A QUANTITATIVE STUDY OF THE LARGER AQUATIC
PLANTS OF GREEN LAKE, WISCONSIN:

H. W. RickerT

Notes from the Biologieal Laboratory of the Wisconsin Geological and Nat-
ural History Survey. XXII.

INTRODUCTION

In the summer of 1921 a survey was made of Green Lake, Wis-
consin, with a view to the estimation of the amount of large aquatie
plants produced by this body of water. This report embodies the
results of the investigation. Besides the gross quantitative data,
the study also furnished information on the distribution of various
‘plants, their depth relations, and the vegetation of different parts
of the lake. -
A similar report has already been made (3) on Lake Mendota.
The methods used and the nature of the information obtained in
the study presently to be described were in general the same as
those in the previous case.

The work was done for the Wisconsin Geological and Natural
History Survey, under the supervision of Professor Chancey
Juday. For assistance in identifying several of the plants col-
lected, I am indebted to Dr. E. A. Baird, Dr. R. H. Denniston, Dr,
"G. M. Smith, and Dr. G. E. Nichols. For much assistance in eol-
lecting, I wish to thank Professor Juday and Mr. L. E. Noland.

DEescrieTioN oF LAKE

Green Lake is a roughly oval body of water, seven and one-half
miles in length and from one to two miles broad. It is 66 meters
deep at its west end,—by far the greatest depth recorded for any
Wisconsin lake. The east end is somewhat shallower. Its waters
are cool, clear (compared, for instance, with those of Mendota),
and of the bright tint which gives the lake its name. The eolor of

1This investigation was made in cooperation with the U. S. Bureau of Fisheries, and
the regults are published with the permission of the Commissioner of Figheries,
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the water is best seen on cloudy days; but even at other times, when
most lakes reflect the blue of the sky, the surface of this lake is
often a bright green. The same color is very noticeable when one
is beneath the surface. The lake floor is in most places covered
with a fine marl.

These conditions afford an interesting comparison with those in
Lake Mendota. The waters of the latter are less transparent and
warmer than those of Green Lake, and the bottom is of mud.
There are striking differences in the underwater vegetation of the
two lakes, which may be correlated to some extent with these en-
vironmental differences.

Various types of shore are found in different parts of Green
Lake. Along most of the north side of the lake the land ends in
smooth boulders of considerable size, behind which the shore slopes
steeply upward for a short distance (fig. 1). A beach of smaller
stones runs out a considerable distance beneath the water. To-
wards the northwest corner of the lake rises the hill known as
Sugar Loaf (see the accompanying map), whose steep sides de-
scend below the surface of the water at almost the same piteh, .
broken only by a narrow roeky beach at the water’s edge. The
opposite shore of Norwegian Bay, and a long stretch of the south
shore of the lake (fig. 2), descend even more steeply into the water,
and consist largely of more or less sheer rock walls. At both ends
of the lake are wide sandy beaches, backed by gently rising mead-
ows. Finally, at the mouths of the various streams that enter the
lake, and around the outlet in Dartford Bay, there are extensive
swamps and marshes (fig. 3). At the head of Norwegian Bay is
found a muddy bog.

In general the shore line is very similar to that of Mendota, with
the difference that the sandy beaches of the latter are much more
extensive. '

As in Mendota, the shore line is paralleled by a belt of sub-
merged attached plants, extending in an unbroken line all around
the lake. In Green Lake, however, this flora differs widely in
nature and distribution from that of Mendota. The wide sandy
beaches are not nearly so well covered. The rocks of the shore are
nearly destitute of the tufts of Cladophora that are so character-
istic of Mendota. The main axis of the lake lies parallel to the
southwest winds that prevail in summer, and the econsequent vigor-
ous action of the waves is perhaps partly responsible for these
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facts. On the other hand, vegetation is very abundant in the
deeper waters, and descends to a greater depth than in Mendota.

Besides the main plant belt, consisting entirely of submerged
plants, there are near the marshy shores regions well populated
with emersed and floating forms, which merge gradually into the
flora of the swamps themselves,

MgTHODS

The apparatus was the same as that used on Mendota. The vari-
ous stations for collecting were reached by means of a rowboat
equipped with a detachable motor. An iron frame, half a,meter
on a side, was let down to the bottom, and all plants falling within
the area thus limited were gathered. Depths up to 3 meters
were reached by ordinary diving. Collections in deeper water (up
to 10 meters) were made by means of a diving hood, supplied with
air by a hand pump in the boat. This device permitted almost as
intimate an acquaintance with submerged plants in their habitat
as ean be enjoyed with land plants in theirs. It was found pos-
sible to stay down from 15 to 20 minutes, and to explore a con-
siderable portion of the lake floor. The water of Green Lake being
comparatively clear and admitting a fairly bright light to these
depths, this method of survey furnished an accurate idea of the
kinds of plants present, the uniformity of their distribution, and
the downward extent of the plant belt. It is interesting to note
that the decrease in illumination is very rapid in water deeper than
8 or 9 meters. At 7 meters there is what seems to be fairly bright
sunlight; at 10 meters one is almost in darkness.

A section of shore of uniform general characteristics usually has
opposite to it a section of the plant belt of fairly uniform nature
throughout. Stations were therefore chosen on the basis of the
character of the beach, and of the shallow water flora. The num-
ber of stations that ean be made in this way of course depends
largely upon convenience, since in many places the flora varies
greatly within a small area (for instance, in the densely populated
Stations 1 and 2). The plant belt was divided into 38 stations,
with 3 additional stations representing the marshy bays. This
was about the smallest number which would fairly represent every
type of vegetation and at the same time include the whole eircum-
ference of the lake; it would not have been possible to collect thor-
oughly from a larger number. The stations used are shown by
number on the map (fig, 4).
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Experience with Lake Mendota profited to make the collection
more systematic and more evenly distributed. An effort was made
to- collect from every region at the time of flowering, thus obtaining
nearly the greatest weight attained by the plants, and making
quantitative ¢omparisons between different species and different
localities more valuable. Plants in shallow water flower first; the
time of flowering varies directly with the depth of the water. The
early summer was therefore spent in collecting samples from the
shallow water of the lake; then . collections were made in water of
medium depth; finally the deepest flora was sampled, using the
diving hood. In the latter case it was not possible in the time re-
maining to visit all the stations; but this does not seriously impair
the accuracy of the results, for the flora is more uniform in deeper
water and the plant belt might here be divided into fewer stations.
One station was therefore taken as representative of a group of
several adjacent ones. _

Because of the previous experience in this method of collecting
it was possible, in spite of much stormy weather, to collect a larger
number of samples than in Mendota—309 as against 221. '

It soon became evident that the character of the flora varied at
different depths. For convenience in handling the data, the plant
belt was divided, as in Mendota, into three zones, within each of
which the flora may be taken as fairly uniform, but between which
there are great differences. The limits of the zones were the same
as those used in Mendota, namely: Zone 1, 0-1 meter; Zone 2, 1-3
meters; Zone 3, 3 meters to the deepest limit of plant growth.

Samples were brought back to the lakeside laboratory (impro-
vised from a boathouse), and there each was separated into its
component speecies, the latter being numbered as sub-samples.
These were weighed and spread out to dry. When air-dry, the
smaller ones were dried in an oven at 60°C. for 48 hours. A few
trials served to show that loss of water beyond this point was
negligible.

From the wet and dry weights of a number of samples was ob-
tained the percentage of moisture of each species. About twelve
determinations were made for each species and averaged. In
many cases, differences between the averages of different species
were not signifieant, as shown by their probable errors; such spe-
cies were therefore averaged together and considered as having the
same percentage of moisture. Between some species, however,
there were marked differences. The values for all species are shown




388 Wisconsin Acddémy 6f Sciences, A, and Letters.

im table 2. It is curious th#f ¢ plants of Greed Lake show in all
euves @ slightly higher percenfdgd’ (9ﬁ water than th@$e of Mendota,
altfbough the method of determifkifiot® was as nearly ai$ possible the
same im both cases.

TeEE FLORA

A [Tist of the speeies collected is given il fithle 1.

Most of tthe gemera are the same as thod® fitind in Mendota,
There are moné' speeies of Potamogeton in Gi#dil Bake and a few
genera mot reported in Mendota. The list gwdii’d’})éé" not pretend
to inclade all of ‘the species present in the lake; - 7kt sHRws only the
predominating ones -Tdeéntification” of rare forms WadsHvt thought
to be of walue in a quantitative study. Some oth¥ SPRAES mwy
therefore be includted in the quantitative data, amwh the cnws
named, with those they resemble most closely.

The dominant plant is Chara,—which in Mendota foriid™ dhly a
small fraction of the total vegetation. Chara grows almowt’ eda:-
‘where in Green Lake, sometimes mixed with other plants;. offemn
forming great masses in which no other form ean get a footHuld!.

Radicula aguatica deserves special mention. This plant was*
‘found only in twe places (see table 4). It is usually described! as*
having two kinds of Yeaves, the immersed ones pinnately dissected!
into capillary divisions, the emersed entire, serrate, or pinnatifid.
In Green Lake the plant seems never to reach the surface and flow-
ers were not observed ; yet there are these two sorts of leaves, both:
under water (it was collected at a depth of two or three meters).
The shape of the leaves would seem, therefore, not to be determined
directly by the medium in whieh it grows. It may be conditioned
by the intensity of the light.

Drepanocladus pseudo-fluitans, a moss, not collected in Men-
dota, grows in deep water at low temperatures, and in a few places
forms immense mats or beds of close-growing stems and leaves, into
which one may sink to the knees. Apparently it does not fruit in
the lake, but depends wholly upon vegetative methods of reprodue-
tion.

Castalia is found in large quantities in Dartford Bay and the
outlet and in the little bay behind Terrace Beach (Station 41).
Nymphaea occurs at the other end of the lake, behind Blackbird
Point; but in the open water of the marshes through which runs
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the small stream that enters the lake here, Castalia is abundant,
and there is less Nymphaea.

The marshes at the southwest corner of the lake have a rich and
varied flora. Here one finds Bidens Beckii, various species of
Typha, Sagittaria, and many others. Sagittaria latifolia is found
mostly on land or at the water’s edge; 8. heterophylla, with its
long lance-shaped leaves easily mistaken for those of a Carex,
grows half submerged in shallow water. There is a Carex growing
in a similar situation, both here and in several other places; in its
young stages it may be mistaken for Vallisneria.

All the swampy or boggy parts of the shore are fronted by bars
some distance out from shore. These bars have the usual shallow
water flora and in addition large patches of Scirpus, of which sev-
eral species were observed. ' f

The attached algae form a smaller percentage of the total yield
of the lake than they do in Mendota, owing chiefly to the com-
paratively small quantity of Cladophora. This plant, when present,

“is found on rocks at the water’s edge, or only a few inches be-
neath the surface. In many places it is replaced by a thin fringe
of Oedogonium. In some of the muddier stations (for example,
Stations 32 and 33), there are quantities of Spirogyra, attached
both to the mud and to rocks. The blue-greens, of which Nostoc
and Rivularia were collected, are attached to the rocks mear
the shore and to the stems and leaves of many of the other plants,
especially to the species of Potamogeton.. Vaucheria tuberosa was
found in one place (Station 37) in fairly deep water,—6.5 meters,
averaging as high as 200 grams per square meter (wet weight)
over a small area. It has been described as growing in a similar
location in Liake George, N. Y., by Miss E. Moore (1).

As already indicated, the plant belt extends down to 8 meters
beneath the surface, much deeper than that of Mendota. This is
probably due largely to the greater transparency of the water. At
the water’s edge, there is, in all except the marshy places, a zone
of rocks almost barren of plants. In Mendota, where & similar
rocky beach exists, it is almost always densely covered with Clado-
phora. In Green Lake there are occasional patches of Cladophora,
frequently a thin strip of Oedogonium, and here and there isolated
plants of Myriophyllum arising from between the rocks. Out-
side of the border of rocks there is sometimes a thin strip of mud
or sand bearing small, scattered plants, usually Chara, Naias, and
Hetheranthera. Here the water is about 1 meter in depth and this
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is the limit of Zone 1. From this point the bottom falls away more
or less gently to about 6 meters, the flora passing from that in-
cluded in Zone 2 to that characteristic of deeper water. At about
6 meters the slope usually becomes much steeper and the outer
strip of vegetation hangs, as it were, to the brow of a hill. The
plants often cease quite sharply at 8 meters, as if an invisible
boundary were holding them in check; on one side they rise two
or three meters high, and packed closely together; on the other
side there is nothing but the smooth mud sloping away -towards
the bottom of the lake,

In many plaees however, the slope continues gentle to a much
greater depth; in these cases the vegetation does not come to a
sudden end, but thins out gradually down an imperceptible slope.
In one such station (25) plants were found growing at a depth of
10 meters, though small and stunted i in growth. Such gently slop-
ing places are found around the entire west end of the lake, op-
posite Woods Bay, at Forest Glen, and thence up to Dartford Bay.
In the west end of the lake and in parts of the east end, this gentle
slope oceurs in connection with wide sandy beaches. Figures 5 and
6 show the difference between these two sorts of stations.

F16. 5. Diagram of portion of lake floor bearing attached plants. Medium slope.

F1g 6. Diagram of portion of lake floor bearing attached plants. Gentle slope.
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In a few stations there is no flattening out from 1 to 6 meters,
but the bottom drops steeply beneath the water (Stations 16 and
30). In these cases the vegetation extends only to 4 or 5 meters
beneath the surface. This condition is represented in figure 7.

8m.

¥1e. 7. Diagram of portimi of lake floor Bearing attached plants. Steep .
slope.

There is a certain degree of correspondence between the type of
shore, the slope of the lake floor, and the vegetation. The type of
slope represented in figure 5 is the most common, and is found
opposite rocky shores of all sorts, such as those shown in figures
1 and 2. The steeper the shore, the steeper the slope of the bottom.
The second kind of slope (figure 6) eorresponds to low shores,
either marshy or sandy (figure 3). The last type (figure 7) is
found only opposite high land, such as Lucas Bluff and Sugar Loaf.

In Mendota it was found that there are well-defined patches of
sand in various places, running into fairly deep water; and that
some species were more or less limited to a sandy substrate, others
to a muddy one. No such differentiation exists in Green Lake.
‘'The type of bottom is fairly uniform; it consists of a fine mud
mixed with marl in deep water and with a small amount of sand
in shallow water. The most important difference between stations
is the presence or absence of rocks. Yet there is great regional
variation in the vegetation, and although this eannot be correlated
with any visible soil difference, it is probable that ehemiecal analysis
of soil from different places would tell a different story. In the few
places where there are distinet sandy beaches, such as are more
common in Mendota, these are not nearly so well covered with
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plants as in the latter lake, nor, indeed, so well as are the muddier
parts of Green Lake; nor do they display any species which do
better there than on mud. The comparative seantiness of their
vegetation may perhaps be explained by the violence of the waves
in this lake; but it is interesting that species, such as Potamogeton
Richardsonii and P. pectinatus, which grow decidedly better on
sand in Mendota, attain their greatest development in Green Lake
elsewhere than on these few sandy places.

CALOULATIONS

The data obtained by weighing the plants were treated in much
the same way as in the case of Lake Mendota. The original weights
obtained were reduced to common terms—grams per square meter
—for each sample and all the samples in each zone of each station
averaged together. The results are shown in tables 3, 4, and 5.
The values for all the stations of each zone were then averaged, to
give the weight per square meter of each species for each zome.
Sinee the stations were of greatly differing sizes, it was judged
best not to give them all the same weight in the average. One of
the smallest stations was selected as a unit, and the other stations
expressed in terms of this. The average weights in each station
were multiplied by a factor for the station, its area in terms of the
unit station, and the resulting figures averaged together, using
the sum of all the factors as a divisor. The dimensions of the sta-
tions were obtained by measurement on the map. In Zone 1, for
instance, the area of Station 23 was found to be 9, that of Station
36 was 6, Station 1 being the unit. The results of these calculations
are given in table 6. '

There were several plants that did not form part of the main
plant belt, being found in scattered patches, and yet were present
in considerable quantities. Such were Scirpus, Carex, Castalia,
Nymphaea, and Cladophora. Of the first four of these, samples
were collected in the usual way; the area of the particular spot
sampled was estimated, in most cases by rowing around it and
expressing it in terms of boat-lengths. From these data total
weights were obtained directly. The same method was used for
Cladophora in some cases, where there were large patches. In
most ecases, the fringe of Cladophora being thin, all of the growth
for a certain distance was cleaned off, and measurement made of
the length (instead of the area) of the strip or station from which
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the sample came. The sample was converted to grams per meter,
and this value multiplied by the length of the strip to give the
total weight. The details of the data on these scattered plants are
presented in table 7.

The areas of the different zones were measured on the map by
means of a planimeter; these figures being checked np with data
obtained by the Survey at other times. By multiplying the aver-
age weights of species (table 6) by the appropriate area, the total
weight of each species in each zone was determined. These figures,
together with those for the scattered plants (table 7) are shown in
tables 8, 9, and 10. Total weights of the species for the whole lake
flora were obtained by adding together the values for the three
zones. These are given in table 11. In each case the total weight
of a species is expressed also as a percentage of the total weight of
all plants in the zone under consideration.

From tables 8, 9, and 10, table 12 was prepared. It shows the
relative amounts of each species found at each depth, expressed as
a percentage of the total weight of the species.

Table 13 summarizes the results shown in tables 6 and 11 and
shows the average yield for each zone and for the lake as a whole,
expressed in various units. The averages for the separate zones
are the same as those in table 6, and hence disregard the weights
of the scattered plants. The latter, however, are included in the
average for the lake as a whole.

QUANTITATIVE RESULTS

The 309 samples, when divided into their species, gave 1,380 sub--
samples. This is an average of 4.5 species per sample,—which is
nearly equivalent to 4.5 species per square meter. The correspond- -
ing value in Lake Mendota is only 3.5. Samples containing as
many as twelve species were not uncommon in Green Lake, but a
large number consisted of only one or two species.

The average yield of Green Lake is much smaller than that
found for Mendota. Whether this would hold all seasons is, ‘of
course, unknown. The area of the plant zone is also less than that
of Mendota, the total yield being, therefore, very much smaller
in Green Lake.

The greatest difference between the two lakes is in the shallow
water flora. In Green Lake Zone 1 is only a little more than one-
third ‘the area of that in Mendota. Its yield per unit area is less
than one-third. The total yield is, therefore, very muech less.
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Zone 2 is of approximately the same size in both lakes, but has
a considerably higher yield in Mendota. Zone 3, on the other hand,
is slightly larger in Green Lake, and considerably more productive.
Putting the facts in a different way, in Green Lake, about 9 per
cent of the vegetation is in water less than 1 meter deep, about 40
per cent between 1 and 3 meters, and more than 50 per cent be-
tween 3 and 8 meters (table 12) ; whereas in Mendota 30 per cent
is found in the shallowest water, 45 per cent between 1 and 3
meters, and only 25 per eent in water deeper than 3 meters.

About one-half of the entire vegetation (dry weight) is com-
posed of Chara (table 11). In shallow water (table 3), this is
everywhere fairly abundant exeept at the east end of the lake
where the bottom. is muddy (in the other swampy placés there
seems to be more sand mixed with the mud). It is most frequently
associated with Potamogeton heterophyllus and small amounts of
Naias; often it is mixed also with P. pectinatus, Heteranthera, and
Vallisneria. In Zones 2 and 3 (tables 4 and 5), the distribution of
Chara is about the same as in Zone 1, but it is usually mixed with
most of the other species. Where it oceurs unmixed, it is present
in very great abundance. One sample of Chara, gathered from
0.25 square meter, weighed 2,700 grams (wet).

The various species of Potamogeton form about 20 per cent of
the total flora. Potamogeton oceurs abundantly in shallow water
only in a few stations of different characteristics. In Zone 2, how-
ever, it thrives everywhere except for a few stations along the
north and west shores. Restriction of Potamogeton in these places
may be due to greater wave action, The shores here are of the type
shown in fig. 1. In the northwest corner of the lake, Potamogeton
is for some reason almost entirely replaced by Drepanocladus, here
present in great quantity. In the deepest zone, species of Potamo-
geton are not abundant, except P. zosterifolius.

Ceratophyllum and Myriophyllum rank next in importance,
each forming about 10 per cent of the vegetation. The former is
found in abundance only in Zone 3, and is there universal. The
distribution of Myriophyllum is similar, but its range is slightly
shallower; it is found more ecommonly than Ceratophyllum in
Zone 2 and does not extend down quite so far as the latter plant
(table 12). A visit to the bottom 7 or 8 meters below the surface
reveals a forest of almost pure Ceratophyllum; whereas at 5 or 6
meters, while the general appearance of things is the same, the
vegetation is about half Myriophyllum.
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Potamogeton pectinatus also forms about 10 per cent of the total
weight of plants. It is distributed unevenly, but is locally very
abundant. Elodea, Vallisneria, Drepanocladus, Seirpus, and
Potamogeton zosterifolius each form between 2 and 10 per cent
and all other species less than 2 per cent each.

In Mendota the situation is entirely different. Chara forms a
negligible fraction of the vegetation. Vallisneria almost takes its
place, composing about one-third of all the plants. Several species
of Potamogeton bulk large,—P. amplifolius about 25 per cent,
P. Richardsonit 10 per cent, P. pectinatus 8 per cent. Taken to-
gether the species of Potamogeton total about 50 per cent. Myrio-
phyllum forms only 4 per cent of the total and Ceratophyllum
still less.

It has been remarked already that both Myrlophyllum and
Ceratophyllum are deep water plants, as far as Green Lake is con-
cerned ; this may explain their relative searcity in Mendota, where
the whole deep flora is so much less luzuriant. The other differ-
ences, however, must be attributed to various factors. Tempera-
ture may perhaps hold down the Vallisneria in Green Lake, wave
* action the shallow water Potamogetons, and soil differences per-
haps aceount for the immense development of Chara.

The distribution of species according to depth is well marked
in some cases, in others less so. The cases of Ceratophyllum and
Myriophyllum have been dealt with already.  In Mendota the

greater part of these plants is found in Zone 2. Vallisneria reaches

its greatest abundance in Zone 2 in both lakes, but is hardly found
in Zone 3 in Green Lake, while in Mendota about 25 per cent of it
is found in deep water. Ranunculus reaches deeper water in Green
Lake, half of it being found in Zone 2, and one-fourth in Zone 3;
in Mendota it is confined to Zone 1. The same is true of Chara,
which is nearly evenly distributed between Zones 2 and 3 in Green
Lake, and between Zones 1 and 2 in Mendota. Potamogeton ampli-
folms and P. zosterifolius are similarly distributed in both lakes;
but P. Richardsonii and P. pectinatus are found mostly in deeper
water in Green Lake, while in Mendota their greatest growth occurs
in Zone 1.

The final averages and totals of course conceal a great deal of
regional variation. The varying characters of different stations
may be seen in tables 3, 4, and 5, which present the stations sepa-
rately. Two general kinds of stations may be distinguished. In
one the vegetation is not very rich and is composed mostly of
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Chara, with small amounts of Potamogeton heterophyllus, Naias,
and Vallisneria; the other contains great quantities of the larger
Potamogetons, often in addition to large amounts of Chara. The
 shallow water is most often of the first type. The deeper water is of
the latter sort, grading out into almost pure Ceratophyllum and
Myriophyllum. The medium depths vary the most. The species of
Potamogeton often grow in great abundance mixed with Chara,
Ranunculus, and others. Chara, as already mentioned, frequently
grows alone in large patches. Drepanocladus also, in the few
places where it attains abundance, grows in large patches almost
unmixed with other plants, except that scattered stems of Myrio-
phyllum are often found arising from it. There are in several
stations absolutely barren patches irregularly distributed amidst
luxuriant vegetation. : - : ;

In some places samples of great weight were obtained. The
largest came from Station 21, and yielded 2,700 grams (wet) from
0.25 square meter. There were several others almost as big. They
were composed for the most part of Chara. There is, as far as I
know, no single spot in Lake Mendota which yields as much as
this. The smallest sample collected weighed 30 grams (wet) from
0.5 square meter. Most of the samples weighed about 200 to 300
grams (wet) from 0.25 square meter. In Mendota the general
average was somewhat higher. :

GENERAL DiscussioN

Aside from its presentation of the quantitative data, this paper
eanmot do much more than suggest the ecological problems that
await the botanist in this field. Pearsall (2) has attacked similar
questions in the English lakes and in an excellent paper presents
important evidence on the nature of the environmental factors
that affect submerged vegetation. He considers that light is im-
portant only insofar as it limits the downward extension of the
flora and that temperature has little effect in determining the kind
of vegetation, at least within the limits found in one lake. Most
of the variation in the kind of vegetation proves to be connected
with soil differences, which often eorrespond to differences in their
physical characteristies.

Nothing has as yet been done on Wisconsin lakes which is com-
parable to Pearsalls correlation of soil composition and type of
vegetation. With regard to the other factors, light and tempera-
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ture, there are abundant records from many Wisconsin lakes, whieh
have been made available to me by Professor Juday. A brief com-
parison of Green Lake and Lake Mendota serves to bring out sev-
eral interesting points. :

The degree of transparency of the water was measured by means
of a white dise, 10 centimeters in diameter, which was lowered into
the water until it disappeared from view; the depth at which this
oceurred being recorded. This depth in Green Lake varied from
2.75 to 6.25 meters, the average being about 4.25 meters, during
June, July and August. In Mendota, the range during the same
months of the same year was from 1.75 to 3.8 meters, the average
about 2.25 meters. When these figures are compared with the
downward limits of the plants in the two lakes, it is evident that
they confirm Pearsall’s statement that light is a limiting factor in
this respeet; and, further, make it probable that it is the chief
limiting factor.

Pearsall also showed, by an iodine method of measuring the
light intensity, that plants grew in as little as 2 per cent of the
light of the surface, but not in less. According to some figures
kindly supplied me by Dr. E. A. Birge, the light intensity in Green
Lake is reduced to 1 per cent of that at the surface at a depth of
about 8 meters. The same light intensity in Mendota is found at
a depth of about 4 meters. These depths correspond approxi-
mately with the limits of the plant zone in each ease. Birge’s de-
terminations wére made in an entirely different way from those of
Pearsall, whieh may partially account for the discrepancy between
the two sets of results.

With regard to temperature, table 14 shows the differences be-
tween Green Lake and Lake Mendota. The figures are averages of
readings taken through June, July, and August. These differ-
ences in temperature evidently are not large enough to limit the
plant zone, since plants grow in Green Lake in water 6°C. cooler
than that at which they cease in Mendota; the temperatures at
corresponding depths are also lower in Green Lake. It seems that
the lower temperatures of Green Lake may partly account for the
smaller productivity of its bottom by retarding the growth of
plants to a slight extent.

The effect of low temperatures and low light intensity in retard-
ing growth is illustrated by the reduced stature of plants in deep
water. Most submerged plants flower at or near the surface. This
is especially true of sueh plants as Potamogeton, Vallisneria, and
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Ranunculus. Teleologically speaking, the plants in the deepest
water should grow the tallest so as to obtain more light for the
manufacture of food and for the formation of flowers and fruits.
An ‘“‘adaptation’’ to this effect has, however, not been provided by
Nature. Plants growing 7 or 8 meters below the surface reach
heights of 1 or 2 meters, those in deeper water still less; while
those which are but 3 or 4 meters deep frequently reach the sur-
face. These conditions are illustrated in figures 5 and 6.
Another interesting point in this connection is that in Green
Lake many instances were observed of plants flowering before they
reached the surface, even when they were growing in fairly shallow
water. In Mendota this was not noticed, and indeed some of the
larger plants grew 5 or 6 meters to the surface before they flow-
ered. These facts suggest that there is a minimal light intensity
for the production of flowers, which is of course realized further
beneath the surface in Green Lake than in Mendota; so that in the
latter lake some plants remain vegetatively active for a longer.
period and finally grow to reach the surface, in spite of the re-
tarding effects of low temperature and low light intensity. Dif-
ferent plants probably vary in this respect. The whole argument
does not, of course, concern such plants as Ceratophyllum, which '
regularly produces flowers under water.
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TasLe 1. List of plants collected.

Submerged plants, forming main plant belt.
1. Ceratophyllum demersum L.
Chara sp.
Drepanocladus.
Elodea canadensis Michx.
Myriophyllum verticillatum L. var. pectinatum Wallbr.
Naias flexilis (Willd.) Rostk. & Schmidt.
Potamogeton amplifolius Tuckerm.
€t foliosus Raf.
iy heterophyllus Schreb.

P oasmpwo
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10. ¢ natans L,

11. ‘e pectinatus L.

12 e Richardsonii (Benn.) Rydb.
13. s zosterifolius Schumacher.

14. Radicula aquatica (Eat.) Robinson.

15. Ranunculus aquatilis L. var. capillaceus DC,
16. Vallisneria spiralis L. '

17, Heteranthera dubia (Jaeq.) MaecM.
Emersed or floating plants, growing in scattered patches.
18. Bidens Beckii Torr. .

19. Carex sp.

20. Castalia odorata (Ait.) Woodville & Wood.
21. Lemna trisulea L.

22, Nymphaea advena Ait.

23, Sagittaria heterophylla Pursh.

24, <4 latifolia Willd.

25. Beirpus spp.

26. Typha sp.

27, Zizania aquatica L.

Attached algae.

28, Cladophora sp.

29. Nostoe sp.

30. Oedogonium sp.

31. Rivularia sp.

32, Spirogyra sp.

33. Vaucheria tuberosa.

TABLE 2. Percentage of water in plants.

" Species Per Cent of Water
CEHRPRITON .o ovmivissivummmna st St SRS A S Sl TP S 2.9
OB o s sommen s S R S S S R B R S e R e e 84.9
Drepanecladus. . .covvvs v vsiiiiinsesvivisnei s et e S e s s e S e s 81.1
BB 5 5 R A 00 e 0 ko S e 1m0 A M8 92.9
Myriophyllum. . ..o ettty 90.2
NG 00 oo st e 1 B e S S S S A SR P 90.2
Pntaawgdoﬁ GRIL BRI v ncvmsmamn s e s s s i s A R 88.1
RABUBOUNIE i <o vavinisiisanei vovi s st s i S T R TSR SRR e e 88.6
Vallimera,  cocvsiisincnisinavivncniomsdives sneie s suenis sisansiasisd e favises 92.9
HEBEranthers ... ..ponne ittt et et a e e e, 90.2
Bl PUE. . i ittt aiia ey 88.68
ORI e warm mmononsi ononpno o e A S A AR S 89.2

AVRERER: o o e S A S S S A S S e R e T e 89.2




- 398 Wisconsin Academy of Sciences, Arts, and Letters.

X indicates a trace.

TABLE 3. Yield by stations, Zone 1, stated in grams per square meter.

Species are designated by number according to their places in table 1. The
upper line opposite each species show wet weights, the lower one dry weights;
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TABLE 3—Continued
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TaBLE 4. Yield by stations, Zone 8, stated in grams per square meter.
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TABLE 4—Continued
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TaBLE 5. Yield by stations, Zone 3, stated in grams per square meter. For
explanation see heading of table 3.
Stations
Species: 2 4 7 9 11 13 14 17 18 21
1.. 1067.0 | 215.0 | 1749.0 | 647.0 | 1120.0 | 2033.0 | 2743.0 | 853.0 4.0 333.0
it 15.2 A : 0.3 .6
.0 253.0 .0
.9 38.1 .6
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TABLE 5—Continued

Stations
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TABLE 6. Average weights of species, stated in grams per square meter.

(From tables 3, 4, and 5.)

Zone 1 Zone 2 Zone 3
Species

Wet | Dry | Wet | Dry | Wet | Dry

CRORR, .« o000 avsnniminwioins s e mamy s siaisie 202 33.8 832 129.3 518 78.0

Ceralophpllitm. .. . icvuonvreeiivvenosomnsanonnansis 28 2.0 114 8.1 429 9.7

Drepanocladus. ......cociivvicoiaspisinsiiviasvessfsimannes]eaieaas 35 6.1 15 3.0

Bloden: o i sonvvesvvisnmvnissssvpvarinesanc]ecrsanedeosan 20 1.8 113 8.2

Myriophyllums. . ... .ooviciniiiisisiainivassnsion 8 0.8 184 17.9 239 23.5

4 0.4 22 2.1 11 1.1

15 1.8 41 4.6 ° 14 1.6

4 0.4 12 1.4 21 2.2

62 7.8 35 3.9 2 0.2

18 2.2 26 3.1 1 0.1

Potamogeton pectingus. .. .....coovvvnnereennaen. 52 6.8 158 18.3 11 20.5

Potamogeton Richardsonti. ... .......ocovveeniin. 10 1.2 41 5.0 1 0.1

Potamogeton zosterifolius. . . 13 1.6 48 | 58 6 | 7.9

Ranunculus............cccoviviiiniiiiinnninnnnn, 13 1.4 11 1.2 5 0.5
.1 T S R, 52 3.9 125 84 |oioiiiiiiiiiias

Heleranthera@. ..........ocoivivinininnniereannnnnn 29 2.7 27 2.6 3 0.3

Total s iusiaive i 510 66.8 {1,731 | 219.6 | 1,612 | 176.8
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TABLE 7. Weight of scattered pldﬂts.

Average Weight,
3 Grams per Square Total Weight in
. o Area in eter Kilograms
pecies 100
%eters
Wet Dry Wet | Dry
Seirpus. ..ot M 2 150,000 303 4.7 | 58,950 6,705
25 | 255,000 867 | 102.9 | 221,085 | 26,265
24and 25| 4,300 1,000 115.2 4,300 553
34 3,685 2,000 | 228.0 7,370 840
39 3,500 5,400 | 615.6 | 18,900 2,155
Lo S S 3 5,000 283 28.3 | 1,608 170
24 25,000 23 1.2 575 30
25 25,500 7 7.6 1,038 194
Costalite .o 40 25,000 960 s1.6 | 24,000 | 2,000
Nymphaes. .........coovvnenenonn, 21 25,000 | 2,400 | 2052 | 60,000 | 4,925
Cladophore. . ....c.c................. 7 12.5| 2,900 | 324.0 -
24 1,125 100 10.8 - 113
Length in
Meters Grams per Meter
1 700 220 23.8 154 17
2 600 150 16.2 20 10
4 1,000 14 1.4 14 1
5 60 760 85.2 46 5
7 25 35 3.8 1 [,
16 50 5.4 30 3
28 50 5.4 20 2
30 . 100 10.8 120 13
31 2,000 75 8.1 150 16
32 300 60 6.5 13 2




Rickett—The Larger Aquatic Plants of Green Lake. - 409

TABLE 8. Total weight and percentage of each species in Zomne 1 (0-1 meter).
Avea: 1.424 square kilometers. From tables 6 a_’nﬁd 78

Kilograms Per Cent

Species
Wet Dry Wet Dry

311,100 36,500 28.2 28_.2

Total...oviiieiiiinnnns TITTPS 1,102,200 137,100 100.0 100.0
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TABLE 9, Total weight and percentage of each species in Zone £ (1-3 meters).
Area: £.905 square kilometers. From tables 6 and 7.

Kilograms Per Cent
_ Species
Wet Dry Wet Dry

331,100 23,500 6.5 3.7

2,417,000 375,600 47.6 58.2

101,700 17,700 2.0 2.8

58,100 5,200 1.2 0.8

534,500 52,000 10.5 8.1

63,900 6,100 1.3 1.0

Potamogeton ampéifolius. .. ...........coviiininnnan. 119,100 13,400 2.4 | 2.1

Potamogeton folosus.............. P 34,900 4,100 0.8 0.6

Potamogeton heterophyllus. . . .....covvvvenienneiann, 101,800 11,300 2.0 1.8

Potamogeton flans. . . .....ovveemnnreenaerenaanian. 75,500 9,000 1.5 1.4

Potamogeton pectinatus. ... 459,000 53,200 9.0 8.3

Potamogeton Richardsonis. ............cooeeveenna... 119,100 14,500 24 2.3
Potamogeton zoslerifolius. . ...... Sosaesagaieas e 135,400 16,900 2.7 2.6
Bedicolt.....cuoueenaerieiininiiieeniinanans 22,500 2,200 0.4 0.4

Ranunculus, ............ A T s 32,000 3,500 0.6 0.6

VORI o onns e ss s s s B e 363,100 24,400 7.2 3.8




Rickett—The Larger Aquatic Plants of Green Lake.

411

TaBLE 10. Total weight and percentage of éack species in Zone 8 (3-8 meters).
Area: 4,284 square kilometers. From tables 6 and 7.

) Kilograms Per Cent
Bpecies
Wet Dry Wet Dry
Cerblophglium .. ...+ eevveeeessreeeeeeneeneenans 1,816,400 | 125,700 26.6 18.8
AT T 2,193,200 330,300 32.1 4.1
6,50 | 12,70 0.9 1.7
, 478,400 | 34,700 7.0 46
HYRiOphGIM, «ooeeeeeeeeerieeeeee e 1,011,000 | 99,500 4.8 13.3
i 46,600 4,700 0.7 0.6
135,400 | 16,900 2.7 2.6
88,900 8,900 1.3 12
8,500 200 0.1 0.1
4,200 400 0.1 01
726,000 | 86,800 10.6 1.6
4,200 400 0.1 0.1
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TaerLg 11.. Total weight at all depths and percentage éf each gpecies. Area:
8.578 square Ktlometers. From tables 8, 9, and 10.

Kilograms Per Cent
Species
Wet Dry Wet | Dy

2,187,400 152,100 16.8 2.9
.| 4,887,800 754,000 37.7 49.3
165,200 30,400 1.3 2.0
538,500 39,900 4.1 2.6
1,557,800 152,600 12.0 10.0
116,200 11,400 0.9 0.7
199,700 22,800 1.5 1.5
129,500 13,600 1.0 0.9
Potamogeton heterophyllus. . . .. fgmen w oy Soee: 198,600 23,300 1.5 1.5
Polamogelon nalons. ..........ccoeveeeeeinannnnn... 105,300 12,500 0.8 0.8
1,257,000 149,700 9.7 10.0
137,600 16,600 1.0 1.1
450,100 52,700 3.5 3.5
22,500 2,200 0.2 0.1
71,700 7,600 0.5 0.5
437,100 30,000 3.4 2.0
132,400 12,700 1.0 0.8

4,200 400 Jerirennininfeneanineaans
24,000 2,000 0.2 0.1

800 {1/ N CORSE P —
60,000 4,800 0.5 0.3
311,100 36,500 2.4 2.4
Total.euenreenaneeaeanannns 13,002,560 | 1,527,900 100.0 100.0
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TaBLE 12. Distribution of species by depth, stated in percentages.

From tables 8, 9, 10, and 11.

0—1M. 1—3 M. 3—§ M.
Species
Wet Dry Wet Dry Wet - Dry
15.1 15.5 83.1 82.6
9.3 19.8 4.8 3.8
61.6 58.2 38.4 41.8
10.8 13.0 89.2 87.0
34.3 34.1 64.9 65.2
50.0 53.5 40.1 41.2
59.6 58.8 29.7 20.8
27.0 30.2 68.6 65.4
Potamageton heterophyllus. ... ...... ... 4.4 47.8 51.2 48.7 4.4 3.5
Polamogeton natang. . ...o.oooveeviin.. 24.3 24.8 .7 72.0 4.0 3.2
Polamogelon pectinatus. ., ...........s 5.9 6.4 36.5 35.5 57.6 58.1
Potamogeton Richardsonii,............. 10.3 10.2 86.6 87.4 3.1 2.4
30.3 32.0 65.5 | 63.6
100.0 1000 [..ovvenenifivenninnns
44.6 46.1 29.6 27.6
83.1 [) 0% L] (AR I———
59.2 50.9 9.6 10.2
100.0 100.0 |oiviiannns]onnannanen
All Species.: - viveaivannenan s nvaiive 8.4 9.0 30.1 42.0 52.5 49.0
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TasLe 13. Average yield of Green Lake. From lables 6 and 11.

Grams Kilograms Pounds
Square l\feefrer per Hectare per Acre
Depth
Wet Dry Wet Dry Wet - Dry
510 67 5,100 670 4,550 600
1,781 220 17,310 2,200 | 15,440 1,960
1,812 177 16,120 1,7 14,380 1,580
Alldepths. .....covoviiiiiiiiininnnn. 1,518 178 15,180 1,780 13,540 1,590

TaBLE 14. Temperature of the water at different depths in summer.

Mendota Green Lake
Depth -
Degrees C. Degrees C,
|| 12 R S L e A S e R P ST 26.1 243
5 TN e L A S 0 S R 23.7 2.5
B s s v R R S R 20.4 17.7
WM s ssiisisinns st sin e dainmed eamiod B e s euing 16.9 140




