Inshore—Offshore Sedimentation Differences Resulting from Resuspension in the
Eastern Basin of Lake Erie'

J. BLOESCH

FEidg. Anstalt fiir Wasserversorgung, Abwasserreinigung und Gewdsserschuiz (EAWAG ),
CH-8600 Diibendorf, Switzeriand

BLOESCH, J. 1982. Inshore—offshore sedimentation differences resulting from resuspension
in the Eastern Basin of Lake Eric. Can. J. Fish. Aquat. Sci. 39: 748-759.

From June through October 1978 sediment traps were moored at three stations in an
inshore—offshore transect in the Eastern Basin of Lake Erie. Settling fluxes measured with
the traps exposed close to lake bottom were rather $imilar at all threc statlons during summer
stratification, averaging 6.1 g-m™>-d"' for dry weight, 293 mg-m *-d™' for particulate
organic carbon (POC), 38 mg-m~?-d "' for particulate nitrogen (PN), and 5.44 mg-m *+d ™'
for particulate phosphorus (PP). A comparison of the hypolimnetic traps with the epilimnetic
traps at the offshore station indicated that considerable resuspension takes place even in
summer. During fall, however, the nearshore sedimentation rates were markedly increased
because of storm-induced bottom resuspension. By comparing the trap catches with sediment
cores taken at all three stations, a resuspension model for dry weight, POC, and PN was
developed. The calculations showed that newly formed organic material is resuspended and
redeposited more frequently at ncarshore locations than offshore. This repeated nearshore
resuspension enhances decomposition of detritus, as shown by low relative phytoplankton
activity in the hypolimnetic traps, and results in horizontal transport of fine-grained organic
matter in the offshore direction. The significant POC and PN concentration differences found
in the inshore—offshore transect of the bottom sediments can be explained by thesc two
processes.
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De juin a octobre 1978, des trappes 2 sédiment ont été ancrées a trois stations sur une
section allant du rivage vers l¢ large dans le bassin est du lac Erié. Les flux de sédimentation,
mesurés avec les trappes exposées pres du fond du lac, sont plutot identiques aux trois stations
au moment de la strauﬁgatmn estivale, en moyenne 6,1 g+m™>-d”™' pour le poids
sec, 293 mg-m ?-d”' pour le carbone orgquue particulaire (POC), 38 mg-m *-d "' pour
Pazote particulaire (PN) et 5,44 mg-m >-d"' pour le phosphore particulaire (PP). A la
station du large, une comparaison des trappes hypolimnétiques et épilimnétiques démontre
quec, méme en été, il y a resuspension considérable. En automne, cependant, les taux de
sédimentation prés du rivage augmentent de fagon marquée par suite d’une resuspension au
fond provoquée par les tempétes. Nous avons construit un modcle de resuspension pour le
poids sec, le POC et le PN en comparant les prises des trappes avec des carottes de sédiment
prélevées aux trois stations. Les calculs indiquent que le matériel organique nouvellement
formé est resuspendu et redéposé plus fréquemment pres du rivage qu’au large. Cette resus-
pension répétée pres du rivage favorise la décomposition des détritus, comme le démontre une
activité relativement faible du phytoplancton dans les trappes hypolimnétiques, et résulte en
un transport horizontal de fines matieres organiques en direction du large. Les différences
significatives de POC et de PN dans les sédiments benthiques lc long de la section du rivage
vers le large peuvent s’expliquer par ces deux processus.
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Usuatry lake models and lake budget calculations are de-
rived from physical, chemical, and biological data collected
from a single sampling site {e.g. deepest) or from a few sites
strategically located.

Though it is well recognized that overall differences within
a lake are present, they are either considered to be negligiblie
or in most cases too time-consuming and costly to investigate.
However, lake-wide surveys have been realized in many
Great Lake’s studies as a result of the extensive variability
associated with these large bodies of water (e.g. Callender
1969; Burns 1976a; Munawar 1978; Kwiatkowski 1978,
1980). In addition, some small lakes have been investigated
regarding the problems of horizontal differentiation (Davis
1968, 1973; Davis and Brubaker 1973; Serruya 1977 von
Orelli 1980; Evans and Rigler 1980).

Horizontal variabilities in lakes are usually found in dif-
ferent lake basins; however, they may also be present in
inshore—offshore transects. These differences between
O pelagic and littoral locations are dependent on lake size and
— morphometry. In Lake Erie, inshore—offshore differences
q’ have been reported for nutrients (Bumns 1976b), phyto-
S plankton standing crop and species composition (Munawar
B and Munawar 1976), and zooplankton distribution (Watson
£ 1976). Moreover, the texture of surficial sediments shows
© distinct inshore—offshore differences mainly in the East and
Central Basins {Thomas et al. 1976).

The objective’ of this study was to examine inshore—

tshorc differences in sedimentation processes in the Eastern

asin of Lake Erie. A hypothesis was formulated that as-

med different lake depths, i.e. different sinking distances
<vould influence the mineralization of plankton biomass and
ietntus. In addition, lake depth would affect settling fluxes

.140.176.122 on 06/27/16

used by sediment resuspension resulting from water turbu-
nce. Thus, the formation of bottom sediments is a dynamic
= Process essentially governed by fake depth and wind-induced
urrents (Hakanson 1981). It is of crucial importance for
*+ whole lake metabolism in which way the sediments are af-
B fected by sedimentation, resuspension, transport and redepo-
sition, release, and final burial of particulate carbon, nitrogen,
= and phosphorus One possible method to quantify these pro-
= cesses is the combined analysis of settling particulate matter
(sedimcm traps) and bottom deposits (cores) (Bloesch 1977).
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From June 28 through October 10, 1978, cylindrical sedi-
< ment traps (height 91.4 cm, diameter 6.6 cm, see fig. 8 in
-57', Bloesch and Burns 1980) were exposed at three stations
IT (Fig. 1) and retrieved at biweekly intervals. Experiments
— conducted on trap efficiency proved the validity of these traps

> and the exposure time (see tables 2, 5~7 in Bloesch and
O Burns 1980). No resuspension of settled material within the
traps was observed upon retrieval, thus the supernatant water
was drained off and the sediment samples were taken from the
last litre of each of the five replicate traps.

Dry weight was measured gravimetrically by centrifuging
homogenecusly mixed subsamples (400—-800 mL) and dry-
ing at 50°C for a minimum of 48 h. Chemical analysis of
particulate matter was carried out on material that had been
dried on filters. Subsamples (10—100 mL) were filtered
through Whatman GF/C glass fiber fiiters, preheated at

«i!&”f«\O‘N

DEPTH
Station A: Inshore 2m 7-8 m
Station B Mid Stn 25 m 22 m

] Staticn G: Offshore 40 m -10&37 m

FiG. 1. Eastern Basin of Lake Erie. Sampling and trap mooring sites
(A, B, O).

|
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|
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500°C, for particulate organic carbon (POC), particulate
nitrogen (PN), and chlorophyll (chl @) analysis, and through
Miltipore HA 0.45-pm filters for particulate phosphorus (PP)
analysis, respectively. POC and PN were analyzed with a
Hewlett Packard 185 CHN analyzer after filter treatment
with acidified water (0.3 mbL H,S0,/100 mL H,O0) to remove
inorganic C, and PP was analyzed colorimetrically with a
Technicon AA Il autoanalyzer (ammonium molybdate,
SnCl,, 660 nm) after digesting the filters in 50 mL acidified
water (I mL 30% H,SO4/100 mL H,0). Chl a was mea-
sured and corrected for pheo-pigments according to
Strickland and Parsons (1972). Biological subsamples were
counted for phytoplankton with an inverted microscope
(Uterméhl 1958), and “C-experiments (liquid scintillation
technique, Vollenweider 1974) were used to measure primary
productivity and relative activity of phytoplankton in the
traps. One hundred and fifteen-millilitre bottles were usually
exposed for 5 h during trap exchange between (9:00 and
16:00 in the depth ot 1 and 5 m for water samiples, and in the
depth of trap position for the trap samples. After retrieval,
25 mL were filtered through Sartorius cellulose nitrate filters
(0.45 pm, No. 11306), acidified with 0.5 mL 0.5 N HCI,
and dissolved with 10 mL PCS scintillator.

At the beginning of October, sediment cores were taken at
all three stations with a gravity corer. The cores were sec-
tioned into 3-cr slices from € to 3 ¢m and into 1-cm slices
from 3 to 5 cm (stations B and C), and into {-cm slices from
0 to 5 cm (station A), respectively. After drying at 50°C,
these subsamples were pulverized and analyzed for POC, PN,
and PP with the same methods as the trap material.

In an accompanying program, the lake was investigated
also in the inshore —offshore transect, and water temperature
was measured in situ by EBT (electronic bathythermograph)
protiles. Chemical water analysis included P, N, and C com-
ponents: soluble reactive phosphorus (SRP) was measured
colorimetrically at 660 nm in an autoanalyzer using ammo-
nium molybdate and SnCl, as reagents. Total phosphorus
was analyzed as for SRP after digestion with H,SO, (1 mL
30% H,S0./1086 mL H.O) and K.S,0: in an autoclave for
30 min at about 112°C. PP was calculated by subtracting total
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Fig. 2. P, N, and C inshore —offshore differences in the Eastern

Basin of Lake Erie, June—October 1978. Mean concentrations in

total water mass: @, O inshore station A; B8, [ mid-station B;

A, A offshore station C.
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P in the filtrate from total P in the unfiltered samples, while
nitrate plus nitrite were measured colorimetrically at 550 nm
in an autoanalyzer with cadmium reduction and sulfanyl-
amide/naphtylendiamine as reagents. PN (total Kjeldah! nitro-
gen) was measured with the method of El-Kei (1976), and
POC was analyzed with a Hewlett Packard 185 CHN analyzer
in the same way as sediment samples.

Results

The results are presented in the sequence of (1) lake water,
where particulate matter is produced and suspended; (2) sedi-
ment traps to follow the sinking process of particles; and (3)
bottom sediments, where the settling particles are deposited.

1) The P, N, and C components in the water vary seasonally
for each of the three sampling locations on the inshore—
offshore transect (Fig. 2). A nutrient depletion caused by
phytoplanktonic activity is evident for both SRP and NO;,
while the fluctuations of the particulates were rather irregular.
The inshore—offshore difference in SRP was very slight
whereas NO; showed a large change in concentration in-
creasing from station A nearshore to station C offshore. Of
the particulate variables, PP showed the greatest inshore—
offshore difference while PN indicated only slight differ-
ences, and POC showed the least change horizontaily.

Temperature profiles (isotherms in Fig. 3) indicate sharp
differences in the horizontal transect. Offshore station C was
stratified during the entire study period, whereas the near-
shore station A was not found to be normally stratified during
summer. At this station A the water column was sometimes
isothermal from surface to bottom, but the isothermal condi-
tions were periodically interrupted by inflowing cold-water
masses from the deeper portions of the lake (arrows in Fig. 3).
Though mid-station B also showed indications of these cold-
water movements, this station was similar to the offshore
station C in the stability of the thermal structure. The near-
shore station was the first site with an entire circulation, when
the water temperature started to decrease gradually in the
early fall. By late September, fall turnover was all but com-
plete at the mid-station B, while the offshore station was still
stratified at the end of the study period on October 10.

The biological variables primary production, phytoplank-
ton biomass, and chlorophyll ¢ (Fig. 4 and 5) did not
show great inshore —offshore differences. The phytoplankton
developed peak biomass at offshore station C in September,
but chl @ concentrations were greatest at nearshore sta-
tion A during the same period. Detailed phytoplankton results
were obtained during this study by M. Munawar and D. B.
Shindler (unpublished data).

2) During the sunumer months (June 28 through Septem-
ber 8) when the water was stratified, settling fluxes measured
near bottom were similar at all three stations, averaging
6.1 g-m™?-d™' for dry weight, 293 mg-m *-d"' for POC,
38 mg-m 2-d”' for PN, and 5.44 mg-m?-d”' for PP
(Table 1). When fall turnover was initiated in early Septem-
ber by decreasing temperatures and increasing storm activity,
trap catches increased 6—13 times at the nearshore station
(depth 9 m). This apparent change in sedimentation must
have been the result of resuspension of bottom sediments.
Because no stratification of the water column existed in this
location, storm-induced turbulence reached the sediment—
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FiG. 3. Temperature inshore—offshore differences in the Eastern Basin of Lake Erie, June —October 1978.
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FiG. 4. Inshore—offshore differences in primary production in the
Eastern Basin of Lake Erie, July—September 1978.
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1G. 5. Phytoplankton biomass and chlorophyll a (corrected)

inshore —offshore differences in the Eastern Basin of Lake Erie,

June—October 1978. Mean concentrations in the epilimnion: @,

inshore station A; B, mid-station B; &, offshore station C.

2t

water interface and subsequently mixed the sediments into the
overlying water which then settled into the traps. During the
same period, weaker mixing of the bottom sediments at the
mid-station (depth 25 m) was cvident by a flux increase of
1.5—2.5. The thin hypolimnion remaining at this station pro-
vided enough insulation from the storm-induced turbulence to

= shield sufficiently the sediment—water interface to prevent

i
S
8
O

the mixing that occurs in the unstratified areas. At the offshore
location (depth 40 m) where the hypolimnion was still over
10 m thick, sedimentation rates were only slightly greater
than those measured during the summer months. The effect
of resuspension was diminished during the second half of
September at station A nearshore as a result of calm weather
conditions, but again increased at the beginning of October
when storms intensified.

At the offshore station scttling fluxes were also measured
in the epilimnion just above the thermocline (trap depth
7/10/20 m; the traps were lowered three times during the
study period according to the downward movement of the

CAN. J. FISH. AQUAT. SCL., VOL. 39, 1982

metalimnion). The average sedimentation rates in summer
were | gem™-d ' for dry weight, 183 mg-m *-d "' for
POC, 20.5 mg-m *-d ' for PN and 1.3 mg-m *-d ' for
PP. These rates were markedly smaller than those measured
in the hypolimmetic traps during the same period. Epilimnetic
settling fluxes for POC and PN were 1.2—3 times less, and
the dry weight and PP were 420 times less than the fluxes
measured in the hypolimnion. Resuspension of bottom sedi-
ments into the hypolimnion was considered responsible for
these differences in sedimentation rates. However, the com-
position of the sedimentary material differed in the two both
the hypo- and epi-limnion. For example, POC and PN (as
percent dry weight) were less in the hypolimnion than in the
epilimnion. The PP %, however, was almost the same. These
differences mean that the resuspended sediment at station C
consists of material with relatively low organic content.

The phytoplankton settling fluxes during summer (Table 2)
averaged 586 mg biomass-m -d "' in the epilimnetic traps
at offshore station C and 243 mg biomass-m 2+d "' in the
hypolimnetic traps of all three stations. There was no distinct
inshore —offshore variation. However, during the fall, resus-
pension was cvident at nearshore station A where the fluxes
were increased 3—5 times.

By means of autoradiography it is possible to estimate the
portion of live and dead cells of the entrapped algal species.
In our samples (M. Munawar and D. B. Shindler unpublished
data) the flagellates were the most active phytoplankters;
however, they were not abundant in the traps, as they are
rapidly decomposed during settling as a result of their delicatc
cell walls. The dominant greens and diatoms were usually
senescent or dead, especially in the deeper traps. The total
phytoplankton community in the hypolimnetic traps of sta-
tions B and C was mostly imactive (Table 3), whercas the
phytoplankton activity increased 5—10 times in the bottom
trap of nearshore station A. The highest activity, however,
was found in the epilimnetic trap at offshore station C. These
findings suggest that most of the activity of algae is lost after
a settling distance of about 25 m.

The settling fluxes of chlorophyll a in summer averaged
1240, 650, and 1160 pg-m ?-d" ' in the hypolimnetic traps
at stations A, B, and C, respectively, and were relatively low
in the epilimnetic traps at offshore station C when compared
with the phytoplankton biomass (mean value for summer stra-
tification 900 pg-m >-d”"', Table 4).

3) The composition of sediment which could be resus-
pended was obtained from cores taken at each of the three
stations at the beginning of October and analyzed for POC,
PN, and PP content (Table 5). These components were dis-
tributed quite homogeneously in the upper 3—5 cm of the
sediments. Significant inshore—offshore differences show an
increasing concentration gradient from station A to station C.
These differences can be explained by the similar distribution
of the clay-size fraction in the sediment according to Thomas
et al. (1976), who interpreted the inshore-to-offshore decrease
in grain size to reflect decreasing energy with increasing water
depth. This general statement is illustrated by the temperature
profiles at the beginning of October 1978, when inshore and
mid-lake stations were circulating to the lake bottom, and the
offshore station was still stratified (Fig. 3).
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TaBLE 2. Inshore—offshore differences in phytoplankton biomass sedimentation in
the Eastern Basin of Lake Erie, July 11—Oct. 10, 1978 (mg-m *-d ).

. . Station C
Exposure Station A Station B

Date (1978) time, d 7/8 m* 25 m 7/10/20 m* 37 m
July 11-12 13/14 91 — — 272
July 18 6 — — — 194
July 28 16 — — 652 224
Aug. 1 21/4 — 177 — 214
Aung. 10—-11 10/13 253 195 765 590
Aug. 15 5 — — — 425
Aug. 2122 11 287 144 252 159
Aug. 30 9 — — —_ 174
Sept. 6—8 17/16 347 191 676 196
Sept. 19-20 11/14 1288 340 164 ? 401

Oct. 4 15 166 — — —

Qct. 10 6/21/20 1348 142 202 233

“The traps were lowered three times during the study period according to the

downward movement of the metalimnion.

TaBLE 3. Relative activity of phytoplankton in the traps exposed in
the inshore —offshore transect in the Eastern Basin of Lake Erie,

August—September 1978. Primary production: pg C,.-trap
area”'-h™' (mean of duplicates); trap arca = 34.25 cm®.
X . Station C
Station A Station B
cZ\Date (1978) 8 m 25 m 710 m* 37 m
o<
;Aug. 10-11 284 20 2820 34
L Aug. 2122 413 46 707 47
R Aug. 30 — — — 35
= S Sept. 68 168 — 393 17
'gSept. 19—20 — 52 390 163
£z
5 Mean 288 39 1078 59
gLL “The traps were lowered three times during the study period accord-
:é ing to the downward movement of the metalimnion.
-§ Resuspensien Model
c
% Comparison of the core and trap results (Table 5 vs.
A Table 1) shows that PP concentrations of the bottom sedi-

Can. J. Fish. Aquat. Sci.

ments are slightly higher than PP concentrations in trapped
material at ail three stations. In contrast, POC and PN con-
tents were higher in the traps by a factor of 5—6 at the inshore
station, by a factor of 4 at station B, and 0.5 times greater at
the offshore station. These differences are the basis for the
resuspension model presented.

The amount as well as the origin of the entrapped resus-
pended material can be estimated by the following calcula-
tions and statements illustrated in Fig. 6. Total resuspension
fluxes Rp, Rc, Rv. Rp at offshore station C during summer
stratification are calculated by equation (1):

(1) Rp=Tp — Ep;

Re = T¢ — Eq; ctc.,

assuming epilimnion traps represent the net downward flux
near lake bottom, while the bottom traps represent the net
downward flux plus resuspension. The results in Table 6 show
a surprisingly high resuspension, contributing about 50% of
the POC and PN and about 80% of the PP and dry weight
material to the trap catches. Even if we would assume pos-
sible mineralization at a rate of 40% in the epilimnetic traps
(Rathke et al. 1981), decreasing the calculated values, resus-

TasLE 4. Inshore—offshore differences in chlorophyll a (corrected) sedimentation in
the Eastern Basin of Lake Erie, July 11—0ct. 10, 1978. (pg-m™2-d”', mean values

of five replicates.)

. . Station C
Exposure Station A Station B
Date (1978) time, d 7/8 m* 25m 7/10/20 m* 37m
July 11—12 13/14 321 — — 907
July 18 6 — — — 1805
fuly 28 16 — — 574 1682
Aug. 1 21/4 — 623 e 946
Aug. 10—11 10/13 871 536 635 1168
Aug. 21-22 11 1106 405 799 806
Aug. 30 9 — —_ — 833
Sept. 6—8 17/16 2658 1048 1584 1120
Sept. 19-20 11/14 6560 2326 1024 1896
Oct. 4 15 2446 — — —_
Oct. 10 6/21/20 5105 644 1277 1729

“The traps were lowered three times during the study
downward movement of the metalimnion.

period according to the
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TABLE 5. Inshore—offshore differences in bottom
sediments of Eastern [.ake Erie. Cores taken on
Qct. 4, 1978, at the inshore and mid-stations, on Oct.
10, 1978, at the offshore station. Mean values from
the upper 3 cm of the cores in % of dry weight.

Station A Station B Station C
inshore midshore offshore
POC 0.31 0.62 2.13
PN 0.04 0.10 0.32
PP 0.076 0.085 0.120
—

Rp

HYPO TRAP

ersonal use only.

G. 6. Catch of a sediment trap exposed near lake bottom, general

odel used for calculations of resuspension.

vy Ec, Ex, Ep represents measured total dry weight, POC, PN, and

> PP flux in epi-traps;

-8 To, Te, Tw, Tr represents measured total dry weight, POC, PN, and
PP flux in hypo-traps;

g Ry, Re, Ry, Rp represents measured total dry weight, POC, PN, and

= PP flux in hypo-traps due to resuspension;

jo R,
DCC'—'kf,CN:

rp

rom www.nrcresearchpress.com by 174.140.176.122 on 06/27/16
R WA

%, Cp = gﬂ represents concentration of POC, PN,
D 13
and PP in dry weight material resuspended into the hypo-traps;
"R'p, R'¢, R'w, R'p represents total dry weight, POC, PN, and PP
B resuspension flux consisting of bottom sediments originatifg from the
S vicinity of the traps;
’ ’ ’
<. C'e= R—,C C'y= Q, Clp = 5,3 represents measured concentration
R’y R'p R'p
iT of POC, PN, and PP in dry weight material from bottom sediments
s in the vicinity of the traps;
. R"», R'¢, R"y, R"x represents total dry weight, POC, PN, and PP
& resuspension flux consisting of material with other composition than
the bottom sediments in the vicinity of the traps.

pension would still amount to 83% for dry weight, 10% for
POC, 26% for PN, and 68% for PP, respectively. On the other
hand, mineralization processes are also effective in the hypo-
limnetic traps (causing a loss of material in the order of 10%
(Bloesch and Burns 1980)) and during sedimentation in the
hypolimnion, thus increasing the minimum amount of resus-
pension presented in Table 6 to an unknown degree.

Fall resuspension for all three stations is calculated in the
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TaBLE 6. Resuspension (in % of bottom trap catch) during
summer stratification. Offshore station C, Eastern Basin of
Lake Erie 1978.

Dry wt, POC, PN, PP,
Date (1978) % % % %
July 1228 85 63 71 83
July 28— Aug. 10 87 46 59 80
Aug. 10-21 90 57 63 82
Aug. 21—Sept. 6 76 i1 21 77
Mean 85 46 55 81
Mean, corrected 83 10 26 68

TasLE 7. Inshore—offshore differences in resuspension (in
% of bottom trap catch) during fall. Eastern Basin of Lake
Erie, Sept. 19, 1978.

Dry wt, POC, PN, PP,

% % % %

Station A 99 95 94 S«E
Station B 95 78 77 92
Station C 88 55 61 84

4§

TasLe 8. Total fall resuspension flux measured by the
hypolimnetic traps, and composition of resuspended dry
weight material.

Flux Concn.
Station  Component mg-m *-d”’ % of dry wt

A Dry wt 112 430 —
POC 3201 2.85
PN 318.5 0.28

PP 78.7 0.070
B Dry wt 19 730 —
POC 643 3.26
PN 69.5 0.35

PP “13.9 0.071
C Dry wt 7 430 —
POC 220 2.96
PN 31.5 0.42

PP 6.7 0.690

same manner, using the mean of the four summer values from
the epilimnetic traps at station C as the general net downward
flux over the inshore—offshore transect, and the trap catches
of September 19 as representative of both downward flux and
resuspension (Table 7). At offshore station C the calculation
shows only a slight increase over the summer resuspension
estimates, as would be expected because this station was still
stratified. In contrast the two nearshore stations showed a
considerably increased resuspension rate, particularly at sta-
tion A.

Resuspension in the fall cannot consist totally of material
from bottom sediments originating in the vicinity of the sta-
tion, because the POC, PN, and PP concentration of the
trapped resuspended material (Table 8) is not the same as the
measured concentration found in the cores (Table 5). The trap
POC and PN contents are greater than found for the cores; this
difference decreases from inshore to offshore. The trapped PP
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STATION A STATION- B STATION C
1g 19 19
183 mg POC 183 mg POC 183mg POC
20.5mg PN 20.5mg PN 20.5 mg PN
129
20 7.4
3%?8 ;?lg :’?ic 643rg\g POC 220 n%g POC
69.5mg PN 31,5 mg PN
21g 8.49
826mq POC 403mg POC)
« 90mg PN 52mg PN

H H H ! H '
¢ ‘ ® [ s .

' i >15¢g v o >3g >0.49
o’ : ! 52000 mg po'c\-—/ 1 $>538mg POC ~—- >70mg POC

|J>279 mg PN DSng PN >9mg PN
<97g <179 <79
< 300mg POC <105 mg POC <150mg POC
<40mg PN <17.5mg PN <22.5mg PR

FiG. 7. Models of calculated dry weight, POC, and PN resuspension at the inshore and offshore stations
in the Eastern Basin of Lake Erie, Sept. 19, 1978. Values in g or mg-m™2-d™".

content is not significantly different from that found for the
cores at all three stations. Consequently

R!I) < RI),
R'¢e =C'¢*R'p < Cc*Rp = Re,

R'N = C,A’.RID < CN'R[) = RN;

and R'p = C'pR'p = Cp"Rp = Rp.

The maximum dry weight flux from the bottom sediments in
the vicinity of the traps, R'y, can be calculated according to
equation (2) by using the POC and PN concentrations of trap
and core material (this calculation is not valid for PP because
of the insignificant differences between R, /R, and R’ /R’ p):

Re R'c
o= - X))o
@ R, =R, T YR,
Ry _ Ry I
and R, VR, + (1 —x 7,

where x = portion of dry weight resuspension flux from
bottom sediments originating in the vicinity of the station,
{ — x = portion of dry weight resuspension flux consisting
of material with other composition than the bottom sediments
in the vicinity of the traps,

assuming that the material originating from other than bottom
sediments has maximum possible POC and PN concentrations

similar to that in the material caught in the cpilimnetic traps.
It is evident that the remaining minimum flux of resuspended
material originating from other than the vicinity of the station,
R'p, = R — R'p, must contain more POC and PN than has
been found in the sediments at all three stations, but certainly
not more than has been found in the epilimnetic traps. Be-
cause a horizontal transport of resuspended POC- and PN-rich
bottom sediments originating from offshore regions towards
the shore seems unlikely, I assume that fresh material sinking
down from the epilimnion is resuspended and redeposited
repeatedly over an infinite time period. The existence of such
a vertical cycle is supported because no distinct accumulation
of POC and PN could be detected in the upper 5—10 mm of
the cores.

The results of these model calculations, summarized in
Fig. 7, show that at the offshore station C a large portion of
dry weight resuspension is originating from bottom sediments
in the vicinity of the station (R'p), whereas only a small
fraction represents fresh material originating from the epi-
limnion (R",). The ratios between the corresponding POC and
PN fluxes (R'c vs. R"c and R'x vs. R"y) are distinctly smaller,
because POC and PN concentrations are much higher in the
freshly sedimenting material.

At the nearshore stations A and B these ratios are decreased
significantly. Because R"; is 38 times greater at station A than
at station C, whereas this factor is only 14 when comparing
R'p, it is obvious that this vertical cycle is much more inten-
sive at nearshore locations than in offshore regions. Conse-
quently, the frequently resuspended organic material sinking
down from the epilimnion is decomposed to a greater extent
before its final burial at nearshore locations, because condi-
tions for mineralization are more favorable in the water mass
than in the sediments.

Phytoplankton is undoubtedly already decomposed to a
great extent in the epilimnion, considering the favorable tem-
peratures (>20°C) for mineralization and the relatively low
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sinking velocities of algae (<50 cm-d ™', Rathke et al. 1981).

enabling a mean epilimnetic (above 10 m) residence time of
at lcast 20 d. The ratio of POC to algal C (taken as 10% of
phytoplankton fresh weight (Nauwerck 1963)) indicates that
77% of POC is detrital C in the epilimnetic traps at offshore
station C. However, the detrital fraction of POC amounted to
91—-95% in the near-bottom traps of all three stations, and
most of the trapped phytoplankton cells were senescent or
dead (Table 3, and M. Munawar and D. B. Shindler unpub-
dished data). In fall, the resuspended material at station A
Fainly consisted of detritus because the measured nearshore

ytoplankton fluxes increased only 3 times, whereas POC
gcrcascd 8 times.

Discussion

122 on

¢ The phenomenon of bottom resuspension is well known to
Rgterfere with measurements 'of sedimentation rates and has
een the subject of many attempts to apply a correction (Davis
068, 1973; Edwards 1973; Charlton 1975; Gasith 1975;
Xastein 1976; Johnson 1977; Serruya 1977}. The application
of an appropriate correction factor enables the interpretation
settling fluxes measured with traps which have been
fnoored too close to the bottom of deeper lakes, when resus-
nsion is recognized to have caused interferences. However,
rong resuspension prevents the use of traps in very shallow
#nd: highly turbulent water bodies.
S Eake Erie is shallow, having a mean depth of less than
. The Eastern Basin is the deepest segment (max. depth
} with an east—west wind fetch of about 400 km. Con-
wayently the lake is very susceptible to wind-induced tur-
ufgnce and bottom resuspension. The traps, despite being
red 3 m above the bottom, were still close enough to the
m that the measurement of net downward settling fluxes
dPe subject to interference by resuspension. A vertical set of
@aps in the hypolimnion would provide information about the
%ickness of the water layer that is affected by resuspension.

Neither particulate suspended material (Fig. 2) nor phyto-

ankton biomass and primary production (Fig. 4 and 5)
Thowed distinct inshore—offshore differences during the
gudy period from June through October 1978. The settling
@uxes to the lake bottom measured with traps through the
-g'nmmer months are uniform at all three stations with only

mall variations. However, the nearshore station changed dra-
Watically in the early fall. The greatly increased sedimenta-

n rates near the lake bottom in the shore zone must result
‘Efom current- or turbulence-induced resuspension of the
$gdiments. Even in the lower energy zone of station C the
idifferences between fluxes in the epilimnion and hypolimnion
mdicate a high amount of resuspension taking place during

ammer (Table 6). Because of the near level bottom of Lake
ie, sediment accumulation in the deeper water zones in and
around station C caused by slumping of sediments does not
seem to be the explanation for increase in hypolimnion rates,
thus resuspension is considered to be the major factor. In
Lake Erie sediment focusing is initiated by water currents that
redistribute settied material.

The bottom sediments showed significant inshore—
offshore differences in POC and PN concentrations (Table 5).
These differences cannot be explained by different vertical
sedimentation inputs of organic material. The intensive near-

shore resuspension, induced mainly in fall by storms, intensi-
fies decomposition of settling organic material and causes a
sorting of grain size, with greater particles buried nearshore
and finer particles kept suspended in the water and transported
in the offshore direction where they can settle to the lake
bottom because of a decrease in turbulence (Thomas et al.
1976). Both processes of enhanced mineralization and par-
ticle sorting, which are the result of wind-induced turbulence,
lead to the low content of organic material in nearshore lake
sediments and arc responsible for the POC and PN concen-
tration differences found between the cores (Table 5). This
emphasizes the crucial importance of nearshore resuspension
for overall metabolism of Lake Erie.

Acknowledgments

I am grateful to Dr G. K. Rodgers, Director of CCIW, Burlington,
Ont., Canada, and his staff for their kind hospitality during my
sabbatical leave in 1978/79. I thank the captain and ship’s crew of the
Advent for their contribution to the collection of the samples. I also
thank Omar El-Kei, Mike Smith, Harry Alkema, Jousuf Sheik, and
Tania Mayer for the performance of the chemical analyses, as well as
Mrs 1. F. Munawar for phytoplankton counting. I am indebted to
Julian Williams (*) for his assistance in planning the sediment coring
and to Noel M. Burns, Fernando Rosa, and Dave E. Rathke for their
friendship and help. Erich Staub, EAWAG, contributed substantially
to this paper by many fruitful discussions.

BLoescH, I. 1977. Sedimentation rates and sediment cores in two
Swiss lakes of different trophic state, p. 65—71. In H. L.
Golterman [ed.] Interactions between sediments and freshwater.
Proc. Int. Symp. Amsterdam, September 6—10, 1976.

BLOESCH, J., AND N. M. BUrNs. 1980. A critical review of sedimen-
tation trap technique. Schweiz. Z. Hydrol. 42: 15-55.

Burns, N. M. [ed.] 1976a. Lake Erie in the early seventics. J. Fish.
Res. Board Can. 33: 349—-643.

BuUrNs, N. M. 1976b. Temperature, oxygen, and nutrient distribu-
tion patterns in Lake Erie, 1970. I. Fish. Res. Board Can.
33: 485—-511.

CALLENDER, E. 1969. Geochemical characteristics of Lakes Michigan
and Superior sediments. Proc. [2th Conf. Great Lakes Res.
p. 124—-160.

CHARLTON, M. N. 1975. Sedimentation: measurements in experi-
mental enclosures. Verh. Int. Ver. Limnol. 19: 267—-272.
Davis, M. B. 1968. Pollen grains in lzke sediments: redeposition
caused by seasonal water circulation. Science 162: 796—799.

1973. Redeposition of pollen grains in lake sediments.
Limnol. Oceanogr. 18: 44—52.

Davis, M. B., anp L. B. Brusaker. 1973. Differential sedi-
mentation of pollen grains in lakes. Limnol. Oceanogr. 18:
635—646.

Epwarps, R. R. C. 1973, Production ecology of two Carribean
marine ecosystems. I}, Metabolism and energy flow. Estuar.
Coast Mar. Sci. I: 319—333.

Ei-KEi, O. 1976. An automated method for the determination of
low-level Kjeldahl nitrogen in water and waste water. Anal.
Chim. Acta 86: 63—68.

Evans, R. D., anp F. H. RiGLER. 1980. The measurement of whole
lake sediment accumulation and phosphorus retention using
lead-210 dating. Can. J. Fish. Aquat. Sci. 37: 817—822.

GasITH, A. 1975. Tripton sedimentation in eutrophic lakes — simple
correction for the resuspended matter. Verh. Int. Ver. Limnol.
19: 116—122.

HAKANSON, L. 1981. On lake bottom dynamics — the energy-
topography factor. Can. J. Earth Sci. 18: 899-909.

JOHNSON, D. 1977. Seston and sedimentation in Farmoor Reservoir,



Can. J. Fish. Aquat. Sci. Downloaded from www.nrcresearchpress.com by 174.140.176.122 on 06/27/16
For personal use only.

BLOESCH: INSHORE-OFFSHORE SEDIMENTATION LAKE ERIE

Great Britain, p. 179—182. In H. L. Golterman [ed.] Inter-
actions between sediments and freshwater. Proc. Int. Symp.
Amsterdam, September 6—10, 1976.

Kwiatkowski, R. E. 1978. Scenario for an ongoing chiorophyll a
surveillance plan on Lake Ontario for non-intensive sampling
years. J. Great Lakes Res. 4: {9—-26.

1980. Regionalization of the Upper Great Lakes with
respect to surveillapce eutrophication data. J. Great Lakes Res.
6: 38—46.

LasTEIN, E. 1976. Recent sedimentation and resuspension of organic
matter in eutrophic Lake Esrom, Denmark. Oikos 27: 44—49.

MUNAWAR, M. [ed.] 1978. Limnology of Lake Superior. J. Great
Lakes Res. 4: 247—-554.

MUNAWAR, M., AND I. F. MUNAWAR. 1976. A lakewide study of
phytopiankton biomass and its species composition in Lake Erie,
April—December 1970. J. Fish. Res. Board Can. 33: 58! —600.

NAUWERCK, A. 1963. Die Beziehungen zwischen Zooplankton und
Phytoplankton im See Erken. Symb. Bot. Ups. 17: 163 p.

voN Oreiil, 1. 1980. Die horizontale Verteilung von Natrium
und ChlorophyHl im Bielersee. Ph.D. thesis, Univ. Bern, Bemn,
Switzerland. 105 p.

759

RATHKE, D. E., J. BLoescH, N. M. BUrns, AnD F. Rosa. 1981.
Settling fluxes in Lake Erie (Canada) measured by traps and
settling chambers. Verh. Int. Ver. Limnol. 21: 383—-388.

SerruvA, C. 1977. Rates of sedimentation and resuspension in
Lake Kinneret, p. 48—56. In H. L. Golterman [ed.] Interac-
tions between sediments and freshwater. Proc. Int. Symp.
Amsterdam, September 6—10, 1976.

STRICKLAND, §. D. H., AND T. R. Parsons. 1972. A practical hand-
book of seawater analysis. 2nd ed. Bull. Fish. Res. Board
Canada 167: 310 p.

Thomas, R. L., J.-M. JAQUET, anp L. W. Kemp. 1976. Surficial
sediments of Lake Erie. J. Fish. Res. Board Can. 33: 385—403.

UTerMOHL, H. 1958. Zur Vervollkommnung der quantitativen
Phytoplankton-Methodik. Mitt. Int. Ver. Limnol. 9: 1—38.

VOLLENWEIDER, R. A. [ed.] 1974. A manual on methods for mea-
suring primary production in aquatic environments. Blackwell
Sci. Publ. Oxford, IBP-Handbook No. 12, 2nd ed. 225 p.

WaTsoN, N. H. F. 1976. Seasona! distribution and abundance of
crustacean zooplankton in Lake Erie 1970. J. Fish. Res. Board
Can. 33: 612-621.





