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"5{3.hanaci}$a&]e summers of 1973 and 1974 Sphaerium and: ‘

{owa. urin;

% of the thi invertebrate abundance and 92%
D [ the benthic macroinverte .
i {;3 Ehiicﬂ bif)mass; both taxa had greatly reduced abundance and
of the ben

: ittaric along the lake margin.

ithi ds of emergent Sagittaria _along Ly
s _}VJ}I;h}I%”/SclEa?he Sagittaria nct7 sproducfmvxctiym\gi }?:311; clugmi/l/ated
g 1896 and 1975 about 76 em of sedime: had sccumulated
dag, Between d the recent sedimentation rate _(1 4 ) was about
o Big Jakes a’lIIl‘h fculated annual reduction in lake volum: t
17 4 sgaests the i iological components o
17 cm/year 2 ests that the physical and bio og mponents of
00 Iéigiff;aﬁagtic habitat wil! be greatly modified during the
his Dro
:}:: gecades.

InTRODUCTION L been
the Upper Mississippi River has :
e t?et}}?jf;ht}}; ?(?[‘i\;soi)f Iock? pzatend dams. Pools of vasrggzl;lg
e eated behind these structures, and the riverine ansg Lems
ensths W%e gbi ;a“ltered. Numerous studies have been é:é)n Furcé 1;:1 i
.t.crf‘bit:tzﬁasd egOIOgy of these p%OIIS' (e.g{.l, \giﬂézijsiiiie} 1550, A
he . ie an s
o Car?anfler,o?s %37\?1:11; %?.rSS. gmy Corps of Engineers com}gzgeg
o flprm%aumber 9 on the Mississippi River 1042 krg b{ el
.‘K-;k :mc%) Egrihe mouth of the Ohio River. The pool ereate ebe ind
:;:'{Psilcell; ?:1(1 dam extends for 50.4 j{lzn go Egﬁﬂ;oaégi lgilféor;ur(nl p
s i Wisconsin, norm
s Jgﬁtsesa{}fe\i?}m?ﬂere are approximately 11730 ha oh W?Eegféltrﬁi
&fa‘}ﬂve e f above-water lands in what 15 known as Pool 9. Mo Of the
i hafJ area is located S of the town of Lansing, Iowa,ta q th
.\!.]m-waltlerN consists of the main navigation channel, backwa exi akes,
s tc(I3 nning sloughs. From 1953-1964 the mean ?n}?uah o
e lar}ishr[izarve%t for Pool 9 was 605 metric tons. Alt h%?s%issippi
:E}C;Cllézm reach constitutes }lless than BABEEiEC(;f fﬁelgggjrof PRy
River, § cial fish harvest accou } .
K{:er, ;tls\/;ll;?slsxgg1 River Conservation qum.lttee, 1961'7).ted ca 24
.El“pge largest backwater lake of Pool O ig Big La!g:,l qcalake 2. 24
im N of Lansing, Jowa. Big Lake was a 144-ha floodp am‘ts ke shown
;1 the 1896 Mississippi River Commission survey maps, so its
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is documented for at least 41 years prior to the impoundment of water
behind lock and dam number 9. Following impoundment, the surfaer
area of Big Lake increased by about 78%. The studies reported her
were conducted during 1973 and 1974 to obtain data on the lake:
morphometry, benthic macroinvertebrates, macrophyte productior.
and rates of sedimentation.

MerHops
Lake morphometry and water chemistry—A sonar unit was used
to read depths along 26 transects across Big Lake during the swner ¢
1973 while Pool 9 was at normal elevation. The southern end of Bi.
Lake is ca. 3.2 km upstream from the control point for this pool. a
the estimated gradient for this section is 0.08 m per km. A bathymet
map with 03-m (1 ft} contour intervals was constructed from thr
sounding data, and morphometric parameters were estimated graphi-
cally using a planimeter (Lind, 1974), The exchange of water throue
Big Lake was estimated during the same period by measuring the cros
sectional area of sloughs entering and leaving the Jake in conjunctcr
with mean current velocity as determined with a Gurley pigmy currer”
meter. Various chemical parameters of Big Lake were also recordec
using standard methods {American Public Health Association, 1971
Benthic macroinvertebrates—During the summer of 1973, bouet
samples were taken with a 232.cm® Ekman grab. Three replic:”
samples were taken from seven sites scattered throughout Big Lake
three dates (22 June, 16 July, 30 July). Samples were firse siov®
through a U.S. Sieve No. 30 screened wash bucket, benthic organi:
were sorted, and their numbers and dry weights were recorded. T8
data were used to caleulate mean diversity indexes (Shannon -
Weaver, 1963) using both numbers and dry weights. .
During the summer of 1974, bottom samples were taken with -
529-cry® Ponar grab to compare the benthic fauna in emergent “’ff.: )
taria stands with the benthic fauna in the open-water regions. 1
weight of the Ponar grab (27 kg) and the tapered jaw with an
tached underlip enabled sampling within stands of emergent ve£®
tion. Ponar grab samples were taken from sites within emergent ‘” -
taria on the eastern side of Big Lake, and from sites located im o
water ca. 150 m lakeward from the sites within emergent vegetati®™
Aquatic macrophyte production—Midsummer is usually “hj
emergent macrophyte production is mest evident in the MISS"‘SI’;;:‘
River valley, and our production estimates were confined to t‘hv mv;
summer of 1974. A harvest and reharvest procedure was used 1© ¢ N
mate net primary production for stands of Sagittaria (MO
cuneata) along the ecastern and southern shores of Big L“}‘("f th
randomly selected 0.25-m? quadrats were sampled from each f"')m‘;
stands on 3 July, 18 July and 1 August 1974, Plants were han o
and separated into aboveground (emergent and sul')mcrL“‘”‘i :
below-ground portions. Dry weights were determined for D0t
tions of the harvested plants. During mid-August 1974 a com®!
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of ground and aerial survey was used to estimate
ruwergent Sagittaria in Big Lake.

Raies of sedimentation.—The bathymetric
drveloped in 1973 was compared with the depth r
W transects shown on the 1896 Mississippi River
Water level values given for the sounding date
rabled the calculation of bottom elevations. F
e 1973 data these elevations were changed acc
dljusted mean sea level.

During 1974 a series of 12 composite core sar
e locations along each of four transects acros
stespended o the approximate locations of fo
~d in the 1896 survey. Core samples were divic
wents and analyzed for Cesium-137 content. This
roibed by Ritchie e al. {1973) and uses
"mum-137 as a tracer for dating sedimenta:
;~L!|<_)\=1 records show a fallout peak in 1963, Once
 inm-137 35 strongly adsorbed on the finer partic
stural procesges is lirited {Davis, 1963). Cesium.
N the surface 5 em of the soil profile. The surface
¢ to erosion and contributes most of the fc
“ibieal evidence suggests that most of the C
witicles settle out in somewhat less than a year.
"huly the 1964 sediment layer by the peak conce
" Ritchie ef af, 1973).

i ResuLrs
; Luke morphomeiry and water chemistry.—Big
- "\\"‘basm with a maximum depth (at normal
. Fig. 1). The area circumseribed by a plot of
CPSogTaphic curve) equals the volume of the
P tis i just over 2.27 million m® {Table 1}, ~
‘ {;‘”:“‘ I‘t}ld mean slope of only 0.47% further char:
”=fm‘.130 this backwater lake. The exchange of wi
ot of P?Ol level averaged 58 m® per sec; this givi

, ‘h(_“ Aterin the lake of about 10.9 hr,
) n? c;ter chemistry of Big Lake during the «
e § dackwater lakes along the Upper Missis

o ake ig exposed to considerable wind actior
€ of thermal stratification or oxygen deple
o ;__n‘““!“mg a 24-hr study (29 June 1974) the
e meed from 5,30 mg/hter at 5:00 am to 7.0

‘\'w,! 5: :I :52 :” ”iifw‘min vertebrates—Fingernail clams
i éoL;S'S(?me S. striatum) and naiads of F
"hratg (o mnant taxa. The two species of ma
B, OOUL 649 of the numbers in 1973) and .
ey, Hexagenia abundance averaged
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production estimates were confined to the mid.
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July and 1 August 1974, Plants were harvested
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plants. During mid-August 1974 a combination
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wd acrial stovey was used to estunate the area covered by
Sagittaria in Big Lake. ‘ R
af .vedimentdtion.w--TheIbathymetrlc map o }13 'lcm;
[in 1973 was compared w1th‘ the (_iept"h reasf[mgs taken d,o g
oo hown on the 1896 Mississippt River Commission maps.
N “-;ms&‘f:ET Svalues given for the sounding date (6 October 1896)
waret Em}te calculation of bottom elevations. For comparison with
;5531);}‘)(;3(2&1{& these elevations were changed according to the 1912
B mean sea level,

;Lijil-"“’(_l H-l(ﬁa;74 a series of 12 composite core samples were ta.kre;n at
Dm‘]:f?tions along each of four transects across Big Lake. These
oci 5

L aponti
G
Lprgetls

Ratey

35”1't,.f nded to the approximate locations of four of the transects
-"‘ri;s'l)(}nhe 1896 survey. Core samples were divided into 10-cm seg-
wd in e

analyzed for Cesium-137 contenit, This techunigue has been

_.,H,Sd }f\?dgitchie et al. (1973) and uses the bombw]}roducc;d
escithe 197 as a tracer for dating sedimentation rates. Yearly
E‘f.‘SlUm’veg:ords show a fallout peak in 1963, Once' in contact with sol;l,
alion I1'37 is strongly adsorbed on the finer particles and removal by
“,wﬁ“;‘ocesses is limited {Davis, 1963}, Cesium-137 is concentrated
e face 3 cm of the soil profile. The surface soil is most suscep~
@ ihe Suremsic;n ‘and contributes most of the total sediment load.
e I evidence suggests that most of the Ge§1xirn~137 carrying
bt ?ITC‘asettle out in somewhat less than a year. T herefore, one can
i;i-!;.?t{;f?the 1964 sediment layer by the peak concentration of Cesium-
?‘;[7{ {Ritchie et al, 1973).

gents

ror o Big Lake is a relatively
orphometry and water chemistry—RBig Lake Is a relative
j |1€0awkebzlsinpwith a 91”1:1?1;){&1‘1{1111 depth {at normal pool level) 2}2 onti}};
\;1:‘1 (Fig. 1). The area circumscribed by a plot of area ajqal{lsf e%i h
_kll\['}}st;qi:"zi[)hic curve) equals the Vc_:nlmrne of t}w r_b‘:-'ism, m( df)r;h,(;?
ake this is just over 2,27 million m® {Fable 1). The ﬁnmn t‘”[.) b )
Iﬂl().m and mean slope of only 0,479 further character ize the shallow
[}:8t;1re (()f this backwater lake. The exchange of water in Big Lake‘at
;:grmal pool level averaged 58 m® per sec; this gives an average turn-
wer of water in the lake of about 10.9 hr. N
" 'The water chemistry of Big Lake during t}'lelSL'lmr.ner‘was rather
npiezl )Of backwater lakes along the Upper Mississippi River (Table
’?‘-I The Jake is exposed to considerable wind action, and there was no
widence of thermal stratification or oxygen depletion in the boitt?fﬁ
waters. During a 24-hr study (29 June 1974) the Foxygeg concte14’ (3{)
tons ranged from 5.30 mg/liter at 5:00 am to 7.05 mg/liter at 4
P - ‘
Benthic macroinvertebmtes.—Fingernaa? clams {mostly Sphaerium
fmnjfzsjmm plus some §. striatum) and naiads of Hexagenn(ti were t}r}?
wmerically dominant taxa. The two species of mayfly ’HOI;E wIt;rer H.
hilineata {about 64% of the numbers in 1973) and H. limbata. Ju n{g1
the 1973 summer, Hexagenia abundance averaged 730 per m?, a
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Sphaerium abundance averaged 1507 per m? Chironomidae and
Oligochaeta were also common and their numbers averaged 147 per
m?, and 133 per m?, respectively, Sphaerium and H exagenia alo
dominated the biomass of henthic fauna, with a mean standing bioms
of about 21 g per m® for Sphaerium (including weight of shell) and 2
mean standing biomass of about 6 g per m? for Hexagenia. 'The ot

Big Lake

Ny,

=
Fig. 1-—Bathymetric map of Big Lake in 1973 showing 1 ft (0.3 I};)i:jr);?ar
contour intervals at normal pool level. An earthen dam consm!me(‘{ﬁ_‘ﬂ >
19205, and now ahout 0.3 m helow the surface, is shown extendmﬁ; # e
portion of the lake at its southern end. Also shown are the five rr:u"‘{t.tso;n
used for getting sediment samples in 1975 and 1974; these corrosP
transects across Big Lake in 1896

RS L A

e

TR B b

1077 Ecksrap gr an.: Frooperain Sur

dundance of benthic macroinvertebrates a
#rm?, and the mean standing biomass was 2
sty indices calculated from the 1973 data g
rxceptions) the mean diversity of numbers exc
sised upon dry weights (Fig. 2). Accordi
wnthic communities were somewhat less dive
lominated by a few taxa.

_ The 1974 samples showed some consistent
»nthic fauna within emergent Sagittaria and
“ons of Big Lake. Asellus and Oligochaeta we
‘ergent vegetation sites, and open-water site
“imbers of Hexagenia and Sphaerium {Table
werp generally not independent of sample

“rametric Wilcoxon Rank Sum test {Wileo
s used 10 compare taxa in open water wit
“iergent vegetation, Hexagenia and Sphaer
~itly greater ( P < 0.01) in the open water,

getation wag significantly greater (p < 0.
4 Plysa integra (p < 0.05}. The estimated
Cisities were 3975 organisms per m?® in the
Hiisms per m? in the emergent vegetation (
" strictly benthic but were taken with the g
"*nces in benthos dry weights showed trends s

TaBLE 1.—Morphometric parameters
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“durme
Mran depth
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ST development
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"fE‘VSiOD@ of basin
(s — e
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P
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e of benthic macroinvertebrates averaged 2756 organisms
et d the mean standing biomass was 29.8 g per m®. The diver-
o jices calculated from the 1973 data showed that {with three
s mfmqsi the mean diversity of numbers exceeded the mean diversity
ettt dry weights (Fig. 2). According to these indices, the

3
4 oupon o . .
.“ﬂ{(ltlic E: ommunities were somewhat less diverse by weights and more

_‘,,5]§;1ﬂt€d by a few taxa.
' 1974 samples showed some consistent differences between the
fauna within emergent Sggitiaria and in the open-water por-
Big Lake. Asellus and Oligochaeta were more numerous in the
vegetation sites, and open-water sites had consistently larger
hers of Hexagenia and Sphaerium (‘Table 3). Sampling variances
',"{; generally not independent of sam_ple means, and the non-
" metric. Wilcoxon Rank Sum test (Wilcoxon and Wilcox, 1964}
" . used to compare taxa in open water with the taxa from within
ngent vegetation. Hexagenia and Sphaerium density was signifi-
oty greater (p << (.01} in the open water, and density in emergent
Cetation was significantly greater {p < 0.01) for Hyalella azteca
. Physa integra (p < 0.05). The estimaied total benthic-population
Cagtes were 3275 organisms per m® in the open water, and 2963
.anisms per m* in the emergent vegetation (some of these taxa were
. strictly benthic but were taken with the grab samples). The dif-
qences in benthos dry weights showed trends similar to their numbers.

pdant

The
,-_v'_(hi{:
ond Of
sty gf‘ﬂt

TanLe 1.—Morphometric parameters of Big Lake!

2,557,557 m*
2,273,615 md

~rface area
\ojume

vfean depth 089 m
horeline length 11399 m
shoreline development 541

\{aximum depth 198 m

\lasimum length P

volume development 135

Slope of basin ) e 0 1.10%
\fean slope of basin e

Hl—?l:iul values are for normal pooi level of 189 m (628 ft) above mean sea

fevel

Tasre 2.~Chemical parameters of Big Lake?!

Range Mean
Temperature (C) 23.6-26.2 25.1
pH 8.2.8.8 8.5
Dissolved oxygen (mg/liter) 42-9.0 7.6
Total alkalinity {mg/liter} 130 - 150 138.3
Turbidity {JTU) 16 - 44 29.6
Orthophosphate (mg/liter) 3,43 . 0.65 0.55
NO,-NOQ,~N (mg/liter) 0.002 - 0.30 0.08
Total solids {me/liter) 236 - 312 2707
Volatile solids (mg/liter) 86 - 208 147.3

 Data based upon periodic samples taken from June to August during 1973
and 1974
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Mean weights per individual tended to be somewhat lower in the
emergent Sagittaria for many of the taxa. Mean standing biomass for
the open water was 34.6 g per m?*, while from the emergent Sagitiara
it was only 7.5 g per m? (Table 3).

Aquatic macrophyte production.- Net primary productivity for
Sagittaria along the eastern and southern margins of Big Lake from 3
July to 1 August was 14.9 g/m*/day for the aboveground {emergen!
and submergent) portion, and 4.4 g/m*/day in the below-ground
portion (Table 4), Drring this pertod there was almost a fvefold
mcrease in the mean dry weight of the emergent portion of thes
plants (47.7 g/m? to '226.0 g/m?), and this was reflected in a dramatic
change in appearance of the Sagittaria stands. During this period the
below-ground tubers produced by Sagittaria the previous season wetr
decreasing in weight, while the rest of the below-ground portion
{rhizomes, roots, new tubers) were gaining weight, Apparently most ol
the active new tuber growth took place after the 1 August sampline
date.

The emergent stands of Sagittaria did not usually extend more thir
74 m out from the shore of Big Lake, and water depth at this distanct
was usually less than 0.3 m. The total area covered by emergeit
Sagittaria in mid-August 1974 was about 41 ha, 16% of the surfac
area of Big Lake.

(]
I, d = -2 (/N )iog, (m/N)
2 2
s .
] . e o
ko o
= o a °
a 1 o o o @
: =
6 0
. o
] f #_T-
[ 1 i é
Diversity d}) of Numbers

e . . . ' ' i v w¢-i;.:h“

Fig. 2. —Comparisen of macroinvertebrate diversity index using dry the 1w
and using numbers. The 45° diagonal line shows expected values i
indices were equivalent for the seven sites on the three sampling daos

S —

Ve g SR S, .

1977 Ecxsrap g1 ar.: FLoonpLaiN SepiMe?
Rates of sedimentation.—The comparison of |
with 1973 data along the six transects (Fig. 1)
wdiment accumulation of 30-122 cm. During ]
from 1896 to 1973, there was an average rise in
due to sedimentation, of 76 ¢m in Big Lake {'Table
o sediment accumulated at a uniform rate over
Mmerval, the mean rate of sedimentation would b
i the time period used in figuring sedimentation r:
‘nce impoundment (1957), then the mean rate c
this 36-year period would be 2.11 cm per year.
The 1974 analysis for recent sediment using
that 2 mean of 16.94 cm of sediment had accur
during the 10-year peried from 1964-1974 (Tai
Mfeent sedimentation rate of 1.69 cm per year us
diting technique was only 19% below the rate of

TABLE 3.-—Numbers and dry weights of macroinvertel
.. Within emergent Sagittaria sp. and an open-water site

Nurabe
e Sagittaria
viSphaerium sp. B33 = 14.62
{exagenia sp. 1154 = 36.15
Aronomys sp, 439.1 . 36.63
Palpomyia gp, 35.5 = 11.56
Mise. Diptera 237.2 £ 6467
franchiurg sowerbyi 19.0 = 19.23
0 Oligachaeta 1154 = 4184
dsellug sy 96.2 = 37.16
WHelobdally o 60.9 + 15.24
o olella azteca 1173.0 = 362.25
hy5a integrg 137.8 £ 5357
Trawlus poroys 321 % 1482
(.rzmpgfoma p. 0 =+ 0
4’\;-. Means were based upon 6 Ponar grab samples along

arrk ¢ 9 July 1974, Significant differences were testec
. Sum statistic, and levels of significance (for both n
T oindicated g left of taxa: * = P < 0.05, ¥ = P « q,

TaBLE 3.---{continued)

Ma/
Sagittaria

799.7 = 276.24

8573 = 396.37

beg
A iwm sp
“l;ﬁhuermm ip.
{.t.;qgenz'a 8p.

s Ramus sp. 12859 == 099,06
\emyia sp] 280 + 049
e Dintera 68.0 =  16.71
M (1 sowerbyi 2725 2794
igif, - P=ochaeta 510 & 1590
Hog, i3 300 558+ 21.62
noppbdelly p, 58.7 +  21.81
i tella arigc, 4407 = 127.9]
Al integra 10525 = 53208
ol pari 1131 = 5477
Tbeloma s, 2458.2 + 2458.03




Amranp NaTuranisT

) 97 I
-gdeci to be somewhat Joye
1e taxa. Mean standing b

., while fro
| m the Bmergem

I oin
v t
: § éagfuanz
on.—Net prima roductyy;
,(}tllthe]fcm g;largins ny Igjig (iuqclzéwfz\ fos
[;y orzl ¢ aboveground {em o
4 g/m*/day in the belgy.n B
prtjzod there was abmost a “{gl:‘)ln;q‘.
(0{ the emergent portion OEW[”“
dnc_l this was reflected in 4 dr: these
taria stands. During this pe o e
éagzttarm the previoys seis:;md the
u:s_t of thfs below-ground )2 Were
guining weight. Apparentlyln- rt‘m,,;
place after the | August SaI'lJ}(;:E[i“f
Ny
e did not usually extend me
ke, and water depth at this dr < :
e total area covered by errfzt;;r;(."‘
gen

s about 41 ha, 16% of the surfae,

th.’m

z

I T T
2 T

(é) of Numbers

rate diversity index using dry weights
Jine shows expected values if the two
on the three sampling dates

F 3
g f

e,

e Oy, rrmim AT SRR

FOKBLAD BT AL FLOODPLAIN SEDIMENTATION 439

1o of ,wn’z'mentation.f«—”i’ he comparison of 1896 depth readings
,Ralc;j‘; ‘data along the six transects {Fig. 1) showed a range in
with _‘t‘atcumulatio-n of 30-122 cm. During the 77-year interval,
mimlf;é g6 to 1973, there was an average rise in the floodplain floor,
it cedimentation, of 76 cm in Big Lake (Table 5). If this quantity
i€ u; nent accumulated at a uniform rate over the entire 77-year
* "“:; (he mean rate of sedimentation would be 0.99 cm per year.
"‘wﬂ,tt{me period used in figuring sedimentation rates was the interval
I thf ;mpoundment (1937}, then the mean rate of sedimentation for
< govear period would be 2.11 cm. per year.

B 1974 analysis for recent sediment using Ceslum-137 showed

. ? ;}:emean of 16.94 cm of sediment had accumulated in Big Lake
:-”;Iriﬂﬁ the 10-year period from 1064-1974 (Table 5). The mean
d

cent sedimentation rate of 1.69 cm per year using the Cesium-137
'ffling technique was only 19% helow the rate of 2.11 per year cal-

g Jo-—TNumbers and dry weights of macroinvertebrates from a site

Iwi[hin emergent Sagittaria sp. and an open-water site (means = sE}!
> 7__;3_—;::"117__._«."——#4"— R e — e
N Nurnbers/m?
Sagittaria_ Open water _
..q;}f:.;;i_z;ﬂ—l Sp- 833 L 14.62 1419.8 235,38
v Heragenic SP- 1154 = 36.15 602,54 7541
¢ hironomus sp. 439.1 = 36.63 3141 2 55.44
palpomyia sp- 35.3 £ 11.56 1. 19.07
\fisc. Diptera ) 237.2 £ 64.67 2, 40.84
Branchiura sowerbyi 19.2 = 19.23 5. 96.53
\fisc. Oligochaeta 1154 = 41.84 . 63.71
4sellus sD. 96.2 = 37.16 57. 22.21
Helobdella sp. 60.9 :£ 153.24 4., 89.57
vefpalella aztece 1173.0 £ 362.25 9. 6.57
ephysa integra _ h3.57 0 0
Gyraulus  parvus 32.1 & 14.62 ] 0
Campeloma sp. ¢t £ 0 4. 3.21

1 Meang were based upon 6 Ponar grab samples along eastern edee of Big
take on 9 July 1974 Significant differences were tested using the Wilcoxon
Qank Sum statistic, and levels of significance {(for both numbers and weights)
"re indicated to left of taxa; * = P < 0.05, ** = P < 0.01

TagLs 3.—{continued)

e A —————Ae S

Mg/m?

Open water
17,665.6 + 2231.16
10,7379 = 2106.23

Sagittaria
799.7 = 276.24
857.3 & 396.37

«¥Sphaerium sp.
#& fexagenia. 5P.

Chironomus sp. 1233.9:  99.96 23,7 = 29376
Palpomyia sp. 28.2 & 9.49 413+ 1737
Misc. Diptera 68.0 = 16.71 10%.2 &= 3544
Branchiura sowerbyi 27,2 =  27.24 248.7 = 218.66
Misc. Oligochaeta 51.0 &+ 1590 2535 89.92
Asellus sp. 558+ 21.62 59.3 = 37.12
Helobdella sp. 58,7 = 21.81 167.3 £ 55.03
s*Hyalella azteca 4407 £ 12791 4.9 3.16
*Physa integra 10525 %= 532.08 0 = 9
Gyraulus  parvus 113.1 = 5477 o = 0
Campelomea sp. 2458.2 * 2458.23 0 = 0
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culated from the 1896 soundings assuming most deposition since 1937,

Discussion

Big Lake is one of many relatively shallow backwater lakes found
in the valley of the Upper Mississippi River where it borders south
eastern Minnesota, northeastern Towa and western Wisconsin, Therr
are about 20 backwater lakes with a surface area of at least 100 ha i
the 332 km section of the Mississippi River between Wabasha, Mu:-
nesota, and Bellview, lowa. Their biotic and abiotic characteristics
depend upon the interaction of factors including sediment accumul-
tion, water level fuctuations, allochthonous and autochthonous -
trient inputs, and the exchange of water from sioughs running into and
out of each lake,
Sedimentation in the Upper Mississippi River backwater lake »

rapidly reducing their storage capacities. If the 0.76 m of sedimen

Tasre 4.—Production of Segitiariz stands of Big Lake (1974)

3 July 18 July 1 August
Mean standing biomass 528.4 %= 70.86  825.8 F 106.16 1088.0 = 14} @
(g/m2)2
Abaveground (%) 52.0 54.4 64.9
Below-ground (%) 48.0 45.6 35.1
--Mean . net -production S S I
(g/m2/day} 19.83 18.75

ok

1 Mean of six samples standard crror

TasLe §—-Sediments accumulated between 1896 and 1973, and recent
sedimentation rate in Big Lake

Number of X
comparison Sediment ﬂCCumular..A
points along (1) between 1895 1
Transect transect 1973 (mean :* st
: > 0.91 £ 00060
; i 0.91 = 0.000
: ; 0.76 = 0.013
: ; 1.07 # 0.01
E 3 0.56 = 0.094
F ; 0.71 £ 0.01¢
- 2 0.76 * 0.0536
TaBLE 5.— (continued) —
Number of Depth (_Cm) of_
“ion peak Clesium~i+
s COHCEH{T&HO!"I\
Transect transect concentiio,
A
: : 13.54 = 1694
: 3 27.18 -+ 6..’14
: 3 11.86 £ 1'59;
E ’ 15.24 = 0.00
: T
Totals - e

g
5
'i
%
|
i

R

AR vt

1977 Eckprap T AL.: FLOODPLAIN SEDIMEI
wcumulated somretime since 1896 in Big Lake i
wpsographic curve, it 1s possble to calculate b
wdiment influenced some of the lake’s morphe
Near the entrance of several sloughs into Big Lal
rourse to medium sand, but for mest of the Iake t
e consists of very fine sand to clay. If this se
e impoundment, the present lake volume of ji
wis only about 55% of what it was after impounc
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10.89 m. The calculated annual reduction in lak
=ould be about 53,400 m® per year. At this rate
n” of Big Lake is about 43 years. If instead, t
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nurve, the recent mean annual reduction in lake <
- about 37,400 m?® per year, If this rate conti
iHe span” of Big Lake is about 61 years. These “i
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rovide very precise estimates, but they do apy
“tervals involved,
The July net productivity rate of over 19 g/m
Big Lake is onie of the higher known short-tern
Odum, 1971}, If at least 25% of the annual net j
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“iifolia in Mississippi Gulf Coast estuaries {De -
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firjje‘:‘?d decreased depth accompanying sediment
. Clommuec’a expansion of the Sagitiaria stands;
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“77ala which are also common in Big Lake.
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eraction of factors including sedix;ge °
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exchange of water from sloughs runni;
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the Upper Mississippi River backwater

r storage capacities. If the 0.76 m of lakes

Sedin]f':';_

uction of Sagittarig stands of Big Lake (1974,
3 July 18 Julyﬁ%mﬁ

e

5284 * 70.86 6958 & 105.1%““365%%%—?%3
RS RN
52.0 54.4 ‘
48,0 156 f1.9
19.83 18.73
e ——

3 £ standard error

¢ accumulated between 1896 and 1973, an

cdimentation rate in Big Lake d recen

Number of T
ggix::ganisen Sediment accumulated
i along () between 1895 , -
ra.r:;sect 1973 (mean + 5:‘:“‘
0.61 = 065
E 0.91 * 0.000
4 0.76 = 0.015
z 107 = 0015
5 (.56 2= 0.094
0.71 2 0.010
20 0.76 £ 0056
TaBLE 5.~—(continued) -
Number of D .
epth {om) of
sz;liréz{:s peak-Cesiun{;!OS? -
et
2 13.54 + 1694
; 27.16 = 6774
3 11.86 * 1694
15.24 2 0.000
12 16.94 = 2,387

try vk
b,
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(aed sometime since 1896 1n Big Lake is added to lis, 1973
Shic curve, it 18 possible to calculate how this quantity of
Y fuenced  some of the lake’s morphometric parameters.
crance of several sloughs into Big Lake the sediments are

" o medium sand, but for most of the lake the sediment particle
W st of very fine sand to clay. If this sediment accumulated
g ‘L.T:}oundment, the present lake volume of just over 2,27 million
« !n{\’ bout 5305 of what it was after impoundment in 1937. The

; heen 1.62 m in 1937 (asuming no sub-

o depth would have
Y rather than the present mean depth

S change in surface area)
1. The caleulated annual reduction in take volume since 1937

K *.:11”1
SR
,\unu‘!it i
[ash \
wear the €n

"1 be about 53,400 m® per year. At this rate the projected “life
NU;" of Big Lake is about 43 years. If instead, the 16.9 cm of sedi-

‘;L.l.!.[ sccumulated from 1964 to 1974 is added to the hypsographic
" the recent mean annual reduction in lake volume is calculated
If this rate continues, the projected

37,400 m® per year.
Big Lake is about 61 years. These “life span” projections

inear extrapolation of sedimentation rates do not
but they do approximate the time

e
. about
':;:‘e ‘Pﬂﬁ” Of.
wed upon simple | i
vide very precise estimates,
opvals involved.

" The July net productivity rate of over 19 g/m?/day for Sagittaria

. pie Lake is onc of the higher known short-term productivity rates

Odum, 1971). 1 at least 25% of the annual net production occurred

. her before or after the study period, then these stands in Big Lake

Leve at least as productive as the 600 g/m*/year reported for Sagittaria

sncifolia i Mississippi Gulf Coast estuaries (De ta Cruz, 1974). At

s productivity rate the Sagittaria stands of Big Lake would provide

' autochthonous input of ca. 246 metric tons annually.

The further development of Sagittaria around the margins of Big
ke appears to be limited through the interaction of wave action and
water depth. The river valley tends to channel and amplify winds with
.nv northern or southern component. Big Lake has considerable wind
eXPOSULE, and the emergent Sagittaria have usually not spread further
1 keward if the depth exceeded 0.3 m at normal pooi level, With a
srojected decreased depth accompanying sedimentation, there should
‘e continued expansion of the Sagittaria stands; a similar expansion
ould also be expected for the floating Nelumbo lutea and Nymphaea
" dorate which are also common in Big Lake.

Few studies demonstrate just how important the benthos of back-
waters are to the riverine system (Schramm and Lewis, 1974). The
senthos of Big Lake corresponded closely to the H exagenia-S phaerium-
iominated community reported elsewhere for the Mississippi River
hove dam 19 at Keokuk, Towa (Carlson, 1968). The Hexagenia
wmmer population densities of Big Lake were usually as high or higher
than those reported for other habitats (Britt, 1955; Sublette, 1937;
Paloumpis and Starrett, 1960; Craven and Brown, 1969). Given the
tnown importance of these nymphs in the diet of Mississippi River

fishes (Hoopes, 1960), the high numbers may be an important factor
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contributing to the relatively abundant fish populations (as indicate
by commercial catch statistics) of Pool 9. The abundant S phaeriun
populations of Big Lake also provide a valuable food supply for fish
and for numerous species of migratory waterfowl,

In terms of benthic community structure, numerical abundanc
may not be as meaningful as biomass. Odum (1971} has suggeste
that the pyramid of numbers is not as fundamental to cormmunit
structure as a pyramid of biomass, since the geometric fact is that ¢
great many smatl units are required to equal the mass of one large un
The diversity index caiculated for the macroinvertebrates of Big Lake
using numbers, and then biomass, shows the relationship between the
two ways of describing community structure, When diversity is 1
defined in biomass units as suggested by Wilhm (1968), Asell
weighing 0.6 mg does not have the same influence on the index
Physa integra weighing 7.6 mg. For the benthic macroinvertebrat

of Big Lake the lower biomass diversity index appeared to better refiec:

“the dominance of a few {axa within the community. .

The differences observed between benthic communities wih
stands of Saegittaria and open water is suggestive of the changes whi!
are likely with further sedimentation and reduction in water dept
As Sagittaria continues to encroach on the open-water portion of B
Lake, the present dominance of Sphaerium and H exagenia will llk‘f‘
shift to a dominance of Chironomidae, Oligochaeta and Gastropod:
These changes in benthic populations, along with further reduction *
water volume, will no doubt influence the organisms at higher troph
levels,
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