exceeded bacterial biovolume
after approximately 100 hours. Protozoa
may have derived this prolonged benefit
from grazing the larger (Fig. 1C) and more
abundant bacteria, rather than from uptake
of resuspended nutrients directly.

Microbial volume significantly declined
with time in the killed sediment suspension,
indicating settlement. The sinking effect was
statistically undetectable until 256 hours
(20), indicating the relative slowness of this
process. The large difference between micro-
bial production rates and sinking rates indi-
cates that losses of microbial production due
to sinking may be offset by even modest
production.

= A
g2 --Killed water
“:C_‘ 1.0 -} Live water
Ne ~m=-Live resuspended
E 08 ~&—Killed resuspended
(]
£ 0.6
3
[ 0.4
B
g 0.2
§ 0 [Il T T T 1
80 B 20
z 60 4 40 g
1 * ]
Q 40 605
g S
o [
& 2 8o ®
0/t v -
Cc
0.3
&
E
=
g 0.2
3
©°
>
:‘3 0.1
P
@
Q
=
0
01 10 100 1000

Time (hours)

Fig. 1. (A) Total microbial cell volume (bacteria
plus protozoa) per milliliter in the four experi-
mental treatments. The time axis is disjunct to
accommodate 0 hours on a logarithmic time scale.
(B) The percentage of the total microbial volume
made up of bacteria and protozoa in the live and
poisoned sediment suspensions. (C) Average bac-
terial cell volume in the four experimental treat-
ments. Plotted values in all cases are means
(» = 6; 3 microcosms per treatment, 2 counts per
microcosm) *1 SE of the mean.
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Attached bacterial abundance increased
(Fig. 2A) in the live sediment suspension,
despite the sinking of particles (Fig. 2B)
(21). Newly resuspended sediment particles
were relatively devoid of bacteria, being
colonized later, as evidenced by the aerial
density of bacteria on particles (Fig. 2C).
The bacteria:particle area ratio of live sedi-
ment suspensions increased to levels compa-
rable with the live water treatments, and
then declined, possibly due to protozoan
grazing. Thus, resuspended sediment parti-
cles became more nutritious (in terms of
bacteria per unit surface area or weight)
with time, until 64 hours.

The maximum percentage of the bacteria
which were attached was 13.6% at 8 hours
in live suspensions. Although this is a con-
servative estimate, since only half the surface
of a particle is visible during counting, even
twice this estimate would not explain the
increase in microbial volume in the live
sediment suspension. Therefore, free bacte-
ria and protozoans, rather than attached
bacteria were the main beneficiaries of the
resuspension stimulus, and particles them-
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Fig. 2. (A) Numbers of attached bacteria per
milliliter in the four experimental treatments. The
time axis is disjunct to accommodate 0 hours on a
logarithmic time scale. (B) Total cross-sectional
area of particles per milliliter, as determined by
microscopic counts and measurements. (C) Bacte-
rial cell density on particles (areal density). Plot-
ted values in all cases are means (» = 6; 3 micro-
cosms per treatment, 2 counts per microcosm) 1
SE of the mean.
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selves or particle-associated substances were
probably not the principal stimulant (22).

Another explanation for the increased mi-
crobial production is that dissolved sub-
stances were released from the sediments
into the water column, where they would
presumably benefit both free and attached
microbes. Dissolved nutrient release from
sediments is well documented (2, 3), and is
usually implicated as a stimulant to phyto-
plankton production. Results reported here
suggest that resuspended nutrients may take
a heterotrophic route through the plankton-
ic food web.

The nutritive value of the resuspension
stimulus to higher order consumers may be
related to the ratio of biomass to total seston
(23). At 32 hours, biovolume concentration
in the sediment suspensions was maximal,
consisting mostly of protozoans and rela-
tively large free bacteria, while total seston
concentration was about 30% of initial,
yielding 12 times the initial biovolume:
seston ratio. A decline in the carbon:nitro-
gen ratio of the seston, often used as an
indicator of nutritional quality, was signifi-
cant just 8 hours into the experiment. At
that point, microbial carbon and nitrogen
made up 36 and 55% of the total particulate
carbon and nitrogen, respectively (initial
microbial contributions were 6.5 and
12.5%, respectively) (24).

Pathways of energy flow in the nearshore
foodweb may vary considerably, depending
on whether the dominant pathways are
autotrophic or heterotrophic (5). The role
of resuspension in a given region will de-
pend on sedimentary characteristics as well
as the frequency, duration, and intensity of
resuspension events. However, present re-
sults indicate that the increased microheter-
otrophic production attributable to resus-
pended sediments may provide consumers
with a high-quality food source (25) which
did not previously exist.
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Quantal Release of Transmitter Is Not Associated with
Channel Opening on the Neuronal Membrane

STEVEN H. YOUNG AND IDA CHOW

The traditional view that quantal release of neurotransmitter results from the fusion of
transmitter-containing vesicles with the neuronal membrane has been recently chal-
lenged. Although various alternative mechanisms have been proposed, a common
element among them is the release of cytoplasmic transmitter, which, in one view,

could occur through large conductance channels on the

presynaptic membrane. Six

nerve-muscle cell pairs were examined with a whole-cell patch clamp for the presence
of such channels that are associated with the production of miniature end-plate
potentials. Examination of the neuronal membrane current during the occurrence of
822 miniature end-plate potentials produced no evidence of large channels. Thus it is
unlikely that quantal release is mediated by such channels in the neuromuscular

junction.

OR A NUMBER OF YEARS, QUANTAL

release of neurotransmitter has been

understood to occur through fusion
of small (50 nm in diameter) transmitter-
containing vesicles with the presynaptic
membrane. Recent challenges to this expla-
nation of quantal release consider the direct
translocation of cytoplasmic transmitter to
the extracellular region (I). One possible
mechanism for such a translocation is via
channels within the presynaptic membrane
that open to “gate” the cytoplasmic trans-
mitter. We have looked for the presence of
such channels in the nerve membrane of
nerve-muscle cell pairs produced from Xeno-
pus nerve and muscle cells in culture.

The use of cultured cells of Xenopus has
many advantages for this study. (i) Isolated
nerve and muscle cells can be manipulated
into contact with each other, and quantal
release of transmitter can be detected within
minutes of contact, from both the neuronal
soma and the neurites (2). (ii) The approxi-
mately spherical soma may be placed under a
whole-cell patch clamp, and the resting
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membrane impedance is high (>200 meg-
ohms) so that background current noise is
low (<2.5 pA at 1 kHz). (iii) The transmit-
ter is acetylcholine (ACh), which has a high
enough molecular weight (AChCI, 181.7)
that it will not pass through the large con-
ductance (60 pS) ACh-receptor channel (3).
Therefore, any channel that conducts ACh
must be at least this large, which would
make it detectable by our technique.
Xenopus cell cultures were prepared as
described (2). Before the start of the record-
ing period, the culture medium was replaced
by external solution (125 mM NaCl, 2 mM
KCl, 10 mM CaCl,, 1 mM MgCl,, 20 mM
Hepes, at pH 7.8). An isolated spherical
muscle cell was impaled with a microelec-
trode (resting potential, —60 to —100 mV)
and moved into contact with the soma of a
neuron (Fig. 1). If the neuron was choliner-
gic, miniature end-plate potentials (MEPPs)
were recorded from the muscle within 1 to 5
minutes. After this, the soma was placed
under a voltage clamp with a patch pipette
and a patch-clamp amplifier (List EPC-7).
The internal solution was 92 mM KCl, 40
mM KOH, 1 mM CaCl,, 11 mM EGTA, 1
mM MgCl,, 20 mM Hepes, at pH 7.8. The
soma membrane voltage was held at various

potentials between —50 and +34 mV. Si-
multaneous recordings of the neuronal so-
mata membrane current and muscle mem-
brane potential were stored on magnetic
tape (RACAL Store 4 FM) for later play-
back and analysis.

Recordings of 822 muscle MEPPs were
made simultaneously with associated neuro-
nal membrane currents resulting from six
nerve-muscle contacts. Large neuronal
membrane channels (currents >2.5 pA)
were not seen immediately before, during,
or after the peak of the MEPPs. This lack of
neuronal channel opening was a consistent
finding despite the presence of very large
depolarizations of the muscle membrane (30
mV, which indicates a large amount of ACh
was released). Records from three different
nerve-muscle contacts are shown in Fig. 2A.
The bottom set exhibits the highest resolu-
tion of neuronal currents (<2.5 pA), and no
neuronal single channels were detected.
Records of neuronal single-channel currents
that occurred at random, not correlated with
the MEPPs, illustrate the high current reso-
lution of the preparation (Fig. 2B). It is

unlikely that we have failed to detect channel

openings as a result of the transmitter hav-
ing been released far from the soma along
newly sprouted neurites for two reasons. (i)
At the end of an experiment, when the
muscle was pulled away from the neuron, no -
such neurites were observed. (ii) Neurite
growth is slow [0.25 pm/min (4)] com-
pared to the time course of our experiments
(less than 5 minutes of nerve-muscle con-
tact) so that even if new sprouting occurred
instantly after contact, the length would be
less than 1.25 pm at the end of the experi-
ment. Because the reversal potential of such
putative transmitter channels is unknown,
the holding potential of the neuron was

Fig. 1. Photomicrograph of manipulated nerve-
muscle contacts in Xengpus cell culture. A spheri-
cal muscle cell (m) is impaled with a microelec-
trode (¢) and manipulated into contact with a
neuronal soma (n). After the appearance of
MEPPs, the soma was placed under a whole-cell
clamp by a patch electrode (p). Scale bar, 30 um.
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