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INTRODUCTION
HISTORICAL

The people of Minnesota and Wisconsin who are interested in the conservation
of the fishllie of ~he Upper Mississippi River have claimed that the abundance of
fish in'the river below Minneapolis and St. Paul is declining. 'Inasmuch as these
people know that all th e sewage and industrial waste from the Twin Cities (a com
bined population of over 600,000) and from South St. Paul, where packing plants
are situated, are thrown into the Mississippi River without previous treatment, they
attribute the apparent decrease in the abundance of fish to the effects of this sewage
and trade waste. The conservationists of Wisconsin and Minnesota have demanded
that these cities be prohibited from dumping untreated sewage into the river.

That this general belief in the decline in abundance of the fish· in this region
is not unfounded may be seen from Table 1, in which the yields of the various species
~f food fish in 1903 are compared with those in 1922. It is at once apparent that
although the total yield has more than doubled in the H)-year interval, this increase
is due almost entirely to the enormous catch of CaI:p in the latter year, while the total
Yield of all other food fish has declined materially. The most desirable or popular
species (such as black bass, crappie, pickerel, pike perches, sunfish, yellow perch,
and white bass) disappeared entirely from the commercial catch ill 1922, the yield
of suckers was reduced greatly, and only those fishes that formerly were considered
?f less value, such as the buffalo, bowfin, and drum (aside from carp), have increased
In yield••
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TABLE I.-Products of the fisheries of the Mis8issippi River from Minneapolis to Winona in 1903
and 1922

[F\"Om unilublisb.l\d fiI~ oUhe'Bur~u Of, Flsh6rleel

Species 1903 1922

Food fish, except carp: Pounds Value Pounds ValueBlack bass • •_•• ••_ 325 $26 • • _
Buffalo fish • __• •• • • • ~________ 405,245 10,460 409,310 $19,841
Bowfin_. ••_•• ._•••_._ ••• __ • •__ ••__ ••• --••• • • •__ • • •••_•••• 21,445 357
Catfish and bullheads ._,_._._., • • ._. '31l,149 17,917 147,016 13,208

~~~;~:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 2~:m 4, ~~i ----429;~~r --"--i3;5~
Paddlefish • • • ._ _ 202,260 0, 142 16,271 633
PlckereL. •__ • •• _•• •__ ._._••_. • __ •• _••_. __.______ 57,525 2,702 _. •• _.
Pike perch (wall-eYed) • • , ___ 35,380 2,028 ._. ._._•• _
Pike perch (sauger) • • .__ ____ 14,305 684 __ • • ••
Suckers__•__ • • • •• __ • ••_._________ 72,000 1,302 57,434 1,681

i~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ ~~~ ~~~~~~~~~~ ~ ~~~~~~~ ~:iij ~ ;;;~;;~~~~~; ;;;;;;;'~~~~
Total_. • ._______________________ 1,456,048 49,178 1,089,106 51,073

Carp. • • • • •__ • • ._ " • •_._ __ 473,440 8,969 3,048,832 101,274

Orand total •• • .__ _ I, 929, 4881 58, 147 4, 137,4,38 152,347

There are few data to aid in estimating the role of the various factors (whether
economic or biologic) in causing this decline in the fisheries. No doubt, changing
market demand, legislation, overfishing, pollution, and changing physical environ~

ment all have affected the fisheries, and it is the object of this report to present new
evidence bearing upon this important problem.

In 1925 a joint interim committee was appointed by the Legislatures of Wis~
consin and Minnesota and instructed to obtllin data on the general condition of the
river and to present these data before the State legislatures in 1927. The ,interim
committee decided t~at a biologic:;alsurvey should form a part of their general st¥dY
of the Mississippi River and asked the United States Bureau of Fisheries to fUrxPsh
an investigator to make this survey. The bureau agreed to do this OIl the condition
that the field expenses of the bureau's investigator should 'be borne by the State
governments.

Funds to the amount of $20,500 had been appropriated for, the Mississippi
River work by the conservation commissions of the two States, the Twin Cities,
and the United States Public Health Service, of which $300 was made available ~qr
the work that the Bureau of Fisheries had ,been asked to do. This was supple~

mented by the bureau to the extent of about $1,000. '.
Because of the limited appropriation and time that could he devoted to field

work, the results are not as complete as might be desired. Also, as most of the
work was done after the heavy rains of last summer had begun, all of the' results
reported in this paper do not represent conditions as they exist when the river is at
its lowest stage and when conditions are most critical.

AIM AND PLAN OF THE SURVEY

The aim of the biological survey was to determine whethel' the pollutioll from the
Twin Oities is a factor in destroying aquatic life in the Upper Mississippi River;
and if so, to ascertain, if possible, how far below these cities this pollution constitutes
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such a factor. To answer these questions, the following general plan of action was
drawn up:

1. Collect and preserve the animals of the bottom sediments.
2. Collect and preserve samples of surface scums, if present.
3. Collect and preserve net plankton; enumerate after completion of the field

work.
4. Collect and preserve samples of stmined water, to be centrifuged for the

nannopl&nkton; enumerate as in 3. .
5. Make notes on submergent &nd littoral vegetation and on the presence of

coves or quiet water (source of plankton) along the shore.
6. Seine for fish. Preserve the small ones and take notes on the larger ones.
7. Obtain hydrometric data from the United States Geological Survey.
8. Obtain dissolved oxygen determinations from H. R. Crohurst, who is in

charge of the United States Public Health Service's sanitary survey of the Upper
Mississippi River. .

It was decided that in order to obtain data most representative of conditions
in the river it would be more advisable to visit each field station two or more times
(until the funds were exhausted) and reduce the number of samples collected at each
station to a minimum than to take a large number of samples at one time and visit
each station once. Also, due to the linlited funds, the field work was reduced to a
lllinimum. All work ordinarily performed inllnediately in the field, but which could

"be postponed, was done at the University of Wisconsin.

ACKNOWLEDGMENTS

The writer wishes to eXpress his gratitude to Dr. John Van Oosten, of the United
States Bureau of Fisheries, for making the preliminary arrangements for the survey,
for identifying the fishes, and for much valuable help rendered in the preparation of
the report; to H. R. Crohurst, of the United States Public Health Service, for
permission to use his data on dissolved oxygen; to Prof. Chancey Juday, of the Wis
consin Geological and Natural History Survey, for the loan of a centrifuge for the
field work and for extending the privileges of his laboratory, where the plankton
a.nd the bottom samples were studied; and to the departmant of v;oology, Univer..
SIty of Michigan, for the loan of the plankton pump and the planl\:ton net.

The writer is indebted also to Dr, Albert Mann, of the Smithsonian Institution,
for the identification of the diatoms in some of the samples; p,nd to Dr. V. Sterki,
of New Philadelphia, Ohio, and C. F. Baker, of the Illinoia Natural History Survey,
for the identification of the mollusks.

The Minnesota Fish and Game Department furnished help and equipment for
seining; the division of sanitation of the Minnesot& StlJ.te Board of Health furnished
transportation to the station in the metropolitan area; and the biology department
of the University of Minnesota furnished the writer an Ekman dredge and office
SPMe during the field work. The services of those responsible for th~${\ a,rnmgements
are greatly appreciated.



140 BULLETIN OF THE BUREAU OF FISHERIES

SAMPLING STATIONS

The stations selected for the taking of samples for the biological survey are the
same as those that were selected for the sanitary survey by Mr. Crohurst. The
locations of these stations are shown on the accompanying map. (Fig. 1.) Most of
the stations are on the Mississippi River, of course, but in order to get some COlU

parative data from unpolluted streams some sampling stations were chosen on the
principal tributaries. The stations on the Mississippi River are so distributed that
the data obtained represent conditions (1) before any sewage had been added, (2)
after all the Minneapolis sewage had been added, .(3) after all the St. Paul sewage

Ke~ to 5amplinq Station
I Minneopolis Miss. R. Camdcn Ye.

Z ltiu. R. fUlImo hAve.
, MiH. R. (;o~t. Dam
4 Minnf50tQ ft Cedar Ave.
S Sl.Paul Mi". R. Jack,on
6 Inver Groye Miss. Ro.
7 H...tinq. Mill. II. obo•• steroid.
8 Presc.ott 5t Croi'!. R.
'liedwing Mi". It below Connon .11,
10 Rt'dwintj Cannon 1\.
II f{t!~ds Miu.ft above Chippewa R.
IZ R.eds Chippewa It.

i 13 K~llo9' Z,;,mbro R. •
J4- Winona MIS'. R. above WH1o'!.SJ..

Mi 55i 5si ppi River
from

Minneapolis to Winona
Showinq locotion of SampJinq Poinh

Scole

~~--.b-....-=d

===;;;;:--._;;;=--'-;;.,--'--'-":;..-.-.--.-,------';;;;------,""'-------
FIG. 1

had been added and one tributary had joined.bhe river, '(4) after the South St. Paul
sewage had been added, and (5) at various distances below Sou4h St. Paul. In
this way it should be possible to determine, approximately, the extent of the effect
of the sewage from the Twin Cities and from South St. Paul. A brief summary of
the distribution of the sampling stations follows:

Station No.1 is on the Mississippi River above Minneapolis, at the Camden
Power Plant, and represents the river before any sewage has entered it.

Station No.2 is on the Mississippi River in the Minneapolis area, about 4 miles
below No.1. The river here is divided by an island into two branches. Considerable
sewage ha,s already entered the river above station No.2. The right branch of the
river receives additional sewage at this station and consequently is more polluted
than the left branch.

Station No.3 is above the Ford Dam, just below Minneapolis. By this time
the river has received all the sewage that Minneapolis contributes. The dam here
backs up the water, and as a result the current is very slack, so that most of the solid
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material settles out on the bottom. According to information received from Mr.
Elsberg, city engineer at Minneapolis, already there is a layer of sludge, 12 feet in.
depth, behind the dam, and this is accumulating at a rate of 12 inches each year.

Station No.4 is on the Minnesota, River, about 8 miles above its mouth and about
15 miles below the towns of Chaska and Shakopee. The joint population of these
two towns is approximately 4,000.

Station No.5 is on the Mississippi River, just below St. Paul, a distance of
approximately 10 miles below station No.3. 'By this time the river has received
all the St. Paul sewage and also the discharge from the Minnesota River. The
waters of the Minnesota River flow for about a mile over shallow rapids before
entering the Mississippi River, and presumably enter the latter in a well-aerated
condition. For the discharge of the Minnesota River see Table 2.

TABLE 2.-Monthly mean discharge in second-feet for the period October, 1925, to October, 1926

~===========;====;=====;====;=====;c==,==;====;====

Dnte
Mississippi Minnesota Mis,;!ss!!'pi St, Croix Cannon Chippewa Zumbro

River at River at River at Rh'er at River nt River nt River at
El~~i;~r, the mouth SL l'aul the mouth the mouth the mouth the month

----,------I---I-~--~--~----~-------- -.---- --'--1----

2, !lIlO 379 4,3'10 1,848 .~-----_.... - 3,000 .......................
2,140 :l35 2,!J!IO 1,812 .............. -...... ~ 3,906 ......... ---_ .... -
1,550 046 2,470 l,n02 .- -_ ...... ----- 3,416 --------- .. --
1,060 271 1,880 1,404 .. ---_ .. ------ 2,41,8 -oo----------

947 (1) 1,680 1,572 .. -_ .. -------- 2,276 .--- .. _---_.-
3, YOU 2,SP3 5,fi20 2,784 ---------- .. - 5,712 .--- .. _------
3,820 1,265 7,1.50 4,392 ········iS4· 12,768 ------------
2,230 (i06 3,650 3,060 6,841 260
2,160 325 2,800 2,820 139 5,137 307
2,150 145 2,500 2,040 98 3,354 170
2,050 2511 2,810 2,460 115 8,898 170
5,110 1,661 8,630 4,680 281 21,736 448
5,190 (I) 9,970 (I) 253 11,472 448

Station No.6 is on the Mississippi River, about 3.5 miles below South St. Paul.
The important change to occur between stations 5 and 6 is the addition of the sewage
from South St. Paul, where packing plants are situated, and from a packing house
situated across the river, opposite South St. Paul. Grease occurred commonly on
the surface of the water when this station Was visited.

Station No.7 is on the Mississippi River at Hastings, about 37 miles below St.
Paul. No sewage is added to the river between Hastings and station No.6 at South
St. Paul, yet a very marked change in the condition of the river takes place. At
Bta,tion No.6 the water is relatively shallow and the current is fairly strong, so that
there is little chance for much of the solid material to settle out. At Hastings (station
:No.7) the current is rather slack, and consequently much of the !lolid material settles
on the bottom. The water is much deeper, too, and therefore is less effectively
aerated by' winds.

, Station No.8 is at Prescott, Wis., on the St. Croix River, just above the junction
of the St. Croix and the Mississippi Rivers. .

Station No. 9 is on the Mississippi River at Red Wing, about 50 miles below
St. Paul. By this time the river has received the waters of the St. Croix and the
Cannon Rivers. The discharge for these rivers is given in Table 2.



142 BULLETIN OF THE BUREAU OF FISHERIES

Station No. 10 is on the Cannon River, a tributary that enters the Mississippi
about 3 miles above Red Wing. The sampling station is some distance above the
mouth of the river. The water at the station is clear, shallow, and flows very rapidly.

Station No. 11 is on the Mississippi River at the lower end of Lake Pepin, It

short distance above the mouth of the Chippewa River. By the time the water
reaches station No. 11 it has passed through Lake Pepin and has lost much of the
solid material held in suspension. That Lake Pepin acts essentially as a settling
basin is shown by the bottom deposits at the head of the lake and by the greater
transparency of the water when it leaves the lake than when it enters it just below
Red Wing.

Station No. 12 is on the Chippewa River where the latter enters the Mississippi
at the lower end of Lake Pepin. (Lake Pepin is the result of the delta formed by
the Chippewa across the bed of the Mississippi.) The discharge of the Chippewa
is given in Table 1.

Station No. 13 is on the Zumbro River. This station was not visited during
the biological survey.

Station No. 14 is on the Mississippi River just above Winona, about 110 miles
below St. Paul. The station here was chosen above the city to avoid the effect of
local pollution. The Mississippi River receives the discharge of the Zumbro River
above this station. The hydrometric data for the Zumbro are given in Table 2.

HYDROMETRIC DATA

The hydrometric data shown in Table 2 were prepared from the gauging station
records furnished by Mr. Soule, of the United States Geological Survey. The
gauging stations on all the tributaries are at some distance above the mouth of
the rivers; therefore, the data, as given in the station records, do not show the
actual discharge at the mouth of the tributary. The figures in Table 2, however,
do give the approximate mean discharge at the mouth of each tributary. Values
are shown for each month of the period October, 1925, to October, 1926. The
writer obtained these values by multiplying the mean, as given in the station records,
by the ratio· of the total drainage area of the tributary to the drainage area above
the gauging station.

The hydrometric data, where they extend over the entire year, bring out the
im.portant fact that on each river there are two periods during the year when the
discharge reaches a minimum. The first minimum occurs either in January or
February and the second comes in July or August. With one exception-the
Minnesota R,iver-the winter minimum for the last year was lower than the summer
minimum. From a biological standpoint these low-water stages may become very
significant. ..

It is possible that the large amount of water during the high-water stages may
so dilute the sewage and other wastes dumped into a river that their deleterious
effect is reduced to a point where no harm results to fish and other aquatic IHe,
but that during the low-water stages this pollution becomes so concentrated that
all life is destroyed in the contaminated areas of the river. The periods of minimum
discharge, then, may be limiting factors that determine whether fish or other aquatic
organisms can survive in the polluted river.
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TABLE 3.-Mi~~issippiRiver study-dissolved oxygen (parts per million) in August

~

Sta.4,
Sta..', Sta.8. sta·1 Stfl. Stfl. I Sta.8ta.1, Sta.2, 8ta.3, Min· Jack· Sta.6, Sta.7, St. Sta.9, 10. Sta. 12, 13. 14.Date Cam' Plym· Dam ne· son Inver· Hast· Croix Red Can· 11. Chip· Zum· Wi·den outh sota Street grove ings River Wing non Reeds pewa bro nonaRiver Hiver Hiver River

- ---------------------------

t:::::::::::::::::::::: 6.22 5.63 0.77 7.61 0.67 0.08 0.33 9.75 2.48 7.11 5.29 6.40 8.29
~--- ---

6.27 5.62 .00 7.49 .41 .17 .·10 9.09 2.30 7.50 4.95 7.23 8.10 7.80
6.00 5.23 .05 6.74 .90 1. 20 .08 7.80 1. 70 7.38 4.97 6.18 7.65 6.80

5........................ 5.31 5.30 .00 5.73 1. 00 .30 .20 7.53 1.90 7.61 5.31 5. fl8 8.20 7.51
6........................ 6.24 5.69 .42 5.90 .02 .28 .05 7.00 1.82 7.13 5.85 6.30 8.64 -------
9........................ 6.57 6.25 .00 5.49 .00 .00 .65 6.65 1. 40 7.30 5.82 5.60 8.60 4.81

t~~~ ~ ~~~~~~~~~~~~ ~ ~ ~ ~ ~~~ ~
6.98 5.29 .00 4.91 .40 .00 .18 6.61 1.60 8.10 5.43 6.00 8.30 4.51
6.37 6.22 .00 5.45 .00 .31 .30 6.95 1. 70 7.82 4.98 7.29 8.71 5.33
6.85 6.29 .05 5.60 .14 .00 .20 6.77 1. 97 7.65 4.80 6.74 8.72 6.21
6.50 6.27 .10 5.41 .27 .00 .19 6.00 2.55 7.89 5.26 6.35 9.00 5.90

I!~~~~~~~~~~~~~~~~~~~~~~~
6.73 6.85 .00 7.19 .54 .05 1. 45 5.72

1. 671
7.33 4.78 6.36 7.76 6.45

6.55 6.30 .00 6.59 .87 .40 .09 6.43 1. 12 8.02 5.64 6.57 7.59 6.63
6.62 5.63 .00 6.71 1. 38 .43 .18 7.00 1. 80 7.24 5.30 6.31 7.88 6.42
6.74 6.17 .00 .1.77 .99 .17 .00 6.5.1 2.14 7.20 4.90 6.20 8.02 7.47
6.70 6.40 .00 5.14 .00 .25 .00 6.57 2.55 6.08 4.80 ------- 7.30 6.10

~::::::::::::::::::::::: 6.82 6.41 3.67 4.18 2.52 1.60 1. 20 6.93 1.05 7.12 5.00 5.20 7.77 6.34
6.63 6.32 2.04 3.93 2.40 1. 97 .85 7.05 2.65 7.45 6.09 6.80

"7~oi'
4.80

6.89 6.20 1.06 3.80 1. .12 .97 .40 6.40 2.88 7.82 5.61 5.68 .1.59

~t:::::: :::::::::::::::: 6.00 6.32 .85 4.21 .42 .23 .32 6.68 3.09 7.30 6.41 6.05 7.64 4.50
7.05 6.55 3.79 6.30 1. 20 1. 20 .15 6.9.1 2.83 7. .16 6.01 6.02 8.11 4. 76

~~::: :::::::::::.::::::::: 7.09 6.53 .71 5.61 1. .18 .96 1. 43 8.01 3.79 7.64 6.09 5.86 7.97 5.00
6.92 6.34 .71 5.58 .90 .70 .15 7.23 4. 01 7.24 4.39 5.77 7.62 -------

Avernge........... 6:596:li8~ S. 70 1-----:87 ----:5!--:3i) '"""7.lO """2.257:435:37ll.268:08 S. 99

~veruge temperature.... 2Lil22.023.022.6122.12LilI22:4~12L41ill7 22.0-;:s19.923."3
er eent saturation..... 74.0 68.0 7.0 64.0 9.0 5.0 4.0 I 81. 0 25.0 I 79.0 60.0. 70.0 87.0 69.0-- - ..

TABLE 4.-Mississippi River study-dissolved oxygen (parts per million) in September
=======;=====;-==;===;==~=T=.~c===;===;==.==;===r===;;===T==;==

Date
Sta.l, 8ta.2, Sta.3,
~~~. ~:it~. Dam

Sta.4,
Min·
ne·

sota
River

Sta.5, Sta.6, Sta.7, Sta.8, Sta.9,
Jack· Inver. Hast. St. . Red
son grovo ings Rr~~~ Wing

Sta.
10,

Can
non

River

Sta.
11,

Reeds

8ta.
12,

Chip·
pewa
River

Sta.
13,

Zum·
bro

River

Sta.
14.
Wi·
nona

--------1--- ------ ---------------------------------
~ .
3- ----- - - -- - - - - --
7--..•...... • ·· .. ····
8-- ..·--· .. ••• •....
- ......... --- --- -- -- ------ ----

9 .

~~::::::::::::=::::::::::
15:::::::::::::::::::::::

6.99
6.75
6.50
7.79
7.62

7.09
7.81
8.43
8.30
8.01

6.09
5.98
6.04
7.12
7.49

7.40
7.49
8.74
7.95
7.88

0.42
.00
.55

5.59
4.61

4.20
4.06
6.66
5.94
5.25

6.10
5.39
5.15
4.81
6.68

5.97
6.99
7.01
6.86
7.30

0.44
.51

1.31
4.43
4.00

3.70
4.39
6.18
6.02
6.15

0.40
.75

2.10
3.81
3.01

2.92
3.43
5.79
6.08
6.20

0.10 7.19
.10 8.72
.29 8.70

2.70 7.11
2.50 6.98

1. 60
1.01 7.14
3.69 7.50
3.95 7.62
3.09 7.23

4.30
2.89
3.41
2.89
4.43

3.43
3.00
3.72
4.37
4.16

7.50
7.42
8.09
8.31
7.80

8.27
8.71
9.60
9.01
8.81

4.54
4.70
5.30
6.11
6.58

7.15
6.68
6.80
6.80
6.51

5.81
5.67
5.81
0.01
6.79

6.85
7.61
7.20
7.42
0.90

8.71
8.10
8.31
8.78
8.94

7.81
9.13
9.50
9.10
8.69

7.17
6.93
6.69
7.03

5.39
7.03
7.31
7.07
7.30

7.11
8.05

7.62

7.69

8.94
9.03
8.13
7.34
7.53

6.63
6.47
7.41
7.09
6.55

7.25
6.24
7.79
7.08
6.92

8.62

7.43
7.72
7.69

3.43
4.39
3.93
4.78
4.27

"6:07
7.27
6.53
7.01

3.50
3.13
4.20
4.45
4.12

5.54
5.68
6.19
5.92
6.02

5.73
5.68
6.46
6.14
5.91

8.40
8.02
6.38
6.98
5.30

5.48
5.80
6.44
5.94
6.09

7.61
7.31
7.36
7.49
7.62

t~····................... 7.70
20···.................... 7.74
21···..·................. 7.79

22::::::::::::::::::::::: ~::lll
~~ 7.76 7.40 6.01 6.30 5.88 5.31 4.20 7.08 4.49 8.15 7.38 6.38 7.90
27···· 8.05 7.82 6.33 5.55 5.81 4.30 7.40 5.20 8.80 7.80 6.60 8.95
28··· 9. 10 1 8. 94 8.52 7.59 8.14 7.53 5.92 7.30 5.08 9.58 8.32 8.70 9.60 I 8.11
29··· ..· 8.87 8.81 7.33 8.25 7.32 7.31 6.14. 6.44 9.41 8.30 8.61 10.18 7.40
30· 8.95 8.74 7.42 8.28 7.62 7.41 5.68 "7:00' 5.10 9.36 8.39 7.99 0.63 .

---- ~~~~~~ 7.52 5.87 --!.:!.~~ 9.33 8.71 8.58~~

Average........... 7.961 7.65 5.27 6.79 4.94 4.99 3.36 7.38 4.27 8.52 6.92 7.00 8.71 I 7.30

~:~~;~fJ:~W~~~~::::~1~~TI~r~ 3&:~ 5~:~ ~Ifrf ~g:~ ~~:~ ~~:~ ~I~
72090-28--2
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DISSOLVED OXYGEN

All organisms require oxygen for the maintenance of life. Aquatic animals,
with the exception of air breathers, depend for their oxygen supply upon the oxygen
dissolved in the water. The amount of dissolved oxygen, therefore, furnishes one
good index as to the suitability of a body of water to support life. It is possible,
of course, to find waters with a high dissolved oxygen content that are unsuitable
for living organisms. This is often the case when waters are polluted by mineral
acids, bases, and salts, or by "Other chemical ingredients that act as specific poisons.
However, in a body of flowing water such as the Mississippi River, which does not
stratify and stagnate, the presence of oxygen at normal temperatures in minimal
quantities is an indication of pollution.

Tables 3 and 4 give the results of dissolved oxygen determinations made by
Mr. Crohurst for the months of August and September, 1926. These tables also
give the average monthly temperatures of the water at the various field stations.
From these data the average percentage of saturation for each month was calculated.
For some purposes it is more expedient to express oxygen content in terms of the
degree of saturation than in terms of the absolute amount.

Table 3 shows that during August the amount of dissolved oxyge~ was far
greater at some stations than at others. Dissolved oxygen was present in fairly
large amounts at all the stations on the tributaries (the average ranged from 5.70
to 8.08 parts per million, or 64 to 87 per cent of saturation) as well as at stations
1, 2, 11, and 14 (average ranged from 5.37 to 6.59 parts per million, or 60 to 74 per
cent of saturation) on the Mississippi River. The waters at stations 3, 5, 6, and 7
on the Mississippi River (average ranged from 0.39 to 0.87 parts per million, or 4
to 9 per cent of saturation) contain very small amounts of dissolved oxygen, some
times a trace only, or none at all. At station No.9 (average = 2.25 parts per million,
or 25 per cent of saturation) conditions with respect to dissolved oxygen are much
better than they are at stations 3, 5, 6, and 7, but are not nearly as good as they
are at stations 1, 2, 11, and 14. The monthly average at No.9 probably has been
raised through the heavy rains that fell during the latter part of the month. Table
4 shows that a marked improvement with respect to dissolved oxygen occurred at
stations 3, 5, 6, and 7 after the first week in September. This improvement un
doubtedly is due to the cooler weather and to the large increase in the volume of
water in the river, the results of heavy rains.

The data in Tables 3 and 4, then, show the following facts:
1. During August and the first week of September, 1926, the dissolved oxygen

content is decidedly less in that section of the Mississippi River that extends from
station No.2, at the beginning of the metropolitan area, to station No.9, at the
head of Lake Pepin (a distance of approximately 64 miles), than it is above or beloW"
this section or in the tributary waters. The tributaries and the Mississippi River
above the Twin Cities obviously are not polluted by the sewage of Minneapolis and
St. Paul. As stated above (p. 142), many of the suspended materials in the Missis
sippi waters settle at the head of Lake Pepin, which virtually is a settling basin.
The water at stations in and below this lake (Nos. 11 and 14), then, should be com
paratively free from any sewage that may be carried down to station No.9; and
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if this sewage is the primary factor involved in the depletion of dissolved oxygen in
the upper Mississippi River, the oxygen content at stations 11 and 14 should show
a distinct increase above that of station No.9. The data show that this increase
does occur. The decrease in the dissolved-oxygen supply of the Mississippi waters
in the section described above is unquestionably due to the pollution of the river.

2. The data in Table 4 show that the heavy rains in the fall quickly increase
the oxygen content of the polluted waters and eventually restore the normal supply
even in the most polluted areas. (See data for' September 27 to 30, Table 4.)

BOTTOM FAUNA
RELATIONSHIP OF BOTTOM FAUNA AND POLLUTION

Next to a thorough chemical study, a study of the bottom-dwelling organisms
is perhaps the best criterion to be used in determining whether or not a given body
of water is polluted. We know with a fair degree of accuracy what kind of organ
isms are indicative of grossly polluted waters and what organisms can be expected
only in fairly clean waters. Of course, numbers of individuals play quite as im
portant a part here as does the species or kind of animals. The presence of a few
specimens of the worms Limnodrilus and Tubifex, or of the mollusk Musculium
transversum, or of the red midge Ohironomus plumosus is not significant. Studies
in the Illinois River, however, have shown that the presence of a large number of
these organisms is indicative of pollution. Again, it has been shown that the presence
of the larvre of the caddis fly and the sand fly and the nymph of the May fly may
be taken as evidence that the water inhabited by them is not polluted to any con
siderable extent. These facts are based on many years of study of a biological and
a chemical nature by Forbes, Richardson, Shelford, Thompson, and others.

METHODS

Samples for the study of the bottom-dwelling forms were taken by means of 11

sUlall Ekman dredge. An attempt was made to obtain on each trip at least two
samples at each field station-one near the shore and the other in the channel. At
times it was impossible to get a sample in the channel because of the nature of the
bottom and the strength of the current. The small Ekman dredge works best in
soft mud or in places where a great deal of organic debris has settled out. On hard,

!
gravelly bottom it is not very effective; it is too light to go into the bottom to any
appreciable extent and, also, the gravel gets behind the jaws and prevents them from
closing. A record was kept of the number of hauls taken at each station. Then,
either the entire sample or a known portion of it was preserved in 4 per cent formal
dehyde.

In the laboratory, the samples were placed in a strainer having a bottom of
bolting cloth of 50 meshes per square centimeter. In this strainer the samples were
Washed with tap water until they were free from mud. The coarse sand and organic
debris, as well as the macroscopic animals, were retained in the strainer. After the
rCUloval of the mud the sample was placed in a dish and the animals were separated
and counted. From the number of each kind of animal obtained from the sample,
the area of the dredge, and the number of hauls made for the sample, the number
of animals per square yard was calculated. In some cases the volume of the sample
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was ascertained before and after straining in order to obtain some information as
to the relative amount of coarse organic debris, pieces of plants, chips of wood, and
in some instances garbage, gravel, and fine mud. The partial results of these deter
minations are shown in Table 6.

RESULTS AND DISCUSSION

The abundance of the bottom-dwelling animals is expressed in numbers per
square yard, and the data are shown in Table 5. The table shows that there is a
marked difference in the kinds and numbers of animals that occur at the different
stations.

TABLE 5.-Bottomjauna, animals per square yard, 1926
[S=shore; C=channel] .

Bottom fauna Sta. I,
Aug. 14

I
S S

Biology Lsake
tao 1, Sta.2, ta.2, Bldg t.

Sept. 7 Aug. 14 Sept. 7 Sept i& Bridge,
. Sept. 13

Sta.3, Sta. 3, st~:;es Sta.4, Sta.
Sept.8 Sept.8 Sta.3, Aug. 17 A~~:17

Sept. 8

----------1.--------------------------------
Pragon fly nymphs................. 3D .
May fly nymphs.. 144 " " ..
Caddis fly larvlll.................... 72 .
Simulium.......................... 396 .
Tubiftcidae......................... 252 ........ 15,120 364,000 118.000 10,800 D32 16,159 108 11,970
Chironomus........................ 36 108 36 36 5 ..•..... 144
Hyulella............................ 36 .
Planarla............................ 72 __ .

~~~fr~~:-~;.~f.~~::::::::::::::::: ios· :::::::: :::::::: ..:'.~~~. :::::::: :::::::: :::::::: :::::::: :::::::: :::::::: ::::::::

E5~~!~~~~?;~~~~~~~~~~~~~~~~~ ~~~~~~~~ ~~~~~J~~~~~~~~ =====~= ~~~~~~~~ ::::i~g: ;;;;;~~; ~~~~~~~~ ~~~~~~~~ ~~~~~~~~ ;;;~~~~~
~e:~~e~~~.~:::::::::::::::::::::::: .....::. ::::::::1:::::::: :::::::: :::::::: ··..·72· :::::::: ·....i4· ···· ..i· :::::::: ::::::::

- "--

S JaCkson! S Lefts, nights, On
tao Street ta. Sta. Stu. Sta. Sta. Sta. Sta. stones, Sta. 8,

Bottom fauna 5-S, Bridge 6-S, 6-S 6-S 7-S, 7-S, 7-C, 7-C, Sta 8 Sept 16
Sept. 15 Sept.2i Aug. 18 Sept.'16 Sept.'16 Aug. 18 Sept. 16 Aug. 18 Sept. 16 Aug. 19 .

-----------_.------------------------------
May fly nymphs................... <') 72
Tubiflcldlll.. 5,832 2,880 2,520 75,400 10,260 103,860 126,000 31,680 65,400 360

i~~~!l~~~======================== ::~=~~: ::::~~: ======== ======== ======== ======== ======== =====:== ======== ======== "'q:gPleurocera acuta.................... 9 .

~~~~~gmaruiiim::::::::::::::::: :::::::: :::::::: :::::::: :::::::: :::::::: :::::::: :::::::: :::::::: :::::::: Il S6

~~~1~r:~r~;:~I~I;================= ::i;i~i: :::::~~: ======== ======== ======== =======: ======== ::::i~~r=====: ::::::~: ~~~
Bottom fauna

~ ~ ~. ~ ~ ~ ~ ~ ~ ~ ~
9-S, 9-S, 9-0, 9-0, 10, I1-S, l1-S, 11-0, ll-C. 14-S, 14-S,

Aug.27 Sept. 17 Aug. 27 Sept. 17 Aug.27 Aug. 28 Sept. 18 Aug. 28 Sept. 18 Aug.31 Sept. 19

----------1-------------------------------
Pmgonllynyrnphs................. 48 48 18 12 .
Damsel fly nymphs................. 54 12 36 ..•••.••
May fly nymphs , (I) 144 342
Caddis fly larvro.................... 12 .
Tubitlcldlll......................... 1,980 2,900 36 240 18 900 180
Chlronomus........................ 18 54 30 36 084 ..
Hyalella............................ 1,200 3,000 24 3,600 3,200 18 144
Asellus............................. 54 18 .
Planarla "",,,. 36 36 .
Pleurocera acuta.................... 90 18 90 18 .
Campeloma integrum.............. 252 288 108 72 36 18

~j~~k!ii~¥;~~~~~~~~~~;~;·~~~~~~ ::i,:~~g: =====~~= ~~~~~~~~ ;;~~~~~; ~~~~~~~~ ~~~~~~~~!I·~~~~~~~~ ~~~~~~~~ ~~~~~~~~ ~~~~~~~~ ~~~~~~~~
Leeches............................. 2,295 1,776 684 492 12 180 ••••.••. 36 •.••••••

'Per liter. I Many. • Some.
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TABLE 6.-Relative amounts of residue in bottom samples, expressed in cubi~ centimeters and per cent,
the nature of the residue, and the character of the predominating animals of the bottom fauna

[S=shore; C=channel]

-
Sample, Sample,

cubic cubic
8tation centi· ccnti· Per Nature of residue after the animals were reo Predominating animals In bottom

meters, meters. cent moved samples
before after

straining straining- ------
1.._•._._._

-'-"'450-
Clean, coarse sand ___ •__ •• _. __ ••••_._. _______ ._. Clean-water forms.2_. ________

290 64
Garbage__________ •--_._ •____ •__ •________________ Tublflcldro and Campeloma Tu!um.3____ ._•• __ 400 300 75 Cinders; coarse garbage: chips of wood__ •• ___ ._. Tublflcldro.

5••••_____ •
---3S- Ooarse organlo d~.bris: sand___________ •_________ 'l'ublflcldlll and bivalves.

t~~-~~~~~~~
310 120 Little organic d~brls; pieces of fat and gray sand_ Tublflcidlll.
200 150 75 Organic d6brls. ______ -____________ ._•• ___ •______ Do.
250 50 20 Aquatic plants: cinders; but mostly sand ____ •__ Clean-water forms.
400 350 87 Shells of blvalves______________ .• ________________ Leoches.
200 175 87 Aquatic plants: broken-up leaves_______________ Leecbes, Hyalella, and Tublflcidlll.

11-8__ •____
'--77-

Sand and aquatic plants________________________ Hyalella.14-S__ •____ 300 230 Mostly coarse gravel; little organic d6brls ___ •___ Aquatic insects (clean-water forms).

-
The sample taken near the right bank of the river; at station No.1, showed

that each square yard of the bottom contained 252 Tubificidre, 36 midge larvre
(Chironomus-not the red midge), 36 dragon fly nymphs, 36 specimens of Hyalella
knic7cerbockeri, and 108 individuals of Sphrerium sp. ? (a small bivalve). The second
sample was taken in the channel near the left bank of the river. Here the substratum
consists of pure sand with a few scattered plan~s. In the channel the Tubificidre
are absent entirely. Midge larvre are more numerous (108 specimens per square
yard) here. than near shore. A number (72 per square yard) of beetle larvre
(Elateridre) occur in the channel, but these are not aquatic. Associated with the
above forms were four species of animals known to prefer clean, running water.
These are Planaria, caddis fly larvre, larvre and pupre of the sand fly (Simulium sp. ?),
and May fly nymphs. The residue of the strained sample, after the removal of the
animals, consisted of pure sand.

At station No.2 the first mud sample was taken in the left branch of the channel
at the same place where the seine hauls for fish were made. The bottom here is fairly
clean and solid. The only animal taken in this sample was a midge larvre. The
second sample was taken some 50 yards below a sewer outlet in the right branch of
the river. The difference in these two samples demonstrates the effect of sewage
on bottom fauna quite clearly. In the first sample there were only 36 midge larvre
per square yard, but in the second there were 15,120 Tubificidre, 1,600 snails
COampeloma rufum), and 54 bivalves (Sph:erium notatum) per square yard. The
residue of the second sample, after straining and the removal of the organisms, con
sisted of garbage. The results from this second sample are not representative of a
cross-section of the river at this place. In the channel of the right branch and along
the. left branch of the river the bottom is fairly clean. However, as mentioned

.before, it demonstrates the effect of sewage.
No reference has been found in the literature to the tolerance of Gampeloma

rufum in polluted waters, but the above data indicate that very likely it is one of
the more tolerant forms. Gampeloma subsolidum is classed by Richardson (1925)
as one of the less tolerant snails.
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Four bottom samples were taken at places other than those designated as stations
1 to 14. One of these samples was taken immediately below the Washington Avenue
bridge, directly opposite the university campus. The sample contained no life of
any sort; it had a tarry odor and contained tar. The tar was introduced into the
river by a gas plant situated a short distance above the Washington Avenue bridge.
The waste from this plant undoubtedly explains the absence of all bottom dwelling
animals. The heavy tar settles to the bottom and the lighter tar and other oily
substances form a film on the surface. This surface film was quite pronounced on
some days, both as to extent and thickness. Shelford (1917) has demonstrated the
detrimental effect of gas-plant waste on fish. He says, in part: "Illuminating gas,
gas liquor, and 31 out of 34 representatives of the chief group of compounds found
in gas and gas liquor are very toxic to fishes." In England it has been demonstrated
that washings from tarred roads are killing fish in some streams. (Committee on
pollution, 1924-25.)

Another sample was taken near shore behind the animal biology building at
the University of Minnesota. Two dredge hauls here yielded a sample of 4 liters;
75 cubic centimeters of this sample yielded 385 tubificid worms. This gives the
enormous number of 364,000 Tubificidm per square yard. The sample contained a
great deal of fine mud and a considerable amount of coarse organic debris.

A third sample 1 was taken at the Lake Street bridge, about 1 mile below the
spot where the last-mentioned sample was taken. The sample was taken in mid
stream and consisted largely of dead aquatic plants. It is the writer's opinion
that the dredge did not penetrate into the real sludge on account of these weeds.
From this sample 3,300 worms were removed. This gives a tubificid population
of 118,000 individuals per square yard. The data also showed that each square yard
contained 500 MU8culium near truncatum, 72 Musculium (species unknown), and
72leeches.2 The bivalves taken were gravid. MU8culium truncatum is classified as
unusually tolerant by Richardson (1925).

At station No.3, one sample was taken just above the Ford Dam, where the
water is taken into the power station. There is considerable current in this part of
the river and, therefore, the bottom is kept fairly clean. (Behind the dam proper
conditions are entirely different (p. 141), but no samples were obtained there.) The
5 dredge hauls made along shore here yielded a 200-cubic centimeter sample, which,
after straining, left a residue of 60 cubic centimeters. Besides the fauna, the residue
was composed of sand plus a small amount of organic debris. Each square yard of
bottom here contained 632 tubificids, 36 midge larvm, and 14 leeches. Mud scraped
from stones at station No.3 contained 6,159 Tubificidm per liter.

A third sample at station No.3 was taken a short distance above the Ford Dam.
The water here is about 35 feet deep in mid-channel, and the current is very slack
when the water is not going through the wheels or over the dam. One haul here
yielded a 400-cubic centimeter sample. The entire sample was strained, leaving a
residue of 300 cubic centimeters. In addition to the fauna, the residue consisted of·
coarse organic debris suggestive of garbage, cinders, and many chips of wood. The

J The last three samples were taken between stations 2 and 3.
, The vast majority of the leeches were lIeloMella stagnalis Blanchard. In this connection, the author wishes to acknowledge

the services of Dr. J. Percy Moore, whose report on leeches was of great help in identifying the species found.
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odor of the sample was distinctly foul and oily. The sample yielded 10,800 Tubificidre
and 85 specimens of Musculium near transversum and near truncatum per square yard.

The sample from the Minnesota River (station No.4) yielded 108 Tubificidre
per square yard. Besides the organisms, a few grains of coarse sand were left in the
strainer after the sample had been washed with tap water.

The last of the extra samples (see p.148) was taken just above the Jackson Street
Bridge, about one-half mile above station No.5. A sample taken here on September
27 yielded 2,880 Tubificidre, 144 Chironomus larvre, and 36 leeches per square yard.
This sample was taken partly along shore and partly in the channel.

At station No.5 no bottom samples were obtained in the channel. The current
was rather swift in the channel, and with the prevailing high waters its bottom was
kept fairly clean from deposits.

The first sample taken along shore at station No.5 consisted (besides the animals
it contained) of coarse sand and a considerable amount of organic debris. The
sample yielded 144 midge larvre, 11,970 Tubificidre, and 1,620 bivalves per square
yard. The bivalves were made up of Musculium near transversum, M. near trun
catum, and a few specimens of Pisidium. This is the first instance where these
bivalves occur in such large numbers. Both the worms and the bivalves are an
indication of pollution.

The second sample at No.5 was taken in a slough permanently connected with
the river. The reason for taking the sample in the slough was the fact that what
was shore when the first sample was taken (August 17) was now (September 15)
channel, and the bottom deposits had been carried away. This slough now formed
a part of the shore. One dredge haul here yielded a sample of 700 cubic centimeters,
200 cubic centimeters of which were strained. In addition to the fauna, the residue
of 50 cubic centimeters consisted of sand and Elodea. Each square yard of the
bottom here contained 3,240 midge larvre, 5,832 Tubificidre, and 1,157 leeches.

The first bottom sample at station No.6 was taken near shore in shallow, swiftly
flowing water. The sample showed that each square yard of the bottom contained
2,520 Tubificidre. The residue left after the sample had been washed consisted of
coarse sand. In September, two bottom samples were taken a little farther down
stream, where the strength of the current was reduced greatly by wing dams. One
sample was taken near the left bank of the river and the other near the right bank.
The former yielded 75,400 Tubificidre per square yard and the latter 10,260. The
sample from the right bank contained several pieces of fat, a little organic debris,
and gray sand.

The condition of the bottom at station No.7 is the worst that was met below
Minneapolis. When the first visit to this station was made (August 18), gas bubbles
(nature of gas not known) were rising continually, not only along the shore but also
in the channel. From time to time large pieces of solid material came to the surface.
As mentioned above (p. 141), the current here is rather slack, and this facilitates the
settling out of the solid materials. The organic materials presumably ferment at
the bottom, partly, perhaps, under anrerobic conditions. The gases resulting from
these fermentations undoubtedly are responsible for raising large masses of solids to
the surface. The bottom samples taken on August 18 consisted (besides the animals
they contained) entirely of organic debris. The sample had an extremely foul odor.
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That there was a considerable layer of this organic debris was shown by the fact that
the dredge was filled to the top. Alongshore there was less of this organic debris but
more fine mud. When this station was revisited on September 16, conditions were
very much improved. Much of the bottom deposit in the channel had disappeared
(result of heavy rains). No solid masses were seen rising to the top, but gas bubbles
still were very much in evidence along the shore. The bottom animals here are
mostly tubificids. In August there were 103,860 per square yard near shore and
31,680 per square yard in the channel. Associated with the tubificids in the channel
were 720 leeches per square yard. On September 16 there were 126,000 tubificids
per square yard along shore and 65,400 per square yard in the channel. The differ
ence in the number of Tubifieidre in the August and the September samples is not
significant, perhaps, and may be due to natural fluctuation or local variations in
abundance.

Conditions at station No.8 (in the St. Croix River) are in marked contrast to
the conditions prevailing at No.7. The first sample taken ne.f:lor shore on the Wiscon
sin side consisted of pure sand only; but along the shore, on stones, May fly nymphs
and the snails, Pleuracera acuta and Physa sp.?, were abundant. One specimen of
Oampelama rujum and two of Heliasama trivalvis also were taken. It will be
recalled that Oampelama rujum was very abundant near a sewer outlet at No.2.

The second sample at No.8 was taken just off the peninsula (on the St. Croix
side), where the waters of the Mississippi and the St. Croix Rivers meet. In addi
tion to the bottom fauna, the sample consisted of fine sand, cinders, pebbles, and live
aquatic vegetation. Each square yard of the bottom here contained 360 Tubificidre,
1671eeches, 3,240 Hya1ella, 432 Planaria, and 72 May fly nymphs. One large mussel
and a few specimens of Oampelama rujum also were taken.

The samples of stations No.7 and No.8 illustrate clearly the effect of environ
mental conditions on the character of the fauna. Whereas the badly polluted waters
at station No.7 contained large numbers of Tubificidre and leeches only, the less
polluted waters at station No. 8 contained not only these forms (which, however,
were much reduced in numbers) but also Hyalella knick:erbackeri (a crustacean),
Planaria, May fly nymphs, a mussel, and the following snails: Oampelama rufum,
Pleuracera acuta, Physa sp.?, and Heliasama trivalvis. Planaria and the May fly
nymphs are definitely known to be clean-water forms.

The bulk of the sample taken in the channel at station No.9 in August con
sisted of empty shells of the small bivalve (Musculium transversum). The animals
taken with these shells were as follows: 36 Tubificidre, 684 leeches, and 108 specimens
of Oampelama integrum per square yard. On September 17 three dredge hauls in the
channel here yielded 65 cubic centimeters of empty shells. The sample also con
tained 240 Tubificidre, 2,520 individuals of Musculium near transversum, 492 leeches,
72 Oampeloma integrum, 24 Hyalella, 12 Caddis fly larvre, and 48 dragon fly nymphs
per square yard. In the shore sample there were in August, in each square yard of
bottom, 1,980 Tubificidre, 18 chironomid larvre, 1,260 Hyalella, 54 specimens of
Asellus, 252 Oampeloma integrum, 1,600 Musculium transversum, 90 Heliosoma
trivolvis, and 2,295 leeches. In September the shore samples gave 48 dragon fly
nymphs, 2,900 Tubificidre, 3,000 Hyalella, 288 Oampeloma integrum, 48 specimens of
.4nodonta imbecillis, and 1,776 leeches per square yard. The much smaller number
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of Tubificidre here, as compared with the number occurring at station No..7, the
presence of dragon fly nymphs, Caddis fly larvre, Asellus, and the large number of
Hyalella, may all be considered as marking a stage of transition in the conditions of
the Mississippi River. Table 5 shows that dragon fly nymphs, Caddis fly larvre,
and Hyalella occurred at station No.1 on the Mississippi River, and that these forms
have not been taken at any of the stations on the Mississippi River between stations
1 and 9. In Europe, the presence of Asellus' is taken as the first. sign of improve
ment in a polluted stream (Wundsch, 1926).

The bottom sample taken at station No. 10 consisted of coarse sand. No ani
mals were taken in this sample, but some May fly nymphs were seen clinging to the
undersurface of stones. This suggests' that the Cannon River is not polluted at
this station. ' .
" Bottom samples from station No. 11, on the Mississippi River, indicate further
improvement in the conditions of the river. Tubificidre are absent entirelyfrom the
samples taken along the left shore. In August the shore sample gave 18 dragon fly
nymphs, 54 damsel fly nymphs, 54larvre of Chironomus, 3,600 Hyalella, 36 Planaria,
and 90 Pleurocera acuta per square yard. In September there were, near shore, 12
dragonfly nymphs, 12 damsel fly nymphs, 361arvre of Chironomus, 3,200 individuals
of Hyalella, 18 Pleurocera acuta, and 12 leeches per square yard. In August the bot
tom fauna of the channel consisted of 18 Tubificidre, 36 larvre of Chironomus, 18 Hya
lella; 18 individual~ of Asellus, 36 Planaria, 90 Pleurocera acuta, and 180 leeches;
and in September, of 900 Tubificidre and 18 P~ acuta per square yard.

Due to a lack of proper equipment, no bottom samples could be obtained at
station No. 12.

Station No. 13, on the Zumbro River, WaS not visited.
The bottom samples of station No. 14 were all taken near shore. The samples

for August showed that each yard of bottom contained 36 damsel fly nymphs, 144
individuals of Hyalella, 144 May fly nymphs, 684 larvre of Chironomus, 36 indi
viduals of Oampeloma integrum, and 36 leeches. In the September samples there
were 342 May fly nymphs, 180 Tubificidre, and 18 specimens of Oampeloma integrum
per square yard. The May fly nymphs are the most significant element in the bottom
fauna at station No. 14. They have not been found at any other station in the
Mississippi River except at station No.1, which is above Minneapolis. May fly
nymphs also were taken in the St. Croix and Cannon Rivers. The presence of May
~y llymphs at station No. 14 may be taken as an indication that conditions in the
river a,bove Winona are fairly good and probably are comparable with conditions as
they exj.s~ ll.t station No.1 above Minneapolis.

A study of the bottom samples (Table 5) shows that the clean-water animals were
taken at stations 1,8,9,10,11, and 14only, und that at these stations and at No.4 the
toletant forms, in general, were least abundant. The study shows, further, that all
the, bottom samples taken from the Mississippi River between stations land 9,
except one of those taken between stations 2 and 3 in the metropolitan area, which
took no animals at all, contained relatively large numbers of typically tolerant forms
but not a single individual of a clean-water form. Clean-water forms were expected
at stations'l, 4, 8, and 10, inasmuch as they are situated outside the area polluted by

72090-28--3
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the Twin Cities. That no clean-water fotms Were taken from the Mississippi River
below the Twin Cities above station No.9 indicates that someWhere between station
No.7 (at Hastings, about 39 niiles below St. Paul) and station No.9 (at Red Wing,
about 50 miles below St. Paul) the Mississippi River is recovering from its grossly
polluted condition. The bottom fauna at station No. 11 (at the lower end of Lalte
Pepin) suggests a still greater hllproVement iIi the Mississippi Rivet, while that at
station No. 14 (situated at Winona about 110 miles below St. Paul) indicates that
the conditions in the river here are probably as good as they are at station No.1
(situated above the Twin Cities). The few data Shown oil Table 6 support the above
conclusions.

PLANKTON

RELATIONSHIP OF PLANKTON ORGANISMS AND POLLUTION

A quantitative study of the plankton----'the ultimate source of the food of probably
all fishes~gives some information as to the abundance of the food supply. Plafikton
studies,however, may do more than that. Some plankton organisms are suspected of
being tolerant forms-that is, theY seem to thrive best in it situation where large
quantities M organic matter are in a state of decompositiofi. Therefore, the presence
of such an organism in large numbers in a plankton sainple may be taken as a sigh of
pollution. Plankton organisms known or suspected to be tolerant are Nitzschia
ainphioxys, Synedi'iL ulna, Pleurosigina ac'li/minatum find alteftitatitm, iuhong the Diitto
macere; Spirulina o8cularioides and jenneri and five species Of Osciliatoria, lunong the
Cyanophycere; and Oiostei'ium acerosum, monil-iJei'um, and parvulum and three species
oj Cosmanum, among theChloi'ophycere. Amoiigthe zooplanktbii oi'ganiSli:ls, one
species of Paramecium, one species of Euglena, and at least one species of Rotiter are
considered tolerant. (This list of organisms is taken from Fair's list in the revised
edition of lIThe MIcroscopy Of Drinking Water," by Whipple, In press, 1927.)

There are three dangers that must be guarded against in dtliWing c6:ildusiofis from
plankton studies:

i. The mere presence of a tolerant organishl does not necessarily indicate polluted
conditions. Only when the organism ocCUrs in cornpai'i1tively large numbers rr'uiy it
he taken as a criterion.

~. 'rhe absence of tolel'ant organisms fi'oin cel'titin waters may not be l>toot, fiecM
sarily, that these Wi:1tei's are uftpolluted. This is especially true when the study, as in
the preseftt case, is continued fbI' a limited pel'iod of time only. Every student of
the plankton knows that there are two types of plankton cycles-(a) the total amount
or the plankton in afiy body of water varies with the seasons of a yeat and may \fary
even with the years, (b) certain species may dominate the planktofi population in (me
season and disappear entirely in another.

3. In it river, especially aftei' a rise iIi. the level of the water, orgafilsms are cari'ied
downstream. This often makes it vei'y difficult to tell whether an ol"gan.ism Was Pl'O
ducea where it Was takefi or whether it was carried there by the cuttefit.

METHODS

Plankton samples W~te taken by means of a plankton pUIhp and plrmkton Mt
made of No, 20 silk bolti'tig cloth. While taking the samples, the net 'Was sUBp~nded
over a vessel of known capacity, to measure exactly the volume of watet strained for
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each sample. As fi rul~, 25 liters were strained for each sample, but in a few cases
larger volumes of water were strain~d. The samples were concentrated in the net to
from 15 to 20 cubic centimeters and then transferred to a small vial. The materials
were, preMrved in 4 per cent formaldehyde.

As some of the plankton organisms are too small to be retained by the net, a
liter of the strained water was preserved in the field in 1 per cent formaldehyde and
IJhipped to the laboratory for centrifuging. The' centrifuging was done at the Uni·
Varsity of Minnesota with a Foerst continuous-acting centrifuge loaned by the
Geology and Natural History Survey of Wisconsin. The organisms that are removed
by the oentrifuge constitute the nannoplankton. In the discussion of the plankton,
the net plankton and nannoplankton are considered together for each station.

The method used in enumerating the phytoplankton, or plant organisms, was
as follbws: The sample was made up to definite volume and stirred, so that the
organisms were well distributed; 1 cubic centimeter of this sample was then placed
in a counting cell having an area of 1,000 square millimeters and a depth of 1 milli
meter, and the number of each kind of organism in 20, 30, or 40 fields, as counted
under a compound microscope, was detarmined. The area of the field of the micro
SCope was known. From the concentration of the sample, the number of organisms
in the various fields oounted, and the area of the counting cell the number of individ.,
ua.lsper liter was calc.ula.ted. In practice, it is not necessary to make this calculation
fol' eaoh organism separately. All that is necessary is to make one calculation for
a factor. The factol' is that number which, when multiplied by .the number of organ
isms found in the different squares counted, gives the number of organisms per
liter or whatever other unit may be chosen. This factor will remain the same as
long as the concentration and. the number of nelds counted rema.in con~t~nt~ The

1000 ..'fMtbI' nHl.ybe·calculated MMrdinl;t tb the fOl'nutla~ c.i:VI eX. Where 1,000 ISa
, ~~.

the area of the counting cell,a=the total area of the fields counted inmm.2
; VI =

the volume or the sample in cubic centimeters; c = tho total number of organisms in
the fioldscounted; V=the volume of water strained through the net or centrifuge;
and X = the factor. !t is most. cOlivenie.fit, in the clllctI1ations of the fact01", to let
~ == unity. '
. !n the caM of the ~tloplankton, ()l' animal ol'gl\nisrns, aJI the individuals occtll'ring
In 2 cubic Mfitimeters of the sample, well stirred, were counted ditMtly under t\

binocular. From thoso counts, and the concentration of the sa.mple, the llumbel' per
liter was thel1 calCUlated. . ,

lnMmuch as it is quite generllJly accepted that no vel'tical stratifioa.tion of
P!anktbu organisnlscj..1.sts in ari'Ver with a fairly rll.pid flow, it was not always
atwmptl'ld tt'> take SRthples from all levels by raising-the hose of the pump at a uni..
form rl1t~. As 8, rule, in the shallow places half the sample was taken near tM surface
and the other half close to the bottom. However, Itt stations where the water
reaches considerable depth (20 to 25 feet) and where the current is slack, the pump
hose was raised and lowered at a uniform rate so as to get approximately the same
amount of water from all lev:els. Whenever expedient, two samples were taken at
each station-one from the channel of the river, the other from the shallower water
near shore. (See Table 7.)
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TABLE7.-Total number of plankton organi8ms per liter of water
[S=shore; O=channelj

Station
Number

Date, 11126 of
organisms

Station
Number

Date, 11126 of
organisms

L . . __ __ _ Aug. 14
L . . _ __ Sept. 7
2 • ___ _ Aug. 14
2__ • .__ _ ____ _ ___ ___ __ __ Sept. 7
3_. c • •_ _ Aug. 12
3__ __ _____ __ _ _ _ _ __ Sept. 18
4 • c__ _ _ Aug. 17
5-S____ ____ __ _ __ Aug. 20
5-S_. c . .___ Sept. 15
5-0_. ._ _ Aug. 20
5-0 • • • ._____ _ Sept. 15
6-S__• • Aug. 18
6-0 . , __ ' __ " __ • • • do _
6-0 • • ._ __ Sept. 16
7-S •• •• •• Aug. 18
7-S__• . .__ __ Sept. 16
7-0 • ._•• • Aug. 18
7-0 • • __ .__ Sept. 16

711,202
111,061
59,541
57,381
30.535
25,513

670,214
121, 138
67; 318

281,115
82,344

140,908
45,617
43.602

356,678
60,486
31,585
73,603

8 • • c • _. __ c__ ._ Aug. III

~E:::::::::::::::::::::::::::::::::::::~~: ~~
~8::::::::::::::::::::::::::::::::::::::te~·. i~

!!~[Im~~~~~~~~~~~~~~m~m~~~~mm~ij::~'12 ._.__ __ Aug. 28

Ij~~~~~~~~m~~~~~~~~m~~~m~~~~~mm ~i: Ii

33,494
186,920
411,844
92,420
65,691
lIS,462
24,596
23,783
47,551
11,529
8,518

, 48,081
9,078

34,865
17,97f
62,756
26,380

RESULTS AND DISCUSSION

Table 7 gives, for two dates (August and September), the number of plankton
organisms-plants (Table 3) and animals (Table 10) combined-per liter of water
at each station. The figures show that the quantity of plankton varies with the
different stations (from 8,518 to 670,214 per liter}. The data show also that the
amount of plankton at one station varies with the date of collection. For exampl~

at station 5-0, on August 20, the number of plankton organisms per liter was 281,115;
on September 15 it was 82,344; again, at station No.8 the number per liter on
August 19 was 33,494, but on September 16 it increased to 186,920.

Investigations have shown that plankton abundance can not be ~orrelatedwith
pollution, but to satisfy the skeptical an attempt has been made here to correlate
the distribution of plankton with the varying degree of pol~ution. The average
number of plankton organisms per liter for stations 1, 4, 8, 10, and 12 (waters at
which, as shown by the dissolved-oxygen determination and a study of the bottom
fauna, were not polluted) were compared with the average number for stations
3, 5, 6, 7, and 9, waters which the data on dissolved oxygen and bottom fauna had
shown to be polluted. The average number for the unpolluted waters of the first
group of stations was found to be 133,830; that for the polluted waters of the second
group of stations was 98,050, a difference of 35,780. This difference at first may
seem significant, but when one considers the great difference in the number of
plankton organisms at the various stations of each of the above groups (Table 7),
the differences between the shore and channel counts at the same station (Table 7),
and the differences in numbers at the same station for August and September
(Table 7), these differences between the above averages probably lose their signifi';'
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cance. The differences in the number of plankton organisms in August and Sep
tember can hardly be attributed to the fact that the rains had improved conditions
in the river, for the plankton at station No.1 decreased, while that at station No.8
increased. Both of these stations are in unpolluted waters. Stations No.5 and
No.9 are both in polluted waters, yet the plankton at No.5 decreased, while it
increased at No.9. (Table 7.) .

In the foregoing comparison station No. 4: on the Minnesota River has been
grouped with the unpolluted stations; but the data on dissolved oxygen show that
its waters may be slightly polluted by the two cities some 15 miles above. (See
Tables 3 and 4 and location of sampling stations, p. 141.) If we omit station No.4
from the group of unpolluted stations, the average number of organisms for that
group is reduced to 50,054, or 47,996 below the average number of organisms in

. the grossly polluted stations. The average number per liter for the presumably
slightly polluted waters (stations 2, 11, and 14) is 35,028, or 63,022 less than for
the grossly polluted waters. The variations in the abundance of the plankton
may very well be explained on a basis of seasonal variations, as the samples were
taken on different days and in different months. (It is a common experience that
two samples of plankton taken at one place on two consecutive days may show
a great difference in the number of organisms.)

The seasonal variation is well illustrated in my samples by Melosira. This
plankton form was present in very small numbers at station No.8 in August (Table
8), while nearly a month later, in September, it was very abundant (176,960 fila
ments per liter). I therefore believe that the data of Table 7 warrant the conclu
sion that no correlation exists between the total number of plankton individuals
and the degree of pollution in the upper Mississippi River system, and, therefore,
the abundance of plankton can not be employed as a criterion of the degree of pol
lution in the river.

Table 8 shows, for each genus of phytoplankton, the number per litm; of water
taken on the various dates at each station. It may be seen that this table includes
four of the genera of algre (Nitzschia, Synedra, Pleurosigma, and Closterium) listed
by- Fair as including species that are known to be tolerant (p. 152). However, most
of my species of these forms are not those listed by Fair as tolerant. The excep
tions are Olosterium acerosum and Synedra ulna. My data (Table 8) show that
the former species occurred in very small numbers at stations 2, 7, 9, and 11 (waters
at stations 2 and 11 are not grossly polluted), while the latter occurred in small
numbers at station No. 14 only, the waters at which, as I have already shown,
Were at most only slightly polluted. Obviously, O. acerosum and S. ulna, the
SO-called "tolerant" algre, are, in the present survey, valueless as criteria of con
ditions of pollution. The Synedra found at all the other stations were identified
as S. deZicatissima, a form whose degree of tolerance has not been established.
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TABLE 8.-Total number of phytoplankton organisms per liter of water
[S=shore; C=ehannel]

Phytoplankton Sta. I, Sta.l, Sta.2, Sta.2, Sta.3, Sta. 3,1 Sta. 4, - ~~.' - ~t~. f:8' ftc·',
_____________I.A_U_g._14 Sept. 7 Aug. 14 Sept. 7 Aug. 12 Sept. 8 IAug. 17 Aug. '20 ~;t. '15 Aug. '20 Sept. '15

Melosira • ~ 6~ 1,640 1,810 300 22 209 20,780 1,870 10,950 3,6806,300
Synedra__ , ._________ .,71. 1,620 330 6,400 9,710 1,611 1617,600 93,900 10,185 248,060 11,680
Stephal!0dlscus._.__________________ 800 11 0 9,080 3,200 8,260
Pleuroslgma_. ._. .______ 1,600 22,760 11,380
Seenedesmus 8,800 4,860 10,400 10,400 24,100 6,490 2,445 -ii~2iio- 11,200
CWorella (eolony) __ •• 2,400 830 4,000 1,600 2,400
Fragllaria___________________________ 800 60 30 1,600 33 180 -------- -'---240
Pediastrum_________________________ 80 90 2,520 ._______ 44 2,000 90 800 1 720
Navieula __ ._.______________________ 860 800 -------- 4,860 800 2,400 1 -------- 800 -------- -.--:--.

~i~~:~================================ ======== ======== --~]~- ::~=;~~: ======== ----!~~- --~~~~- ======== ::;=~~: ========S~all d!atoms 19,450 5,720 15,320 17,600 -_______ 221-------- 1,600 ,_______ 8,000
Nltzschla__ ._.__ • ••• ._••_._. 43,200 3,200 24,090 120 20,860 ••_ 180 -.------ ---- _
Chlorella (single) • ••__ • __• • •• __ 3,200 13,600 _. \________ 8,000 800 0,400 12,800

~~~ff!~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~:~~~~: ~~~~~~~~ ~~!~~~~~ ~~~~~~~~ ~~~~~~~~ ~~:~:~~:lf~~~~~~~~ ====~~~= I, i~ ~~~~~~~~ :::;~;~~
Ceratlum_••••_. ._. •• .___ 40 30 33 1,090 800 180 ._ 3,320

~~i~f:~::::~==::::==:==::::===:=== ~~~~~~~~ :::::i~: --:~~~~- ~~~~~~~: ::::==:= =:=:==:= ::::~~: --~~:~- ::::~~~: ~:~~~~~~ -----~~~
Asterionellu ._. •• ._••• •• • --'---'- 11 -------- ---.--.- -------- -------- ---•••••
Closterium • ._. • .__ 800 -------- -------- -.------ -------- -.------ -....--. -------.
Aetinastrum • ._. • __ •__ ••_. __•• •• .. • -----___ 200 .-_._.__ 135 ._______ 186
Diatoma_ ••• • __ • ••_••_. • • 60 00 _. ._ --'--"- ----.--- .-.----- -----•• - -------- -.------ ----- •• -
Coeconema_••_. .____ 800 -.----•• -,_, __ ,_ -------- ... ---_. ------.- ------.- -------- ------.. -.-----.
Tetraspora_. • •• __ • ••__ • •• .,. __ • • -.------ ----- •• --.----- -------. -----.-- 1, ODD
Microcystis._._•• ._. ••• _.__ 100 300 ._ 187 1,200 _.______ 3flO .__ 480
Aphanocapsu••••• __ •• __ •• _. • • __ ._•• __ 80 • __ ._ 180 77 • •__ •• 90 ---.---- ---.--.-

~~6~y~o~~n::::::::::::::::::::::::::~ :::::::: :::::::: .----~~. :::::::: -.-..::- :::::::: :::::::: --.-~=~- :::::::: ~~gGomphosphwrlu • •• • •• • • • • • •• .__ 60
Staurostrum ._. • ._. ._. •• • ._ • • .• -- •• __ ._______ 60

gt~~b~g~:S~I~~::::::::::::::::::: :::::::: ~g :::::::: -"'-60- :::::::: :::::::: ----:~- :::::::: :::::::: :::::::: ::::::::
Sphwrocystis __ • • •• __ ••_. •• ._•••_•• __ •• -" " -.----•• ----•• -_ -------- -.-.-•• - 90 -------- ----.--.

Sta. Stu. Sta. Stu. Sta. Sta. Sta. Sta. Sta. Stu. Stu. Sta.
Phytoplankton 6-S, 6-C, 6-C, 7-S, 7-S, 7-C, 7-C, 8, 8, 9-S, 9-S, 9-C,

Aug. 18 Aug. 18 Sept. 16 Aug. 18 Sept. 16 Aug. 18 Sept. 16 Aug. 19 Sept. 16 Aug. 27 Sept. 17 Aug. 27
--------1--------------------- --"--------
Meloslra••••• •• __ • 11,100 0 7,230 12,720 11,800 1,920 9,080 ••_. __._176,960 4,000 70,220 5,430
Synedra•.__•• • __._•• 46,200 20,990 4,090 281,680 11,440 26,520 10,400 800 22,360 1,100 27,300
Stephanodlscus_ •• _••_._._. ._. _•• •• 6,500 1,660 11,960 __ •• 9,000 1,720 4,040 • .-.
Pleurosigma_. • ._. •• __ ._ •••• __ 16,045 ••• __ 13,720 •••• 18,580 _._••_:. ----•. -- 3,260 _. •__
Seenedesmus_. • ._••__••••••• 8,090 3,200 35,520 1,600 120 11,320 __ ._____ 800 12,240 3,230 15,380
Chlorella (eolony) __• ••__•••_._••_. •• 800 3,200 __ •• __ ._ 60 flO 3,200 ••-.- __ • 4,800 _•• __ ••• 10,460
Fragilaria••• __ ••• • • __ ._ 8,000 _•••_. ._.____ 300 120 • -.------ -_______ 150 - •• ••
Pediastrum._•••••••• • __ • ._ • __ .____ 320 60 120 8flO ._••• __ ••• __ • 360 •••• __ ._ 150
Navleula__•• __ • • 12,300 --.--- •• -------- -----.-. 1,720 .-.':.'.--.:: -'---60- :::::::: ••:::~o_. --'--60--- _-.-_-.'.-.-_-.- _-.- •••_.- ••••••Pandorina •• • • _••_•• • ._ ••••• •••• __ 2,~

Selenestrum. •••• __ ••• ---.---•••••- ••• - •••---. 3,240 .------. -'--800'-'- -------- -.-.---. ---"60--- -_._-_._ •• -.-_._ --'--80--0'
Cloeocopsa•••••••• __ ._. •__ •• _••••_•• _••• __ ._ 1,600 60 •• - ••• -- -•••--.-
Small dlatoms ._ 12,090 • •• 100 , 360 240 1,600 -------- -.--- •• - --.----- --••--.,
Nitzschia_._. ••_. __ •• __ 600 8,180 800 6,400 • • __ • _•• • 6,400 .--_____ 1,720 • .__ 1,600
Chlorella (slngle)_.__ • ._ 27,000 •••••••• 1,600 4,800 2,400 ---••• -. 3,200 9,600 2,400 2,400 8,000 ---.--30
~:~J~iii:::::::::::::::::: :::::::: :::::::: I,~ :::::::: ~~~ :::::::: ----i8O- _.=:~~_ :::::::: --'-soo- I, ~~ 30
Anabwna ._._•••_... 3,090 • ._._•••_ 160 66 ••-_____ 60 45 800 180 •••••••• gO
Klrchnerlella ._._•• __ • __ -"'--'- .-••-.-- --'-'--' -------. - ••----- ----840- 800 •• -••--- 800 ---.-••• --.----- ····-·-0
Lyngbya_._•••••_••_._._ ••• 25,200 360 45 3,400 ",_, __ , ••••••-. __ •••••••••••••__••••••• 30 1,66

~~ft~~::rlB::::::::::::::::: --3~00ii- :::::::: :::::::: :::::::: :::::::: :::::::: -···-~~-I--~:~~· :::::::: :::::::: ...-=:~- ..-.. -~~.AsterloneJla••• • • •• 1,040 60 1,440 flO •• • •• 300 360 300

X~~~~a~~::::::::::::::: :::::::: :::::::: :::::::: 268 ----240- :::::::: ----ii8O· :::::::: :::::::: :::::::: :::::::: -'--'030
Diatoma_•••••••••••--.-.-.,--.----- -----.-- 800 ----i20· ----i20- -•.•---- .•...--...-----. --.----- ---.---- .•-----. "-"--'0Microeystls • •__ • •• _. • __ .___ -"---'- 660 •••• 240 240 90 42
Aphanocapsa_ •• _•••• __• • -------. -.---.-- 80 60 1 ---.-.-- 1,350 •••---.- 180 ••• lJO
Cmlosllbwrlum.----.--.--- .____ 45 80 60 •• __ 420 450 _. •• _•• ~ .______ 150

~r~]lw;~:~~~~~~~~~~r~~~~~~ ~~~~~~~~ ~~~~~~~~ ~~~~~~~~ ~~~~~~~1~~~~~~ ;;;;~~~; :~~:~~: ~~~~~~~~ :::::~~: ;;;;;~~; ~~~~~:~~_-.:.... -'-__-'--- --' --'__-'-_--!.__-'-_-'-__.l-_~
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TABLE S.-Total number of phytoplankton organisms per liter of water-Continued
[S=sbore; C=ebannell

=----======T=s==ta=.=O=-=s==t~=.""\-=St=::=·'C'\=s=ta=-.=;==s=:~a=. =;==St=lJ,=.=;=-s=t=a."'T=s=ta=.=;-I=s't=a=.=;==s=t=a.=.~S"t~a'=-.~=s=ta=.
Phytoplankton ll-C, 10, l1-S, 11-8, 11-C, ll-C, 12, 12, 14-S, 14-S, 14-C, 14-C,

Sept. 17 Aug. 27 Aug. 28 Sept. 18 Aug. 18 Sept. 18 Aug. 28 Sept. 18 Aug. 31 Sept. 19 Aug. 31 Sept. 19

--,----.---- ~_----------------,,_._-----------
~eloslra••••••..••••. -•••.• 83,500 90 4,700 4,100 c.o 460 28,840 4,010 14,760 1,200 17,470 3,380

Ylledra..... ...•..•••••.•• 4,270 90 3,000 1,600 800 400 920 ••••••. , 1,800 1,600 3,300 4,800
~lephanodlseus.••.••••••.• 3,090 ••.•••••.••••••• 270 050 .1,320 3,710 1,000 3,600 890 2,380 1,660

euroslgma............... 800 ••.•.•..••.••.. ' ...•...• .••..••. ••...... ••.•.••• 890 000 1,600 ...••••....•••••
~cenedesmus............... 1,630 1,645 780 1,600 .,...... .••••••• 3,200 530 990 45 4,400 .•"".'
Fhlo~ella (colony)......... 800 ...•.••• 4,200 •.•..•..• " .." ••••.•..•••.•_._•.._..... 000 .••••... " .."'..."""
pragllarla••••••••_._....... 30 .•.••_.. 360 ... ' .•_' 60 •••..•_. l,bOO 30 270 90 720 ••••••••
Nedlrstrurn.•.•••.•. -.- .•. - 30 UO 600 ._ ••.••..•_•.••. " ..• '" 60 30 180 ..••.•_. 180 _' .."'.
pay cula•••••••.••••.•..•. _ ..• _••.• 9,600 600 1,600 ' .•" •.•.•_••••. 4,000 1,000 000 ..•••••• 6,600 "'.""

s~~~~;f~~.:============== ~8 ======== ======== ======== ======== ======== .....~~. ======== ======== ======== ======== ====:==:~~all diatoms•••.... __ '.'_ 800 8,935 .•...... 3,200 1,600 1,200 90 150 _•••..••••••.... _....... 11,720
Chtzschla.• ""'.""""'. 1,600 1,645 1,800 •• __•• , .••••.•••.•..• _••• __••..••_... 2,700 .•"'." 1,100 .'_"'"

lorella (slngleL.......... ••••••.. 1,000 •••.•••• 28,800 ••••••.. 3,600 3,200 _•.. __•...•..••• 12,000 16,000 •••••...

~~~~~:~::::=======:=============: ======== ======== 2, ~88 ======== :88 1, 6~8 .'.':~~.I======== :======= ======== ·'·i;iiooeratlurn._ ••••••_•.•_•••_. 90 .•_..... 1,710 1,070 6,340 360 60 ." ••. " 4,500 270 5,510 240

!~i~~~~~~~~~~~~~:~~ ---i~- ~~:~~:~: :::;;: ::;~~fi~i~:::::~;::::i~::::::~: ::::;~: ::::~:_'::-:::::i~
~1~i~~~*~:::::::::::::::'·'·'~f ====~~~= ::::~~~: :::::~: :::::::: :::::::: =:==:~6= :::::::: ==::~;6= :::::::: :::::::: ===~:~~~
A Icrocystls_............... 210 '.""" 2,340 .•_.'." 570 120 210 360 2,520 ""'." 1,800 60
cPhllnocapsa•••• -......... 150 •••••••... _._ ••.••••,_.. 210 .,•••_.. 60 30 •••••.•. .•••••.• 00 ••. '.'_'
AOllospbrorlum.•••••_..... 480 •••_.... 90 180 60 •••.••.• 60 300 90 45 180 ••••••••

~~!g~~~;~~~~~~~~~~~~~:::::~~: ~~~~~~~~ ;;;;;~; ;;;;~~~; ~~~~~~~ ~~~~~~~~ ~~~~~~~ :=:=i~~: ::=:~~~: ;;;;;~~; "'-~' ~~~~~~~~
In this survey, Pleurosigma spencerii, although not known to be tolerant, is

consistently much mbre abundant in the polluted section of the river than in the
unpolluted sections and in the tributaries. It is possible, therefore, that the dis
tribution of P. spencerii is correlated with the degree of pollution and that this
species is a tolerant form.

To determine more definitely whether the character of the phytoplankton
changes with the degree of pollution in the river, I compared the nine most abundant
phytoplanktonic forms (see Table 8) found at each of three groups of stations, each
group representing a different degree of pollution. Group I comprises stations 1, 8,
10, and 12 and represents unpolluted waters; Group II includes stations 2, 11, and
14 and represents presumably slightly polluted waters; and Group III consists of
stations 3, 5, 6, 7, and 9 and represents grossly polluted waters. The comparative
data are shown in Table 9. In this table the genera are listed according to their
abundance in Group I, in a descending order. In each of the last three columns
the numeral indicates the order of abundance.

Table 9 shows that seven of the genera that are among the nine most abundant
in Group' I are also included in the nine that are most abundant in Group III. Six
of these seven genera are also among the nine listed for Group II, while Groups I
and II have eight of the nine most abundant genera in common. It may be seen
that -Pleurosigma spencerii and Lyngbya sp.? are listed under Group III but nowhere
else. If, in the present survey, these species are considered tolerant forms, they
corroborate the conclusion based on a study of the bottom fauna, "that somewhere
between station No.7, at Hastings, ... * * and station No.9, at Red Wing,
'" II< II< the Mississippi River is recovering from its grossly polluted condition"
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(p. 152); for it may be noted in Table 8 that the number of Pleurosigma 8pencerii
and of Lyngbya sp.? is greatly reduced between stations 7 and 9. Table 9 shows
that, to a large extent, at least, the genera that are most abundant in the unpolluted
waters are also most abundant in the polluted waters.

TABI,E g.-Nine most abundant genera for each group of stations

-
Rank of Rank of Rank of Rank of Rank of Rank of
genera In genera In genera In genera In genera In genera In
Group I Group III Group I Group IIIGenus (stations I, Group II (stations 3, Genus (stations I, Group II (stations 3,(stations 2, (stations 2,8, to, and 11, and 14) 5,6,7, and 8,10, and 11, and 14) 5,6,7, and

12) 9) 12) 9)
~-~_.~--

Melosira_____ . __ •_______ • 1

~I
2 Synedra_______ •__________ 7 5 1

Nitzschla________________ 2 7 Chlorella (colony) ________ 8 ------------ 9Scenedcsmus_____________ 3 3 Amphora ________________ 9 9 ------------Navlcula_________________ 4 rj-------·--T Ceratium____________ . ___ .----------- 6 ------------Chlorella (single) _________ 5 Pleuroslgma_____________ .----------- ------------ 5
Stcphanodiscus______ •• _. 6

Lyngbya_______________ :_
------------ ------------ 8

To recapitulate, a study of the phytoplankton of Table 8 indicates (1) that
those species of plants listed by Fair as tolerant forms, and taken by me, are valueless
in the present survey as criteria of conditions of pollution, and (2) that none of the
other well-represented species of plants taken by me (except, possibly, Pleurosigma
spencerii and Lyngbya) show a distinct preference for polluted waters and may be
employed as criteria of the presence of pollution. Table 9 showed that, in so far as
my material is concerned, the character of the phytoplankton changes little with
the degree of pollution in the river, and that the plankton organisms that are most
abundant in the unpolluted waters are, in general, also most abundant in the grossly
polluted waters.

Table 10 shows for each date of collection the abundance per liter of water for
each genus of zooplankton taken at each field station. It may be seen that the genus
Rotifer, listed by Fair as including tolerant species, occurred in. my samples. Rotifer
sp? occurred regularly in samples from the polluted waters and was decidedly more
abundant there than in the unpolluted waters. The average number per liter for
the polluted stations (Group III, Table 9) is 70.4; that for the unpolluted stations
(Group I, Table 9) is 2.5. The rotifer, therefore, seems to be a tolerant form. Table
10 shows also that Nauplii are about four times as abundant in the grossly polluted
waters (average per liter, 9.5) as in the unpolluted waters (average, 2.3 per liter),
but that they are twice as abundant in the slightly polluted waters (17 per liter)
as in the grossly polluted waters. A nauplius, therefore, can not be employed as a
criterion of polluted waters. For Cyclops the average numbers of individuals per
liter are 0.3 for unpolluted, 6.8 for slightly polluted, and 11.5 for grossly polluted
waters. The average numbers per liter for Anuraea are 0.2 for unpolluted, 1.36 for
slightly polluted, and 6.8 for grossly polluted waters. It is believed that the numbers
given here for the most abundant forms (the genus Rotifer excepted), are too small
to enable one to ascertain the degree of tolerance of the various species of zooplankton.
It is to be noted from Table 10 that the tolerant Rotifer is very abundant at stations
5, 6, and 7, on the Mississippi River, and declines suddenly at station No.9. This,
as in the case of bottom fauna (p. 151) and the phytoplankton (p. 157), suggests
a change in the condition of the river between Hastings and Red Wing.
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TABLE lO.-Number of zooplanktonic organisms per liter of water

[S=shore; C=chunnelj
~========;===T'==C===;====;=~=:===;===;===T'==C===;===

Zooplankton ~~~I~~~~~L~3 ~4 ~~~~~~~~
Aug.14 Sept.7 Aug.14 Sept. 7 Aug.12 SepiS Aug' 1.7 S, Aug. S, Sept. C, Aug. C,Sept.

. . 20 15 20 15

---------·1-------------------------
0.4 91 16

4
5.4 •• _ 0.81.2 . _

Zooplankton

Zooplankton

Stu.6- Stu.6- Stn.o-- Stu. 7- i Stu.7- Stu. 7-1 Stu.7- Stu 8 St 1 8 Sta.9- Stu. 9, Sta.9
S, Aug. C, Aug. C, Sept. S, Aug. S, Sept. C, Aug. C, Sept. Aug' 19 sep\' 1.6 S, Aug. S, Sept. C, Aug.

lli lli W lli W lli W . . ~ D ~

--------1------------------------ ------
~uuPlll.------------------- 36 3 0.2 22 13 10 12 8 2.4 9 17 8
Dlclops-------------------- 60 1.2 40 .8 11 5.2 .8 2.8

i~;~m::m~::~~:~:~~~~~~ :~:~m~ ::::::j: ---T:- ::::~::: :::::::::fF::): :~~:~m ::::~T ----;-; ::Tj
p otlfer_____________________ 408 83 16 183 33 184 46 .8 9

~!~{~::~_~~~~~~~~~~~~~~~ ::::::~: ~~~~~~~~ ;;;;;~~; __.J~_ ::::~:~: :::::~~: ;;;;~~~; ~~~~~~~~ ~~~~~~~~ :::::~~: :::::~:: :::::~~~
Sta.9- Sta 10 Stu.11-'Sta.11- Sta.11- Stu. 11, Stu 12 Stu 12 Sta.14- Stn.14- Stn.14- Sta.14

C, Sept. Aug 27 s, Aug. 'I S, Sept. C, Aug. C, Sept. Aug' 28 Sept 18 S, Aug. S, Sept. C, Aug. C, Sept
17 . 28 18 28 18 . . 31 19 31 19

--------1----.--.-------------------

In an attempt to determine whether the character of the zooplankton changes
with the varying degrees of pollution, the same procedure employed for the phyto
plankton (p. 157) was followed here. Table 11 lists the five most abundant zooplank
tonts for each of the three groups of stations selected (the groups of stations are
described on p. 157). From this table it may be seen that four of the five planktonts
that are most abundant in the grossly polluted waters occur also among the five
that are most abUndant in the unpolluted waters. My inadequate material shows
that the zooplankton in the unpolluted sections of the river and tributaries is not
n:arkedly different in quality from the zooplankton of the polluted sections of the
rIver, and that, with the exception of Rotifer, the species taken by me can not be
employed as indices of the degree of pollution in the Mississippi River.
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TABLE n.-The five most abundant zooplanktons for each group of stations

Genus

Rankin Rankin Rankin
Group I Group II Group III
(stations (stations (statIOns'
1,8) 10, 2,11, and 3,5,6,7,
ana 12) 14) and 9)

Genus

Rankin Rankin Rankin
Group I Group II Group III
(stations (stations (statIOns
1,8) 10, 2,11, and 3,5,6,7,
ana 12) 14) and 9)

---------1------1----11----------1·----------
Cyclops_______________________ 3 2
Rotiter_________________________ 31 _
Nauplii________________________ 1 1
Anurroa_-______________________ 4 4Polyarthra _

2 Cerlodaphnia ._____________ 2 _
1 Noteus_________________________ 5 _
3 Bosmina_______________________ 5 • _
~ Chydorus______________________ 4 ---------T---------

FISHES

SUMMARY OF SEINING OPERATIONS AND RESULTS

As stated in the introductory part of this report, the people of Minnesota and
Wisconsin claim that the number of fish has decreased in their section of the Missis
sippi River, but no specific data are available to support this contention. Unfortu
nately, the writer was not able to seine at all the stations, but the stations where
seining was done are so distributed that it is possible to determine whether there is
any correlation between the number of fish and the degree of pollution in the river.
Seine hauls were made at or near stations 1, 2, 4, 5, 6, 7, 9, and 10. The equipment
used consisted of a flat-bottomed gasoline launch, a rowboat, and a seine 150 by 6
feet of >i-inch mesh. The fish were preserved in 4 per cent formaldehyde and sent
to Dr. John Van Oosten, of the United States Bureau of Fisheries, for study. Doctor
Van Oosten's determinations were checked by Carl L. Hubbs, of the University of
Michigan zoological museum.

Stations 1 and 2.-The seining at stations 1 and 2 was done on August 21. The
first haul at station No.1 yielded the 362 fish shown in Table 12, in addition to one
18-inch common sucker and 75 crayfish. The second haul contained at least 1,500
small wall-eyed pike, numerous minnows, a few bullheads, a few suckers, and a
number of crayfish. The fish retained are listed in Table 12.

The first haul at station No.2 consisted of the 547 fish, shown in Table 12, one
lO-inch pickerel, and one 6-inch smallmouth black bass. The second haul consisted
of a school of black bullheads, many wall-eyed pike, and several hundred shiners.
Part of this haul is listed in Table 12. The hauls at station No.2 were made in
the left branch of the channel, which is less polluted locally than is the right branch.
Many fish were seen along the left bank (east side) of the river at station No.2. A
few were seen also along the side of the island in the right branch of the channel.

Station 4.-0n August 17 three seine hauls were made in the Minnesota River
at station No.4. The partial results of these hauls are shown in Table 12. In
one of the hauls 350 gizzard shad were taken but were thrown back. They do not
appear in the table. A number of shiners and sunfish likewise were thrown back
into the river. Crayfish seemed to be plentiful at this station.

Station 5.-0n August 20 three seine hauls were made at station No.5. Only
one 1.5-inch stickleback was taken.
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TABLE 12.-Upper Mississippi River biological survey, 1926. Number of each specie8 of fish retained
from each haul at the various field stations. Name8 of species are taken from Hubbs' Check List of
Great Lakes Fishes

Station 1, Station 2,
Camden Plymouth Station 4, Mlnne- Station 8, St, Croix

Bridge, Aug. Bridge. Aug. sota River, Aug. 17 River, Aug, 10
21 21

ispecies Haul Haul
1, 2,

above below
Hanll Haul2 Haul 1 Haul2 Cedar Cedar

Ave· Ave·
nne nue

bridge bridge

Haul
3,

Fort
Snell·
ing

Haul
1,

Junc
tion

oftbe
two

rivers

Haul
Haul .3,

2, a mile
above below
bridge Junc

tion

'fotal

-------------1----------------------
Dorosoma cepedlanum (gizzard shad)------.--- ._____ 12 2 • ._. .,•• _.__ .__ 14
~atostomus co!"mersonnil. (common sucker)--- 40 2 125 2 . ._._.__ 178
Moxostoma aUlsurum (whIte-nosed sucker)---- ------- ------- 1 ---•• -- ------- ------- -••-.-- --.-••• ---.-.- --.-.-. 241P oxostoma lesueurll (short-nosed red horse)-. 19 5 ------- - _
Himephalcs promeias p. (black-head minnow)- • • ------- ------- 5 3 8 ------- ------- ------. 4163S Yborhynchus notatus (biunt·nosed minnow)- 12 28 1 -______ 2 __ • • •__
Jmotnus atromaculatus a. (horned dace)----- 14 • __ .___ 14 ._. • __.• 28
Cotemigonus crysoieucas (golden shlner)------ ------- -.----- ------•••----- - .. ----- ----.-- ------- 2 -.----- 1 338
Neratichthys vlgilax (bullhead minnow)------- ------- ------- ------- .------ 5 1 32 -- •• --- ------- ------- 1

H~¥~~~~i~~f~~~~r~;~~i:::::::::::::::::::::: ::::::: ::::::: ::::::: ::::::: _. ~_ ::::::: :::::~: =====~= :::::~: =====~= ~
N' delicio~ns (straw·colored minnow)---------. •• .__ 80 1 8 10 90

~: t~~~~~li.is-s~iene-(s-pof:taiie(fiiiin~owi=---:= ======= ======= -----j- -----j- ~. ======= ~ ----;:9· ----jo- ----ii- lA~
N' whlpplii whlpp!1i (steei-colore? mmnow)-- ------- ---.--- --- ••• - ---.-.- 29 •••---- 12 5 ------- ------- 445g
N' coruu~as frontails (common shmer)-------.. 113 1 311 27 .-----. -.----- --- •• -- ------- .------ ------- 18
N' blenmus __ • • • • __ •__ • ------- ------- ----.-- ------- 3 ------- 8 -______ 1 6
N' an~hyinoi~es (s~ine~--i-----)---··-··--·--------- ------- ---.--- 1 140 2 6 • ••_. • 14~

K~~~~ff{-i~;;;~~~~i~i~i~i~~~=~~~i)-:~~~~~ ~~~~~~~ ~~~~~~~ :::::i: ~~~~~~~ ~~~~~~~ ~~~~~~~ :::::~: ~~~~~~~ ~~~~~~~ :::::~: 3l
Aocomis biguttatus (river chub)----.--------- 11 ••• 37 • ._. __ •__ •__ • ._ 48
S meiurus mcias (black bullhead)---- ••---.---- 6 _•• __ ._ 10 •• ._•• •• 15

F~h~~~es Jl~~g~~J;a~~~~~~t)(iii;;non--top- ------- ------- 1 -.----- .------ ------- ---- •• - .------ ------- ------- 1
P mlnnow)----------------------------- ••----- ------- ------- 4 .------ 2 9 ••__c •__•••_._ 16
percOPsis osmlsco maycus (trout perch)------- 71 2 2 • • __ ••• ._•• ••_. 75
POmoxis annularis (white crappie)---------•••- .____ 4 1 8 13
Aomoxis sparoides (black crapple)----- •• ------ 24 .__ 1 •• __ 1 1 3 35 .__ 65
A.mbloplites rupestrls (rock b=)----.-------- 12 • .__ 3 __.____ 16
I1omo~iS cyanel!us (green sunfish).-••--.----- 2 1 •• .__ 1 ._. •• .___ 4
H £omls humilis (orange-spotted sunfish)-.-- • • •• ••••_ 2 3 • • • 5
E e ioperca incisor (bluegill) • ._. •• ._. _._____ 9 3 • • 12
M~pomotis gibbosus (pumpkinseed)___________ 2 •• • __ .__ 2 _.__ • • .___ 4
A Ifropterus dolomieu (small'moutb blaek bass) •• .___ 2 •• _._._ •• • •__ • • ._ 2
sl! ites salmoides (large-mouth black bass).--. • __ • .____ 3 2 _._____ 5
P lzostedion vitreum (wail-eyed pike)--------- 2 2 •••_. 4
perea flavescens (yellow perch)---.---.-- ••_--- • .______ 1 .______ 105 46 60 212
1 ercina eaprodes zebra (log percb)------_------ • • .__ 10 94 104
llmfstoma sbumardl. • • • • •• 2 2
L 0 ~osoma nigrum nlgruTIl (Jobnny darter)---. 26 •••_ 1 __ ._.__ 16 3 83 _••• 1 130
Peplbema chrysops (white bass)--- •• -_--.----- • .______ 1 2 3

erclna X Cottogaster (hybrld)--------------- _. •• • • __._. ••• •• 1 1
----------------------TotaL_. • • •• 362 5 547 30 301 34 230 203 108 211 2,031

Stations 6 and 7.-0n August 18 two seine hauls were made at station No.6,
on the Mississippi River. No fish were caught in these hauls. On the same day
another haul was made about 7 miles below station No.6, but here, again, no fish
Were taken. At this latter place one haul was made in a slough still connected with
the Mississippi River. Here one short-nosed gar was taken. This fish was very
sluggish. A haul made at station No.7 on the evening of August 18 likewise
took no fish.

On August 19 four hauls were made on the Mississippi River between Hastings
and St. Paul. Three of these were made between stations 6 and 7. One was made
just above South St. Paul (that is, between stations 5 and 6). Not a single fish was
taken in these hauls.
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Station B.-On August 19 four seine hauls were made at station No.8. One haul
was made on the St. Croix side at the junction of the St. Croix and the Mississippi
Rivers. This haul was not very successful because the net rolled; yet it netted the
203 fish shown in Table 12, 1 adult red horse, and 1 adult yellow perch. The last
two were thrown back and were not recorded in the table. The second haul, made
on the Mississippi River side, netted one turtle. The waters of the two rivers have
not yet mixed here. A third haul was made in the St. Croix River, about 73 mile
above its mouth. Here aquatic plants were very abundant along the shore and inter
fered seriously with making the haul. The bulk of the fish taken here consisted of
yellow perch and black crappies. At least 150 of each were thrown back and were
not recorded in the table. The fourth haul was made on the Wisconsin side of the
Mississippi River, about 1 mile below the mouth of the St. Croix River. This
haul yielded the 211 fish shown in Table 12, besides 1 large red horse, 1 large pumpkin
seed, and 5 four-inch yellow perch. It is doubtful if the waters of the two rivers are
mixed to any great extent even here. Time did not permit the making of another
haul on the Minnesota side of the river.

Stations 9 and to.-On August 28 two seine hauls were made in the Cannon River,
a short distance below station 10, and one in the Mississippi River, about 1~ miles
above Red Wing (station No.9). Because of the high water, weeds, and fallen logs,
these hauls were not successful. No fish were taken in the Cannon River, and only
one common shiner was taken in the Mississippi River. The waters of the Mississippi
River were pushing up into the Cannon River. This made the latter so turbid that
if any fish were present they could not be seen. When the writer revisited this
river about 2 miles farther up its course, the water was clear and a number of small
fish were seen.

The above data show (1) that fish are abundant at stations 1 and 2 on the
Mississippi River, at stations 4 and 8 on the Minnesota and St. Croix Rivers, respec
tively, and in the Mississippi River (Wisconsin side) about 1 mile below the mouth
of the St. Croix River; (2) that fish are very scarce, if present at all, in the Mississippi
River at and between stations 5,6, and 7, and in the waters of the Mississippi proper
(that is, in the Mississippi waters that were not yet mixed with those of the tribu
taries), at or near stations 8 and 9. Commercial fishing above Red Wing did not
commence until the latter part of August, and then only around the mouths of tribu
taries. Below St. Paul carp fishing did not begin until about the middle of September,
one month after the beginning of the heavy rains.

DISCUSSION-FISH AND POLLUTION

It was shown on page 144 that during August (all my seining was done from
August 17 to 28) "the dissolved-oxygen content is decidedly less in that section of
the Mississippi River which extends from station No.2, at the beginning of the
metropolitan area, to station No.9, at the head of Lake Pepin (a distance of
approximately 64 miles) than it is above or below this section or in the tributary
waters," and"at station No.9 conditions with respect to dissolved oxygen are much
better than they are at stations 3, 5, 6, and 7, but are not nearly as good as they
are at stations 1, 2, 11, and 14." Again, it was concluded frbm a study of the
bottom fauna (p. 151) and of the phytoplankton and zooplankton (pp. 157 and 159,
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respectively) that somewhere between station No. 7 (at Hastings, about 39 miles
below St. Paul) and station No.9 (at Red Wing, about 50 miles below St. Paul) the
Mississippi River is recovering from its grossly polluted condition.

It is precisely in that section of the Mississippi River (fromstatioIl.8 Ito 9)
where the oxygen content was decidedly low that fish were extremely scarce or absent
altogether (see p. 162).· At the stations on the Mississippi River (Nos. 1 and 2),
where oxygen was plentiful, fish also were abundant. Fish were numerous also in
the relatively unpolluted tributaries~the Minnesota and the St. Croix Rivers. The
close correlation between the abundance of fish and the presence of oxygen is well
demonstrated by the results of the seining at a near station (No.8, p. 162, fig. 1).
A seine haul made in the polluted waters of the Mississippi River proper took
one turtle only, whereas hauls made in the relatively unpolluted waters oJ the St.
Croix or iIi the partially polluted waters of the Mississippi, below the mouth of
the St. Croix, netted many fish. It is unfortunate that attempts to seine succeessfully
at station No.9 met with failure, for it would be of great interest to know whether
the improvement in the condition of the river here was sufficient to permit fish to
live. The fact that one shiner was taken suggests that fish were present at this
station in August.

. Thompson (1925), who has made an extensive study of the oxygen requirements
of fishes in the Illinois River, writes: HIt seems quite certain that dissolved-oxygen
concentration between zero and two parts per million will kill all kinds of fish.
Carp and buffalo have been found living in water showing as low /l.S 2.5 parts per
ll1illion. As a rule, a variety of fishes was found only when there were four or more
Parts per million, /l.nd the greatest variety of fishes was taken when. there were nine
parts per million."

If the findings of this author are applicable to the fish of the Upper Mississippi
River, an examination of the data on oxygen (Tables 3 and 4) shows (1) that no
nsh whatsoever can live continuQusly in the waters at stations 3,5, 6, and 7 during
4ugust and the wet week of September, or at statiQn9 during the .first three weeks
of AugU$tj (2). thQ.t.1t limited variety of fishes (the more tolerant species) can live
at st(Ltion No.9 (Red Wing) l,l,fterthe third week in Allgustj (3) that virtually any
neh Clln live, in so far as oxygen is concerned, tJ"t the stations not mentioned above
during August and Septemberj and (4) at all stations, polluted and up-polluted,
with th~ possible (lxception of Nos. 7 and 9, during the high-water stage after the
heavy rains in September.

These conclusions agree very well with the statements made on Pl1ge 162, which
Suggest that the commercial fish mal):e their first appearance in the fall, during the
latter part of August, in the vicinity of Red Wing (station No.9), and. about the
ll1iddle of September farther up the river near St. Paul.

The correlation between the abundance of the species and of the individuals of
SPecies; and the characteristics of each station at which seine hauls were made, is
lllo:;;t strH~ing. Table 13 shows the relationship between the amount of dissolved
oxygen, the character of the bottom fauna., the abundance of tolerant planktonts,
the estimated average number of fish per seine haul, and the approximate number
o~ species of fish. From this table it may be seen that the stations at which the
dissolved-oxygen content is high, the dominant bottom animals are clean-water
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forms, or the tolerant bottom forms are relatively scarce, and the preswnably
tolerant planktonts (Pleurosigma spencerii, Lyngbya sp.? and Rotifer sp.?) are
absent or sparse, have many fish and many species of fish; and, vice versa, those
stations at which the oxygen concentration is low, the dominant bottom forms are
tolerant, clean-water forms are absent, and the tolerant planktons are relatively
very abundant, have practically no fish. Table 13 shows, beyond any doubt what
soever, that the absence or scarcity of fish in August in that section of the Mississippi
River that extends from the beginning of the metropolitan area of the Twin Cities
to Prescott, Wis. (a distance of approximately 39 miles), is due to the pollution from
the former cities'.

TA.BLE 13.-Relationship between the amount of dissolved oxygen, the character of the bottom fauna,
and the abundance of the tolerant planktonts Pleurosigma spencerii, Lyngbya sp. ?, and Rotifer,
and the estimated number of fish per seine haul and the approximate number of species at stations
1 to 8, No.3 excepted

- --
Station ••••••••• __ ••••••••_. __ •_••_•___ •• __ • 1 2 4 5 6 7 8

----
Parts per mlllion dissolved oxygen, averagefor August______ •• ________ ' __ •_._. _. ______ 6.59 6.08 5.70 0.87 0.51 0.39 7.10

o~aracter of bottom fauna.•____ •_____ •••• ..1 Clcon·water
----

Few midge Few tubifi· Tolerant forms Asin5. Asin5. Asln1.
formsdom- larvle only. clds only. abundant;
Inate; tubl- no clcon·
fields few. water forms.

Abundance of Pleuro81gma spencerll, aver·
0age number ~er liter___ •_____________••_._ 0 .w~ .. _.. _.. _.. ____ 1,000 17,070 16,045 16,150

Abundance of yngbya sp. 1, average Dum-
0

Ag~~ra~~~t~~-:Roiirer'sp'-?;iiv'ernieiitiiiiber'
31 430 0 1,276 8,535 2,120

per liter________••• __________•___ •________ .5 0 1.2 54.1 169 111.5 0
Average Dumber of fisb per seine bauL ___ •. 11,0001 7501 3301 1/3 0 0 3301
Number of fish species per seine hau!. ••__ •• ' 141 191 241 1 0 0 171

1 Questionable values were estimated.
• Questionable values Indicoted that the species thrown back and not identified are not included.

It may be emphasized here that, so far as our data show, the distribution of fish
in the polluted upper Mississippi River is primarily-probably entirely-limited by
the amount of oxygen present in the waters. If toxic chemical ingredients are
present in sufficient quantities to act as poisons, they maybe the primary controlling
factors; but we have no direct information concerning this subject. The abundance
of plankton and tolerant bottom forms in the grossly polluted waters suggests that
chemical poisons, if present, are not sufficiently concentrated to destroy life outright.
The paucity in the variety of bottom foods in the polluted areas may be a minor
factor in the distribution of fish that subsist mainly on bottom fauna; but plankton
as food is not a factor in the scarcity of fish, for we have shown (p. 154) that the plank
tonts are abundant, in individuals and in variety of species, in both polluted and
unpolluted waters.

In conclusion, it should be stated that the data presented in this paper suggest
that the pollution of the upper Mississippi River is severe only (in so far as fish are
concerned) during the periods of low water-that is, sometime during midwinter
(January and February) and during midsummer (July and August). (See p. 142.)
From the point of view of conservation this is highly significant; it should be investi
gated by continuous observations throughout a period of at least one year.
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SUMMARY OF RESULTS

1. This biological survey of the upper Mississippi River system was undertaken
by the Bureau of Fisheries at the request of the States of Minnesota and Wisconsin.
The field work wa.<; done during the period August 12 to September 27, inclusive,
and covered approximately the same territory now under investigation by the
United States Public Health Service-viz, the Mississippi River from above Minne
apolis (Camden Bridge) to Winona, Minn., a distance, by water, of approximately
120 miles, and the following tributaries: The Minnesota, St. Croix, Cannon, and
Chippewa Rivers.

2. During August and the first week of September, 1926, the dissolved-oxygen
content was decidedly less in that section of the Mississippi River that extends
from station No.2, at the beginning of the metropolitan area of the Twin Cities,
to station No.9, at Red Wing, at the head of Lake Pepin (a distance of approximately
64 miles), than it was above or below this section or in the tributary waters. It
Was concIudedthat this decrease or depletion of dissolved oxygen was due primarily
to the pollution of the river by the cities of Minneapolis and St. Paul.

3. All the bottom samples taken from the Mississippi River between station
No.1, above the metropolitan area, and station No.9, at Red Wing, at the head of
Lake Pepin (except in one of the samples taken between stations 2 and 3 in the
metropolitan area, which took no aninals at all), took relatively large numbers of
typically tolerant (pollution) forms, but not a single individual of a clean-water
form. Clean-water forms first appeared in the bottom samples of the Mississippi
below Minneapolis, at station No.9, at Red Wing.

4. The major portion of the organic residue of the strained bottom samples
taken from the Mississippi River between stations 1 and 9 consisted of coarse organic
debris and garbage, whereas the greater part of the residue of the samples taken
outside of this area and examined consisted of cleaner materials such as aquatic
Plants, empty mollusk shells, sand, chips of wood, etc.

5. A study of the plankton showed that only three of the species taken by me
may be considered tolerant forms-that is, forms that may beemployod as rough
criteria of the degree of pollution. Two of the t,hree species (Pleurosigma spencerii
and Lyngbya sp.?) are plants (phytoplankton), while the third (Rotifer sP:O is an
animal (zooplankton). These forms usually were found to be comparatively very
abundant when taken at stations situated in the more polluted wB.tersbut relatively
sparse when taken from less polluted waters. All three forms showed a marked
~ecline in abundance at station No.9, at Red Wing. The species of phytoplankton
hsted by Fair as tolerant forms and taken by me could not be employed in this
Survey as criteria of conditions of pollution.

6. The data on dissolved oxygen, the organic composition of the residue of
strained bottom samples, the bottom fauna, and the tolerant plankton forms all
show (1) that the waters of the Mississippi River were badly polluted from Minne~
apolis to Hastings, a distance of about 49 miles; (2) that somewhere between Hastings
and Red Wing (situated about 15 miles farther downstream) the river recovered
SOmewhat from its grossly polluted condition; (3) that at station No. 11, at the
lower end of Lake Pepin, conditions with respect to pollution were much improved;
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and (4) that at station No. 14, above Winona (situated about 110 miles below St.
Paul) very little, if any, pollution was present, for conditions here compared favorably
with those at station No.1, situated above the polluted areas at Minneapolis.

7. Fewer species of bottom forms were taken in the more polluted waters (about
6 species) than in the less polluted or unpolluted waters (about 20 species).

8. I found that no correlation existed between the total number of plankton
individuals and the degree of pollution in the upper Mississippi River system, and
therefore the abundance of plankton can not be employed as a criterion of the
degree of pollution.

9. My samples show that, on the whole, the character of the phytoplankton
and zooplankton changes very little with the degree of pollution in the river; the
plankton organisms that are most abundant in the unpolluted waters are, in general,
also most abundant in the grossly polluted waters.

10. The hydrometric data show that the discharge of the Mississippi River
and of its tributaries varies considerably during the year, the rate alternating in
cycles of minimum and maximum flow. The periods of low water occur sometime
during midsummer (July and August) and midwinter (January and February), the
periods of high water sometime during March, April, and May and during September
and October.

11. The data on seine hauls show (a) that fish were abundant at stations 1
and 2, on the Mississippi River at the beginning of the polluted metropolitan area;
at stations 4 and 8, on the Minnesota and St. Croix Rivers, respectively; and in
the Mississippi River about a mile below the mouth of the St. Croix" but (b) very
scarce, if present at all, in the section of the Mississippi River that extendsfrorn
station No. 5 (just below St. Paul) to the St. Croix River, a section about 39
miles long. In 1926, commercial fishing in the Mississippi River commenced about
the latter part of August in the vicinity of Red Wing and about the middle of Sep
tember in the vicinity of St. Paul.

12. From a study of dissolved-oxygen concentration, it was concluded (a) that
no species of fish could live continuously in the Mississippi River between stations
3 (in the metropolitan area) and 7 (Hastings) during August and the first week of
September, or at station 9 (Red Wing) during the first three weeks in August; (b)
that the more tolerant fish could live at station No: 9 after the third week in August;
and (0) that virtually any fish could live, in so far as oxygen is concerned, at the stations
not included in the above during August and September, and (d) at all stations,
polluted and unpolluted (with the possible exception of 7 and 9), during the high
water stage after the heavy rains in September.

13. At stations where the dissolved-oxygen content is high, it was shown that
the dominant bottom animals are clean-water forms, the tolerant bottom forms are
relatively scarce, the tolerant planktons are absent or sparse, and fish are numerous
and of many species; and, vice versa, at stations where the oxygen concentration
is low the dominant bottom forms are tolerant, clean-water forms are absent, the
tolerant planktons are relatively very abundant, and there are virtually no fish.
From these facts it was concluded that the absence or scarcity of fish in the upper
Mississippi River during August, 1926, was due primarily to the pollution froIn
Minneapolis and St. Paul.
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14. It was suggested that dissolved oxygen is the controlling factor in the
distribution of fish in the polluted upper Mississippi River. The paucity in the
variety of bottom foods in the polluted areas may be a minor factor in the distribu
tion of fish that subsist mainly on bottom fauna. Plankton, as food, is not a factor
in the distribution of the fish, for plankton was abundant, both in individuals and
in species, in polluted as well as in unpolluted waters.

15. It was suggested further that the data indicate that the pollution of the
upper Mississippi River is severe only (in so far as fish are concerned) during the
periods of minimum discharge-that is, the periods of low water. It is highly
desirable that the distribution of the fish be studied through the various periods of
rninimum and maximum dischar~e.
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