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Abstract 

The effect of internal seiches on horizontal hypolimnetic bottom currents and on the stationary well- 
mixed benthic boundary layer (BBL) induced by these currents was studied for 2 weeks in a small 
prealpine lake using thermistor strings, an acoustic current meter and a CTD (C: conductivity, T: 
temperature, D: depth) equipped with a transmissometer. 150 profiles of temperature, conductivity and 
transmissivity taken during two days clearly indicate the existence of a well-mixed BBL 2 to 7 m thick. 
This is the result of intense mixing in the zone of high shear above the sediment associated with seiching 
motion. The concentration of suspended or resuspended particles, mainly of organic nature, within the 
BBL, was 2 to 4 times greater than that measured directly above the BBL. Resuspension is thought to 
be associated rather with high-frequency burst-like currents with measured speeds ranging up to 7 
cm s-l than with the average bottom current speed of about 2 cm s - ‘. 

Introduction 

Bottom layers containing high concentrations of 
particulate matter, so-called nepheloid layers, are 
often observed in aquatic systems. This is espe- 
cially true in the ocean, where sporadically in- 
tense bottom currents due to geostrophic or ther- 
mohaline circulation occur. Pak & Zaneveld 
(1983), for instance, reported nepheloid layers 
characterized by decreasing transmissivity in the 
continental rise off Nova Scotia. These thick lay- 
ers are due to so-called benthic storms, which 
typically last for 2 to 5 days with an intensity 
which is surprisingly high for such great depths. 
During these storms they found concentrations of 
suspended particles of up to 12 mg l- i. Further- 
more their observations indicate the existence of 
burst-like events resulting in a decrease in trans- 
missivity. In lakes, where hypolimnetic currents 

are generally less energetic than deep water cur- 
rents in the ocean, nepheloid layers are usually 
thinner and less turbid. Sandilands & Mudroch 
(1983) reported a nepheloid layer in Lake Ontario 
which was found to exist permanently at all depths 
below 60 m. They found a typical suspended par- 
ticle concentration of 0.8 mg I - ‘. Although the 
origin of the nepheloid layer is not clear, large- 
scale motion of bottom water is expected to be 
responsible for its existence. Even in small lakes, 
there is evidence of a thin nepheloid-like layer 
with increased particle concentrations above 
bottom sediments (Bloesch & Uehlinger, 1986). 

Here we report on the role of internal seiche 
motion on hypolimnetic bottom currents, on the 
build-up of a well-mixed bottom boundary layer 
and on the subsequent distribution of suspended 
particles above the sediment. Two types of stand- 
ing waves, so-called seiches, are ubiquitous in 
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lakes and reservoirs: high frequency surface sei- 
ches with small vertical amplitudes (centimeters) 
and low frequency internal seiches with large am- 
plitudes (meters). Since both classes of seiches 
are always accompanied by horizontal currents in 
the hypolimnion, they must be regarded as a 
source of benthic boundary mixing and resuspen- 
sion. The flow-induced bottom stress on the sedi- 
ment may resuspend sediment particles if this 
stress exceeds a certain threshold value which 
depends on the density and size of the particles 
(Shields, 1936). Since the velocity of hypolim- 
netic currents vanishes at the sediment-water in- 
terface, the seiching motion leads to high shear 
and consequently to intense mixing above the 
sediment (Thorpe, 1988). As a result, resuspended 
particles should undergo fast mixing within this 
zone, the so-called benthic boundary layer 
(BBL) which we define as the region of reduced 
gradients above the sediment-water interface. 

The BBL, the existence of which is often re- 
vealed by fine-scale high-resolution CTD profiles, 
is the main location not only of the transport and 
mixing processes affecting dissolved and particu- 
late compounds in lake hypolimnia, but also of 
biogeochemical transformations. These processes 
are favored by the proximity of sediment particles 
(e.g. mineralization of biomass: Jorgensen & Des 
Marais, 1990) and strong redox gradients in the 
adjacent water above, or in the sediment below 
the BBL (e.g. manganese oxidation: Johnson 
et al., 199 1; Wehrli et al., 1993). Consequently, 
knowledge of benthic boundary mixing and re- 
suspension is a necessary prerequisite for under- 
standing the biogeochemical processes occurring 
in the deep-water layers of lakes. 

Experiment 

The experimental work was conducted between 8 
and 22 May 1992 in Lake Alpnach, the smallest 
(surface area 4.76 km*) and almost separated 
basin of Lake Lucerne, situated in Central 
Switzerland. Its shape is approximately elliptic, 
with major and minor axes of length - 5 km and 
- 1.5 km, respectively, and a maximum depth of 

34 m (Fig. 1). The density stratification is strong 
during summer (maximum stability N* - 1.10 - 3 
to 3*10V3 s-*) and almost unaffected by dis- 
solved solids (salinity -0.3x,). 

External wind forcing is determined mainly by 
the surrounding topography. A plot of the wind 
stress distribution measured during a previous 
experiment in July 1989 (Fig. 1) indicates that the 
prevailing winds are from ENE. The wind shows 
a remarkably regular diurnal pattern due to the 
heating/cooling cycle of the adjacent mountains 
(Mtinnich et ul., 1992). The major river input 
(Sarner Aa) is warm epilimnetic water from an- 
other lake, which consequently merges into the 
epilimnion of Lake Alpnach. Two minor tributar- 
ies have negligible discharges in the absence of 
thunderstorms. Since Lake Alpnach is separated 
by a 3 m deep sill from the rest of Lake Lucerne, 
the hypolimnion of Lake Alpnach is decoupled 

from river water and from Lake Lucerne water 
masses. Consequently, in the absence of flood- 
induced turbidity currents, wind is the only driv- 
ing force possible for currents in the hypolimnion. 

In order to monitor the internal seiche motion, 
three Aanderaa thermistor chains (Bergen, Nor- 
way), each consisting of eleven evenly-spaced 
sensors with a resolution of 0.023 OK sampling at 
a rate of 5 min, were installed along the major axis 
of the lake at sites A (length of thermistor chain: 
15 m), B (20 m) and C (15 m) (Fig. 1). In addi- 
tion, a Neil Brown EC&G acoustic current meter 
(Cataumet, Mass., USA: resolution: 2 mm s- ‘) 
was deployed 1.55 m above the sediment at site 
B (the center of the lake) during the first week, 
and 0.7 m above the sediment at site C during the 
second week. 

Between 11 and 13 May, profiles of conduc- 
tivity, temperature and transmissivity (wave- 
length = 680 nm, path length = 7.5 cm) were mea- 
sured with a Meereselektronik CTD profiler 
(Trappenkamp, Germany) at intervals of about 
15 min for 48 hours. During the day, measure- 
ments were conducted on a rotating basis at four 
fixed stations (i.e. according to the scheme: 1, 2, 
3, 4, 1, . ..) along the major lake axis, whereas 
during the night they were limited to site B. The 
CTD was mounted on a lander to prevent the 
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Fig. 1. Map of Lake Alpnach (a side basin of Lake Lucerne, Switzerland). The locations of the thermistor strings, labeled A (15 m), 

B (20 m) and C (15 m). are marked by ‘ + ‘. Depth contours, lake surface elevation and the heights of nearby mountains (*) are 
given in m a.s.1. Inset: Cumulative distribution of the square of the wind speed at mooring B, measured in July 1989 (vectors shown 
in the wind direction). From Mtinnich et al. (1992). 

transmissivity sensor from penetrating the sedi- 
ment. Finally, using Niskin bottles, samples of 
suspended particles were taken close to the 
bottom at three sites close to B. To prevent con- 
tamination of the samples with sediment particles, 
the height of the Niskin bottles above the lake 
bottom (about 0.3 m) was checked using an echo- 
sounder and the CTD profiles were always taken 
after sampling. From these samples, particle dry 
weight was determined using pre flushed and pre 
dried Cellulose Acetate filters (0.45 pm) and the 
particle size distribution was analysed using a 
Grimm laser particle counter (Ainring, Germany) 
adapted at EAWAG. The relationship between 
dry weight and transmissivity was established by 
using linear regression (cf. e.g. Baker & Lavelle, 
1984). 

Observations 

Internal seiches and bottom currents 

Excitation of the first vertical seiche mode is very 
common in lakes: wind stress forces epilimnetic 
water towards the downwind end of the lake, thus 
giving rise to a horizontal pressure gradient, which 
in turn accelerates hypolimnetic water towards 
the upwind end. This current pattern is charac- 
teristic of the first vertical seiche mode 1V 
(Fig. 2a). In Lake Alpnach, however, the second 
vertical seiche mode 2V, which is rarely reported 
in lakes (LaZerte, 1980; Wiegand & Chamber- 
lain, 1987; Miinnich et al., 1992), is often pre- 
dominant during summer. This mode may be un- 
derstood with the help of a three layer density 
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First vertical seiche mode 1V 

Second vertical seiche mode 2V 

Fig. 2. Schematic illustration of the vertical structure of the 
displacement of (a) the first vertical (lV), and (b) the second 
vertical (2V) seiche modes. The first vertical mode can be 
described by two layers, whereas for the second vertical mode 
a three layer model is necessary. Both seiches are first hori- 
zontal modes. The arrows indicate the flow directions after 
the maximum excursion of the layers. 

model. The middle layer is squeezed out periodi- 
cally from one end of the lake to the other by the 
upper and lower layers (Fig. 2b). The dominance 
of the second vertical mode in Lake Alpnach is 
due to the proximity of this seiche period to the 
one-day period of the external wind forcing. The 
higher horizontal modes of both of these vertical 
modes can scarcely be detected in Lake Alpnach 
and will be disregarded here. 

Figure 3 shows the displacement of the 7.5 “C 
and 11 o C isotherms at site A as well as the velo- 
city of the bottom current along the major lake 
axis at sites B and C. Isotherm depth series were 

computed from the thermistor data by linear in- 
terpolation. Three different episodes of the oscil- 
latory isotherm motion may be distinguished: 

1. From 8-11 May, the upper and lower iso- 
therms oscillate at the same frequency, corre- 
sponding to a period slightly greater than 1 d; 
in addition the directions of the vertical motion 
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Fig. 3. Above: The component of the bottom current along the major axis of the lake at moorings B and C. Positive values in- 
dicate current flowing towards ENE. Sampling rates at station B and station C were 5 min and 1 min, respectively. The graph 
of the currents at site C have been smoothed using a 5 min running mean. Below: Time series of the depths of two selected iso- 
therms at mooring A. (Since temperature was measured from 4.5 to 19.5 m depth at station A, isotherms outside this vertical range 
are not available.) 
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are negatively correlated (Fig. 3), which is 
typical of the 2V seiche mode. 

2. From 12-14 May, on the other hand, the di- 
rections of motion are positively correlated and 
the periods of oscillation are about 0.5 d, im- 
plying excitation of the 1 V seiche mode. 

3. From 14-22 May, the directions of motion of 
the two layers are not correlated, the lower 
isotherm oscillating with a period of about 1 d 
and the upper with a period of about 0.5 d. For 
this last episode the internal motion is inter- 
preted as a superposition of the responses of 
the 1V and 2V modes to the daily forcing. 

The velocity of the bottom current along the major 
axis of the lake at site B is highly correlated with 
the displacement of the 7.5 “C isotherm at site A 
(Fig. 3). The shape of the power spectra of the 
bottom current and of the isotherm displacement 
are nearly identical, and both have two maxima 
at periods of 13 h and 28 h, the periods of the 1V 
and 2V modes, respectively (Fig. 4a). Bottom 
current and isotherm displacement are highly co- 
herent (> 0.95) at both mode periods (13 and 
28 h), and the corresponding phases between the 
two time series are about 90” (Fig. 4b). Indeed, 
one would expect both modes to be associated 
with a phase shift of 90”, since maximum dis- 
placement of the isopycnal surfaces at one end of 
the lake should be accompanied by zero current 
speed in the hypolimnion, and vice versa. The 
time lag corresponding to a phase of 90” can be 
seen quite well in Fig. 3 for the episode of 8 to 
12 May. From these consistencies we can con- 
clude that the bottom current speed, which is 
averaging to 2 cm s - i for both stations B and C, 
is associated only with the internal seiches. 

Although the correlation between the bottom 
current and the displacement of the 7.5 “C iso- 
therm at A is well for both stations C and B, the 
current velocity at station C exhibits more high- 
frequency variation than at station B. This fact 
can neither be attributed to the higher sampling 
rate nor to artificial spikes in the record. These 
high velocities correspond rather to high-fre- 
quency burst-like events with a duration of ap- 
proximately fifteen minutes and maximum veloci- 

ties of 7 cm s - ‘. These patterns might reveal 
horizontal eddies originating from irregularities of 
lake bottom topography or from barotropic wind 
forcing. Burst-like events may be of particular 
interest here, since they have been observed to 
cause episodic resuspension in lakes (Lemmin & 
Imboden, 1987). 

Benthic boundary layer 

Figure 5 shows three out of 150 profiles of tem- 
perature and of concentration of suspended mat- 
ter measured on 12 May at site B near the lake 
bottom. The temperature profiles (Fig. 5a) indi- 
cate clearly the existence of a BBL 2 to 7 m thick. 
In most cases, the BBL was not perfectly mixed; 
however, the temperature gradients within the 
BBL (2 O.OlK m- ‘) were at least one order of 
magnitude smaller than those just above it 
(50.1 Km-‘). 

With regard to thickness and structure of the 
BBL, the three profiles illustrated in Fig. 5 are 
representative of the entire set of profiles, show- 
ing that the BBL persisted during the whole 
48 hour period. The time, t, required to build up 
a mixed bottom layer of height, h, by continuous 
erosion of a background density stratification with 
a stability, N2, is given by tz 5/3.(N2h3)/(u*3/~) 
(Imboden & Wtiest, 1994), where U* is the friction 
velocity and K = 0.41 is the von Karman con- 
stant. For the measured local background stabil- 
ity N2= 2 * 10 - 5 s - *, a typical bottom velocity 
u z 2 cm s - ’ (Fig. 3) and a BBL thickness h z 5 m 
(Fig. 5), we find the required time scale, t, to be 
more than one month. Hence the variations in 
boundary layer thickness, as shown at site B 
(Fig. 5), cannot be the result of repetitive erosion 
induced by mixing, but must be due to the seich- 
ing motion, the BBL itself being in a quasi-steady 
state. 

Resuspension 

The transmissivity profiles show that the concen- 
tration of suspended particles in the BBL was 2 
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Fig. 4. a: Power density spectra of the 7.5 “C isotherm at mooring A and of the bottom current at mooring B. b: Coherence and 
phase spectra of bottom current and isotherm depth. A phase angle of 90” means that the 7.5 “C isotherm at mooring A lags 
the bottom current time series at mooring B by a quarter period, which is exactly the value expected for first horizontal seiche 

modes. The vertical shading represents the periodicities of the two vertical modes discussed in the text (28 h, 13 h). 

to 4 times greater than that directly above the profiles. Since we can exclude lateral particle 
BBL (Fig. 5b). Like the temperature profiles, the input from external sources as discussed above, 
concentration profiles illustrated in Fig. 5b are and since we can reasonably assume, that the 
representative of all the other 150 concentration particle settling velocity remains constant within 
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Fig. 5. Three examples of profiles through the benthic boundary layer at mooring B. Temperature (a) and suspended matter 
concentration (b) indicate well-mixed bottom layers. The profiles are labeled with the times of May 12, 1992, when the profiles 
were measured. 

the deep-water body, the decrease of particle con- 
centration with increasing distance from the sedi- 
ment indicates that the source of particles must 
have been below the BBL; i.e. that the particles 
were resuspended from the sediment. 

The particle distribution within the BBL is not 
as homogeneous as the temperature. The decrease 
in particle concentration in the upper part of the 
BBL is a consequence of the growing importance 
of the process of Stokes’ settling with increasing 
distance from the sediment due to the decrease of 
turbulent diffusion (Dewey & Crawford, 1988). In 
the lower part of the BBL, however, the time scale 
for turbulent diffusion, tdiff~h’/KZ, (h: BBL 
thickness, K,: vertical eddy diffusivity) is much 
smaller than the time scale for Stokes settling, 
t settling = h/w,, (w,: settling velocity); hence in this 

region particles, almost unaffected by gravity, be- 
have like a dissolved compound and are conse- 
quently homogeneously mixed. 

The three particle samples taken 0.3 m above 
the bottom have an average dry weight of 0.47 
mg 1-l. Particle concentrations (for particle di- 
ameters exceeding the lower detection limit of 
0.3 pm) ranged from 1.5*108 to 1.9*108 particles 
l- ‘, with 90% of these particles smaller than 
0.8 pm in diameter. Assuming the particles to be 
spherical, their specific volume and specific sur- 
face area would be N 2.4. lo9 (pm)3 l- ’ and 
N 0.8. lo9 (pm)’ l- ‘, respectively. The large spe- 
cific surface area of the particles emphasizes the 
importance of resuspension for the mineraliza- 
tion process at the sediment. 
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Discussion 

First, we consider the nature of the suspended 
particles. Assuming that the density of organic 
particles in Lake Alpnach exceeds that of water 
by about 5% (J. Bloesch, pers. comm.), we find 
from the total specific volume of suspended par- 
ticles that about 95% of the volume of the sus- 
pended particles must be of organic origin.* This 
conclusion is supported by the extended Shields 
diagram shown in Fig. 6. 

From this diagram, the experimentally deter- 
mined threshold for resuspension of non-cohesive 
particles may be inferred (Miller et al., 1977). The 
abscissa of the diagram is the non-dimensional 
particle size, defined as the Reynolds number 
Re* = (u*D/v), which is proportional to the ratio 
of the particle size to the thickness of the viscous 
sublayer (for the definition of the various quanti- 
ties consult the legend of Fig. 6). The ordinate 
is the non-dimensional shear stress PUCK/ 
((p, - p)gD), which expresses the ratio of the lift- 
ing force of the bottom stress to the force of grav- 
ity on the particle. For (Re*, 0)-values lying above 
the upper curve, ohigh, p article transport is likely, 
whereas it is unlikely for (Re*, 0)-values lying 
below the lower curve, &+, (Fig. 6). (Re*, 0)- 
values between the two curves correspond to 
critical values for initiation of particle transport 
(Miller et al., 1977). The original diagram by 
Shields (1936), which was established for values 
of Re*> 1, has been extended by Miller et al. 

(1977) down to Re* = 0.05. 
To test for resuspension, the non-dimensional 

stress 8 as a function of particle diameter D was 
compared with the extended Shields curve of 
Fig. 6 for two current velocities and both organic 
and inorganic particles. Density differences of 
(p, - p)/p = 1.65 (typical for inorganic sediment 
particles) and (p, - p)/p = 0.05 (upper limit for 

* The volumetric fraction of particles of organic origin, CL, is 
given by the mass equation: P,,t = v,,,.[ txp,,s + (1 - ~~~~~~~~~~ 
with Ptot: observed particle concentration (dry weight), 
” tOt: the specific particle volume, p,: density of organic par- 
ticles, pinorg: density of inorganic particles. For the above 
reported values P,,,=0.47mgl-‘, vtOt = 2.4 mm3 1~ ‘, 
po,,=0.05 kgl-’ and pinorg= 2.65 kg 1-l we find ~(-0.95. 

organic particles) were assumed. The current ve- 
locities used were 2 cm s - ‘, the root mean square 
of the bottom current speed over the first week 
(Fig. 3), and 7 cm s - ‘, the peak velocity during 
burst-like events. Corresponding friction veloci- 
ties u*, calculated by applying the relationship 
u* = (C,, u2y2 with a drag coefficient C,, of 
1.5*10P3(Elliott, 1984),were0.8*10-3 ms-‘and 
2.7.10e3 m s- ‘, respectively. 

From the extended Shields diagram, critical 
values of 0 for Re* ranging from 0.05 to 3000 may 
be inferred. In Fig. 6, only the lower end of the 
diagram is shown, since in our situation Re* val- 
ues are usually lower than 0.05. Below Re* = 0.05, 
however, Shields scaling is probably inappropri- 
ate. Indeed, remembering that Re* is proportional 
to the ratio of particle size to viscous sublayer 
thickness, particle resuspension might be ex- 
pected to become independent of the thickness of 
the viscous sublayer at low Reynolds numbers. 
Since particles may be assumed to remain in sus- 
pension for considerable time only if the vertical 
velocity of eddies, which is of the same order as 
the friction velocity u*, significantly exceeds the 
Stokes’ settling velocity, w,, a more appropriate 
criterion for resuspension at low Reynolds num- 
bers might be w,/u* -@ 1. Using Stokes’ law, which 
is applicable for Re”c0.05 (cf. e.g. Yalin, 1977), 
we find for spherical particles w,/u* = Re*/(188). 
Since the Shields diagram is a log-log-plot, lines 
of constant w,/u* follow lines with slope + 1. 
Consequently, we expect the critical range for re- 
suspension in Shields diagram to bend down- 
wards at low Reynolds numbers as indicated in 
Fig. 6 (dotted lines). Experimental results on the 
critical range of particle resuspension with diam- 
eter > 0.1 pm given by Vanoni (1964) indicate 
that this threshold exhibits a large scatter but nev- 
ertheless support the idea of a decreasing ten- 
dency of the critical range. 

A further difficulty with the use of the Shields 
diagram in our situation is that this diagram was 
established by experimenting with non-cohesive 
particles only. For cohesive particles the critical 
range for resuspension would be expected to be 
shifted to &values larger than for non-cohesive 
particles. 
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Reynolds number Re, = !g [-I 

Fig. 6. Extended Shields diagram, redrawn from Miller et al. (1977). The quantities upon which the Shields diagram is based are 
the following: the current-induced stress on the sediment surface, pu ** [N m- *I; the density of water, p [kg m - 3]; the density 
of the suspended particles, pP [kg m - ‘1; the friction velocity, u* = ( z/P)“~ [m s - ‘1; the acceleration of gravity, g [m s - 2]; the 
particle diameter, D [ml; and the kinematic viscosity, v = 1.5. lo- 6 m* s- r (at T= 5 “C). Re* and 0 are non-dimensional 
expressions for particle size and bottom stress, respectively. 

The solid lines represent the upper (Thigh) and lower (e,,,) limits of the critical range of (Re*, @)-values for onset of sediment 
movement, based on empirical data. For (Re*, 0)-values lying above the upper curve, &sh. p article transport is likely, whereas 

it is unlikely for (Re*, @)-values lying below the lower curve, Olow. The dotted part of the O,,,-curve at Re*<0.04 indicates a 
suggestion for the adequate extrapolation of the critical range for small Re*-values. The black and dashed lines of slope -1 re- 
present values of Re* and 0 calculated for u = 2 cm s - ’ and u = 7 cm s- ‘, respectively, and relative density differences of 1.65 

(mineral particles) and 0.05 (organic particles), respectively. 

Although the extended Shields diagram does 
not cover the required range of low Reynolds 
numbers (Fig. 6), it indicates that the average 
long-term currents of the internal seiche motion 
may be too slow to initiate particle resuspension. 
For burst-like events, however, organic particles 
up to 100 pm in diameter and mineral particles a 

few pm in diameter (clay) may be resuspended. 
These conclusions are consistent with the ob- 
served particle mass. Particle resuspension most 
probably occur sporadically, whereas particle re- 
distribution within the BBL is accomplished by 
long term seiche-induced mixing. 

Summary and conclusions 

1. Since the well stratified hypolimnion of Lake 
Alpnach was shielded from the direct influ- 
ence of the wind, bottom currents (measured 
ca 1 m above the sediment) were solely the 
result of isotherm motion. Both the first and 

second vertical seiche modes were excited. 
2. The internal seiching motion was highly cor- 

related to the bottom currents, which had an 
average speed of ca 2 cm s - ‘. During high- 
frequency burstlike events current speeds of 
up to 7 cm s - ’ occurred. 
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3. 

4. 

5. 

6. 

7. 

The internal seiche-induced bottom currents 
established a distinct and quasi-steady-state 
well-mixed BBL with a temporally varying 
thickness of 2 to 7 m. Temperature gradients 
within this layer were an order of magnitude 
smaller than just above it. Since more than a 
month is required to build up a BBL of such 
a magnitude, we conclude that the changing 
thickness was only associated with the seich- 
ing motion and not with erosion of the stability 
repetitively induced by boundary mixing. 
Resuspension was indicated by the vertical 
distribution of suspended particles. Within the 
BBL the particle concentration was always 
about three times greater than above. The 
maximum concentration was found near the 
sediment, where turbulent diffusion dominates 
over particle settling. 
95% of the volume of the particles within the 
BBL were found to be of organic origin. Ac- 
cording to the extended Shields diagram 
(Fig. 6), the observed currents with a mean 
speed of about 2 cm s - ’ would be too weak 
to initiate motion of inorganic sediment par- 
ticles. 
Resuspension is thought to be associated with 
high-frequency burst-like currents with mea- 
sured speeds ranging up to 7 cm s - ’ rather 
than with the average bottom current speed of 
about2cms-‘. In situ bottom currents of this 
magnitude have been reported to initiate re- 
suspension (Lemmin & Imboden, 1987). 
The phenomenon of intense internal seiching 
can therefore be expected to be a relevant 
source of resuspension in many lakes. 
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