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THE WORK OF THE WIND IN WARMING
' A LAKE

Epw. A. BIRGE

Notes from the Laboratory of the Wisconsin Geological
and Natural History Survey. VIII.

1. INTRODUCTION.

It is now generally admitted by limnologists that the
warming of a lake is mainly effected by the wind, which dis-
tributes the warmed water from the surface to the deeper
strata. Certain limitations on this statement due to the
penetration of the sun’s rays into the water, will be briefly
discussed later in this paper. This relation of wind to heating
was well stated twenty years ago by Whipple (95, p. 207).
I worked out the same result in the same year but did not
publish until 1897 (°97, p. 291). In the same paper I indi-
cated also, I believe for the first time, certain corollaries
from this theory of heat distribution, stating that the depth,
area, and shape of a lake are important factors in determin-
ing its temperature.

Another corollary from the fundamental proposition
engaged my attention, viz.: that the distribution of the
warmed—and therefore lighter—surface water by the wind
involves an amount of work against gravity which is meas-
urable, and whose amount shows one element in the work of
the wind on the lake. It affords also a quantitative measure,
at least a partial one, of the effect of area and depth on the
heat budget. This idea was applied to the explanation o’
certain temperature phenomena in my discussion of the
Finger Lakes of New York in 1914 (Birge and Juday,

]
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’14, p. 574). The underlying principle was there stated as
follows:

“The work to be done in warming a stratum of water which lies
below the direct influence of the sun is done against gravity which
resists the descent of the warmer and lighter water. The net work
done in warming a stratum of water to a given degree may be
measured by the energy which would be needed to transport the
mass of water, thus warmed, to the place where it is found, against
the resistance of denser water at a temperature of 4°. We may
think of such a stratum as pushed down to its place through water
at 4°, somewhat as a sheet of cork might be forced down through
the water. The weight to be moved is the difference in weight
between the warmed water and water at the temperature of maxi-
mum density. The distance through which it is carried is the
mean distance of the stratum in question from the surface.”

The general question was left with this brief statement in
that paper because I desired to discuss the matter of the heat
budget more fully before taking up that of the distribution
of heat. The subject of the heat budget was presented last
year (Birge °15), and it is my purpose to state more fully in
the present paper the subject of the work of the wind in
distributing heat and to give illustrations of methods em-
ployed in studying it. I leave most of its applications to a
general report on temperatures of Wisconsin lakes.

2. GENERAL EFFECT OF WIND.

The wind blowing over the surface of a lake performs
certain mechanical operations on the water. Their results
may be grouped under the heads of waves and currents. We
are not at present concerned with the work done in making
waves, but consider the effect of currents only.

If a lake had no shores, or if its dimensions were indefin-
itely larger than those of the air movement constituting the
wind, there might be produced a simple current in the water
moving with the wind, greatest at the surface and rapidly
dying out below. But in an inland lake the current induced
by wind meets the shore very promptly, and this fact is of
great importance to this discussion. The current is stopped
and if the wind continues, it must turn back or turn down.
Such are the currents whose effect is discussed here.

If the lake is homothermous the current easily turns down-
ward into the deeper water or along the bottom of the lake.
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The surface water would be stripped by the wind from the
windward side of the lake and transported to the leeward
side; it would return along the side or bottom to the wind-
ward side. Thus the entire mass of the water of the lake may
be brought into a sort of rotatory movement and a complete
circulation may be set up.

This programme is interfered with and modified by two
factors: (1) the cessation or change of the wind; (2) the
warming of the surface water by heat from sun and sky.
We have nothing to do at present with the first of these
factors, but are concerned with the second.

The effect of the heat received by the surface of the water
is to warm the upper stratum and thereby decrease its den-
sity. This decrease of density tends to keep the water at the
surface as it moves and to prevent the influence of the wind
from reaching the deeper strata. This warmer and lighter
water pushed along by the wind is stopped as it approaches
the leeward shore. It accumulates there, piling up on top
of the cooler water whose surface it depresses.

If the wind soon dies out the movement of the water
ceases; the cooler water settles back into place and the warm
water spreads out above it as a surface stratum. In this
process there will be some mixture of the warmer and the
cooler water at the junction plane. '

If the wind is strong enough and continues long enough
and if the surface water is not too much warmed, part of the
warmer water will be pushed down into the cooler water and
mingled with it. But in general most of it will return to the
windward side of the lake in horizontal currents on top of the
cooler water. As it flows along the cooler water there will
be more or less mixture with consequent warming of the
colder and deeper lying strata and cooling of the surface
strata.

There arises in this way a continual contest between wind
and sun. The wind creates surface currents in the water
of the lake which, guided by shores and bottom, would
establish and maintain a complete circulation. The sun
warms the surface stratum and so tends to confine the wind
currents to the surface. From the interaction of these two
forces result the phenomena of the actual warming of the
lake.
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Ideal cases are easily pictured: if the heat were delivered
from the sun in small quantity and the wind were steady and
violent, the surface current would have enough energy to
overcome the thermal resistance to mixture, complete cir-
culation of the water would result, and the heat delivered to
the surface would be distributed to the entire mass of the
lake. The temperature of the water would be approximately,
but not exactly, the same at all depths.

If there were no wind, or only light baffling airs, and the
sun shone continually from a clear sky, the surface water
would be highly heated and the deeper water would not be
warmed at all. :

As matters actually go in a lake, the advantage in ‘the
contest between sun and wind turns now to one side and now_
to the other. But on the whole the wind has the worse until
in late summer or autumn the sun’s energy declines and the
water begins to cool.

The work of the wind may be stated in another way. If
the wind creates a horizontal current in the water the re-
sistance which the water offers is that due to viscosity and all
the work done is done against friction. If the water is ho-
mothermous the same statement holds for the wvertical
component of the movement of the currents as guided by
shores and bottom. But if the surface strata of the water
are less dense than those below, any downward movement of
these upper strata involves the doing of work against gravity;
the lighter water must be forced down against the resistance
of the denser. So far as the wind accomplishes this task it is
the agent for distributing heat through the water of the
lake, and the amount of this work done is the measure of the
vertical component of the work of the wind.

Obviously, it is impossible to ascertain the full amount of
work thus done by the wind. . The wind may blow all day,
crowding the warm water to one side of the lake and depres-
sing the cooler water. But at night the wind ceases and the
water settles back, almost or quite reaching its original
position. Work has been done against gravity but little or
no record of it has been kept. It is like work done in com-
pressing a spring which returns to its original position as soon
as the pressure ceases. But if the water does not settle back-
to the position held before, if the isotherms at the junction
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of cooler and warmer water have been pushed down by mixing
the several strata there, then work has been done which has
left a record and this part of the work can be measured. The
warming of this stratum of the deeper water can be expressed
in terms of the mechanical work done in pushing the lighter
and warmer surface water into the heavier and cooler water.

Here again our knowledge of the process is very small and
we can ascertain only the net results, not the exact process
itself. The work thus done in mixing any limited stratum is
proportional to the temperature gradient of that stratum and
this gradient is ordinarily unknown exactly, and certainly
varies enormously from stratum to stratum of depth and
from place to place of area, and from hour to hour. These
processes cannot be followed in detail since we have no con-
tinuous record of the temperature changes in the lake. But
it is possible to compare the temperature of a lake on different
dates; to determine the amount of heat received and dis-
tributed during the period; and to compute the amount of
work corresponding to this distribution. In general I shall
consider in this paper, the amount of work involved in warm-
ing a lake from 4° to the summer maximum—the amount
necessary for the production of the summer heat-income.
This may be stated for the lake as a whole or for its several
strata.

3. FORMULA FOR COMPUTING THE WORK OF THE WIND.

In this discussion the following symbols are used: ‘

A =area of lake; Ao, or A with no sign, area at the surface;
A s etc., area at the depth of 5 m., etc.

V =total volume of the lake: V s 10, volume between 5 m.
and 10 m.

RT =reduced thickness, i. e., the thickness of any given
stratum if its area is made equal to that of the lake and
its sides are vertical. It is computed from the formula

V“'m, in which n and m represent any two levels of the

0
lake. The reduced thickness is stated in centimeters.
T =temperature. T, mean temperature of the lake as a
whole; Tg-21, mean temperature of the 20 m.—21 m.
stratum.
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D =Density of the water; D,, the density at any given tem-
perature. At 4°,Disequal to; one at any other tempera-
ture it is less than one.

Z =distance from the surface of the lake expressed in centi-
meters.

W =work done in warming the lake as a whole or any given
stratum. In general, this is stated in gram-centimeters
per square centimeter of area of the lake; thus following
the notation employed in stating the heat budget
(Cf. Birge ’15). Other units may be employed if con-
venient or desirable for special ends, as is stated later

. in this paper. Another datum plane may also be selected,
but since the direct work of the wind is performed on
the surface of the lake, the general reference will be to
that surface. This reference will be understood if no
other is expressed.

- The formula for the work done in warmmg a stratum, by
mixture, from 4° to any given temperature n°, is, there-
. fore: :

W=RTXZX(1—-D,). (Formula I.)

From this formula the value of W will be given in gram-
centimeters per square centimeter of the surface of the
lake. RT gives the weight in grams of a column of
water whose base is one sq. cm. and whose height is the
thickness of the stratum when its area is conceived as
extended to that of the surface of the lake. The product
RT XZ, therefore, states in gram-centimeters the work
that would be done in warming the stratum by mixture,
if D were reduced to zero, so that 1—D =1. The third
factor (1 —D) states the loss of density as a fraction of 1,

~ 50 that the final product is the measure of the work
done, stated in gram-centimeters per square centimeter
of the surface of the lake.

In the expression (1—D,), 1 is the density of water at 4°,
and therefore is equal to D ,. If the lower limit of tem-
perature considered is any other than 4°, its density,
say D, must be substituted for 1.
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4. ILLUSTRATION OF USE OF FORMULA I

As an illustration of the use of formula I, let the stratum
between 20 m. and 21 m., in a given lake, be warmed from
4° to 8°. How much work is involved in this rise of tem-
perature? :

In this case let RT=56 cm. or 56 g. for a column 1 sq.
cm. in area.

Z =2050 cm.

The density of water at 8°is 0.999876. Hence 1—D ;=
0.000124.
Hence, W =56 X 2050 X0.000124 =14.235 g. cm.

It thus appears that work amounting to 14.235 gram-
centimeters per square centimeter of the surface of the

lake is needed to raise the temperature of the stratum in
question from 4° to 8°.

To the 20 m.—21 m. stratum there have been delivered
224 g. cal. (56X|8-4]) per square centimeter of the area
of the surface of the lake. It is therefore fair to say that
the transport of 224 cal. from the surface to a mean depth of
20.5 m. has cost 14.235 g. cm. of work.

In a similar way the work required to warm each stratum
of the lake may be computed. The sum of the several -
products will equal the work expended in warming the lake.

It must be noted that the work cannot be correctly com-
puted for the lake as a whole by using for RT the mean
depth of the lake, and for D the density of water at the

“mean temperature. This is because the density does not
vary directly as the temperature, but decreases more rapidly
than the temperature rises. As a result the valueof 1—-D in
the warm strata has greater weight in determining the
mean density than has the value of T in the same strata in
determining the mean temperature. The mean value of 1 —D

~ for the several strata of the lake is therefore higher than the
value of 1—D for the mean temperature of the same strata.

Compare on this matter plates IV and V.

It is also true that in order to secure great exactness in
determining the mean temperature the density of the several
strata should be considered. If this were done, however,
the results would be but little altered, and any change would
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be in the direction of increasing the discrepancy just pointed
out, since it would lessen the weight of T in the upper and
warmer strata. See plates IV and V for an illustration of this
matter.

It will be found convenient to compute, once for all, the
products of RT and Z for the several strata of any lake which
it is desired to study. I have usually computed them by
single meters to a depth of 20 m. or 25 m. and by 5 m. or
10 m. intervals at greater depths. The sums of the several
factors for single meters of any 5 m. interval may be used in
case computation by single meters is not desirable or neces-
sary. .

The factor 1 —D is readily taken from a table showing the
values of 1—-D. Such a table is given herewith. (p. 391.)
Thus a single multiplication shows the work required for
warming any given stratum. In multiplying I have ordi-
narily used only three significant figures in the factors and
have multiplied by the aid of Crelle’s Rechentafeln. A
certain amount of inaccuracy results from this short method,
but there is no use in securing an accuracy of computation
far beyond that of the data on which the computation is
based.

5. COMPUTATION OF WORK FOR AN ENTIRE LAKE. &

An illustration is given herewith of the process and results
for Lake Mendota. The results show, substantially, the
summer heat-income of the lake for 1910 and the amount
of work necessary to distribute it through the lake. The
temperatures are the mean of daily observations, August
9-15, 1910. )

In practice the results shown in this table would be reached
with much less trouble than appears. The numbers in the
column RT XZ would be taken from a table, as would the
values of 1 —D. The products only would need to be written
down and added.

The number of calories in any stratum, as shown in col.
F, is found from the formula: Cal.=RT (T —4), in which
RT is the reduced thickness of the stratum in centimeters
and T is its mean temperature. See Birge and Juday ’14,
p. 559, and numerous tables in that paper.
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TABLE 1.

Work of wind and calories of wind-distributed heat for Lake Mendota.
The direct curve of work.

A B (o} E E F
Depth, m. Temp. RTXZ 1—-D * Product, G. em. - Calories
0-1 24.0 0.002680 12.86 1920
1-2 23.4 13500 2530 34.15 1750
2-3 23.0 2440 51.24 1
34 22.7 27700 2360 65.37 1480
22.6 34200 2340 80.03 244.65 1410 8160
5-6 22.4 39600 2300 91.08 1320
6-7 22.3 44900 2270 101.92 1260
7-8 21.5 50300 2090 105.13 1170
8-9 20.0 54400 1770 96.29 | 1020
9-10 18.0 58900 1380 81.28  475.70 870 5640
10-11 16.0 1030 62.73 700
11-12 15.1 62100 889 55.21
12-13 14.6 63800 814 51.93
13-14 14.2 64800 757 49.05 490
14-15 14.0 63800 720 46.51 265.43 440 2770
15-16 13.7 65100 688 44.79 410
16-17 13.6 62700 674 42.26 360
1718 | 13.4 56000 647 36.23 300
. 18-19 13.2 50000 621 | 81,00 20
19-20 13.1 41000 609 24.97 179.25 190 1510
20-21 13.1 27900 609 16.99 124
21-22 13.1 21900 609 13.34 93
22-23 13.0 15600 596 9.30 62
23-24 13.0 7600 0.000596 4.52 44.15 13 290
1209.18  1209.18 : 18370

The results of the computation show that the heat gained ~
above 4° by Lake Mendota in 1910 amounted to about
8 18400 cal. per sq. cm. of surface, and that it required about
i 1209 g. cm. of work to distribute this heat through the lake.
The table also shows the amount of heat given to each one-
meter stratum of the lake and the amount of work needed to
transport it there. Both these sums are also stated in terms
of a square centimeter of surface of the lake.

The results.of this table are shown graphically in plate VI.

6. .COMPUTATION BY LARGER INTERVALS.

If accurate results are desired the computation should
be by single meters either for the full depth of the lake or at
least to a depth well below the thermocline. Such g compu-
tation is necessary if, for instance, diagrams are to be pre-
pared similar to plate VII. But if general results only are
needed the process can be much shortened by using larger
intervals of depth; but if this method is followed the result
rarely will if ever, be exactly the same as that from the
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other method. Yet the results may be closely similar as
may be seen from the following example, in which the same
temperature series from Lake Mendota as that given in
table 1 is computed by 5 m. intervals.

TABLE 2

Heat and work in Lake Mendota, computed by five-meter intervals.

Depth, m. Temp. RTXZ 1-D G. em, Cal.
0-5 23.2° 101200 0.002483 250.48 8140
5-10 20.6 248100 1895 471.20 5560

10-15 14.8 315400 844 265.86 2750
15-20 13.4 274800 647 177.92 1500
20-24 13.1 73000 609 44 .46 290

1209.92 18240

The results shown by table 2 are substantially identical
with those of table 1, but the distribution of work is some-
what different. This will ordinarily be the case when compu-
tation is made by larger intervals.

7. CAUSES OF DIFFERENCE IN RESULTS WHEN DIFFERENT
THICKNESS OF STRATA ARE EMPLOYED IN COMPUTING.

One fundamental cause for the differences between table 1
and table 2 is the fact that the density of water does not
vary directly as the temperature. The density of a stratum
at its mean temperature is not the same as the mean density
of the several subdivisions of the stratum. A second reason
is because both density and volume change in going down-
ward through a stratum and they do not change in a parallel
way. Hence, the product of the means will differ from the
mean of the several products. A third reason, which is not a
necessary one, comes from the way in which mean tempera-
tures of strata are usually computed. The sum of the read-
ings taken at equal intervals in the stratum is ordinarily
divided by the number of readings to give the mean tempera-
ture, and this process for a stratum of, say, 5 m. is quite
accurate enough. But if the temperature is changing rapidly
in the stratum this mean will not be quite the same as that
derived from -the mean temperature assigned to the several
meters of the stratum. If readings have been made at each
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meter of the five, there will be six observations to be added
and divided by six, and each will be employed once in de-
termining the mean. If the mean temperature for each
meter of the stratum is taken as the mean of the readings
at its top and bottom, the mean for the five meters will be
the sum of these means divided by five. But in reaching
* this result four readings of the six have been used twice,
all, that is, except the readings at the top and the bottom
of the 5 m. stratum. If the temperature falls rapidly in
the stratum, the two methods of computations may give
results that differ considerably, as the following example
shows. This is taken from Beasley lake.

TABLE 3—BEASLEY LAKE.

Depthym. | Temp. |  Depthym. |  Temp.

5 21.5° 5-6 18.5°
H 15.5 6-7 13.35
7 11.2 7-8 10.2
8 9.2 8-9 8.2
9 © 7.2 0 6.85
10 6.5 -_—

—_— mean 11.42

mean 11.85

The value of 1 —D for 11.85° is 0.000448 and for 11.42°
it is 0.000411, so that the value is increased about 9%, by
the different method of computation. This is an extreme
~ case and the difference is usually much less. The following
example comes from the thermocline of lake Mendota.

TABLE 4—LAKE MENDOTA.

Depth, m. Temp. Depth Temp.
9 20.3° 9-10 18.8°
10 17.3 R 10-11 16.
11 15.3 11-12 14.95
12 14.6 12-13 14,35
13 14.1 13-14 13.9
14 R 13.7 .
—_— mean 15.65
mean 15.9

In this case computations based on the larger mean give a
result about 4.29 larger than that derived from the smaller
number.

2
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In most cases, when general results only are desired com-
putation by 5 m. intervals gives sufficient accuracy; especially
if single meters are used in the thermocline where the tem-
perature (and therefore the value of 1 —D)is changing rapidly.

8. MATHEMATICAL STATEMENT OF THE WORK OF
THE WIND.

In the preceding discussion I have treated the subject in a

- way essentially non-mathematical,—a manner suited to my
small mathematical knowledge, and, I imagine, to that of
most students of lakes. The matter may, however, be stated
in mathematical form and has been so stated for me by Dr.
C. S. Slichter, professor of applied mathematics, University
of Wisconsin. His kind assistance in this matter, as in
many others, is gratefully acknowledged: His report is as
follows: ' \

It is desirable to change somewhat the notation used in
the preceding pages, if the results and formulas are to be
stated in strict mathematical form. The symbols “RT”
for reduced thickness and “D,” for density at depth, are
likely to give a misleading impression when used in formal

- mathematies. The following notation is therefore em-
ployed, which is essentially that used by Schmidt (15)
in a paper to be discussed more fully on a later page (see
p. 365): '

z =depth of any layer of water measured from the surface

z o =depth of any layer of water measured from the center
of gravity of the lake -

z=depth of the center of gravity of the lake below the
surface :

h =total depth of the lake

M (z) =the reduced thickness of any layer

d. =density of the layer of water at depth z

D =the mean density of the lake

A =total area of the surface of the lake

W =work per sq. cm. of lake surface necessary to produce
the given vertical distribution of temperature from
a uniform density of unity at 4°C. /

W, =Schmidt’s measure of stability
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Then it follows at once that
h
W=11_5‘ 2 (1—d,) p (2) dz 1)

This is the same result as that reached by more ele-
mentary methods in the preceding pages. The simpler
methods of computing the result are better, however,
than any method of mechanical quadrature.

Schmidt’s measure of stability is the work necessary to
mix the water at any time to a uniform mass of the then
mean density, or

Wo= ("2 -0 4 @) @ @
Reducing this result to unit afea of surface we obtain

Wo/ A= (2 (1-0) 4w @) @2 ®)
Now since Z —z =2,, We can write - V

hi(l'iz—--, d.) p;_-(zj dzu “_-hz (:1 —dz) p(2) dz.

i R

= ("7 a-dyw @ran
substituting (1) éu\ld (2)in 3), - -
h_ ' ’ - L
w=1{%01-d) r@ds
o o - R

S —g XEXha-D)

Tis

.~ We therefore see that Schmidt’s measure of stability-;'
* fu(divided by the area A) can be found by subtracting Birge’s:
. result from the expression zh 1-D)/ A: :
.= This forms a ready way of computing Schmidt’s measure:: "'~ .
“. " of stability after the measure of work has been found by, .
the methods set forth by Birge'in the preceding pages. & A

"'9. DETERMINATION OF WORK AND HEAT FROM DIAGRAMS. + 7 .=

A second method of determining the amount of work,::
and one that is quite as accurate as computation, if general - -
answers are desired, is to plat the results on a diagram and"*
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measure the areas. This will be discussed later. There is
no saving in time and little, if any, gain in accuracy if one
desires to know the quantity of work done for the single
strata.

10. THE CURVE OF DISTRIBUTED WORK.

The results thus far reached show the amount of work
done in warming a single stratum or an entire lake., They
show that 14.235 g. cm., for instance, are needed to warm a
given stratum but they do not show where this work is
done or how it is distributed. The same is true of the state-
ment for the lake as a whole. The several products com-
bined in the general result of table 1 show the amount of
work done in behalf of each stratum, but not where this
work was done. If this is to be determined a second compu-
tation is necessary. In the case of the 20 m.-21m. stratum
the warmer and lighter water was carried from the surface
to a mean depth of 20.5 m. Equal work was done in each
unit of this distance. If the whole work is divided into 41
parts, two parts, or 4.889, of the whole, were expended in
each meter above 20 m. and one part, or 2.449, in the 20
m.-21 m. stratum. Thus in order to warm the 20 m.-21 m.
stratum, 0.695 g. cm. of work was done in each meter above
it, and 0.348 g. cm. within it. In a similar way, if the lake is
divided into equal strata, the work for each stratum may be
distributed; two shares being given to each higher stratum
and one to the stratum in question. Of the work necessary
to warm the 1 m.-2 m. stratum, for instance, 66.79 belongs
to the O m.-1 m. stratum and 33.39% to the 1 m.-2m. stratum;
40% of the work belonging to the 2 m.-3 m. stratum goes to
each of the two strata above it.

In this way there may be computed the work done in each -
stratum. This may be platted as a curve which may be called
the curve of distributed work. The computation of such a table
for Lake Mendota is given in table 5, and the method of
computing the result is explained under the table. The
results of this computation are shown in plate VII.




TABLE §
Computation of the curve of distributed work for Lake Mendota.

Depth m. A B [o] D B ¥ G Depth H I
0-1 00.0 12.86 22.81 180.19 12.86 193.05 0 1208.87 18370
1-2 66.7 34.156 20 157.38 11.40 168.78 1 1015.82 16450
2-3 40.0 51.24 18.70 136.90 10.24 147.14 2 7.04 14700
3-4 28.6 66.37 17.76 118.20 9.36 127.65 3 699.90 13100
4-5 22.2 16.58 100.44 8.88 109.32 4 772.35 11620
5-6. 18.2 01.08 15.71 83.86 8.29 92.15 5 463.03 10250
6~7 15.4 101.92 13.96 68.15 7.85 76.00 | 6 370.88 8890
T8 ervreessssssssssesssssesessessreasis bR s R ey s 13.3 105.13 11.36 54.19 6.98 61.17 7 204.88 7630
8-9 11.8 96.29 8.54 42.83 6.68 49.61 | 8 233.71 6460
9-10 10.5 81.28 5.97 34.29 4.27 38.56 317.39 9 184.20 0
10-11 9.52 62.73 4.80 28.32 2.88 81.20 o 10 145.64 4570

11-12 8.70 55.21 4.15 23.52 2.40 25.92 11 114.44 3870
12-13 8.00 51.93 3.63 19.37 2.08 || 21.456 12 88.52 3270
13-14 7.41 49.05 3.21 15.74 1.82 17.56 13 67.07 2730
14-15 6.90 46.51 2.89 12.53 1.60 14.13 14 49.51

15-16. 6.45 44.79 2.56 9.64 1.44 11.08 16 35.38 1800
16-17. 6.06 42.26 2.07 7.08 1.28 281 I FOO—— 16 24.30 1390
17-18 5.71 36.23 1.68 5.01 1.04 6.06 17 15.94 1030
18-19 5.41 31.00 1.28 3.33 .84 4.17 18 9.89 730
19-20 5.13 24.97 .83 2.05 .64 2.69 19 5.72 480
20-21 4.88 16.99 .62 1.22 .41 1.63 20 3.03 290
21-22 4.65 13.34 .41 .60 .31 91 21 1.40 166
22-23 4.44 9.30 .19 .19 .20 .39 22 .49 73
23-24 4.26 4.62 .10 .10 23 .10 13

1209.18 /| 1208.87 1208.87

Explanation of Table 5.

A. This column shows, for each stratum of one meter, that percentage of the work performed in warming it which is to be assigned to each
one-meter stratum above it. |

B. In this column is entered the amount of work for each one-meter stratum. Taken from table 1, col. E. .

C. Product of corresponding numbers in A and B; but each product is entered in the line next above that which contains the factors.

D. Successive sums of the numbers in C, begmnmg at the bottom. These numbers show the amount of work done within each stratum in
conveying through it the heat for all the strata below it. A | A . )

E. “Work done in each stratum in warming the stratum itself. The number in the 0 m.~1 m. stratum is the entire result given for that stratum
hi) col. }3‘, each of the remaining numbers is one-half of the corresponding number in col. C, placed in the line belonging to the stratum, not in that
above it. 1

F. Sums of numbers in cols. D and E. Total work in each stratum stated in g. cm. per sq. cm. of surface of the lake.

G.  Numbers in col. F added by 5 m. intervals. i

H. Total amount of work with quantity remaining at each one-meter level.

1. Figures for calories similar to those given for work in col. H.

“aypT D Bunpp u1 puim fo YoM —abng

Gee
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The computation of table 5 involves a good deal of work
but I see no way of escaping the work if the result is desired.
Table 1 can be constructed graphically and the results ob-
tained by measurement, although little time will thus be
saved. But no such procedure is possible for table 5 and the
information derived from this table is quite as valuable as
that from table 1. From table 1, for instance, we learn that
nearly 102 g. cm. (col. E) were needed to warm the 6 m.-7 m.
stratum from 4° to 22.3° and that heat amounting to 1260
cal. (col. F) was transported from the surface into that
stratum. We learn that 223 g. cm. were needed to warm all
the water below 15 m. and that 1800 cal. were transported
into that part of the lake. .

Table 5 shows, for example, that of the 102 g. cm. used in
warming the 6 m.-7 m. stratum, 7.85 g. cm. were used
(col. E) within the stratum itself and the remainder between
Om. and 6 m. It shows that over 68 g. cm. were used in
that stratum (col. D) to carry through it the 7630 cal. which
went to the water below 7 m. Col. H shows that of the 223
g. cm. used to warm the water below 15 m. only about 35
g. cm. were used within the lower water itself, leaving 188
g. cm. as the amount used in bringing the 1800 cal. down to
the 15 m. level.

11. THE CURVE OF DISTRIBUTED WORK COMPUTED BY FIVE-
METER INTERVALS.

The curve of distributed work can also be computed by 5
m. intervals, as is shown in the accompanying table. As in
the case of the direct curve, the total result is closely similar
to that reached by using 1 m. intervals but the distribution
differs. In those strata where the volume of the single meters
declines rapidly, the 5 m. interval gives results differing
considerably from the 1 m. This is seen especially on com-
paring the strata for 0 m.-5 m. and 20 m.-24 m. in table 6
with the corresponding strata of table 5.
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TABLE 6.

Computation of the curve of distributed work for Lake Mendota by
five-meter intervals.

Depth A B C D E F Depth G H
0-5 00.0 250.48 | 314.16 | 481.29 250.48 731.77 0 | 1210.22 |182.40
5-10 66.7 471.20 | 106.34 | 167.13 157.08 324.21 13 478.45 1101.00

10-15 40.0 265.86 50.91 60.79 53.17 113.96 10 154.24 | 45.40

15~-20 28.6 177.92 6.88 9.88 25.46 35.34 15 40.28 7.90

20-24 29.2 44.46- 4.94 4.94 20 4.94 2.90

24 00 0.00
1209.92 1210.22

The explanation for this table is the same as for table 5.

12. COMPARISON OF SIMILAR STRATA IN DIFFERENT LAKES

It is often desirable to compare cases of similar strata in
different lakes. An illustration may be taken from lake

Geneva and Green lake. The following table shows the close
resemblance of the two lakes:

TABLE 7.

—
-

Length, km 2.1 1.9
Breadth, km 3.2 3.2
Area, 8q. km, 22.1 29.7
Depth, max., m 49.3 72.2
19.7 33.1

Depth, mean, m...

The depth is the only feature in which the lakes are not
substantially identical. The resemblance is even closer than
the table indicates, as may be seen by reference to the hy-
drographic maps. (Juday ’14, pl. XVII, XXV). It extends
to orientation, form, shape of basin, position of deep water;
and even to the presence, position and size of a bay on the
north side of each lake. :

The essential facts of heat and work for August, 1913, are

shown in the following table:
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TABLE 8.
Comparison of Lake Geneva and Green Lake, 1913.

Geneva Green
S heat-i cal 26695. 27316.
Mean t ture, C° 17.50 12.25
Total work, g. cm 2336.6 2022.6
Calories 0 m.-20 m 23005. 21886.
Mean temperature, 0 m.-20 m. . 20.15 18.85
Calories below 20 m 3690. 5450,
Work, 20 m. and below, g. cm 500.6 476.5
RT.0 m.-20 m., meters....... 14.3 14.7
RT. 20 m. to bottom, m 5.5 18.4

By summer heat-income is meant the quantity of heat gained by the lake above 4°. See Birge '15, p. 2.
'l;]mil q‘i:}:tlty of heat and of work is stated in this table, as well as elsewhere, in units per sq. cm. of the surface
of the lake.

The heat income in each lake is about the same; Green
lake having an amount somewhat greater and accumulated
with the expenditure of decidedly less work. This is the
customary relation of the lakes. The amount of work done in
warming the water of the two lakes at depths below 20 m.
is closely alike. This might be expected, since lakes of the {
same size and form ought to be able to furnish about the
same amount of work to distribute heat at such a depth.

The amount of heat distributed by the work is, however,

very different, lake Geneva securing from 500 g. cm. of
work only about two-thirds as much heat as Green lake 5\
gets from 476 g. cm. This is because the shallower lake in-
volves a higher temperature, and the rise of temperature in-
volves an increase of thermal resistance which exceeds the
increase of work due to the greater depth of Green lake.

This, however, does not tell the whole story; for in this
statement the units of work and heat are referred to a unit of
area at the surface of the lake. If they are referred to a unit
of area at the 20 m. level the disadvantage of the shallower
lake becomes more apparent. The area of lake Geneva at
20 m. is 50.7% of that at the surface, and that of Green lake
is 61.0%. If the figures for work and heat are divided by
these numbers the result is:

TABLE 9.
Geneva Green
Heat per sq. cr. of area at 20 m., cal 7280 8930
Work at 20 m., g. cm, 990 780
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This comparison shows the state of the facts more clearly
than the other. The deep water of lake Geneva has over 809,
as much heat as Green lake has, and this difference is a meas-
ure of the disadvantage in gaining heat which the shallower
lake finds, so far as one observation can indicate this. The
work needed to distribute this smaller quantity through the
water below 20 m., is more than 259, greater than that needed
by Green lake.

By comparisons of this sort it is not difficult to ascertain
whether the limitations of the heat budget of a given lake
are due to area or to depth, and to state, roughly, the
amount of such limitations. )

13. OTHER METHODS OF EXPRESSING THE WORK OF THE WIND.

In the preceding pages both heat and work have been
stated in units referred to a unit of area of the surface of the
lake. This is in general the most convenient way of stating
the facts; but other units may be employed if desirable.
If the total quantity of work done on a lake is desired, this
may easily be derived from the results already reached.
These are given in gram-centimeters per square centimeter
of the surface of a lake having a certain area and mean depth.
If this amount is divided by 10 the result will show the num-
ber of kilogram-meters per square meter of the surface. This
result again multiplied by the area of the lake in square
meters will give the total work done in kilogram-meters. In
the example from lake Mendota we have:

W =1208.9 g. cm. per sq. cm. of surface.

Dividing by 10 we have W =120.89 kg. m. per sq. m.
of surface.

But the area of lake =39.4 X10¢ sq. m.

Hence, W =120.89 X (39.4 X 10°) kg. m. =4759 X 10¢ kg. m.
This is the total amount of work represented by the warm-
ing of the lake from 4° to 19.11° in 1910.

The volume of the lake is 478.4 X10° kg. and this number
multiplied by 15.11 cal. gives a summer heat-income of
7929 % 10° large calories. It will be noted that the ratio be-
tween quantity of work and of distributed heat is the same
by this computation as by the first method. Itis also obvious
that if work is stated as a total amount for the entire lake,
it is possible to compare the work done in the same lake in
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different years; but it is not possible to compare work done
on different lakes.

Work for single strata may be stated in similar fashion
with the same advantages and limitations.

Other reference planes may be used than the surface of the
lake and this is necessary in certain cases, as illustrated on a
preceding page.

Work may be stated in ergs instead of g. cm. The result in
g. cm. multiplied by 981 gives work in ergs.

14. EFFECT OF THE PENETRATION OF THE SUN’S RAYS INTO
THE WATER.

In this discussion I have not observed the limitations indi-
cated in the quotation with which I opened the paper. I
have not confined the discussion of the work of the wind to a
consideration of the work found in that region of the lake
which “lies below the direct influence of the sun.” On the
contrary all computations and discussions have proceeded
on the assumption that all distribution of heat from the sur-
‘face down is due to the wind. This method has been followed
for two reasons. First, we have as yet little knowledge of the
quantitative relations of the forces which distribute heat and
clearness of thought on the subject may be furthered by
selecting one agent at a time and analysing its possible pow-
ers, rather than by attempting a simultaneous analysis of
numerous interrelated forces. The second reason is that the
possible help of the sun in distributing heat is so much more
complex than the wind and is so little known that we find it
difficult to make even a possible quantitative statement
about it. .

We know indeed that a large share of the heat found in the
upper meters of the water must be delivered there by the
sun, and therefore, that a considerable part of the work as-
signed to wind in these strata really belongs to sun. The
larger part of the area MA1in pl. VIL, for instance, belongs to
the sun; a smaller share of the corresponding area for the
1 m.-2 m. stratum belongs to the sun; and so on in a ratio
that rapidly declines and becomes zero before the thermo-
cline is reached. We know also that the wind-currents
which convey heat to the deeper water do not take all of it
from the surface but pick up some of it at a greater or smaller
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distance below the surface. Thus the distance is reduced
through which this part of the heat must be carried, and the
work is correspondingly reduced.
In certain directions we have some quantitative knowledge
of the effect of insolation. The amount of heat delivered at
the surface of the lake and that received at a distance below
the surface can be measured. In lake Mendota the average
quantities thus received have been found to be as follows:
At 0.5 m. the sun’s rays have about 249, of the intensity
which they have in the air; at 1 m.,, 139%,; 2m., 6.5%; 3 m.,
29%,; 4m.,1%. These are average results in the middle of the
day in summer, and are subject to variation according as the
lake contains more or less plankton. The corresponding
figures for other lakes may be higher or lower. In Marl lake
_as mueh as 209, of the energy present in the air may be
found at a depth of one meter. In Turtle lake, which has
very highly colored water, less than 2.59% is found at the
same depth. These numbers are plainly too high if applied
~ to the whole day and to the entire time of warming. Smaller
percentages would be found in the early and later parts of
the day, and also in cloudy weather, when a larger percentage
of incident energy is reflected.
If we assume that the percentages of penetration indicated
above are constant, it will be possible to compute roughly the
amount of aid that the sun renders. For this computation
we need to know the distribution of heat, computed as shown
in table 5, col. H, and also the amount of heat delivered by the
sun during the period under consideration. In this way the
quantity of heat delivered directly at various depths may be
computed and compared with the number of calories that
passed through the corresponding levels. These results can
be platted as work on the curve of distributed work (pl. VII)
and the area thus deducted from the work-curve will repre-
sent the aid given by the sun.
If this method is applied to the mean temperature curve
of lake Mendota, the result will show that about 169, of the
work involved in the distribution of the heat may be con-
tributed directly by the sun. The amount thus contributed
_will vary greatly in different parts of the warming season,
being least in April, when the heat is being carried rapidly
to considerable depths, and greatest in June, when the
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epilimnion is warming rapidly and but little heat goes to
deeper water.

The number given above represents the maximum amount
attributable to the sun. It assumes that the lake retains all
the heat delivered by the sun to depths below the surface,
and that all losses of heat by the lake come from that at or
close to the surface. This assumption is evidently too fa-
vorable to the share of the sun, especially when we recall
that three-fourths of the incident heat find no place in the
heat budget of the lake. The percentage of the sun’s con-
tribution should, therefore, be reduced from the figure
given above. As an estimate, it might be placed at 10-129,
rather than 16%; but from the nature of the case this is
merely an estimate. '

This result can not be carried directly over to other lakes,
each of which offers its own problem. The sun gives a larger
percentage of aid in a shallow lake: less in a deep one. It
does more for a small lake; less for a large one. The trans-
‘parency or opacity of the lake seems to make little, or no,
difference in the heat budget; at least within the limits
found in Wisconsin, where all the water has considerable
color. The temperature curves and the thickness of the
epilimnion seem to have no relation to the color of the water,
such as they plainly have with area and depth. This fact
alone shows the dominance of the wind as the distributing
agent for heat, and the very secondary part which the sun
plays in most lakes. ‘

For the present the subject may be left with these general
statements, and with an additional remark on the uses te
which the work-budget will naturally be put. The work
budget is derived, not from direct observations, but by in-
ference from the heat budget. It is, therefore, a secondary
matter and of use chiefly in aiding to interpret the heat
budget. The total work budget does not add greatly to the
knowledge obtainable through the heat budget, on which it -
depends. Lakes will naturally be compared on the basis of
their heat budgets, which come from direct observations of
temperature, rather than on that of the work budgets de-
rived from the heat budgets. The value of the work budget
lies chiefly in its application to the deeper strata, first to the
hypolimnion as a whole, and then to its several strata.
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It will help to bring, if not a solution, at least a partial un-
derstanding of the difficult questions of the effect of the depth
and volume of the lower water on its temperature, and so on
the heat budget of the lakes.

15. THERMAL RESISTANCE.

In 1910 (Birge 10, pp. 989-1004) I discussed the matter
of thermal resistance. The paper gave a formula for de-
termining the work done in mixing a column of water with
unit base and height, and a uniform temperature gradient.
This is

AC?
W (ergs) = o (D:-Dy) (Formula II.)

In this A is the area and C the height of the column. D
__is the density of the water at the upper surface of the col-
umn and D, that at the lower surface.

If A and C are assumed as constants—for instance, 1
. sq. cm. and 100 cm.—then the thermal resistance will vary
according to the value of D, —D, or (to state it in terms of
(1—D), according to the value of (1—D )—(1—=Dy,).

For the purposes of limnology it is convenient to assume
the values of A as 1 sq. cm. and of C as 100 cm., to take as the
standard temperature gradient 1° per meter, and as the stand-
ard unit, the amount of work required to mix such a column
of water whose temperature is 5° at the top and 4° at the
bottom. In this case W = 0.0067 ergs and this value can be
taken as the unit of work done in mixing. But since com-
parative values rather than absolute quantities are needed,
it is just as well to avoid this computation and take as the
unit of thermal resistance D s—D 5, which equals .000008.

Then in any column of water 1 sq. cm. in area and 100 cm.
high with a uniform temperature gradient, the number of
Dm - Dn

8
ing the temperatures of the water at the ends of the column.
These relative values for differences of 1° are given in the
paper referred to (p. 991 column IV) and are also shown
graphically in pl. LXV (p. 1003).

If this method is applied to the temperature series from
lake Mendota discussed in this paper we have the following
result. Operations are performed with 1—D, instead of D.

units of thermal resistance is equal to ; mand n be-
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TABLE 10

Thermal resistance of Lake Mendota for temperature condition used
in preceding tables. ’

D:-D1
Depth T 1-D Depth P
0 24.2° 0.002727 0-1 15.4
1 23.7 2604 1-2 15.0
2ttt e e 23.2 2483 2-3 12.1
3 22.8 2388 3-4 5.9
4 22.6 2341 4-5 3.0
5. 22.5 2318 5-6 3.0
6. 22.4 2295 6-7 3.0
7 22.3 2272 7-8 44 .4
8. 20.7 1917 8-9 36.7
9. 19.3 1628 9-10 62.2
10. 16.6 1130 10-11 24.4
11 15.4 935 11-12 11.4
12 14.8 844 12-13 7.4
13 14.4 785 13-14 5.2
14, 14.1 743 14-15 5.2
15, 13.8 701 15-16 3.1
16. 13.6 674 16-17 1.6
17 13.5 661 17-18 5.0
18, 13.2 621 18-19 1.5
19 13.1 609 19-20 0.6
20 13.1 609 20-21 0.4
21 13.1 609 21-22 0.3
22 13.0 596 22-23 0.2
23 13.0 596 23-24 0.1
24, 13.0 596

The numbers in the last column show the thermal re-
sistance in each meter in terms of the unit stated on the pre-
ceding page. The results are alse shown in fig. 10. In this
figure the values of the thermal resistance are platted in the
middle of the space assigned to each meter. The diagram
shows, even more clearly than the table, the strata of the
lake where thermal resistance is greatest. These sre the
upper three meters, where there is a super-heated layer
which will make it hard to get heat from the surface to the .
strata below. On the other hand, while the difference in
density is considerable, the decline of temperature is not
great. (pl. IT) - The loss of relatively few calories would
permit the easy transfer of heat through the epilimnion
from surface to thermocline. . :

The situation at the thermocline is very different. Here is

.a sudden and great rise of resistance, so great that only very
strong winds can force warmed water into the cooler strata,
even those at the top of the thermocline. When therefore
such a fully developed thermocline has appeared it offers a
. very effective resistance to the direct influence of the wind. -
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Thus the temperature gradient in the thermocline is so
steep that very little mixture takes place there except when
the wind is exceptionally violent; and when the wind is
strong, so that most of the epilimnion is pushed to one side of
the lake, this process compresses the thermocline and greatly
increases the temperature gradient at the very place where
the currents set up by the wind are most vigorous. The same
statement may be made of oscillations, like the temperature
seiche. These are robbed of much of their possible effect in
warming the lake by the fact that each of their movements
which tends to mix the water at the junction of epilimnion
and thermocline increases also the thermal resistance to
mixture in that stratum. i

Thus much of the energy of the wind is lost so far as con-
cerns its effect in distributing heat. The temperature gradient
. in the thermocline acts somewhat like a spring resisting the
action of the wind. It is compressed when the wind pushes
harder; it releases when the wind dies down; but in either
case its resistance is proportioned to the vigor of the pressure
onit, and it is almost equally effective at all times in prevent-
ing mixture. Hence there are found only small results, or even
none that are measurable, from violent winds in summer, un-
less these are accompanied by a decided fall of temperature.

The distribution of heat below the thermocline depends on
currents indirectly occasioned by the wind, and therefore
relatively feeble under ordinary conditions. They operate,
however, on water which has a decreasing thermal gradient
and therefore are in position to effect some mixture. The
discussion of this matter, however, does not belong in this

paper.

16. THE ‘“STABILITY’ OF A LAKE.

In 1915 Professor Wilhelm Schmidt of Vienna published a
very thoughtful and suggestive paper entitled “Uber den
Energiegehalt der Seen” (Schmidt ’15). In this he discussed
a subject nearly related to that of the present paper, under

“the head of the stability of a lake. The meaning of this
may be stated as follows: A lake in a homothermous eondi-
tion is in a condition of indifferent equilibrium; if its upper
strata are warmed the equilibrium becomes proportionally
stable. The amount of this stability may be measured by the




366  Wisconsin Academy of Sciences, Arts and Leiters.

amount of work needed to complete the distribution of heat
through the lake and so to bring the lake again to a condition
of uniform temperature and indifferent equilibrium. The
amount of this work may be expressed in kilogram-meters
for the total volume of the lake or in the amount of the dis-
placement of the center of gravity of the lake, which this
amount of work would effect. Problems relating to the tem-
perature seiche, and others as well, may be discussed in the
light thrown on them by the stability thus ascertained.

Schmidt’s point of view is very different from mine. He
starts with a certain condition of heat (and therefore of
density) and desires to follow out the further effects of this
condition. I ask how much work was required to bring about
that condition of temperature. He determines the stability
and sees in this an important factor in advancing our knowl-
edge of movements of the water such as the temperature
seiche. I attempt to determine the work done in distribut-
ing heat; and I hope, by solving this problem, to get more
light on the relation of the area, depth, and form of lakes to
their heat budget. ' ‘

Schmidt’s problem begins where the problem ends which is
discussed in the present paper. He considers not the amount
of work needed to produce the stability (and this is another
way of stating my problem) but the amount necessary to
continue the distribution of heat until an indifferent equili-
brium again results.

It is not necessary here to discuss Schmidt’s methods in
detail. Their mathematical theory is very skilfully worked
out and rests on the calculus. Practically the problems are
solved graphically and the methods of constructing the dia-
grams are given. These are also excellent, and I will apply
them to the case of lake Mendota which has already been
discussed, in order to show more clearly the relation of the
methods and of the results obtained.

Since the result is to be stated in terms of the effect on the
center of gravity, the position of the level is determined in
which this lies, and the moment of each stratum above this
plane and below it is computed. The horizontal lines of fig.
9 show the result for lake Mendota, computed by 1 m. in-
tervals. The center of gravity (CG) lies at 8.35 m. The ver-
tical distance between the several meter lines of the diagram
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is proportional to the moment of each one-meter stratum of
the lake. On this diagram are platted the several values of
1—D for the temperature condition found. The area to the
left of the curve A A is proportional to the amount of work
needed to overthrow the stability. That part which lies
above C G, the center of gravity, is to be taken as positive
and that below as negative. The areas may be measured by
a planimeter and the quantity of energy thus determined.
This quantity will be expressed in kilogram-meters and if
the result is divided by the volume of the lake expressed in
liters the quotient will equal the displacement of the center:
of gravity in meters. In this case the amount of work done
above the center of gravity is 2867.9X10¢ kg. m. and that
below the center of gravity is 837.1 X10¢ kg. m. Subtracting
the second result from the first, we have 2030.8 X 10° kg. m.
as the amount of work necessary to restore the lake to a
condition of indifferent equilibrium.

The volume of the lake is 478000 X 10¢ liters. The measure of
the stability is therefore S =2030.8 X 10 X100 =0.425 cm.; thatis

478000x108 "

to say, the work of restoring the lake to a condition of in-
different equilibrium at the higher temperature is equal to
that of raising the weight of the lake through a distance of
0.425 cm.

17. COMPARISON OF SCHMIDT’S RESULTS WITH THOSE REACHED
THE PRECEDING PAPER.

The above result can be stated in terms similar to those
which I have employed in this paper, in gram-centimeters
per square centimeter of the area of the lake, and by so
doing the relation of Schmidt’s method and mine will be
made apparent. The mean depth of the lake is 12.1 m. and
a column of water with this height and a base of 1 sq. cm.
weighs 1210 g. The work necessary to restore indifferent
equilibrium would raise all of these columns through a dis-
tance of 0.425 cm., involving work to the amount of 514.25 g.
cm. on each column (1210 %0.425).

This result may be called the complement of that reached
by me, as the following considerations will show. A formula
may be given from which may be computed the amount of
work necessary to cause a lake to pass from a condition of

3
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indifferent equilibrium at 4° (D =1) to a similar condition at
a higher temperature and a smaller density.

This formula* is

W=(CG)X(RT)X(1—-Dm). (Formula III.)

In this formula, CG equals the distance from the surface
of the lake to the plane in which is found the center of gravity
of the lake.

RT is in this case the mean depth of the lake.

1—Dm is the mean value of 1 —D for the lake at the higher
temperature conditions that have been developed.

This formula means that the work involved in the pro-
cess described is that necessary to move a weight equal to
(1 —-D) multiplied by the mean depth of the lake, through a
distance equal to that of the center of gravity from the sur-
face of the lake.

The value of 1 —Dm for lake Mendota in the temperature
conditions used in former examples is 0.001705.

The value of CG is 835 cm.; of RT 1210 cm., which for a
column 1 cm. square is equal in weight to the same number of
grams.

Therefore W =835x12100.001705 = 1722.65 g. cm. per
sq. cm. of the surface of the lake. :

But it has been already shown (p. 349) that the work nec-
essary to produce the temperature condition here discussed
is 1209.18 g. cm. The work necessary to complete the dis-
tribution of the heat, according to Schmidt’s method, is
514.25 g. cm. (p. 367). The sum of these is 1723.41 g.cm., a
result which checks quite accurately with that given above.

If therefore one desires to know the stability of a lake for
which he has computed the work necessary to bring its tem-
perature into a certain condition, the result may be derived
as above.

It should be noted that the value of (CG) X (RT) is ap-
proximately equal to the sum of the factors given in table 1,
col. C for RT XZ. Conversely, the position of CG may be
derived from the formula .

CG = Z(RTXZ)%

*This formula has been given to me by Professor C. S. Slichter, who also
pointed out the relation here stated between my results and those of
Schmidt.
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In this formula Z(RT X Z) is the sum of the products in
table 1, column C. A is the area of the lake and V its volume.

The result thus obtained will be only approximately correct
and will need adjustment if accurate computations are to be
made by Schmidt’s method.

The value for the stability thus obtained may readily be
converted into other units, such as the displacement of the
center of gravity, or the total amount of work in kg. m.

Attention is again directed to the point, that in formula
III the value of 1 —D for the mean temperature of the lake
can not be used instead of the mean value of 1 —D (cf. p. 347).

It is also apparent that the value of the total work, as
computed in this paper, may be called the complement of the
results obtained by Schmidt, and may be derived from his

_ results in the same way that his results may be derived from
mine. The choice of methods is, however, by no means a .

matter of indifference. So far as total results go they reach
the same conclusions and involve about equally tedious com-
putations. They lend themselves equally well to graphical
methods. But the case is different when one desires to examine
the results for single strata of the lake or to compare strata in
different lakes. In my method the datum plane, from which all
computations start, is the surface of the lake; in Schmidt’s
method the datum plane is that of the center of gravity. 1
use the surface to which the energy of the wind is directly
applied and that from which the distribution of heat starts in
fact. It is also the surface which is a chief factor in any dis-
cussion that involves other surfaces and volumes of the lake.
We must start from this surface for instance, in order to
determine the position of the center of gravity. My method
therefore seems to be the more simple and direct one. The
results which Schmidt reaches can readily be obtained by it,
and others as well which may be used in the discussion of a
wider range of problems.
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DIAGRAMS.

The following diagrams show in graphic form the chief
results of this paper. Each figure has a somewhat full ex-
planation and this need not be repeated in the text. In gen-
eral it may be said that graphic methods, when they are
applicable, are quite as accurate as computation by such
methods as those which I have employed. Undoubtedly
the curve of 1 —D in pl.VI can be drawn so that measurement
will give more accurate results than computation by 1 m.
intervals. If totalresults only are wanted the graphic method
is also about as rapid as computation. But the gain in accu-
racy is slight at best, and the computation is in all cases
more accurate than the observations on which it is based, and
far more accurate than the assumptions which accompany
the observations.

If the work done for or in the single strata is desired the
results can be obtained much more quickly by computation
than from diagrams. The measurement of numerous small
areas consumes much time with little or no corresponding
gain in accuracy.

It will be noted that the longest computation—that by
which the curve of distributed work is derived from the direct
curve, can not be mechanically performed.
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Plate I. Diagram for determining RT for the several one-meter
strata of lake Mendota (after Schmidt ’15, fig. 1.). The volume of
the lake below any level whose volume has been computed, is
platted on the proper line and the points thus determined are
joined by a curve. In this case the points are at 0, 3, 5, 10, 15 and
20 m. Horizontal lines are then drawn for each meter of depth.
From the intersection of these lines with the curve perpendiculars
are drawn to the scale at the bottom. Then the distances on the
scale, 0-1, etc. are proportional to the reduced thickness of the several
one-meterstrata. Theirnumerical value maybeascertained by meas-
uring these distances, and computing their value as percentages of

A
of the scale corresponds to a mean depth of 12.1 m. Since, how- .
ever, the volumes of the several strata are likely to be needed for
other purposes, it is quite as easy to determine these from the
diagram and ascertain RT directly by using the formula
Vo—l )

RT =E—, etc.

the mean depth of the lake (—Y-) In this case the entire length
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Plate II. Temperature curve and density curve of lake Mendota.
This is the mean of the daily observations Aug. 9-15, 1910. Ordi-
nates represent depth and abscissas temperature or the value of
1—D. The scalefor 1 —D is 100 times as great as for temperature
and its zero starts at 4°. For purposes of comparison 4° should also
be the starting point of temperature and loss of density should be
compared with increase of heat as measured from that point. It
is more convenient to treat 1 —D as a whole number, except in
multiplying and to think of it as representing loss of weight—
milligrams per liter, for instance. In this case a gain of 20° above
4° involves a loss of 2677 points in density, while a similar gain of
10° or half as much heat, reduces the density less than one-third
as much, 729 points.

It is this fact which makes it worth while to make a study of the
- work involved -in distributing heat. If the density wvaried
directly as the heat, the results of a change of dens1ty would not
differ from those of a change of heat.
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Plate ITI. Temperature and 1 — D, Beasley Lake, Aug. 31, 1900.
An extreme case of rapid decline from a high temperature, with
corresponding difference between the temperature curve and the
density curve. See explanation of Plate II .
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Plate IV. Part of Plate V on a larger scale. (See p. 347.)

A =mean temperature, 19.11°; A’ =value 1 —D for meantempera-
ture, 0.001590; B’=mean value 1-D, 0.001705; B =temperature
corresponding to 0.001705, 19.68°.
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Plate V. Quantitative curves of heat and density, Mendota.
The scale of abscissas is the same as in fig. 2. The vertical divisions
correspond to the RT scale shown in fig. 1. One horizontal space
equals two calories or 200 density points. One vertical space on
the scale equals 100. The horizontal lines for this scale are not
drawn for fear of confusion with the meter lines, which are neces-
sary for platting and measuring. In practice the diagram would
be drawn on coordinate paper. The area between the line for 4°
and the curve of temperature or density respectively may be
measured with a planimeter. The total gain of heat and loss of
density can be thus determined, and from these results the mean
temperature and the mean density.

The area bounded by any two meter-lines, the 4° line, and the
curve, will give the amount of heat or loss of density in any given
meter.

The points are marked on the curves which correspond to mean
temperature and mean density.

So far as the temperature curve is concerned, pl. V. corresponds
to figs. 2 and 3, in my paper on heat budgets. (Birge ’15, p. 22,
23.)
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Plate VI. Diagram of work, lake Mendota, Aug. 1910. This
diagram corresponds to the calories and loss of density shown in
pl. V and table 1. In this diagram the horizontal lines represent
the meters, and the distances between them represent the values of
RT XZ. The scale is placed beside the diagram and lines for it
are not drawn, so as to avoid confusion. In a working diagram
coordinate paper would be used. One space on the vertical scale
equals 50,000 g. cm. One space on the horizontal scale equals
0.0004. The valuesof 1 —D are platted on themeter-lines. The
area enclosed by the density curve may be measured with a plani-
meter, and the value of W ascertained. The result will be given in
g. cm. per sq. cm. of the surface of the lake. By similar measure-
ment the value of W for any single meter may be ascertained.
The broken line representing 1 —D may be replaced by asmooth
curve if this is thought advisable.
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Plate VII. Direct curve of work and curve of distributed work.
The full line, A B D D, is the direct curve. To obtain this the
value of W for each meter is taken from table 1 and is platted in
the middle of the space assigned to the meter. These points are
then connected by a curve. Each horizontal space equals 10 g.
cm. and each vertical space equals 1. Then the area MA 1 gives
the value of W for the stratum 0 m.-1 m.; 1 AB 2 gives the wvalue
of W for the 1m.-2 m. stratum, ete. The area enclosed by the entire
curve will give the total value of W. This curve shows the work
done in behalf of each stratum.

The broken line, RR, gives the curve of distributed work,
showing the work done in each stratum. It shows graphically
the results given in table 5 col. F. The total area enclosed by the
curve is the same as that of the direct curve. The dotted area in
the 1 m.-2 m. stratum shows the amount of work done in that
stratum in warming it (table 5 col. E). The remainder of the
-area 1 CD 2 shows the amount of work done in it in order to carry
heat to deeper strata (col. D).

The numbers from which the curves are platted are given in g.
cm. per sq. cm. of the surface of the lake. They can be converted
into g. cm. per sq. cm. of the area at any depth and the results
would be similar to those shown in pl. 8.
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Plate VIII. Summation and subtraction curves of calories and
work; summer heat-income of lake Mendota. Horizontal
scale for calories ten times that for work. Summation curves in
broken lines; subtraction curves in full lines. The summation
curve for calories is AA: that for work is AA’. The value at the
intersection of any meter-line with the work-curve shows the
amount of energy expended in distributing through the water above
the meter-line, the amount of heat indicated at the intersection of
the same meter-line with the heat-curve. For instance, a depth
of 5 m. about 745 g. cm. of work has been done to distribute in
the water above that depth about 8150 cal. In both cases the
numbers refer to sq. cm. of the surface of the lake. At 10 m. the
amount of work expended is increased to nearly 1065 g. cm. and

. 13800 cal. have been left behind. Thus 5650 cal. have been brought
from the surface into the 5 m.-10 m. stratum and distributed
through it by an expenditure of 325 g. cm.

It is noticeable that in the upper meters heat and work increase
together and at about the same rate; but as depth increases the
curves diverge and in the lower and cooler water the number of
calories increases much more rapidly than the number of gram-
centimeters of work needed to distribute it. This means that the
decline of thermal resistance decreases work more rapidly than
the increase of depth adds to it. The deep lake therefore calls for
less work in proportion to gains of heat, than does the shallower
lake.

The subtraction curve for work is BB; that for calories is DD.
These curves show at the surface, for example, that about 1210
g. cm. of work per sq. cm. of the lake’s surface were required to
distribute 18370 cal. per sq. cm. into the water of the lake; that
at the depth of 5 m. about 465 g. cm. were left to distribute about
10300 cal. through the water below 5 m.

The dotted lines CC and EE show the amount of work and heat
at any given depth as referred, not to the area of the lake’s surface,
but to the area at that depth. Thus the main curves BB, DD,
show that at the depth of 10 m. there are left about 145 g. cm.
and 4600 cal. per sq. cm. of the lake’s surface. But since the area
of the lake at 10 m. is 619, of that at the surface, these results are
divided by 0.61. The quotients show that there were brought to a
depth of 10 m. nearly 7600 cal. for each sq. cm. of the area of the
lake at that depth and there were similarly about 240 g. cm. of
work available for its distribution. Similar computations are made
for various points along the curves; the results are platted and
connected by the dotted lines. This change in the datum plane is

“necessary if similar strata in different lakes are to be compared.
See p. 357.
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Plate IX. Diagram showing stability curve of Lake Mendota.
After Schmidt ’15, p. 21. fig. 3. The vertical distance between the
meter lines indicates the moment of the one-meter strata with
reference to the plane of the center of gravity (CG). One hori-
zontal space indicates 0.0004 in the value of 1 -D. One space on
the vertical scale equals 125000 X 10% kg.m. The lines correspond-
ing to this scale have not been drawn across the diagram. The
values of 1—D areplatted on the meter lines and the points thus
ascertained joined by a curve AA. The area above CG and that
below it are measured with a planimeter, and from the areas is
determined the number of kg. m. represented by each. The
difference between these sums shows the amount of work necessary
to restore indifferent equilibrium at a density equal to the mean
delésgiéy of the lake in the condition shown by the diagram. See
p- .
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Plate X. Thermal resistance. Lake Mendota, Aug. 1915. The
diagram shows the thermal resistance to mixture presented by
lake Mendota under the temperature conditions discussed in other
diagrams and tables. The vertical spaces represent depth: each
horizontal space represents five units of thermal resistance as
defined on p. 363. The length of the heavy black line shows the
number of such units that are found in the one-meter stratum
within which it lies.

Note the concentration of resistance in the thermocline, and to
a less degree at the surface. Note also that the currents directly
caused by wind have to meet an increasing resistance at the thermo-
cline with currents that are declining in energy. Below the thermo-
cline the indirectly caused currents are operating on water whose
resistance is decreasing as the depth increases.
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APPENDIX.

TABLE 11.

Value of 1.000,000—D, 0° to 27° C.
(From Landolt and Bornstein.)

T 0ola1 2|3 4|56 3|8 9
0! 0000132 | 126 119 | 113 107 01| 95 8| 8 79
1 3| 69 64| 59 55| 51| 47 43| 39 35
2 32| 209 26| 23 20| 18| 16 13| 11 9
3 3| 6 5| a4 3| 21 1 1| 0 O
2l 0o00000] 0 o 1 1| 2 3 4| 5 7
5 8| 10 12| 14 16| 18| 21 23| 26 29
6 32| 35 38| 42 46| 49| 53 57| 62 66
7 71| 75 80| 8 90| 96| 101 107 | 112 118
8 124 | 130 136 | 143 149 | 156 | 163 170 | 177 184
9 192 | 199 207 | 215 222 | 231 | 239 247 | 256 264
10 273 | 282 201 | 300 309 | 319 | 328 338 | 348 358
11 368 | 378 388 | 399 409 | 420 | 431 442 | 453 464
12 475 | 487 498 | 510 522 | 534 | 546 558 | 571 583
13 596 | 609 621 | 634 647 | 661 | 674 688 | 701 715
14 729 | 743 757 | 771 785 | 800 | 814 829 | 844 859
15 874 | 889 904 | 919 935 | 950 | 966 982 | 998 1015
16 1030 |1047 1063 |1080 1096 |1113 1130 1147 (1164 1181
17 1199 (1216 1234 |1251 1269 |1287 1305 1323 (1341 1360
18 1378 1397 1415 |1434 1453 |1472 |1491 1510 (1529 1549
19 1568 |1588 1608 |1628 1648 |1668 1688 1708 1729 1749
20 1770 11790 1811 |1832 1853 [1874 |1895 1917 |1938 1960
21 1981 2003 2025 |2047 2069 |2091 (2113 2136 |2158 2181
22 5903 2296 2249 (2272 2295 (2318 (2341 2365 (2388 2412
23 2435 |2459 2483 (2507 2531 (2555 (2579 2604 12628 2653
24 5677 |2702 2727 |2752 2777 |2802 2827 2853 (2878 2904
25 2929 |2955 2981 (3006 3032 {3059 (3085 3111 |3137 3164
26 | 0.003190 [3217 3244 (3270 3297 |3324 |3352 3379 {3406 3433
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ADDITIONAL SPECIES OF PHOLIOTA, STRO-
PHARIA AND HYPHOLOMA IN THE RE-
GION OF THE GREAT LAKES

Epwarp T. HARPER

Since publishing the species of Pholiota, Stropharia and
Hypholoma in Vol. XVII of these Transactions I have se-
cured photographs of a number of additional forms which
are shown in the plates accompanying- this article. They
belong to the Pholiota dura-praecox, aegerita and curvipes
groups, the Stropharia stercoraria-semiglobata group and
the Hypholoma sublateritium, velutinum and appendicula-
tum-candolleanum groups. I also give a photograph of
Hypholoma hydrophilum which belongs to the Psilocybe
spadicea group. _

These are good examples of the groups in the Agaricaceae
and I take the opportunity to describe them more in detail
and to explain the method of grouping I have followed and
the names chosen for the groups.

The agarics in this region fall naturally into groups. The
forms in a group resemble each other closely but the groups
are quite distinct. Most groups contain one or more common
and wide spread species as well as rare and local forms. If
we mention only those forms which have been named as
species there are in the Pholiota dura-praecox group the .
common species Pholiota dura and Pholiota praecox and the
rare Pholiota howeana, vermiflua, temnophylla, duroides,
etc. In the Stropharia stercoraria-semiglobata group are
the rare forms Stropharia umbonatescens, siccipes, siccipes
var. radicata, etc. In the Hypholoma velutinum group are
Hypholoma rugocephalum and Hypholoma boughtoni.
In the Hypholoma appendiculatum-candolleanum group a
wealth of forms have been named, among them Hypholoma
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incertum, cutifractum, madiodiscum, hymenocephalum, floc-
culentum, longipes, Stropharia irregularis, longistriata, etc.

The situation in Europe is the same as here. In each of the
groups I have mentioned the ,well known species are the
same. Pholiota dura, praecox, aegerita and curvipes, Stro-
pharia stercoraria and semiglobata and Hypholoma appendi-
culatum, candolleanum, sublateritium and velutinum are
all reported as common species in the floras of the British
Isles, France, Germany, Bavaria, etc. There are also num-
erous more local forms in the same groups in each flora.
For example in the floras of the British Isles Hypholoma
lanaripes, appendiculatum, var. lanatum, leucotephrum,
egenulum and piluliforme are given in the appendicula-
tum-candolleanum group. It is difficult to determine the
relationship of many of these forms to those listed in the
same group from France or described by Britzelmayr from
Bavaria and still more difficult to determine their connec-
tion with the minor forms in the group in this country.
Similar difficulties arise in the study of each group. What is
the relation of Pholiota sphaleromorpha to Pholiota how-
eana or duroides?. Of Stropharia longistriata to Stropharia
spintrigera? etc. Specific descriptions in the traditional
form do not enable us to answer these questions and yet
these questions are of the highest significance if the varia-
tions and geographical relations of the plants are to be
understood. What is the use of continuing to write descrip-
tions until these questions are answered? It only makes the
problem more complex.

A concrete example of the need of grouping the agarics
is before me as I write. I have just collected a species of
Lepiota about one inch broad and two inches high. The
pileus is floccose, smooth and lemon yellow on the umbo and
striate plicate on the margin. The gills are broadly free.
The stem is white and somewhat bulbous with a median
annulus. It evidently belongs among the smaller forms of the
Lepiota cepaestipes group. A look through the literature
shows that a large number of similar forms have been de-
scribed by European mycologists and in this country Peck
has described several, Morgan two and Clements two. T he
species in this country are said to be known only from the
single collections. That they all belong to one group is
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shown by the spores which measure about 3—4 X5—7 4 in
each species. My plants do not exactly agree with any of
these descriptions. The authors of the species do not help
for the descriptions are written independently and agree-
ments and differences are not noted,

As a step in the right direction I have endeavored to
place the forms in their natural groups regardless of the
characters used to distinguish genera or make artificial
keys, to name the groups after their most common and wide
spread representatives and to compare the groups with cor-
responding groups in Europe and other regions.

1. Emphasis must be laid on plylogenetic rather than
fluctuating differences in recognizing the natural groups.
Spore characters are generally considered among the most
diagnostic features and in all the groups here considered
the spores in the different forms are alike and characteristic.’
This does not, however, result in uniting forms unlike in
general appearance. It will be long before phylogenetic
relationship can be proved in all cases among the agarics
~but it is probable that natural groups which agree in the
fruiting bodies, the character of the hyphae or tissue and the
general structure are in most cases phylogenetic. The differ-
ences in shape, size, color and surface can often be seen to
be due to accidental causes. The sudden changes or
mutations which plants undergo the causes of which are as
yet little understood make the grouping of forms still more
essential. In some cases the supposed boundaries of a species
are overstepped in a single generation. The groups should
be broad enough to include the mutants.

The recent careful study of the structure and develop-
ment of the agarics by Fayod, Atkinson, Lavine, Zeller and
others will undoubtedly lead to a better understanding of the
natural groups. In several of the groups here illustrated I
have given a description of the structure as far as it is shown
in the photographs.

2. Naming the groups after their most common repre-
sentative helps in the determination of the forms and in
understanding the relation between them. It is also the logi- -
cal carrying out of the natural system of classification. It
substitutes a plant for . verbal description and aims at a
comparison of varieties. The so-called identity of species is
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always approximate for no two plants are alike in all par-
ticulars.

The best known names have historical significance also.
They usually represent the Europeanform of the group which
was first studied. They are also general and inclusive and well
fitted to represent groups. New species are usually made by
dividing groups previously considered wholes. It does not
appear that a single species of group value has been dis-
covered in this region in the genera Pholiota, Stropharia or
Hypholoma. The same is true in the genus Clitocybe and
probably in most other genera of Agarics. Some species in-
cluded even more than one group as the forms are recognized
today. Dr. Murrill in Mycologia for May, 1915, calls
attention to the fact that Hypholoma lacrimabundum and
Hypholoma velutinum are historically one species.

It is better to name the groups after these well known and
inclusive species than to give them special generic names.
Generic names would be unnecessarily multiplied. Generic
names also fail to secure the advantages mentioned. Fur-
thermore if the groups are considered generic unrelated forms
the groups of which have not yet been determined must be in-
cluded in some of them at least. It is better to preserve the
old large genera based on a few characters which the groups
possess in common. These genera must always be more or
less artificial and plants belonging in different genera will
sometimes be found in the same group. The only entirely
patural division is the phylogenetic group.

3. The comparison’ of the groups with those of different
regions or habitats is the most fruitful means of understand-
ing a local flora. The group is the proper unit of comparison.
It is significant that the species chosen as names for the
groups in our region are reported in most of the floras of
Europe and are the common species there. This does not
prove that the species do not vary in the different regions
however. Descriptions in their present form are not suffi-
cient to settle that question. In order to do so they should
be written from the comparative standpoint and show the
relation of the forms described to their nearest relatives in
other countries. Even in the few groups here studied
significant facts appear as soon as the comparative method
is followed. Our common “brick top” is Hypholoma sub-
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lateritium while the form on the Pacific coast is Hypholoma
fasciculare. Hypholoma perplexum is the most usual variety
_ here while Hypholoma epixanthum is found in Europe.
The luxuriant annulate form of Hypholoma appendiculatum
occurs also on the Pacific coast and its corresponding
European form is apparently Stropharia spintrigera growing
on rotton logs, etc. The value of the study of a local
flora is seen in this connection. Work like that of Dr.
Peck in New York State and Britzelmayr following Schaeffer
in Bavaria is the necessary basis for comparative study.
The suggestions given by Peck and Britzelmayr as to the
relationships of the new forms they describe are the most
valuable part of their work. The comparative point of view
should be kept constantly in mind in studying a local flora.

THE PHOLIOTA PRAECOX-DURA GROUP

1. Pholiota dura (Bolt.) Typical form. Pls. XI-XIII
AB.

Typical forms of Pholiota dura were abundant in a garden
at Geneseo, Ills., in June, 1915. The photographs in pls.
XI-XIIT AB were taken from these specimens. The char-
acteristic features of the form are: the habitat in fields and
gardens, the regularly convex pileus with incurved margin
and areolately cracked surface, the thick white flesh, the
short thick stem enlarged upward and furnished with abund-
ant myceloid rootlets at the base, the thick horizontal veil
which tears irregularly and leaves a lacerate annulus close to
the apex of the stem, the large rusty brown spores 6—8 x 11—
14 u. '

These characters are emphasized in the European descrip-
tions of the species so that this appears to be the typical
form though the spores are given in the Sylloge as 5—6 X8
—9pu. Britzelmayr gives 4—7X8—10u. Photographs of
plants collected near Chicago by Dr. Moffatt agree with
these in all respects.

2. Form with the veil appendiculate. Pl. XIII CD.

The photograph shows a form of Pholiota dura with the
veil wholly appendiculate as in the genus Hypholoma. The
plants grew in a hop field at Sumner, Wash. The habitat,
general appearance, solid flesh, cracked pileus, colors and
large spores, 5—7 X 11—13 u, shaped exactly like those of
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typical Pholiota dura, show that they belong to this group.
They differ from the usual forms in the long equal stems
sometimes curved at the base and the wholly appendiculate
veil the remnants of which hang in broad triangular patches
from the margin of the pileus. The pileus is smooth, convex,
whitish or dirty cream color and areolately cracked as in the
typical forms.

3. Pholiota praecox (Pers.). Typical form. Pl XIV
CD.

The plants shown here are more typical Pholiota praecox
than those illustrated in Vol. XVII., pl. XXVII. The ab-
sence of an annulus in those plants is a character of Pholiota
praecox var. minor though the plants are large for that form.
The plants photographed here differ from typical Pholiota
dura in the habitat in grassy places, the lighter colors, the
smooth not areolately cracked pileus, the long slender nearly
equal stems and the more scanty annulus. The spores
measure 6—8 X10—13 u. Sylloge gives 6—7 X8—13. They
are nearly the same size and shape as those of Pholiota dura.

4. Form resembling Pholiota sphaleromorpha Bull. PL
XIV AB.

The plants shown in this plate were collected and photo-
graphed by Mr. Burtt Leeper at Salem, Ohio, in June.
They grew on the ground in woods. The spores, shape, gen-
eral appearance, colors, solid white flesh and smooth areo-
lately cracked pileus show that they belong to the Pholiota
praecox-dura group. The spores are a little smaller than those
of the plants considered typical Pholiota praecox and Pho-
liota dura above. They measure 4—6X8—10u. The
stems are enlarged below and the annulus is more distant
and broadly membranous. The shape of the stem and the
annulus agree with the description of Pholiota sphalero-
morpha Bull. which is considered a variety of Pholiota prae-
cox by French writers. The photograph of Leeper’s plants
agrees well with Bulliard’s figure t. 540. The plants differ
from the description of Pholiota sphaleromorpha in the
sinuate decurrent instead of “arcuate decurrent” gills and in
the whitish gray instead of “yellowish” pileus. The follow-
ing is a description of Leeper’s plants:

PiLeEus convex when young becoming expanded and de-
" pressed in the center, fleshy, margin incurved, somewhat
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wavy, areolately cracking in the center, grayish. FLEsm
firm, white. Lamellae sinuate with a decurrent tooth, not
crowded, color of burnt umber. StEM somewhat flexuous,
swollen at the base, tapering upwards, whitish pruinose,
solid becoming hollow, striate at the apex. AnNULUS distant,
membranous, persistent. SporEes ferruginous brown, 4—6 X8
—10u.
In woods. On ground rich in rotten wood. June.

Notes 1. The plants described and illustrated in Vol. XVII
p. 477 and pl. XXVI which I doubtfully referred to Pholiota
howeana Pk. have the more distant membranous annulus and
stem enlarged below of Pholiota sphaleromorpha. The darker
yellowish tint of the pileus agrees better with Pholiota sphaler-
omorpha than the gray of Leeper’s plants. My field notes sug-
gested that the plants were related to Pholiota praecox. There
is little difference between Peck’s description of Pholiota howeana
and the description of Pholiota sphaleromorpha. Dr. Peck him-
self allowed considerable variation in this species. I have plants
sent to me by Simon Davis which were indentified by Peck as
Pholiota howeana but which were smaller, tougher and with larger
spores than his description of Pholiota howeana calls for, 5—6 X 10
—12u instead of 5—6X8—10u. The spores of my plants were
4—5X8—9u and of Leeper’s 4—6X8—10u. There is no doubt
that all of them are close together in the Pholiota praecox-dura
group. :

2. The plants described and illustrated in Vol. XVII p. 480
and pl. XXIX are not as typical Pholiota dura as those shown here
in pl. XI. As was remarked the plants there described had the
pileus thinner and more expanded with the surface very little
cracked. The stem also was more slender and the annulus more
perfect and entire. The spores were smaller 4—6X7—9 u. These
peculiarities are those of Pholiota duroides Pk. which is decribed
in N. Y. State, Mus. Bull. 122, pp. 148-149 from plants collected
by G. E. Morris in Mass. Peck’s description reads: ,

“P1LEUS thin, convex becoming nearly plane. glabrous or slightly
rimose squamose in the center, varying in color from creamy

- white to ochraceous buff either wholly or in the center only.
FrLesu white. TAste mild. LAMELLAE thin, close, narrow, adnexed
sometimes broadly sinuate and having a decurrent tooth, whitish
becoming brown or rusty brown. SteM equal or nearly so, stuffed
or hollow, glabrous, whitish, the annulus thick and cottony,
often lacerated and evanescent, white. Spores broadly elliptic
4—5X6—7 p.

Pileus 1—2 inches broad. Stem 1—2 inches long, 2—4 lines
thick.

Rocky ground. August and September.

It is similar to Pholiota dura (Bolt.) Fr. but may be separated
from it by its different colors, softer substance and especially
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by its smaller spores. These are more brown than the spores of
Pholiota praecox Pers. and make it doubtful whether the species
would not better be placed in the genus Stropharia.”

SYNOPSIS OF THE FORMS, ILLUSTRATED

1. Typical Pholiota dura..............cc..coceeinnne Pls. XI-XIIIAB
2. Plants with thinner, more expanded and less cracked
pileus and smaller spores. Similar to Pholiota

duroides PK.........c.ccoocvviinennnn. Vol. XVII, Pl. XXIX.

3. Plants with long nearly equal stems and appendicu-

late veil........ocooooiii Pl. XIIICD.

4. Typical Pholiota praecox.............ccccecuvevrencns. Pl. XIVCD.

" 5. Plants with appendiculate veil. Similar to Pholiota
praecox, var minor. Also a form with the pileus
umbonate..........cccoceeeiiiiinnne Vol. XVII, Pl. XXVII.

6. Plants with stems enlarged below and distant annu-
lus. Similar to Pholiota sphaleromorpha Bull. and
Pholiota howeana PK.........cccccooviiiiiiiiinii,
........................ Pl. XIVAB and Vol. XVII, pl. XXVI.

7. Autumn plants like Pholiota praecox but with the
pileus cracking. Pholiota vermiflua Pk.

Vol. XVII, pl. XXVIII, C—F.

8. Plants with the lamellae obliquely truncate next the
stem. Phollota temnophylla Pk.

Vol. XVII, pl. XXXIIIA.

Other forms reported from the United States are mentioned
in Vol. XVII, pp. 477-481. Further study emphasizes the
remark on page 481 regarding the variability of plants in this
group.

‘Whether the variation in the group is the same in Europe
as in the United States or not we have not the data to decide
fully. The two species Pholiota praecox and Pholiota dura
are reported in most European floras. Var. minor is reported
from the British Isles and Bavaria. Pholiota sphalero-

_morpha is reported from France, Germany and Bavaria.
Pholiota gibberosa Fr. is a small fragile form with {ree
gills reported from Germany but so far as I am aware has
not been found in this country.

5
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STRUCTURE OF THE PLANTS IN THE GROUP

The photographs of Pholiota dura in pls. XI-XIII AB show
the structure of the plants in the Pholiota praecox-dura
group. I will point out several of the characteristic features.

a. The white floccose universal veil or primordial cuticle
as Fayod calls it which covered the young carpophore dis-
appears early from the pileus and stem leaving only a few
small patches around the margin of the pileus and scattered
over the stem, Pl. XI A.

b. The part of this covering usually called the partial
veil which lies between the stem and the gills and covers
the gill chambers in the young plant is well developed and
more persistent. The expansion of the pileus strips it upward
from the surface of the stem and its under surface appears as
in Pl. XII B. At this stage it is attached to the apex of the
stem and the margin of the pileus but its upper surface has
torn from the edges of the gills and sagged down leaving an
annular gill cavity as seen in pl. XII A. As the pileus con-
tinues to expand the veil is ruptured. The break usually
takes place near the margin of the pileus leaving an annulus -
on the stem, pl. XI A, XIV A, etc. Sometimes the veil is
torn from the stem leaving the fragments hanging from the
margin of the pileus, pl. XIIT C. The tear is often irregular
leaving the stem annulate and the margin of the pileus more
or less appendiculate.

¢. The partial veil in Pholiota dura is stripped off to the
apex of the stem and there is very little superannular elonga-
tion of the stem so that the gills remain horizontal and the
annulus is close to the apex of the stem as seen in pl. XII D.
Other forms in the group show more superannular elongation
of the stem, as shown in pl. XIV, but the veil is not often rup-
tured above the annulus and the ridges on the upper surface
of the annulus are continuous from the annulus to the base of
the gills as in pl. XII C, XIV C, etc.

d. The edges of the gills are at first attached to the upper
surface of the partial veil and leave grooves in the veil when
they are torn away. These grooves and the ridges between
them are shown in pl. XI A, XII C, etc. In cases of retarded
expansion of the pileus the spores ripen and fall on these
ridges before the rupturing of the veil as shown in pl. XII C.
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Such ridges stained with spores can be observed in many
species of Agarics. The most noted case is that of Stropharia
coronilla. These ridges lie between the gills, pl. XI A, and
must be distinguished from the decurrent teeth of the gills
which connect with the grooves. The ridges can be seen in
cross section in pl. XIIT AB. The section is horizontal and
made at the point where the ends of the primary gills connect
with the stem, pl. XII Ca. The dead-tissue of the veil shows
white in contrast with the dark hymenial and subhymenial
layers of the stem, pileus and gills beneath the gill chambers.
The primary gills connect with the subhymenial layer of the
stem between the ridges. Owing to their horizontal position
the gill chambers widen outward very rapidly and secondary
gills appear as folds in the bottom of the gill chambers very
close to the stem. Some of them so close to the stem that
they touch the ridges, pl. XIII A. The ridges extend but a
very short distance into the gill chambers in Pholiota dura
since there is little elongation of the stem to lengthen the de-
current teeth of the gills and a section above the extreme
basal point of the primary gills does not show them. The hy-
menium covers the base and sides of the gill chambers. The
chambers become forked by the appearance of the secondary
gills. The forking ridges which cover them are well shown on
the annulus of Pholiota fulvo-squamosa, vol. XVII, pl. LX.
. e. The pileus in this group is covered by a well developed
cortex which forms under the universal veil and is left naked
when the veil disappears. It is smooth, leathery and more or
less deeply colored. It often cracks areolately as the pileus
expands, pl. XI B.

The thick solid flesh, the well developed partial veil, the
firm cortex, the horizontal gill chambers and the subannular
stem are the chief characteristics of the plants of this group.
They all have the rusty ochraceous spores of the genus
Pholiota. The spores are the same shape and character in all -
the forms in the group varying a little in size from 4—6 X
7—9u to 6—8 X 11—14 .

THE PHOLIOTA AEGERITA GROUP

There are in this region two closely related plants belong-
ing to this group. Their structure is very nearly like that in
the Pholiota praecox-dura group the characters of which are:
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the thick solid flesh, the convex often areolately cracked
pileus, the horizontal gills, the apical annulus and the
subannular stem. They differ in the habitat on stumps and
rotten logs, the colors which are varying shades of reddish
yellow, becoming black in Pholiota luxurians, the often
finely squamulose as well as areolate rimose pileus and the
irregular stems, which vary in size and shape according to
the position on the logs or stumps. The spores vary from
4—6u broad and 7—10u long. They are the same shape
and character in both species but apparently a little larger
in Pholiota luxurians than in Pholiota aegerita.

- Both Pholiota aegerita and Pholiota luxurians are re-
ported from the British Isles, France and Germany. Bresa-
dola gives a good illustration of Pholiota aegerita from the
Tyrol but neither species appear to have been collected by
Britzelmayr in Bavaria.

Pholiota aegerita has been reported by Hard from Ohio,
Dodge from Wisconsin, etc., but I have seen no report of
Pholiota luxurians from this region.

1. Pholiota aegerita Brigant. Pl XV.

The plants were collected and photographed 'by Mr.
Burtt Leeper at Salem, Ohio. They represent the species
better than the photographs I published in vol. XVII, pl.
XLIX, though there is no doubt as to the identity of the
plants. The dried specimens are very characteristic. The
pilei are very hard inrolled and cracked as well as finely
squamose. . The gills are bright ferruginous and the stems
smooth and hard. Mr. Leeper sent some of the plants to
Prof. Atkinson, who confirmed the identification.

The character of the species are: the habitat on logs and
stumps, the thick convex pileus areolately cracked in the
center and wrinkled on the incurved margin, the tawny
colors nearly white on the margin of the pileus, the apical
annulus and the thick smooth irregular stem which often
becomes cracked and shreddy on the surface. The stems may
be long, nearly equal and curved, short and thickened at the
base or short and tapering downward. Cooke’s illustration
453 shows long curved stems. Bresadola, Fung. Mang. t. 50,
illustrates plants more nearly like Mr. Leeper’s. I have
given the technical description of the species in vol. XVII,
p- 493.
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2. Pholiota luxurians Fr. Pl. XVI.

Pholiota luxurians has the same structure and shape as
Pholiota aegerita but the colors are darker with more red
and yellow. Old plants turn black. The pileusis both squam-
ulose and cracked. The spores are alike in color and shape
but average slightly larger, 4—6Xx7—10u instead of
4—5X7—9u. The plants are larger and coarser in every
way.

Fine specimens of this species grew on maple stumps at
Geneseo, Ills., in October. Some of the pilei were eight inches
in diameter. The shape of the stems varies as in Pholiota
aegerita, long or short, equal or enlarged at the base or taper-
ing downward. Many of the plants were caespitose. The
photograph was made from plants collected at Sumner,
Wash. They grew on top of a maple log and had short
stems, tapering downward. The areolae on the pileus are
seen to be covered with fine scales as in Leepers photo-
graphs of Pholiota aegerlta

PiLEUS variable in size, sometimes very large, irregular,
convex and gibbous to expanded, even on the margin, smooth
and silky or somewhat squamulose, rimose cracked; reddish
yellow becoming darker and the whole plant blackening with
age. FLEsH thick whitish to yellowish and finally black.
LAMELLAE broad, rounded adnexed or decurrent according
to the position of the pileus, becoming ochraceous-ferrug-
inous with spores, reddening and blackening with age.
SteM variously shaped, thick, smooth, with a thick evanes-
cent annulus, colored like the rest of the plant. Sprores
ferruginous 4—6 X7—10u.

Plants single or caespitose. Stems sometimes grown to-
gether at the base. On logs and about stumps in autumn.

THE PHOLIOTA CURVIPES GROUP

1. Pholiota curvipes Fr. Pl XVII.

The plants photographed were found on rotten logs
at Geneseo, Ills., in autumn. I have followed Peck in re-
ferring them to Pholiota curvipes Fr. They agree with Peck’s
description in N. Y. State Mus. Bull. 122, p. 154, except
that they average a little larger. The size of the spores
5—6 X8—10u is exactly the same as Peck’s measurements.
- Peck calls attention to the fact that the spores are larger
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than the measurements given in the European descriptions.
The Sylloge gives 3—4 X6—7 u. Otherwise the agreement of
the plants with the European descriptions is close. They
agree also with the illustrations in Fries Icon. 104and Cooke’s
Illust. 370.

The chief characteristic of the plants is the very scaly
pileus contrasted with the smooth innate fibrous stem. A
form with a scaly stem is however given in Constantin and
Dufour’s key. The annulus is very scanty. The gills are
very broad, crenate and white floccose on the margin. The
stems are nearly equal with very slight bulbous enlargement
at the base.

PiLeus somewhat fleshy, 1—2% inches broad, convex to
plane, margin incurved and extending beyond the gills,
covered with a thick floccose coat which tears into concentric
scales composed of bundles of fibers, often squarrose,
scales tawny on a lighter yellowish background. FLEsH
solid, light yellow. TasTE mild. LAMELLAE adnate with a de-
current tooth, very broad, light yellow becoming tawny,
more or less crenate and white floccose on the edge. STEM
1-2 inches long, 1-3 lines thick, fibrous but not scaly, solid
or fistulose, curved, light yellow above becoming dark
tawny below, equal or tapering downward, equal or very
slightly bulbous at the base, mealy above the slight annulus.
SPORES, inequilateral, ellipsoid, 4—6 X8—10u.

On rotten logs in woods. October.

Note. The affinities of these plants are not very clear. Farlow
in the index considers Pholiota curvipes as identical with Pholiota
tuberculosa. The only striking difference between the two species
as illustrated by Fries in Icon. 104, 2 and 3, is that Pholiota tuber-
culosa has a beautiful round bulb at the base of the stem while the
stem of Pholiota curvipes is not bulbous at the base. This is a
marked difference between the plants illustrated in vol. XVII, pl.
XLI and these plants. These agree better with Schaeffer t. 79 but
that is considered a poor illustration of Pholiota tuberculosa. The
bulbous stem might be a fluctuating variation but the size of the
spores in my plants differs widely and is the reverse of the differ-
ence between the spore measurements of the two species as given
in the Sylloge. The spores of Pholiota tuberculosa are said to
measure 4—5X8—10u while those of Pholiota curvipes measure
3—4X6—7pu. Plants with such widely differing spore measure-
ments should scarcely be placed in the same group.

Both Pholiota tuberculosa and Pholiota curvipes are reported
by Stevenson, Constantin and Dufour, Winter and Britzelmayr.
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The chief distinction is always that of the bulbous and non-
bulbous stem. In Constantin and Dufour forms of both species
with scaly stems are reported.

THE STROPHARIA STERCORARIA-SEMIGLOBATA GROUP

1. Stropharia semiglobata. Batsch. Typical form,
Pl. XVIII.

Plants of this species are common on dung in pastures at
Geneseo, Ills. It is more frequently met with than any other
form in the group. It was described but not illustrated in the
article on Species of Stropharia in the Region of the Great
Lakes, vol. XVII of these Transactions, p. 1022.

The characteristic marks of the species are the smooth,
viscid, cream colored, hemispherical pileus, the broad,
squarely adnate gills, the long, smooth, hollow stem and the
scanty annulus in the mature plants. Its ally Stropharia
stercoraria may be distinguished by the more flattened
pileus, more floccose stuffed stem, narrower gills and more
persistent annulus.

2. Stropharia semiglobata. Sterile form. Pl XVIIIK.

Sterile plants of this species were found several times dur-
ing the summer of 1915 on dung heaps in a pasture at

Geneseo, Ills. They agreed with the normal plants in all
respects except that the gills remained white and bore no
spores. There were numerous fertile plants in the neigh-
borhood. A number of sterile forms of different species have
been reported. Clitocybe sadleri B. and Br.is supposed to
be a sterile form of Hypholoma fasciculare.

3. Stropharia siccipes Karst. Var. radicata Pk. PL
XVIII 1.

Specimens of the rooting form of Stropharia siccipes were
sent to me by Dr. Mary Whetstone in June, 1915. They
grew in rich ground and had conspicuous roots some of them
nearly horizontal. A photograph of a dried specimen of
these plants is shown in pl. XVIII I. Peck suggested that
the plants grew from manure buried in the ground. It is
possible that the root is a sclerotium and survives the winter.
The illustration shows the appearance of the pileus of dried
plants in this group. The cortex is smooth and shining and
becomes areolately wrinkled.
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SYNOPSIS OF THE FORMS ILLUSTRATED

Stem as well as the pileus viscid. Yellowish. Pileus convex
or hemispherical, obtuse.
Stem stuffed........ S. stercoraria, vol. XVII, pl. LXVII.
Stem hollow.......................... S. semiglobata, pl. XVIII.
Sterile form of S. semiglobata............... Pl. XVIII K.
Pileus umbonate..............................oo
.................... S. umbonatescens, vol. XVII, pl. LXV B.
Stem dry. Plants argillaceous.
Without a root..........cc............
........................ S. siccipes, vol. XVII, pl. LXVI DEF.
With aroot.................o.o......
.............................. S. siccipes v. radicata, pl. XVIII I.

Stropharia semiglobata and Stropharia stercoraria are
both included in the important European lists and the char-
acters ascribed to them are the same there as here. Semi-
globata has been illustrated twenty times and Stercoraria
seven times, so that semiglobata appears to be the best
known species in Europe as well as in America. Stropharia
umbonatescens corresponds to Stropharia mammillata Kalch.
and Stropharia siccipes is a European species so that the
variation in the group in Europe corresponds closely to that
in the United States.

STRUCTURE OF THE PLANTS IN THE GROUP

The photographs in pl. XVIII show the structure of the
plants in the group.

a. The white floccose universal veil which covered the
young plants can be seen on the stems in D and E. It disap-
pears earlier from the pileus than from the stem and both
pileus and stem are covered with a smooth viscid coat when
mature. '

b. The young lamellae are nearly orbicular, G. The
partial veil fills the triangular space between the gills and
the stem and extends up to the base of the gills at the junc-
tion of the pileus and the stem. It appears white in G in
contrast with the gills and the growing tissue of the stem.
The expansion of the pileus and elongation of the stem tears
the under surface of the partial veil from the stem below and
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the upper surface from the edges of the gills above forming
an annular gill cavity. The free part of the veil is stretched
into a thin semitransparent membrane extending from the
margin of the pileus to the stem as in E. Continued expansion
tears it from the margin of the pileus, D, and it remains as a
thin papery annulus about the stem, F. It soon collapses
and only a few fragments stained with spores remain on the
mature plant, A and B. The upper portion of the partial
veil which was not stripped from the stem by the expansion of
the pileus becomes very thin as the superannular elongation
of the stem continues and the ridges on its upper surface
which closed the gill chambers are obliterated from the
central portion remaining near the annulus and at the
apex of the stem, H. Also vol. XVII, pl. LXVII. The
superannular portion of the stem is at first somewhat floc-
cose or furfuraceous from the remains of the partial veil
just as the stem below the annulus is floccose from the re-
mains of the universal veil. The superannular portion is,
however, more finely furfuraceousand later becomes smooth
and viscid like the subannular portion of the stem. As in
Pholiota dura the ridges on the upper surface of the annulus
are often dusted with spores and the remains of the annulus
seen on the stem are usually blackened with spores, otherwise
they are mostly inconspicuous. The edges of the gills remain
white and floccose where they were torn from the veil.

c. The gills are adnate to the stem and as the epinasty is
wholly in the pilear area the bases of the gills are drawn down,
the stem in decurrent teeth. The ridges of the partial veil
extend up between the teeth for a short distance as in Pho-
liota dura. In G the growing layer of the stem appears dark
and connects with the subhymenial layer under the base of
the gill chambers. The central portion of the stem is com-
posed of white medullary tissue. The dying tissue widens
at the apex of the stem, and connects with the medullary
portion of the pileus. This is seen in a greater degree in
species of Hypholoma. See pl. XXIII D. The stem becomes
hollow in Stropharia semiglobata, C, but remains stuffed
in Stropharia stercoraria. The group is remarkable for the
great elongation of the stem which takes place in both the
subannular and superannular areas. The annulus is often
nearly medial. Such long slender stems are characteristic of
Agarics which grow on dung. '
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THE HYPHOLOMA SUBLATERITIUM GROUP

The “brick tops” form a characteristic group of agarics
composed of a number of closely related forms. The relation
of the forms to each other and the geographical distribu-
tion was discussed in vol. XVII, pp. 1146-1147 and illus-
trations of four forms were given.

Beautiful specimens of the squamose variety of Hyphol-
oma sublateritium were found by an oak stump in woods at
Geneseo, Ills., in September, 1915. They are shown in pl.
XIX. The pilei were conspicuously spotted with dark op-
pressed scales arranged in concentric rows giving the plants
a striking appearance quite unlike that of the ordinary form
of the species. The scales were due to the persistence of the
universal veil on the pileus. The variety has been illustrated
by Cooke, Illus. 558.

SYNOPSIS OF THE FORMS ILLUSTRATED

Hypholoma sublateritium. Typical form.............
' Vol. XVII, pl. LXXII.
Pileus squamose. Var. squamulosum................. Pl. XIX.
Stems long and slender, etc., H. perplexum......
Vol. XVII, pl. LXXIII.
Hypholoma capnoides. Typical form........ e
Vol. XVII, pl. LXXIV.
Hypholoma fasciculare. (Form from the Pacific Coast.)
Stems short, thick at the base. Var. robustior...... ’
Vol. XVII, pl. LXXV.

All these forms are reported in Europe except Hypholoma
perplexum. Of the other European forms in the group Hy-
pholoma elaeodes is a variety of Hypholoma fasculare and
should be found with that species on the Pacific coast.
The two varieties of Hypholoma sublateritium, var. sub-
solitarium which is less caespitose, the pileus uniformly
colored and the stipes thickened at the base, and wvar.
Schaefferi with a yellow rugose pileus, hollow stem and nar-
row decurrent lamellae, should be looked for in this region.
The occurrence of Hypholoma epixanthum in this country is
doubtful as noted in the article in Vol. XVII, p. 1147.
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Hypholoma dispersum is reported in Farlow’s Index. It
is a small non-caespltose species apparently belonging to this

group.

STRUCTURE OF THE PLANTS IN THE GROUP

a. The universal veil is composed of long fibers of hyphae.
It is seen on the pileus in the squamose forms and in the
partial veil which is stretched into cobwebby fibrils by the
expansion of the pileus like a cortina and does not form a
membrane. Where exposed on the pileus and stem the uni-
versal veil becomes colored but remains white in the partial
veil. In most cases the universal veil disappears early and
the pileus and stem are covered with a smooth colored cor-
tex.

b. The fibers of the partial veil break near the stem, pl.
XIXa, and vol. XVII, pl. LXXII B, leaving no visible trace
of an annulus on the stem. The remains of the veil on the
margin of the pileus are also loosely fibrous so that they dis-
appear early. The resemblance of the veil to a cortina
is seenin pl. XIX B. The veil does not strip off from the stem
in a membrane as in the Hypholoma appendiculatum group,
pl. XXIII E, but the hyphal threads pull away separately
up and down the stem as in species of Cortinarius. The
ridges which are usually to be seen on the upper surface of
membranous annuli are not apparent.

c. The pilei are shaped like those in the Pholiota praecox-
dura group. They are convex with thick solid flesh and in-
curved margins. The lamellae are nearly horizontal and
secondary lamellae are numerous. The epinasty is in the
pilear area so that as the plant elongates the gills become
more and more adnate with long decurrent teeth. When
young they are rounded at the stem and nearly free. Com-
pare the young gills in pl. XIX B with those in the expanded
pilei in Vol. XVII, pl. LXXII. Intermediate degrees of elon-
gation of the bases of the gills can be seen in vol. XVII, pl.
LXXIV.

THE HYPHOLOMA VELUTINUM GROUP

The group is separated from the closely related Hypholo-
ma lacrimabundum group by the opaque tuberculate and
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apiculate spores 6—7 X8—12u, with an apical pore covered
by a hyaline papilla. There are four principal forms in the
group, Hypholoma velutinum, rugocephalum, boughtoni
and pyrotrichum. Photographs of Hypholoma velutinum
were published in vol. XVII, pl. LXXIX. Since then we
have collected Hypholoma rugocephalum and Hypholoma
boughtoni. They grow on the ground in open woods at
Geneseo, Ills. All four species have the spores exactly alike
in size and character, see vol. XVII, pp. 1153-1154. The
chief difference in the plants is in the surface of the pileus.
It is matted fibrous in Hypholoma velutinum, innate fibrous
and concentrically cracking in Hypholoma boughtoni,
somewhat viscid and rugose wrinkled in Hypholoma rugo-
cephalum and matted fibrous and bright fiery tawny in
Hypholoma pyrotrichum. All these species appear to be
closely related and the differences due chiefly to age and
weather conditions.

1. Hypholoma rugocephalum Atk. Pl XX.

The plants were found at Geneseo, Ills., in open woods.
The plants are larger than either Hypholoma velutinum or
Hypholoma boughtoni. The pilei were innate fibrous when
young becoming glabrous, slightly viscid and rugose wrinkled.
They were at times somewhat cracked near the margin
showing close affinity with Hypholoma boughtoni. The
other characters were exactly those of the group. Atkin-
son’s description is as follows. Mushrooms, p. 30, fig. 29.

PiLeus convex to expanded and revolute, marked with
radiating rugose, wrinkles, broadly umbonate, fleshy at the
center, thinner toward the margin, slightly viscid, smooth,
not hairy or scaly, the thin margin, extending beyond the
gills, fulvous-tawny. FrLEsH tinged with yellow. LAMELLAE
adnate, slightly sinuate, 5—7 mm broad, easily breaking
from the stem and then rounded at the base, spotted with
black spores, lighter on the edge. Sporgs black in mass with
a slight purple tinge, oval to broadly elliptical, inequilateral,
pointed at each end, echinulate or minutely tuberculate
8—11X6—8u. Basipia short, cylindrical, CysTtipia cylin-
drical, somewhat enlarged at the free end, delicate, thin
walled, in groups of 2—6 or more. . STEM cylindrical, even,
somewhat bulbous, colored like the pileus, lighter above the
annulus, irregular, smooth, fleshy, hollow, continuous with
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the substance of the pileus. ANNULUs a few threads stained
black with spores. .

Damp places in woods, single or caespitose.. Plants 8—1
cm high. Cap 6—10 ¢cm broad. Stem 6—10 mm in thickness.

2. Hypholoma boughtoni Pk. Pl XXI, ABC.
~ The plants agree with Peck’s illustration, N. Y. State
Mus. Bull. 139, pl. II. They have the tawny brown, innate
fibrous, areolately or concentrically cracked pileus. Other-
wise the characters are those of the group, dark brown opaque
tuberculate apiculate spores, gills white floccose on the edges
and distilling .drops of water, universal veil covering the
stem and pileus, concrete with the cortex and forming a
scanty annulate appendiculate veil. Peck’s description
reads: .

“PrLeus fleshy, thin except in the center, broadly convex
or subhemispheric, rarely with a slight umbo, glabrous or
slightly fibrillose, often concentrically or areolately cracking,
pale reddish brown or grayish brown. FrLEsa whitish. TASTE
disagreeable. LAMELLAE unequal, moderately close, adnate,
purplish brown, seal brown or blackish, obscurely spotted,
whitish on the edge. STEM equal, floccosely fibrillose, striate
at the top, hollow, white or whitish. Spores black on white
paper, broadly elliptic, apiculate, 7—8 X10—12u.

“Pileus 2.5—7 cm broad; stem 2.5—6 cmlong, 4—10mm
thick. Ground in woods and open places. August.

“This species is closely allied to Hypholoma velutinum
(Pers.) from which it may be separated by its dry, not hy-
grophanous, pileus, its whitish flesh and stem, the absence of
cystidia and the larger spores.”

The differences between the Hypholoma velutinum group
and the closely related Hypholoma lacrimabundum group
have been discussed in Vol. XVII, pp. 1152-1155, where two
forms of the latter and one of the former were illustrated.
The essential difference betweeén the two groups is in the
spores. The following synopsis shows the forms illustrated
in each group:

Spores smooth, 3—5 X7—9u. Plants whitish to tawny.
Plants smaller, lighter colored, squamose
H. lacrimabundum, vol. X VII, pl. LXXVII C.
Plants-larger, darker colored, squarrose
H. echiniceps, vol. XVII, pl. LXXVII B-LXXVIIIL.
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Spores echinulate apiculate 6—8 X 10—12u. Plants brown,
tawny.
Matted fibrous....H. velutinum, vol. XVII, pl. LXXIX.
Innate fibrous, cracking.... H. boughtoni. Pl. XXI, ABC.
Rugose and viscid............ H. rugocephalum. Pl XX.

Hypholoma pyrotrichum is a fiery tawny plant belonging
to the second group and Hypholoma regidipes is a small
form with scaly pileus related by its spores to the second

group.

Note. Prof. R. Maire in the Bull. Soc. Myc. de France, Tome
XXVII, fas. 4, discusses the relation between Hypholoma la-
crimabundum and Hypholoma velutinum in Europe. The two
species have been much confused. According to Maire Hypho-
loma velutinum is the most common species. It was described
by Persoon. Bulliard t. 194 and 525 figured it under the name
Agaricus lacrimabundus. True Hypholoma lacrimabundum is
illustrated by Fries. Icon. 134 which he wrongly connected with
one of Bulliard’s figures. The species has been described several
times under different names. Hypholoma storea var. caespitosum
Cke. Hypholoma hypoxanthum Phill. and Plow. Geophila cotonea
Quel. belong to this species. The two species are distinguished as
follows. Hypholoma lacrimabundum grows usually in tufts by
stumps or roots, the pileus is scaly on a whitish background, the
lamellae are not clouded and more rarely weeping and the spores
are smooth 3—5X6—9u without an apical pore. Hypholoma
velutinum grows singly or in groups on humus, the pileus is fibrous,
ochraceous or tawny, the lamellae are clouded and often weeping,
the spores are 6—7X10—12u strongly verrucose and with an
apical pore covered with a hyaline papilla.

The difference is practically the same as that between the two
groups in this region. The essential distinction is in the spores.
The spores of my specimens of Hypholoma lacrimabundum agree
with those of Hypholoma storea var. caespitosum in Jaap’s
exsiccati, 143, except that they averageslightlylarger3—5X7—9
instead of 4—4.5X7.5—8u . Not as large however as the spores
of Hypholoma hypoxanthum 4—5X9—11 p.

The European confusion of the two species has extended to
this country and forms of Hypholoma velutinum have no doubt
been referred to Hypholoma lacrimabundum. Maire rightly
questions Hard’s figs. 263 and 264 which have the appearance of
Hypholoma velutinum. Atkinson’s fig. 28 is more like Hypho-
loma lacrimabundum though the large spores 7—8X9—11 make
it doubtful. The spores of the plant illustrated in Vol. XVII
" pl. LXXVII C were smooth and 4—5X7—8u. On p. 1153 I
gave the spores of Hypholoma lacrimabundum 5—6X8—10k
following Sylloge, Peck, Quelet etc. Maire says the spores of
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true Hypholoma lacrimabundum in Europe are not more than
4—5X7—9u. Murrill in Mycologia, May, 1915 p. 116 pl. CLVIII
2, gives a good figure of Hypholoma velutinum but calls it Hypho-
loma lacrimabundum (Bull) Quel. He appears to be of the opinion
that Fries’ plant was an old scaly form of the one illustrated by
Bulliard. ;

Note 2. Hypholoma delineatum Pk., N. Y. State Mus. Bull.
150 p. 83 is placed in the Hypholoma velutinum group by the
author. Dr. Peck said it could be easily mistaken for Hypholoma
rugocephalum from which it was to be separated by its more
narrow obtuse and smooth spores. Dr. Dodge sent me a dried
plant which he considered Hypholoma delineatum after examina-
tion of Peck’s specimens. A photograph of it is shown in pl
XXI D. Both Peck’s description and Dodge’s specimen differ
from the plants in the Hypholoma velutinum group in the smooth
stem and broad membranous annulus as well as in the smooth,
not opaque and not apiculate, spores. Nor have the gills in the
_ dried specimen turned black. In all these characters the plants
agree with members of the Pholiota erebia group as described in
the note, Vol. XVII p. 1163 and pl. LXXXIV. Peck also calls
attention to the rugose pileus with radiating ridges on the margin
and to the habitat on both rotten logs and the ground both
features of forms in the Pholiota erebia group. Furthermore the
spores in the dried specimen are larger than those described by
Peck, 5—6X12—14y instead of 4—6X8—10u, both of which
measurements are found in forms I have included in the Pholiota
erebia group. It is probable therefore that Hypholoma deline-
atum Pk. belongs to the Pholiota erebia group.

THE HYPHOLOMA APPENDICULATUM—CANDOLLEANUM
GROUP

In vol. XVII, pls. LXXX-LXXXIII of these Trans-
actions I published illustrations of five forms belonging to
this group. Hypholoma candolleanum, leucotephrum, cuti-
fractum, longipes and incertum. I here add illustrations of
typical Hypholoma appendiculatum, a form similar to leu-
cotephrum and the annulate form described as Stropharia
irregularis Pk. or Stropharia longistriata Murr. The spores
in all the forms are of the same size and character 4—6 X7
—12pu. '

1. Hypholoma appendiculatum Bull. Pl. XXII ABC.

Hypholoma appendiculatum was very abundant at
Geneseo., Ills., during the summer of 1915. The plants
~ grew in lawns and pastures, preferring the vicinity of stumps

and buried roots. They varied much but the most typical
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form appeared to be that shown in the illustration. The
plants were large, ovate when young, becoming convex and
expanded. The colors are hygrophanous yellow or brown at
first becoming lighter to cream color or whitish as the water
is lost. The pileus is regular, even and smooth, covered with
the white floccose remains of the universal veil when young,
but soon naked. The flocci remain on the pileus under favor-
able weather conditions and then the plants represent the
variety flocculosarum. The change in color of the gills
from white to flesh color and then brown and the floccose
apex of the pileus were evident in some plants but not uni-
versally marked. These are the characters supposed to
separate the species from its ally Hypholoma candolleanum.
The apex of the stem is usually more or less striate and
the gills never become a bright pink as in Agaricus campes-
tris. The change is usually from whitish to a dull violaceous
then turning purple brown with the ripe spores. The gills
are broad and rounded at the stem narrowing toward the
margin of the pileus, pl. XXII C. The veil is scanty and seen.
“only in young plants. The further description of the species
was given in vol. XVII, pp. 1157-1158.

2. Form with narrow gills and irregular rugose plleus
Pl. XXII DEF. '

The illustrations show a marked form which was common
about logs and stumps in open woods and pastures at
Geneseo., Ills. The gills were narrow, remaining whitish for
a long time and showing very little of the incarnate tints.
The pilei were irregular and rugose wrinkled. The color was
dark hygrophanous at first becoming light cream color. The
form approaches Hypholoma leucotephrum but the stems
were not long and slender nor markedly grooved at the apex
as in that species.

3. Annulate form. Stropharia irregularis Pk. Pl
XXIII.

In June, 1915, there was a patch of very luxuriant plants
of this group two or three yards in extent over a buried stump
on a lawn in Geneseo, Ills. The partial veil was very thick
and remained as a persistent annulus on the stem, often
becoming moveable. Otherwise they did not differ from
Hypholoma appendiculatum which was abundant in the
neighborhood. The veil was of the same character as that in
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typical Hypholoma appendulatum which usually splits into
segments and remains as patches on the margin of the
pileus, see pl. XXIII E.

Peck’s description of a similar form which was found at
Linden, Virginia, and which he named Stropharia irregu-
laris, is given in Torr. Bull. Jan., 1900, pp. 16-17. It agrees
with our plants even to the cracked umbo and split margin of
the pileus. According to Earle, Peck was of the opinion later
that the species was a form of Hypholoma incertum. The
~ more persistent annulus and the long striae on the margin
of the pileus agree still better with Stropharia longistriata
Murr., Mycologia, Nov., 1912, which is described from
specimens found on the Pacific coast.

If we judge by the illustrations of the European Stropharia
spintrigera in Cooke’s Illus. 542, and Fries’ Icon. 132, and the
descriptions given of that species we must conclude that this
is the corresponding American form to that species. Note
especially the “distant fugacious annulus” the slight “incar-
nate” tint of the pileus often seen in this form and in Hypho-
loma appendiculatum, and the gills “joined behind” as in pl.
XXIII A. The spores of Stropharia spintrigera also are re-
ported as oblong-ellipsoid 4—6 X9—12u. The species is said
to be rare in Europe and to grow caespitose on trunks.

STRUCTURE OF THE PLANTS IN THIS GROUP

These large annulate forms offer good material in which
to study the structure of the plants in the Hypholoma appen-
diculatum-candolleanum group. '

a. The universal veil which covered the young plants re-
mains as white floccose fragments on the pileus, pl. XXIII F,
especially is it evident around the margin of the pileus and
‘at the base of the stem in young plants, pl. XXII A. It soon
disappears entirely except in the floccose varieties.

b. The partial veil is made of similar tissue and lies be-
tween the gills and the stem in the young plants covering
the mouths of the gill chambers. There is much superannular
elongation of the stem preceding the expansion of the pileus
which ruptures the veil around the stem. The torn upper
margin of the veil around the stem can be seen in pl. XXIII
AB and G. The ridges on the upper surface are still to be seen
on the annulus and on the remains of the veil at the apex of

6
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the stem. In most cases the expansion of the pileus which fol-
lows splits the veil and the fragments remain hanging to the
margin of the pileus. Compare pl. XXIII E. with vol. XVII,
pl. LXXX D and LXXXII E. In these annulate plants the
veil is torn from the margin of the pileus without breaking
up, and remains as a free annulus on the stem, pl. XXIII A
and G. At the apex of the stem the veil remains attached to
the edges of the gills and tears away from the stem leaving the
gills joined together at their bases, pl. XXIII A. The part
of the veil above the annulus is often broken into fragments
by the elongation of the stem, leaving the stem furfuraceous
or floccose above the annulus as in pl. XXII B. By this pro-
cess the ridges on the veil are more or less obliterated. This
breaking up of the partial veil above the annulus is analo-
gous to that which takes place when the universal veil is
torn into scales by the elongation of the stem in the volvar
area in plants which have a volvar stem.

c. A well developed cortex is formed on the pileus beneath
the universal veil. The coating on the stem is less developed.
The stem is hollow and the cavity is coated by a medullary
sheath, pl. XXIII C. The context of the pileus becomes
pithy in the center and is divided into a cortical and a sub-
hymenial layer. It is the cortical layer which cracks and
peels off in the forms like Hypholoma cutifractum, vol. XVII,
pl. LXXXII. There is a tendency to crack in this manner in
the pilei of all the forms in the group which I have observed.
~ The split often begins at the apex of the pileus as in pl. XXIII
G. The hollow of the stem extends into the pileus and the
cortical layer becomes very thin at the apex of the pileus. It
is often perforated as was noted in the descriptions of Hypho-
loma candolleanum and Hypholoma longpipes. Plate XXIII
D shows the apex of the pileus of the annulate form. The cor-
tical layer has split off and the end of the hollow stem covered
with the medullary sheath is seen in the center. Around it
appears the dark subhymenial layer which connects with the
growing tissue of the stem. The latter appears dark in the
cross section of the stem, C, between the light tissue of the
partial veil and the medullary sheath. In D the subhy-
menial layer appears radiating outward under the gill
chambers. The rays are divided by the lighter colored tissue
of the trama of the gills. Plate XXIII C shows a cross section
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through the pileus of a plant at about the stage of develop-
ment of E. There is shown (a) the dark colored cortical
layer, (b) the central portion of the pileus with lighter col-
ored tissue, (c) the dark subhymenial layer, (d) the gill
chambers covered on their bottom and sides with the hy-
menium. The spores have not formed. Later the gills are
blackened with the spores except on their edges which remain
white and floccose where they were torn from the tissue of the
partial veil, (e) the partial veil appearing as a light colored
layer about the stem. It is fluted by the grooves made by the
edges of the gills, (f) the context of the stem, (g) the light
colored medullary sheath.

THE PSILOCYBE SPADICEA GROUP

1. Hypholoma hydrophilum Bull. Pl XXIV.

The plants I have referred to this species were collected by
Dr. Mary Whetstone on a lawn in Minneapolis, Minn,
They are closely related to Psilocybe spadicea and appear to
belong to the same group. The spores of the two species are

alike in shape, size and color, 3—b5 X7—9 u, but Hypholoma
hydrophilum is furnished with very numerous dart shaped
colored cystidia about 15—20 X55—70u. These cystidia are
the most distinctive mark of the species. The plants differ
from Psilocybe spadicea also in the appendiculate veil which
hangs in patches from the margin of the pileus in young
plants, but soon disappears, in the more solid substance, the
more irregular, rugose wrinkled and repand pileus, the
fibrillose stem striate at the apex and the absence of incarnate
hues on the lamellae. All these features are characters of
Hypholoma hydrophilum.

PiLeus 3—3 inches broad, ovate to convex and expanded,
somewhat firm and fleshy, repand, striate or rugose wrinkled
especially near the incurved margin, disk smoother and
even, hygrophanous, tawny or yellowish brown becoming
pale avellaneous. Sometimes with scattered white squamules
when young. LAMELLAE adnexed, rounded behind, narrow,
not crowded, whitish becoming dark brown. StEmM 2—3
inches long, 3 lines thick, hollow, equal or slightly tapering
upward, somewhat striate above, white or pale cream col-
ored. Spores dark rusty brown, 3—5X7—9u, basidia
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4—5X20—25u, Cystidia numerous, colored, dart shaped
15—25 X55—70 u.
On the ground in yards, about logs, etc. Caespitose.
The plants agree well with Cooke’s Illus. 605 and Bulliard
t. 511. The species has been reported from Michigan by
Kauffmann.
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DESCRIPTION OF PLATES

Prate XI. Pholiota dura (Bolt.) A. Mature plant. B. Surface of a
pileus showing the areolately cracked cortex.

PraTte XII. Pholiota dura (Bolt.) = A. Vertical section of a young plant
with the partial veil unbroken showing the annular gill cavity.
B. Under surface of the pileus of a young plant with the veil unbroken
showing the under surface of the veil where it has been stripped
upward from the stem and the cross section of the stem. C. Section
showing the upper surface of an unbroken veil showing the ridges
which closed the gill chambers stained with spores. D. Section of
mature pileus showing the annulus close to the apex of the stem,
the horizontal lamellae, the hollow stem and the context of the
pileus and stem. E. Under surface of a pileus showing the tearing
of the veil.

Prate XIII. A. Section of Pholiota dura showing the connection of the
primary gills with the subhymenial layer and cross section of the
ridges on the veil which closed the gill chambers X4. B, Part of the
same enlarged. C D. A form of Pholiota dura with appendiculate
veil and long equal stems.

PraTE XIV. AB. Pholiota sphaleromorpha Bull. CD. Mature plant and
vertical section of Pholiota praecox Pers.

Prate XV. Pholiota aegerita Brigant. Various views. A. Plants with
equal curved stems. B C. Plants with stems thickened at the base.

PraTE XVI. Pholiota luxurians Fr. A. Upper surface of a pileus show-
ing the irregular form and the both scaly and cracked surface.
B. Under view of a pileus showing the gill surface and the short
stem tapering downward.

PraTeE XVII. Pholiota curvipes Fr. A. Mature plants. B. Cross sec-
tion showing the broad gills. , C. Young plants with smooth stems
and tufted scaly pilei. D. Medium sized plant showing the scaly
pileus. E. Young plants showing the attachment of the gills and
the apical annulus.

Prate XVIII. A-H. Stropharia semiglobata Batsch. AB and H. Mature
plants. C. Cross section of hollow stem. D. Young plant showing
the tearing of the veil X2. E. Young plant with floccose stem and
unbroken veil X2. F. Young plant showing the annulus X2. H. Ver-
tical section of young plant X4. I. Stropharia siccipes var. radicata
Pk. K. Sterile form of Stropharia semiglobata with permanently
white gills.

Prate XIX. Hypholoma sublateritium var. squamosum Cke. A. Cluster
of plants with squamose scaly pilei. The one in a shows the cortina
like veil. B. Section of a young plant with the cortina unbroken.

Prate XX. Hypholoma rugocephalum Atk. A. Pileus of a mature plant
showing the rugose wrinkled surface. B. Young plant showing the
even pileus and cortina-like veil. C. Gill surface showing the white
floccose edges of the gills.

Prate XXI. A-C. Hypholoma boughtoni Pk. A. Pileus showing the
innate fibrous surface cracked and torn around the margin. B. Ma-
ture plant. C. Young plant. D. Hypholoma delineatum Pk.
Dried plant showing the slender stem and membranous annulus.

Prate XXII. Hypholoma appendiculatum (Bull.). A. Typical mature
plant ‘and young plant showing the white floccose veil. B. Floccose
apex of the stem Xx4. C. vertical section of a mature plant. D EF
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Different views of a form with rugose wrinkled pileus and narrow

gills.

PLaTE XXIII. Annulate form of Hypholoma appendicvlatum. =Stro-
pharia irregularis Pk. or Stropharia longistriata Murr. A. Mature

. plant showing the gill surface and annulus. B. Striate upper surface

of the annulus X4. C. Cross section of young pileus, under view
showing (a) the cortical layer, (b) the medullary layer, (c) the sub-
hymenial layer, (d) the gills, (e) cross section of the veil attached to
the stem, (f) Context of the stem, (g) the medullary sheath xX4. D.
Apex of the pileus with the cortical layer peeled off showing the apex
of the hollow stem. E. Under side of a young pileus showing the
veil stripped from the stem and splitting into fragments. F. Young
plant showing the floccose remains of the universal veil on the
pileus. G. Mature plant showing the striate pileus cracked at the
apex and the annulus.

Prate XXIV. Hyphloma hydrophilum Bull. Various views of young and
mature plants.
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A MONOGRAPH OF THE ALGAL GENUS
SCENEDESMUS BASED UPON PURE
' CULTURE STUDIES

GILBERT MORGAN SMITH

The species that have been described in the genus Scened-
esmus are based almost wholly on field material. The specific
differences are founded on the shape of the cells, presence
of horns, teeth, lateral ridges, and cell measurements. The
question of the amount of variation within the limits of a
single species, however, has always been one of consider-
able dispute, since there hds been no way of determining
whether or not any particular character is permanent
or persists for a single generation only. The application of
the pure culture method to the study of algae by Beyerinck
in 1891 has given an exact method for the study of variation
within the limits of a single species. Methods for the isola-
tion of algae have been described by Beyerinck, Chodat,
Grintzesco, and myself, so that an extended account of the
process is superfluous.

In this article an attempt is made to cover the entire
literature relating to Scenedesmus for the purpose of deter-
mining the geographical range of the various species. For
the sake of brevity in citation, articles are referred to by
date only, and the letters A, B, C, etc. used to distinguish
between the publications of one man for the same year.
Exsiccatae have not been included since there were not
a sufficient number available to warrant doing so. Geo-
graphical distribution has been cited according to political
rather than physiographical boundaries. In spite of the
fact that these units of area are artificial and of unequal.
size this method is the most serviceable since geographical
interest is generally confined to certain specific countries.
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Individual species are treated by citing the literature,
~ the description (with the use of the original description as
far as possible), a discussion of its variation as observed in
pure culture, the geographic range.

The first species of the genus were figured by Turpin in
1820 as species of Achnanthes. These were illustrations only,
but in 1828 Turpin gave a better series of illustrations and
also described the different species. In 1829, Meyen, who
was not aware of the work of Turpin, established the genus
Scenedesmus and described several species. This existence
of two sets of names has produced considerable confusion.
The parallelism between the species of Turpin and Meyen
was pointed out by Guillemin in 1830, in his review of
Meyen’s article, but no attempt was made to reduce the
two-to-synonymy: : =

The first combination of Turpm s species w1th Meyen ]
genus is by Kiitzing in 1833, who thought that the species
of the two were distinct and so gave the description of both
series. At this time Scenedesmus was placed with the Des-
midiaceae which were thought to be a family of the Diato-
maceae. The spelling of the name Scenedesmus is also con-
fused; since Meyen spells it Scenedesmus in’the text of the
original description while on the accompanying plate it is
spelled Scaenaedesmus. Later on he added a further varia-
tion by spelling it Scaenedesmus (1830). On account of this
vacillation in spelling and also for entymological reasons
Ehrenberg changed the spelling to Scenodesmus. Ehrenberg
later established the genus Arthrodesmus and transferred the
species of Scenedesmus to this new genus.

Between the years 1840 and 1860 various collections of
the species of Scenedesmus are found. In these early descrip-
tions the number and arrangement of the cells in the colony
constituted the chief method by which the various species
were distinguished, but today these characters are of minor
importance for differentiating species. For this reason prac-
tically all of the older species should be regarded as synonyms
or placed among the questionable species. The most com-

-plete collections of species made at this time are those of
Meneghini and of Kiitzing.

The modern work on Scenedesmus really began with

Lagerheim’s collection of the data on the known species
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(1883). He was also the first to describe species based on
the external sculpturing of the cell wall, a method which has
been used almost entirely ever since for establishing new
species. The work of de Toni (1889B) is by far the most
complete that we have for the distribution of the various
species and is a critical compilation of the species that were
known at that time but is quite inadequate at present. In
1893 de Wildemann also published a monograph of the
genus, but his material was drawn to a large extent from de
Toni’s data. The chief point in the work of de Wildemann
is the uniting of S. quadricauda and S. bijuga into one spe-
cies called S. variabilis but even this possesses no originality
since Franzé had previously united these two species under
the emended name S. obfusus (Meyen) Franzé.

At the time this work was started there was no modern
collection of the species of the genus but during its prepara-
tion two notable publications have appeared. In 1913
Brunnthaler presented a key to the species of Scenedesmus
with figures of the species he recognized. This has been of
great service in checking up data that I have secured. In
the same year Chodat published an extensive monograph
based on pure culture studies, the greater portion of the work
being carried out on the genus Scenedesmus. It is a matter
of regret that I must take so critical an attitude towards his
work, but it is practically impossible to determine the dif-
ferent species he describes. Few cell measurements are
given and the only differences between many of the species
are physiological. Chodat himself admits the impossibility
of the worker in the field identifying many of his species.

The cultural work that I have carried on shows that the
shape of the cell, the presence of four terminal horns, the
presence of horns in addition to those at the four corners of
the coenobe, lateral ridges, and teeth are characters that are
constant in any one culture isolated by pure culture methods.
The relative arrangement of the cells is a character that is
constant in certain species and variable in others. In the
present work the presence of any one of these characters
which persists in a pure culture is taken as the character
that distinguishes a single species. The combination of two
of these characters in a single coenobe is one that is gener-
ally regarded as also constituting specific rank and this prac-
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tice has been followed in the treatment of the different
species. The cultures also show that different forms may
possess the same character (as spines at the four corners)
but have dimensions which differ greatly within certain fixed
limits. I have therefore considered as varieties strains show-
ing the same exfernal morphological characters but varying
in the size of the component cells. An attempt had been
made throughout the work to make the descriptions suit-
able to the needs of the investigator who collects his mate-
rial in the field, -and only those characters have been in-
cluded which are discernable through the microscope.

The dimensions of the cells err on the side of exaggeration
if at all. The work of Senn, Chodat, and myself has shown
that external conditions influence the size of the cell to some
extent, so control cultures have been carried out in sterile
lake water to avoid the abnormalities produced by a too
high strength of the nutrient solution. Unless otherwise
noted the cultures have been made in 0.19, Knop’s solution
since I find that I cannot distinguish between the cultures
grown in this medium and in natural waters.

KEey To THE SPECIES OF Scenedesmus.

I. Colony enclosed in a gelatinous sheath.
1. S. oahensis (Lemm.) nov. comb.
II. Colony not enclosed in a gelatinous sheath.
1. Cell membrane smooth, without terminal spines,
teeth, granulations, or lateral ridges.
A. Cells acicular to spindle shaped.
a. Cells without polar bulbs or thickenings.
X. Cells in a flat plane.

*_ All cells in the coenobe erect.

2. S. obliquus (Turp.) Ktz.

**  Median cells erect, outer cells curved.

3. S. dimorphus (Turp.) Ktz.
XX. Cells not in one plane.

* Cells alternately arranged, terminal cells
usually not in same plane as others in
coenobe.

4. S. Bernardii nov. spec.

**  Cells forming a curved surface.

5. S. acuminatus (Lag.) Chod.
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b. Cells with polar bulbs or thickenings.

X. Cells acicular with small polar bulbs,
apices of cells pointing away from center
of coenobe.

6. S. antennatus de Bréb.

XX. Cells blunts spindle shaped, with polar
nodules. Wall of cell convex on side away
from center of coenobe, concave towards
center.

7. S. incrassatulus Bohl.
B. Cells ovoid.
a. Outline of cell perfect oval.

X. Cells in a linear or alternating series, never
in a double series.

8. S. bijuga (Turp.) Lag.

XX. Cells arranged in two series.

*. Cells alternately arranged, large inter-
stices between cells, coenobe curved.
9. S. curvatus Bohl.
** Cells in two series, interstices between
cells small, coenobe curved or flat.
10. S. arcuatus Lemm.
b. Cells with capitate ends.
11. S. producto-capitatus Schmula.
2. Cell membrane with teeth at poles, without spines,
ridges or external ornamentation in the middle of
the cell.
A. 2-3 teeth at each pole.
12. S. denticulatus Lag.
B. Several teeth at poles of cells.
13. S. acueolatus Reinsch.
3. Cell membrane with longitudinal ridges, with or
without spines or teeth.
A. Cells with longitudinal ridges only.
a. Middle cells with a ridge on each side, and
cells with four ridges.
14. S. acutiformis. Schroéder.
b. Cells with four to six longitudinal ridges on all
cells.
15. S. costatus Schmidle.
B. Cells with longitudinal ridges and teeth on poles.
16. S. brasiliensis. Bohlin.
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C. Cells with longitudinal ridges and spines at
poles of terminal cells.
a. Cells with spines on end cells.
17. S. armatus (Chod) nov. comb.
b. Cells with spines on end cells and teeth on
poles of all cells.
18. S. carinatus (Lemm.) Chodat.
4. Short spines or granulations in the middle portion of
cell wall as well as on the ends.
A. Spines or granulations completely covering the
cell wall.
X. Cells without long horns at poles of ter-
minal cells.
19. S. hystriz Lag.
X. Cells with long horns on poles of termmal
cells, interstices between cells.
20. S. ornatus (Lemm.) nov. comb.
XXX. Spines on ends of all cells.
21. S. insignis (West and West) Chod.
B. Spines or granulations in rows on sides of cells.
"a. 3-4 rows of granulations from pole to pole on
each cell.
22. S. granulatus West and West.
b. Two rows of spines from pole to pole on me-
dian cells, one row on terminal cells. Teeth
- on poles.
23. S. serratus (Corda) Bohl.
5. Cells without external ornamentation aside from
long horns.
A. Spines on both median and terminal cells.
a. Spines on middle part of cell wall as well as on
poles.
24. S. abundans (Kirch.) Chod.
b. Spmes only on poles of all cells.
25. 8. longus Meyen.
B. Spines on ends of terminal cells only.
a. Colonieswithout linear interstices betweencells.
X. Ends of cells rounded, cells in lateral con-
tact entire length.
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26. S. quadricauda (Turp.) de Bréb.

XX. Cells naviculate, in lateral contact in
middle third only.

27. S. opoliensis Richt.

b. Colonies with linear interstices between cells.

28. S. perforatus Lemm.

1. S. oahuensis (Lemm.) nov. comb. (PL. XXV: Fig. 1).

S. quadricauda var. oahuensis. Lemmermann, 19054, p. 630;
PL VIII, Figs. 4-5. Lemmermann, 1900C, p- 335. (as S. quadri-
cauda var. insignis West and West.)

“Coenobium 2-16 cellulares, tegumento hyalino, mucosa
circumvelatum.  Cellulae 2 costis lateralis instructae,
apivibus et lateralibus 1-4 aculeis fragilibus, granulosis
armatae. Costae subtiliter granulatae. Membrana cellu-
larum poris minutis densissime instructae.” ,

Description of a gelantinous sheath in the genus Scenedes-
mus is confined to this single species described by Lemmer-
mann. The number of supplementary spines in addition to
those on the four corners of the coenobe is variable.

2. S. obliquus (Turp.) Ktz. (Pl. XXV: Fig. 7. PL
XXIX: Figs. 63-68).

Kiitzing, 1833, p. 609. de Brébisson, 1839, p. 271. Meneghini
1840, p. 208." Ralfs, 1848, p. 192; Pl. XXXI, Figs. 15A-15C.
Bailey, 1851, p. 29. Bailey, 1855, p. 12. Griffith and Henfrey,
1856, p. 565; Pl. X, Fig. 51. Archer, 1857, p. 40. Spencer, 1882,
p. 296. Griffith and Henfrey, 1883, p. 679; Pl. XIV, Fig. 51.
Lagerheim, 1883, pp. 64, 66. Wille, 1884, pp. 10, 45. Griffith and
Henfrey, 1885, p. 686; Pl. X, Fig. 51. Hansgirg, 1886, p. 116.
Nordstedt, 1888, p. 19. Hansgirg, 1889, p. 132. de Toni, 1889B,
p. 566. Hansgirg, 1890A, p. 112. Hansgirg, 1891, p. 317. Lem-
mermann, 1891, p. 148. Hansgirg, 1892B, p. 120. Lemmermann,
1893, p. 524. Schmidle, 1893A, p. 13. de Wildemann, 1893A.
de Wildemann, 1893B, p. 91. Lemmermann, 1895A, p. 41.
Lemmermann, 1895B, p. 296. West and West, 1895, p. 83. de
Wildemann, 1895, p. 26. Borge, 1896, p. 7. Schroder, 1896, p.
46. West and West, 1896, p. 381. Farlow in Trelease, 1897, p-
-196. Lemmermann, 1897, p. 108. Schroder, 1897C, p. 45. Stroh-
meyer, 1897, p. 6. West and West, 1897B, p. 500. de Wildemann,
1897A, p. 61. de Wildemann, 1897C, p. 78. Lemmermann,
1898C, p. 249. Mez, 1898, p. 149; PL IV, Fig. 166. Schorler,
1898, p. 38. Schroder, 1898, p. 24. Tilden, 1898, p. 26. Zacharias,
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1898, p. 94. Boergesen, 1899A, p. 135. Boergesen, 1899B, p. 333.
Borge, 1899, p. 7. Forti, 1899, p. 89. Garbini, 18994, p. 15.
Lemmermann, 1899, p. 133. Levander, 1899, pp. 63, 70, 80.
Marsson, 1899, pp. 171, 254. de Toni et Forti, 1899B, p. 792.
G. S. West, 1899, p. 221. de Wildemann, 1899, p. 11. Zacharias,
1899, p. 83. Balsamo, 1900, p. 266. Chodat, 1900, p. 2. Lager-
heim, 1900, p. 10. Lemmermann, 1900C, p. 339. Schmidle,
1900B, p. 126. Schorler, 1900, p. 5. Boergesen, 1901A, p. 240.
Borge, 1901A, p. 101. Borge, 1901B, p. 13. Dalla Torre und von
Sarnthein, 1901, p. 35. Fanning, 1901, p. 617. Lemmermann,
1901, p. 92. Marsson, 1901A, pp. 96, 101, 115. Treboux, 1901, p.
478. West and West, 1901A, p. 196. West and West, 1901B, p.
119. Wille, 1901, p. 11. Chodat, 1902, p. 210. Forti, 1902, p. 60.
Riddle, 1902, p. 317. Schmidle, 1902B, p. 125. West and West,
1902B, p. 64. Fournier, 1903, p. 28. Gutwinski, 1903, p. 204.
Lemmermann, 1903C, p. 119. Pascher, 1903, p. 175. Schmidle,
1903, p. 80. Snow, 1903, p. 391. Volk, 1903, p. 104. Wille,
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Krause, 1905, p. 110. Lauterborn, 1905, p. 645. Lemmermann,
1905B, pp. 158, 162. Lemmermann, 1905C, pp. 166, 168. Stadler,
1905, p. 236. Suhr, 1905, p. 252. Trotter, 1905, p. 45; Fig. 8
Volk, 1905, p. 65. West and West, 1905, p. 30. Hardy, 1906,
p. 38. Pascher, 1906, p. 168. Petkoff, 1906B, p. 158. Ruttner,
1906, p. 10. Schinz, 1906, p. 392. Schorler, Thallwitz und Schiller,
1906, p. 247. Borge, 1907A, p. 58. Borge, 1907B, p. 4. Brunn-
thaler, 1907, p. 206. Buchanan, 1907, p. 81. Krause, 1907, pp.
220, 221. Larsen, 1907A, p. 3568. Lemmermann, 1907B, p. 409.
Migula, 1907, p. 658; Pl. XXXV (K), Fig. 9. Ostenfeld, 1907, p.
384. Le Roux, 1907, p. 244. Schorler, 1907, p. 356. Selk, 1907,
pp. 57, 64, 73, 79, 85, 91, 94, 99, 112, 115. Teodoresco, 1907, p.
130. G. S. West, 1907, p. 139. West and West, 1907, p. 229.
Adams, 1908, p. 35. Forti et Trotter, 1908, pp. 32, 86. Huber,
1908, p. 313. Kaiser, 1908, p. 163. Kolkowitz und Marsson,
1908, p. 514. Lemmermann, 1908A, p. 167. Marsson, 1908A, pp.
30, 32, 40. Marsson, 1908B, pp. 93, 97, 107, 114, 116, 120. West
and West, 1908, p. 102. Adams, 1909, p. 186. Borge, 1909, p. 16.
Collins, 1909, p. 168. Eyferth, 1909, p. 116; Pl III, Fig. 22.
Marsson, 1909, pp. 547, 557, 561. Schodduyn, 1909, p. 166. G. S.
West, 1909A, p. 29. G. S. West, 1909C, p. 245. G. S. West,
1909D, p. 69. West and West, 1909B, p. 184. Gugliemetti, 1910,
p. 32. Hayden, 1910, p. 44. Kofoid, 1910, p. 31. Kolkowitz,
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Comere, 1911, p. 51. Klugh, 1911, p. 97. Lauterborn, 1911, p.
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1888, p. 748. Heiden, 1889, p. 5. MacKenzie, 1889, p. 271.
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1891, p. 279. Ianouchkievitch, 1891, p. 290. W. West, 1891A,
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p. 194. W. West, 1892B, p. 738. Beyerinck, 1893, p. 368. Chodat
et Malinesco, 1893, p. 184. Framzé, 1893, p. 286. Stokes, 1893, p.
52. Alexenko, 1894, p. 72. Borge, 1894, p. 9. Alexenko, 1895,
p. 92. Borge, 1895, p. 6. Bohlin, 1897, p. 24. Chodat, 1897,
p- 291. Chodat, 1898, pp. 166, 179. Nitardy, 1898, p. 104.
Zacharias, 1898, p. 93. Iwanoff, 1899, p. 380. Senn, 1899, p. 70.
Balsamo, 1900, p. 266. Chodat et Grintzesco, 1900, p. 387.
Lindau, 1901, p. 136. Bohlin, 1902, p. 44. Fritsch, 1902, p. 582.
Larder, 1902, p. 59. Voigt, 1902, p. 76. Fritsch, 1903, pp. 640,
643, 646. Snow, 1903, p. 391. W. West, 1903, p. 100. Zacharias,
1903B, pp. 254, 263. Comére, 1904, p. 62. Heering und Homfeld,
1904, p. 83. Marquand, 1904, p. 269. Moreto, 1904, p. 440.
Nitardy, 1904, p. 318. Andersson, 1890, p. 5. Suhr, 1905, p.
252. Fritsch, 1906, p. 205. Tanner-Fullmann, 1907, p. 232.
Adams, 1908, p. 35. Bachmann, 1908, p. 44. Quelle, 1908, p.
43. Viret, 1908, p. 977. Andrews, 1909, p. 379. Chodat, 1909,
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p. 91; PL. VIII. Honigmann, 1909, p. 54. Schmula, 1910, p. 86.
Comére, 1911, p. 49. Petersen, 1911, p. 160; Fig. 5. Andressen,
1913, Smith, 1914A, p. 283; Pl XVI, Figs. 1-23. Smith, 1914B,
p. 1185; PL. LXXXVII and LXXXVIII.

S. pectinatus. Meyen, 1829, p. 775; Pl. XLIII, Figs. 33-35.
Kiitzing, 1833, p. 608. de Brébisson, 1839, p. 271. Meneghini,
1840, p. 208. Balsamo, 1900, p. 266.

Scenodesmus acutus. Ehrenberg, 1834, p. 310. Kiitzing, 1845,
p. 139. Kiitzing, 1849, p. 186. Nigeli, 1849, p. 92; PL V,
Figs. 5A-5C. Rabenhorst, 1850, p. 157. de Brébisson, 1856, p.
160. Archer, 1861, p. 753. Kirchner, 1891, p. 18. Brunnthaler,
1900, p. 310. Conn and Webster, 1908, p. 35; P1. VI, Fig. 37.

Arthrodesmus acutus var. obtusior. Ehrenberg, 1836.

S. fusiformis. Meneghini, 1837, p. 18. Meneghini, 1840, p.
208. ’

S. triseriatus. Meneghini, 1837, p. 13. Meneghini, 1840, p.

1208. de Brébisson, 1839, p. 271. Ralfs, 1845, p. 403; Pl XII,

Fig. 7. Ralfs, 1846, p. 151; P1. XV, Fig. 7. Balsamo, 1900; p.-267.
Arthrodesmus acutus. Ehrenberg, 1838, p. 151; Pl X, Fig. 19.

Ehrenberg, 1843, p. 338. Pritchard, 1841, p. 190.

Arthrodesmus pectinatus. Ehrenberg, 1838, p. 151; Pl. X, Fig.
17.- Pritchard, 1841, p. 190. Pokorny, 1854, p. 58.

S. acutus var. fusiformis. de Brébisson, 1839, p. 271.

Scenodesmus pectinatus. Kiitzing, 1843, p. 164. Kiitzing, 1845
p. 140. de Brébisson, 1856, p. 159.

Scenodesmus acutus var. biseriatus. Kiitzing, 1849, p. 186.

_ Scenodesmus dimorphus var. pectinatus. Kiitzing, 1849, p. 186.
Scenodesmus acutus var. fusiformis. Kiitzing, 1849, p. 186.
Scenodesmus acutus var. obliquus. Kiitzing, 1849, p. 186.
Arthrodesmus pectinatus var. acutus. Pokorny, 1854, p. 58.
Scenodesmus obliqguus. de Brébisson, 1856, p. 156. - )

S. acutus var. obliguus. Rabenhorst, 1868, p. 64. W. West,
1883, p. 105. Cooke, 1882, p. 33. Cooke, 1885, de Wildemann,
1885, p. 123. Parfitt, 1886, P. 392. W. West, 1889A, p. 290. W.
West, 1889B, p. 206. W. West, 1890, p. 298. W. West, 1891B,
p.- 421. W. West, 1892A, p. 194. W, West, 1892B, p. 738. Borge,
1894, p. 9. Fritsch, 1902, p. 582. Fritsch, 1903, p. 646. W.
West, 1903, p. 100. Fritsch, 1905, p. 164. Fritsch, 1906, p. 205.

S. obliquus forma alternans. Huber, 1908, p. 313. -

S. obliquus forma parvus. Bernard, 1908, p. 181; Pl XIV, Figs.
407-416, 414’, 415, 416’, Bernard, 1909, p. 76; Pl. VI; Figs.
160-161.

“Coenobiis 4-8 cellularibus; cellulis fusifoideis, utroque
polo acute plerumque in seriem simplicem dispositis. Dimens.
cell. 527 x 3-9 ».”

S. obliquus has been isolated several times from various
localities in this vicinty. The species has been studied in

7
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pure culture by Beyerinck, Grintzesco, Chodat, Tischutkin,
Andreesen, and myself, so that the variations occurring’
within the limits of a pure culture are well known. Interest
in the species has increased considerably since Chodat and
Grintzesco described the remarkable series of transforma-
tions in which the cells are all isolated at one time, and at
others form branching systems which resemble Dactylo-
coccus infusionem Nigeli. I (1914) have recently discussed
the question of this Dactylococcus stage and find that it
never occurs in pure cultures of S. obliguus. On the other
hand I have isolated an alga with cells shaped like S. obliguus
but they were always arranged in branching chains as in
D. infusionem and therefore concluded that the two should
be regarded as separate species and not different growth-
forms of the same alga. In this connection it is interesting
to note that the investigator who first stated that S. obliquus
and D. infusionem are the same alga (Chodat), brings forth
no additional data in his recent work (1909, 1913) to show
that the two are related, but relies on earlier work as evi-
dence. -

It is generally agreed, however, that cultural conditions
may produce a change in the shape of the individual cells,
causing them to become less acicular with the increase in
concentration of the nutrient medium.

In the different strains of this alga so far isolated, I am -
unable to differentiate between any of them on the basis of
cell size, whereas in certain other species it is possible to
distinguish the different strains by cell measurements. The
arrangement of the cells may be either in a linear series
(Figs. 63, 64; Pl. XXIX) or in an alternating series (Figs. 67,
68), afact which I have shown to be due to the manner of
formation of the young colony by the mother cell.

GEOGRAPHICAL DISTRIBUTION

EUROPE. Austria-Hungary (Alexenko, 1888, 1894, 1895;
Beck, 1887; Brunnthaler, 1900, 1907; Franzé, 1892, 1893; Grunow,
1858; Ianouchkievitch, 1891; Hansgirg, 1883, 1884B, 1886, 1889,
1890A, 1891, 1892B, 1905; Pascher, 1903, 1906; Pokorny, 1854;
Riabinine, 1889A, 1889B; Ruttner, 1906; Stadler, 1905). Belgium
(Conrad et Kufferath, 1912; PAque, 1885; de Wildemann, 1885,
1890A, 1890B, 1893B, 1895, 1897B). Bulgaria (Petkoff, 1906B).
Denmark (Chodat, 1900; W. West, 1891B). England (Bennett,
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1886, 1887, 1890, 1892; Cooke, 1882, 1885; Fritsch, 1902, 1903,
1905, 1906; Fritsch and Rich, 1913; Griffith, 1912; Griffith and
Henfrey, 1856, 1883, 1885; Hassall, 1845; Larder, 1902; Marquand,
1904; Parfitt, 1886; Pritchard, 1841; Ralfs, 1845, 1846, 1848; Roy,
1890; G. S. West, 1899, 1904B, 1909D; W. West, 1883, 1889A,
1889C, 1890, 1891A, 1892B; West and West, 1897B, 1901B, 1908).
Germany (Andreesen, 1913; Bethge, 1911; Ehrenberg, 1834, 1838;
Eyferth, 1909; Heerifig und Homfeld, 1904; Heiden, 1889; Honig-
mann, 1909; Kaiser, 1908; Kirchner, 1878, 1891; Kolkowitz, 1910;
Kolkowitz und Marsson, 1908; Krause, 1905, 1907; Kiitzing,
1845, 1849; Lauterborn, 1911; Lemmermann, 1891, 1893, 1895A,
1895B, 1897, 1898A, 1898C, 1899, 1901, 1901B, 1903C, 1904B,
1905B, 1905C, 1907B; Lindau, 1901; Marsson, 1899, 19014, 1904,
1908A, 1908B, 1909, 1911; Meyen, 1829; Migula, 1907; Nitardy,
1898, . 1904; Quelle, 1908; Schmidle, 1893A; Schmula, 1910;
Schorler, 1898, 1900, 1907; Schorler, Thallwitz und Schiller, 1906;
Schroder, 1896, 1897C, 1898; Selk, 1907; Senn, 1899; Strohmeyer,
1897; Voigt, 1902; Volk; 1903, 1905; Weiss, 1892; Zacharias,
1898, 1899, 1903A, 1903B). France (de Brébisson, 1856; Chodat,
1898; Comeére, 1904, 1911; Cozette, 1904; Fournier, 1903; Reinsch,
1867; Le Roux, 1907; Schodduyn, 1909; Turpin, 1820, 1828).
Holland (Beyerinck, 1891, 1893). Ireland (Adams, 1908, 1909;
Archer, 1857, 1858; W. West, 1892A; West and West, 1902B).
Italy (Balsamo, 1888; Chodat, 1898; Forti, 1899, 1902; Forti et
Trotter, 1908; Garbini, 1899A; Gugliemetti, 1910; Hohenbiihel-
Heufler, 1871; Meneghini, 1840; Moreto, 1904; Rabenhorst, 1850;
de Toni et Forti, 1899B; de Toni et Levi, 1886, 1887; Trotter,
1905; Zanardini, 1857). Montenegro (Schmidle, 1900B, 1902B).
Roumania (Teodoresco, 1907). Russia (AlexenKo, 1891; Artari,
1884; Borge, 1894; Chmielweski, 1890; Cienowsky, 1881; Iwanoff,
1899; Krmpotic, 1913; Levander, 1899; Treboux, 1901; Wille,
1879). Scotland (W. West, 1903; West and West, 1904, 1905, -
1909B). Sicily (Lemmermann, 1908A). Sweden (Andersson,
1890; Borge, 1895, 19074, 1913; Lagerheim, 1883; Lemmermann,
1904A; Petersen, 1911). Switzerland (Bachmann, 1908; Borge,
1901A; Chodat, 1897, 1902, 1909, 1913; Chodat et Grinzesco, 1900;
Chodat et Malinesco, 1893; Dalla Torre und von Sarnthein, 1901;
Huber, 1905, 1908; Tanner-Fullmann, 1907; Viret, 1908; de Wilde-
mann, 1897A).

AFRICA. Lake Albert Nyanza (G. S. West, 1909C). Azores
(Archer, 1874; Bohlin, 1902; Farlow in Trelease, 1897). Central
Africa (West and West, 1896). Madagascar (West and West,
1895). Lake Nyassa (Schmidle, 1903; G. S. West, 1907). Lake
Tanganyika (G. S. West, 1907). Zambesi (Schinz, 1906; Wille,
1903). ,

ASTA AND OCEANTIA. Australia (Borge, 1896; Hardy, 1906,
1913; G. S. West, 1909A). Burma (West and West, 1907). Ceylon
(West and West, 1901A). China (Gutwinski, 1903; Ostenfeld,
1907). India (Turner, 1892). Java (Bernard, 1908; Lemmermann,
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1904C; de Wildemann, 1897C, 1899). Johore (Bernard, 1909).
New Zealand (Lemmermann, 1900C; Nordstedt, 1888, Spencer
1882).

AMERICAS. Argentina (Borge, 1899, 1907B; Nordstedt, 1882;
Wille, 1884). Barbados (G. S. West, 1904). Brazil (Bohlin, 1897 ;
Wille, 1884). Canada (Borge, 1909; Klugh, 1911; MacKenzie,
1899). Patfegonia (Borge, 1901B; Nordstedt, 1882). Paraguay
(Bohlin, 1897). United States (Andrews, 1909; Bailey, 1851;
1855; Borge, 1909; Buchanan, 1907; Campbell, 1886; Collins, 1909;
Conn and Webster, 1908; Ehrenberg, 1843; Fanning, 1901; Fink,
1905; Hayden, 1910; Kofoid, 1910; Riddle, 1902; Snow, 1903;
Stokes, 1893; Tilden, 1898; W. West, 1889B; Wood, 1869; 1874;
Wolle, 1881, 1887).

POLAR AND SUB-POLAR REGIONS. Boergesen, 1899A.
Faeroes (Boergesen, 1899B, 1901A). Greenland, (Larsen, 1907A;
Lauterborn, 1905). Kerguel’s Land (Reinsch, 1876).

3. S. dimorphus (Turp.) Ktz. (Pl. XXV: Fig. 8. Pl
XXXII: Figs. 185-189. Pl. XXXIII: Figs. 190-195.)

Kiitzing, 1833, p. 608. de Brébisson, 1839, p- 271. Meneghini,
1840, p. 208. Hassall, 1845, p. 393; Pl. XCII, Fig. 13. Ralfs,
1845, p. 403; Pl XII, Fig. 5. Ralfs, 1846, p. 160; PL. XV, Fig. 5.
Ralfs, 1848, p. 191; Pl. XXXI, Figs. 13A-13B. Grunow, 1858, p.
499. Zanardini, 1857, p. 250. Kirchner, 1878, p- 98. Artari,
1884, p. 133. Martel, 1887B, p. 11. Wolle, 1887, p.- 173; PL
CLVI, Figs. 18-21. -Alexenko, 1888, p. 159. Heiden, 1889, p. 5.
Riabinine, 1889B, p. 47. Webber, 1889, p. 1012. Chmielweski,
1890, p. 92. Alexenko, 1891, p. 62. Lemmermann, 1891, p. 148.
Harvey, 1892, p. 119.. Weiss, 1892, p. 37. Franzé, 1893, p. 286.
Jeliffe, 1893A, p. 243. Jeliffe, 1893B, p. 605; Pl III, Fig. 35.
Schroder, 1893, p. 72. Stokes, 1893, p. 51. Alexenko, 1894, p.
72. Jeliffe, 1894, p. 594. Alexenko, 1895, p. 92. Zacharias, 1898,
p. 93. Iwanoff, 1899, p. 379. Jeliffe, 1899, p- 5. Balsamo, 1900,
p. 266. Forti, 1902, p. 60. Snow, 1903, p. 391. Zacharias,
19034, p. 213. Comére, 1904, p. 62. Moreto, 1904, p. 440.
Skorikow, 1905, p. 105. Quelle, 1908, p. 43. Andrews, 1909, p-
379. Comére, 1911, p. 50.

Achnanthes dimorpha. Turpin, 1820, Fig. 2. Turpin, 1828, p.
313; PL XIII, Fig. 12.

Scenodesmus dimorphus. Kiitzing, 1849, p. 186. de Brébisson,
1856, p. 159. Conn and Webster, 1908, p. 35; P1. IV. Fig. 42.

S. acutus var. dimorphus. Rabenhorst, 1868, p- 64; Fig. 34i.
Cooke, 1882, p. 34; Pl. XIII, Fig. 6. de Wildemann, 1885, p. 123.
Parfitt, 1886, p. 392. Beck, 1887, p. 274. Andersson, 1890, p. 5.
W. West, 1891A, p. 248. 'W. West, 1892A, p. 194. W. West,
1892B, p. 738. Borge, 1894, p. 9. Fritsch, 1902, p- 582. Fritsch,
1903, p. 646. Fritsch, 1906, p. 205.

S. obliquus var. dimorphus. Hansgirg, 1886, p. 116. de Toni,
1889B, p. 567. Hansgirg, 1890A, p. 112. Lemmermann, 1893, p.
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524. West and West, 1895, p. 83. Schroder, 1896, p. 46. Schroder,
1897A, p. 372. Schroder, 1897B, p. 487. Schroder, 1897C, p. 45.
West and West, 1897B, p. 500. Schroder, 1898, p.24. Garbini,
1899A, p. 15. Levander, 1899, p. 70. Schroder, 1899, p. 22.
Lagerheim, 1900, p. 10. Schorler, 1900, p. 5. West and West,
1901B, p. 119. Zykoff, 1902, p. 61. Volk, 1903, p. 104. Fink,
1905, p. 25. Hansgirg, 1905, p. 459. Huber, 1905, p. 57. Borge,
1907A, p. 58. Buchanan, 1907, p. 81. Migula, 1907, p. 658.
Huber, 1908, p. 313. Collins, 1909, p. 169. Hayden, 1910, p. 44.

“Coenobiis 4—8—cellularibus; cellulis fusiformibus, utroque
polo acutatis, ad 35 p longis, circ. 8 u latis, in seriem sim-
plicem (?) arctissime conjunctis, medianis rectis, extimis vel
lateralibus extrorsum lunulatis.”

This species is frequently considered by some a variety
of S. oblzquus, while others consider the curving of the outer
cells a normal variation of S. obliquus and consequently
unworthy of naming. Since both the curving of the terminal
cells and the acicular shape of all cells shows a greater re-
semblance to S. acuminatus (Lag.) Chod. than to S. obliquus
the form might more properly be placed as a variety of
S. acuminatus, but since the cultural work shows that this
lunate shape of the outer cells is quite characteristic, I prefer
to consider it a distinct species.

There is a great deal of variation in the stram of this
species that I have isolated. The outer cells of the very
young four-celled colonies rarely show the characteristic
curving (Figs. 190, 195) but the erectness of the two median
cells and the lumate character of the terminal cells is very
pronounced in the mature colonies. (Figs. 185, 193, 194.)
Certain of the largest colonies in the culture, however, do
not show this curving as well but resemble S. obliquus (Figs.
186, 187). The arrangement of the cells in the four-celled
colonies is always linear or sub-alternate.

The eight-celled colonies occur as frequently as do the
four-celled ones. The cells in the eight-celled colonies are
always arranged in a markedly alternate series, and never
linear. This is in direct opposition to the general view ex-
pressed in previous descriptions, namely that the cells of
the eight-celled colonies may be either in a linear or alter-
nating arrangement. Although the terminal cells are lunate
in these colonies as in the four-celled ones they do not

E—
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“appear so at first glance, due to the optical illusion caused
by the alternate arrangement of the cells. (Figs. 189, 192.)

GEOGRAPHICAL DISTRIBUTION

EUROPE. Austria-Hungary (Alexenko, 1888, 1894, 1895;
Beck, 1887; Grunow, 1858; Hansgirg, 1886, 1890A, 1905; Riabinine,
1889A, 1889B). Belgium (de Wildemann, 1885). England (Cooke,
1882; Fritsch, 1902, 1903, 1906; Hassall, 1845; Parfitt, 1886;
Ralfs, 1845, 1846, 1848; W. West, 1891A, 1892B; West and West,
1897B, 1901B). France (de Brébisson, 1856; Comére, 1904, 1911;
Turpin, 1820, 1828). Germany (Heiden, 1889; Kirchner, 1878;
Lemmermann, 1891, 1893; Quelle, 1908; Schorler, 1900; Schroder,
1893, 1896, 1897A, 1897B, 1897C, 1898, 1899; Volk, 1903; Weiss,
1892; Zacharias, 1898, 1903A). Ireland (W. West, 1892A).
Italy (Forti, 1902; Garbini, 1899A; Martel, 1887B; Moreto, 1904;
Zanardini, 1857). Russia (Alexenko, 1891; Artari, 1884; Borge,
1894 ; Chmielweski, 1890; Iwanoff, 1899; Levander, 1899; Skorikow,
1905; Zykoff, 1902). Sweden (Andersson, 1890; Borge, 1907A).
Switzerland (Huber, 1905, 1908).

AFRICA. Madagascar. (West and West, 1895).

ASIA AND OCEANIA. Java (Bernard, 1908).

AMERICA. United States (Andrews, 1909; Buchanan, 1907;
Collins, 1909; Conn and Webster, 1908; Fink, 1905; Harvey, 1892;
Hayden, 1910; Jeliffe, 1893A, 1893B, 1894, 1899; Stokes, 1893;
Snow, 1903; Webber, 1889; Wolle, 1887). .

4. S. Bernardii nov. spec. (Pl. XXV :Fig. 6. Pl. XXXII:
Figs. 196-208).

S. obliquus forma magnus Bernard, 1908, p. 182, Fig. 420 (not
Fig. 421)

Coenobia 2-8—cellularum. . Cellulis fusiformibus saepe
sigmoideis. Cellulis leniter alternis dispositis, polis cellu-
larum solis lateraliter conjunctis. Long. cell. 17-8 u. Lat.
cell. 6-3 u..

This alga was isolated in pure culture from the plankton
of Lake Monona (Wisconsin). The loose alternate arrange-
ment of the cells is quite similar to that of S. obliquus form
magnus Bernard but the cells are much smaller. Since a
S. magnus has been described the specific name Bernardii
is given to the species.

In my cultures eight-celled colonies are fully as abundant
as are four-celled. The terminal cells in these eight-celled
colonies are lunate and frequently lie at an angle to the
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plane of the other cells, which are more often sigmoid than
lunate. The terminal cells of the four-celled colonies show
at times the same relationship to the colony as do the ter-
minal cells of the eight-celled colonies (Figs. 203, 208) but
at other times all the cells are in the same plane (Figs. 206,
209). The two median cells in these colonies come in con-
tact with each other only in the middle portion but join the
terminal cells by their apices.

The objection to recognizing this material as a distinct species
might be raised on the grounds that the extreme polymorphism of
S. obliquus has created a Dactylococcus stage and not a distinct
species. The question of the Dactylococcus stage of S. obliquus
has already been discussed. The fact that the cells in the cultures
of S. Bernardii are always grouped definitely in twos, fours, or
eights shows that we are dealing with a definitely organized coenobe
and not an irregular branching system. There is also the further
evidence that .S. obliqguus and S. Bernardii both retain their
identity when grown under the same conditions of light, tempera-
ture, and chemical environment.

5. S. acuminatus (Lag.) Chodat (Pl. XXV Figs. 3-5).

Chodat, 1902, p. 211. Lemmermann, 1904A, p. 40. Lemmer-
mann, 1904C, p. 159. Hansgirg, 1905, p- 459. Lemmermann, 1905B,
p. 158. Reinhardt, 1905, p. 26. Volk, 1905, p. 64. Lemmermann,
1907B, p. 411. Brunnthaler, 1907, p. 207. Schorler, 1907, p. 356.
Selk, 1907, pp. 5, 57, 61, 64, 68, 73, 78, 79, 85, 91, 94, 98, 99,
103, 108, 112, 115. Tanner-Fullmann, 1907, pp. 122, 125, 132.
Bachmann, 1908, p. 44. Bernard, 1908, p. 183; Pl. XIV, Fig.
422. Kolkowitz und Marsson, 1908, p. 93, 120. Marsson, 1909,
pp- 547, 557, 559, 561. Marsson, 1911, p. 261, 263, 266, 275, 282,
285. Petersen, 1911, p. 160; Fig. 5. Conrad et Kufferath, 1912,
p. 321. Brunnthaler, 1913, p. 165, 170; Fig. 2. Chodat, 1913,
p. 22.

Selenastrum acuminafum Lagerheim, 1883, p. 71; Pl. III, Figs.
27-30. de Toni, 1889B, p. 596. Turner, 1892, p. 162; Pl
XX, Fig. 30. Marsson, 1901B, p. 96. Marsson, 1904, p. 146.
Marsson, 1908B, p. 107, 111. Marsson, 1908A, p- 32, 40. S.
obliquus var. acuminatus Playfair, 1912, p. 518, Pl. LVI, Fig. 8.
S. falcatus Chodat, 1894, p. 625. de Wildemann, 1897A, p- 60.
Chodat, 1900, p. 3. Chodat, 1901, p. 1309. Tanner-Fullmann,
1906, p. 158. Tanner-Fullmann, 1907, pp. 124, 125. S. acuminatus
var. biseriatus Reinhardt, 1905, p. 26.

“S. familiis e cellulis quaternis constitutis, ‘cellulis arcuatis
vel falcatis, apicibus acuminatis; apicibus cellularum adul-
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tarum 30-40 p inter se distantibus; crassitudo cellularum
6-7 u.”’

The typical form was not isolated but one with smaller
cells was.

GEOGRAPHICAL DISTRIBUTION

EUROPE. Austria-Hungary (Brunnthaler, 1907; Hansgirg,
1905; Reinhardt, 1905). Belgium (Conrad et Kufferath, 1912).
Denmark (Chodat, 1900). Germany (Kolkowitz und Marsson,
1908; Lemmermann, 1905B, 1907B, 1908D; Marsson, 1901B, 1904,
1908A, 1908B, 1909, 1911; Schorler, 1907; Selk, 1907; Volk, 1905).
Sweden (Lemmermann, 1904A; Petersen, 1911). Switzerland
(Bachmann, 1908; Chodat, 1894, 1901, 1902; Tanner-Fullmann,
1906, 1907; de Wildemann, 1897A).

ASIA AND OCEANIA. Australia (Playfair, 1912). India
(Turner, 1892). Java (Bernard, 1908). Singapore (Lemmermann,
1904C).

Var. minor nov. var. (Pl. XXIX: Figs. 70-74).

Cellulis brevioribus; apicibus cellularum 18, 20, 24, 25,
28 u inter se distantibus. Lat. cell. 3.4, 4.5, 6 u.

The arrangement of the cells of the colony in the variety
minor is similar to that of the typical form described by
Lagerheim. The cells are never in a plane but always form
a curved surface which at times is semicircular. The alga
was isolated from material which had originally been col-
lected from the shore of a bay in Lake Monona (Wisconsin)
_but which had been standing in the laboratory for some time.
The station was revisited several times but the alga was not
found in nature. Several strains were isolated from this col-
lection all showing the same general characteristics. The
number of cells in the colony is always four, as described by
Lagerheim for S. acuminatus, but the cells are more irregular -
in shape, being typically lunate (Figs. 70, 71) but occa-
sionally sigmoid (Fig. 72). In this feature they show a strik-
ing similarity to the cells of Ankistrodesmus. The cells of
the young colonies are very narrow but upon maturing in-
crease in thickness without a corresponding increase in
length. (Figs. 70 and 74.) ’
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Var. tetradesmoides nov. var. (Pl. XXIX: Figs. 75-80.)

Dimens. cell. 11 x 2.5, 12.5x3, 15x 3.5, 15x 4 p.

The organism was isolated from a collection of algae gath-
ered from the east shore of Devil’s Lake, Wisconsin. The
cells are not as markedly lunate nor as long as those de-
scribed by Lagerheim. The curve of the coenobe may be
-very slight (Fig. 75) or it may be so great that the cells form
two parallel series (Fig. 76). All gradations between these
two conditions can be found in my pure cultures.

Stages similar to that shown in Figure 76 appear to be
identical with Tetradesmus wisconsinensis Smith; the cells
of both are about the same size, but the cultural evidence
of both Smith and Chodat shows that the cells of T. wiscon-
sinensis are always arranged in two parallel series and never
form a flat or curved surface. This condition is compara-
tively rare, however, in the form isolated since not more
than five per cent of the colonies show a tendency toward
an arrangement of cells in two parallel series. This variety
is of interest from the phylogenetic standpoint since it forms
a transition stage between Tefradesmus and Scenedesmus.

6. S. antennatus de Bréb. (Pl. XXVIII: Figs. 56, 58.)

de Brébisson in Ralfs, 1848, p. 222; Pl. XXXV, Figs. 27A-27B.
de Brébisson 1856, p. 412. Rabenhorst, 1868, p. 65. Cooke, 1882,
p. 43; PL. X111, Fig. 7. Lagerheim, 1883, p. 66. de Toni, 1889B,
p- b67. W. West, 1889A, p. 290. Roy, 1890, p. 338. W. West,
1892A, p. 194. W. West, 1892B, p. 738. de Wildemann, 1893A.
West and West, 1897B, p. 500. Nitardy, 1898, p. 104. Balsamo,
1900, p. 266. West and West, 1901B, p. 119. West and West,
1902B, p. 64. Fournier, 1903, p. 28. Nitardy, 1904, p. 318.
Selk, 1907, p. 5. Adams, 1908, p. 35. Gutwinski, 1909, p. 435.
Comére, 1911, p. 50. Chodat, 1913, p. 18. Brunnthaler, 1913,
pp. 166, 170; Fig. 4.

Scenodesmus antennatus. de Brébisson, 1856, p. 160. Archer,
1861, p. 753. '

“Cellulis fusiformibus, 2—4-8 in seriem simplicem vel
duplicem conjunctis, omnibus sublunulatis, plerumque ven-
tricoses, utroque polo cuspidatis, apice globulum hyalinum
gerentibus. Dimens. cell. 12-13 x 2.5-4 u.”

I am of the opinion that many of the recorders of this
species had it confused with S. obliquus (Turp.) Ktz. In
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examining material with the lower powers of the microscope
colonies of fusiform cells with globules on the ends are some-
times found but upon applying a magnification of 1000
diameters or over, this globule on the end disappears and
the colony is found to be S. obliquus. Since many workers
do not use a magnification of over 500 diameters, it is very
probable that some have fallen into this error. The nearest
approach to S. anfennatus that I have seen is shown in
Figure 58. In view of the fact that S. anfennafus has been
reported by certain of the more careful investigators, it
seems very likely that the species exists and should be rec-
ognized.

GEOGRAPHICAL DISTRIBUTION

EUROPE. Austria-Hungary (Gutwinski, 1909). England
(Cooke, 1882; Roy, 1890; W. West, 1889A, 1892B; West and West,
1897B, 1901B). France (de Brébisson, 1848, 1856; Fournier,
1903; Comeére, 1911). Germany (Nitardy, 1898, 1904; Selk, 1907). !
Ireland (Adams, 1908; W. West, 1892A; West and West, 1902B).

7. S. incrassatulus Bohlin. (Pl. XXV: Figs. 9-10.)

Bohlin, 1897, p. 24; PL I, Figs. 45-51. Chodat, 1902, p. 211;
Fig. 131. West and West, 1907, p. 229; P1. XIII, Fig. 26. Brunn- . '
thaler, 1913, p. 166; Fig. 3. !

“Sc. vel cellulis singulis vel cellulis in coenobia quaternis
(nonnumquam binis) conjunctis, aut seriem rectam for-
mantibus, aut subalternatim dispositis. Cellulis fusiformibus
subacutis, binis mediis leniter, binis lateralibus magis cur-
vatis, dorso convexis ventra rectis vel concavis. Membrana
tenui, in apice incrassatula.”

Dimens. cell. 17x5, 21x6, 23x5, 28x7, 24x 8 u.

GEOGRAPHICAL DISTRIBUTION
Brazil (Bohlin). Burma (West and West).

var. Mononae nov. var. (Pl XXIX: Figs. 81-83.)

 Cellulis ovatioribus, minoribus. Dimens. cell. 11x 3.5,
12x4, 12x 4.5 p. .

I have isolated this alga but once, the source of the mate-
rial being near the outlet of Lake Monona, Wisconsin. The
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cells have the characteristic concavity on the side towards
the colony and the convexity on the other side. In my pure
cultures, I have found the cells arranged in a linear series,
but no marked alteration in them, while the terminal bulb
is not very pronounced. The cells are much smaller than
those of Bohlin, the largest measuring but 12x 4.5 u. The
differences in both shape and size of the cells warrants the
establishing of a new variety.

8. S. bijuga (Turp.) Lag. (Pl. XXV:Fig. 2.)

Lagerheim, 1893, p. 158. Lagerheim, 1900, p. 10. Borge,
1907A, p. 57. Borge, 1907B, p. 4. Collins, 1909, p. 168. Hayden,
1910, p. 44. Klugh, 1911, p. 97 Klugh, 1912, p. 115. Borge,
1913, p. 60.

Achnanthes bijuga. Turpin, 1828, p. 310; Pl. XIII, Fig. 4.

Achnanthes quadrijuga. = Turpin, 1820, Fig. 6. Turpin, 1828,
p- 310; Pl. XIII, Fig. 5.

Achnanthes quadralterna. Turpin, 1820, Fig. 8. Turpin, 1828,
p. 311; Pl. X1III, Fig. 7.

Achnanthes octalterna. Turpin, 1820, Fig. 12. Turpin, 1828,
p. 312; Pl. XIII, Fig. 8.

Baczllarta viridis. Le1ble1n, 1830, p. 316; PL 1, Fig. 3.

S. obtusus. Meyen, 1829, p. 775 Pl. XLIII, Figs. 30-31.
Meneghini, 1840, p. 209. Hassall, 1845, p. 393; Pl XCII, Fig. 15.
Ralfs, 1845, p. 404; Pl. XII, Fig. 8. Ralfs, 1846, p. 162; P1. XV,
Fig. 8. Ralfs, 1848, p. 193; Pl. XXXI, Figs. 16A-16C. Bailey,
1851, p. 29. Bailey, 1855, p. 12. Griffith and Henfrey, 1856, p.
656; Pl. X, Figs. 53-54. Archer, 1857, p. 40. Zanardini, 1857,
p- 250. Grunow, 1858, p. 499. Reinsch, 1867, p. 80.. Rabenhorst,
1868, p. 63; Figs. 34D-34E. Hohenbiihel-Heufler, 1871, p. 318.
Rostrop, 1871, p. 90. Olney, 1872, p. 135. Wittrock, 1872, p. 31.
Archer, 1874, p. 329. Wood, 1874, p. 90. Kirchner, 1878, p. 98.
Oudemans, 1879 Wille, 1879, p. 30. Cienowsky, 1881, p. 304.
Wolle, 1881, p. 213. Cooke, 1882, p. 33; Pl. XIII, Fig. 5. Nord-
stedt, 1882, p. 46. Spencer, 1882, p. 296. anﬁth and Henfrey,
1883, p. 679; Pl. XIV, Figs. 53-54. Artari, 1884, p. 132. Hansgirg,
1884A, p. 9. Boldt, 1885, p. 97. Griffith and Henfrey, 1885, p. 686;
Pl. X, Figs. 53-54. .Paque, 1885, p. 52. Parfitt, 1886, p. 392.
Beck, 1887, p. 274. Bennett, 1887, p. 9. Martel, 1887A, p. 340.
Martel, 1887B, p- 11. de Toni et Levi, 1887, p. 1584. Alexenko,
1888, p. 158. Balsamo, 1888, p. 40. Bennett, 1888, p. 2. Harvey,
1888, p. 157. Konig, 1888, p. 89.  Loitlesberger, 1888, p. 224.
Nordstedt, 1888, p. 19. 'W. West, 1888, p. 748. Heiden, 1889,
p- 5. Riabinine, 1889A, p. 302. Riabinine, 1889B, p. 46. de.
Toni, 1889A, p. 70. Webber, 1889, p. 1012. W. West, 1889A, p.
290. Andersson, 1890, p. 5. Chmielweski, 1890, p. 92. Roy
1890, p. 338. W. West, 1890, p. 298. de Wildemann, 1890B, p.
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155. Alexenko, 1891, p. 61. Beyerinck, 1891, p. 279. Ianouch-
kievitch, 1891, p. 289. Bennett, 1892, p. 5. Turner, 1892, p. 161.
Weiss, 1892, p. 36. Franzé, 1893, p. 286. Schroder, 1893, p. 72.
Stokes, 1893, p. 52. Alexenko, 1894, p. 72. Borge, 1894, p. 9.
Alexenko, 1895, p. 93. Schroder, 1897A, p. 372. Schroder, 1897B,
p- 487. Wille, 1897, p.26. Forti, 1898, p.118. Nitardy, 1898, p. 104.
Zacharias, 1898, p. 93. Forti, 1899, p. 89. Iwanoff, 1899, p. 379.
Marquand, 1901, p. 321. Balsamo, 1900, p. 266. Neuweiler,
1901, p. 45; PL III, Figs. 6-8. Larder, 1902, p. 59. Schmidle,

1902, p. 242. Volk, 1903, p. 103. Zacharias, 1903B, pp. 254, 262.

Comére, 1904, p. 62. Dorogoslaisky, 1904, p. 224. Friih und
Schroder, 1904, p. 364. Marquand, 1904, p. 269. Nitardy, 1904,
p. 318. Schmidle, 1904, p. 30. Stadler, 1905, p. 236. Suhr,
1905, p. 252. Petkoff, 1906A, p. 359. Brown, 1908, p. 247.
Quelle, 1908, p. 43. Andrews, 1909, p. 379. Chodat, 1909, p.
101; Pl. VII, Fig. F; PL. XIII, Fig. C. Honigmann, 1909, p. 54.
Smith, 1914A, p. 292; Pl. XVI, Figs. 24-42.

S. bijugatus. Kiitzing, 1833, p. 607. de Brébisson, 1839, p. 271.
Lagerheim, 1883, pp. 60, 65. Wille, 1884, pp. 10, 30, 45. Hansgirg,
1886, p. 114; Fig. 61. Hansgirg, 1889, p. 132. de Toni, 1889B, p.
563. Hansgirg, 1890A, p. 111. Gutwinski, 1891, p. 302. Hansgirg,
1891, p. 317. Lemmermann, 1891, p. 148. W. West, 1891B, p.
421. Hansgirg, 1892B, p. 119. W. West, 1892A, p. 193. Lem-
mermann, 1893, p. 523. Mobius, 1894, p. 330. Schmidle, 1893A,
p. 13. Schmidle, 1894, p. 43. Borge, 1895, p. 6. Lemmermann.
1895A, p. 41. West and West, 1895, p. 82. Boergesen, 1896, p. 36.
Borge, 1896, p. 7. Lemmermann, 1896, p. 108. Zacharias, 1896,
p. 76. Bohlin, 1897, p. 22. Farlow in Trelease, 1897, p. 196.
Lemmermann, 1897, p. 108. Schroder, 1897C, p. 45. Strohmeyer,
1897, p. 6. West and West, 1897B, p. 500. Lemmermann, 1898A,
p. 191. Mez, 1898, p. 149. Schrider, 1898, p. 23. Boergesen,
1899A, p. 135. Borge, 1899, p. 7. Garbini, 1899A, p. 15. Lem-
mermann, 1899, p. 112. Levander, 1899, pp. 49, 54, 63, 70, 80, 90,
93, 100. Marsson, 1899, p. 102. G. S. West, 1899, p.220. Chodat,
1900, p. 3. Filarsky, 1900, p. 145. Lemmermann, 1900A, p. 68.
Levander, 1900, p. 7. Schmidle, 1900C, p. (141). Schorler, 1900,
p. 5. Boergesen, 1901A, p. 240. Borge, 1901B, p. 13. Dalla Torre und
von Sarnthein, 1901, p. 34. Fanning, 1901, p. 617; Pl. XLV, Fig. 4.
Marsson, 1901A, pp. 96, 101. Marsson, 1901B, p. 96. West and
West, 19014, p. 196. West and West, 1901B, p. 119. Wille, 1901,
p. 11. Blumentritt, 1902, p. 86. Bohlin, 1902, p. 43. Gutwinski,
1902, p. 576. Riddle, 1902, p. 317. West and West, 1902, p. 181.
West and West, 1902B, p. 63. Forti, 1902, p. 60. Boergesen and
Ostenfeld, 1903, p. 615. Hansgirg, 1903, p. 1. Pascher, 1903, p.
175. Snow, 1903, p. 391. W. West, 1903, p. 100. Heering und
Homfeld, 1904, p. 84. Lemmermann, 1904A, pp. 39, 71, 92, 158.
G. S. West, 1904B, p. 220; Fig: 92C. West and West, 1904, p.
531. Hansgirg, 1905, p. 457. Huber, 1905, p. 57. Lemmermann,
1905B, p. 160. Lemmermann, 1905C, pp. 167, 168. Riddle,
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1905, p. 268. Trotter, 1905, p. 45; Fig. 18. Volk, 1905, p. 64.
West and West, 1905, p. 30. Hardy, 1906, p. 38. Pascher, 1906,
p. 168. Ruttner, 1906, p. 10. Schorler, Thallwitz, und Schiller,
1906, p. 247. West and West, 1906A, p. 489. Buchanan, 1907,
p. 81. Huber, 1907, p. 455. Larsen, 1907A, p. 358. Lauterborn,
1907, p. 123. Migula, 1907, p. 657; Pl XXXII, Fig. 32; PL
XXXV K, Fig. 10. Lemmermann, 1907B, p. 412. Selk, 1907,
pp. 5, 57, 64, 73, 94, 98, 103, 112, 115. Teodoresco, 1907, p. 129.
G. S. West, 1907, p. 138. West and West, 1907, p. 229. Adams,
1908, p. 35. Bernard, 1908, p. 183; Pl. XIV, Figs. 423-424.
Huber, 1908, p. 313. Kolkowitz und Marsson, 1908, p. H14.
Lemmermann, 1908A, p. 167. Marsson, 1908B, pp. 95, 120.
Schneider, 1908, p. 46. Adams, 1909, p. 186. Bernard, 1909, p.
77: Pl. VI, Figs. 162-163. Borge, 1909, p. 16. Eyferth, 1909, p.
116. Gutwinski, 1909, p. 434. Honigmann, 1909, p. 54. G.S. .
West, 1909A, p. 16, 29. West and West, 1909A, p. 140. West and
West, 1909B, p. 184. Ostenfeld, 1909, p. 174. Gugliemetti, 1910,
p. 31. Kofoid, 1910, p. 31. Bachmann, 1911, p. 191. Comeére,
1911, p. 51. Marsson, 1911, pp. 283, 285, 286. Conrad et Kuf-
ferath, 1912, p. 321. Griffith, 1912, p. 11. Brunnthaler, 1913,
pp. 169, 171. Hardy, 1913, p. 93. Migula (no date) p. 37; Pl
1V, Fig. 6.

S. trijugatus. Kiitzing, 1833, p. 607; Fig. 97. de Brébisson,
1839, p. 271. Balsamo, 1900, p. 267.

S. Leibleiriii. Kiitzing, 1833, p. 607; Fig. 98. Meneghini, 1840,
p. 207. Balsamo, 1900, p. 266.

S. octalternus. Kiitzing, 1833, p. 609; Fig. 95. Balsamo, 1900.
p. 266.

S. quadralternus. Kiitzing, 1833, p. 608: Fig. 94. de Brébisson,
1839, p. 271. Balsamo, 1900, p. 266.

Scenodesmus obtusus. Ehrenberg, 1834, p. 310. Kiitzing, 1845,
p. 139. Kiitzing, 1849, p. 185. Négeli, 1849, p. 91: PL. V, Figs.
A-1-a to A-1-m. Rabenhorst, 1850, p. 517. de Brébisson, 1856,
p. 160. Archer, 1861, p. 753: Pl. I, Figs. 37-39. Kirchner, 1891,
p. 18. Conn and Webster, 1908, p. 35; PL. VI, Fig. 38.

Scenodesmus quadricauda var. ecornis. Ehrenberg, 1834, p. 311.

Arthrodesmus quadricaudatus ecornis. Ehrenberg, 1836.

S. quadrialternans var. octalternus. de Brébisson, 1839, p. 271.

S. quadrijugatus. de Brébisson, 1839, p. 271. Bailey, 1855, p.
12.

S. quadrijugatus var. minor. de Brébisson in Meneghini, 1840,
p. 207.

S. quadricaudatus var. ecornis. Ralfs, 1845, p. 402; Pl. XII. Fig.
4C. Hassall, 1845, p. 392. Ralfs, 1846, p. 159; Pl. XV, Fig. 4C.
Snow, 1903, p. 391.

S. quadricauda var. ecornis. Ralfs, 1848, p. 190; Pl. XXXI,
Figs. 12H-121. Schaarschmidt, 1884, p. 249. Parfitt, 1886, p.
392. Nordstedt, 1888, p. 19. Balsamo, 1900, p. 266. Dalla Torre
und von Sarnthein, 1901, p. 35. Petkoff, 1906A, p. 358.
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Scenodesmus caudatus var. ecaudatus. Kiitzing, 1849, p. 186.
Scenodesmus obtusus var. binarius. Kiitzing, 1849, p. 185.
Scenodesmus obtusus var. bifernarius. Kiitzing, 1849, p. 185.
Scenodesmus obfusus var. qualernarius. Kiitzing, 1849, p. 185.
Scenodesmus obtusus var. obliquus. Kiitzing, 1849, p. 185.
Scenodesmus obtusus var. ternarius. Kiitzing, 1849, p. 185.
Scenodesmus obtusus var. octonarius. Kiitzing, 1849, p. 185.

- Scenodesmus obtusus var. alfernans. Kiitzing, 1849, p. 185.

Scenodesmus obtusus var. obliquus dunlex. Kiitzing, 1849, p.
185.

Scenodesmus obtusus var. Leibleinii. de Brébisson, 1856, p. 160.
_ 8. obtusus var. ecornis. Franzé, 1892, p. 149; PI. II1, Figs. 4,
13-14. de Wildemann, 1897C, p. 78.

S. variabilis var. ecornis. de Wildemann, 1893A. de Wilde-
mann, 1893B, p. 91. Schmidle, 1895, p. 305. de Wildemann,
1895, p. 26. de Wildemann, 1897A, p. 60. de Wildemann, 1897B
p. 49. de Wildemann, 1899, p. 11. Schmidle, 1900B, p. 126.
Schmidle, 1902B, p. 125. Fournier, 1903, p. 28. Schodduyn,
1909, p. 166.

S. bijugatus var. seriatus. Chodat, 1902, p. 212. Migula, 1907,
p. 658. Brunnthaler, 1913, pp. 169, 172.

S. obtusus var. seriatus. Reinhardt, 1905, p. 26.

S. bijugatus forma seriatus. Volk, 1905, p. 64. Larsen, 1907B,
p. 104.

" Steinella Graevenitzii. Bernard, 1908, p. 189; Pl. XIV, Figs.
463-466.

“Coenobiis 4-8 cellularibus; cellulis oblongo-ellipticis vel
ovatis, utroque polo obtuso-rotundatis, aculeis carentibus,
7-18 x 4-7 (raro 10) g, in seriem simplicem, rectam vel ob-
liquam arcte laxeve comjunctis.” ‘ :

A well known species which I have not obtained in pure cul-
ture. The cells of several cultures which at first appeared
to be S. bijuga were found on closer examination to have
small spines on the ends, and it is probable that various in-
vestigators who have reported the species have failed to
note these horns on coenobes with obtuse cells and so called
the species S. bijuga. I have found the species fairly abun-
dant in nature in this vicinity and can not explain why I
have been unable to obtain it in pure culture.

The cells are arranged in either a linear or sub-alternating
series. A strain was isolated with the cells constantly in
two series, a condition which is found in nature and regarded
by many as a normal variation of S. bijuga but I prefer to
consider this as a variety (plafydisca) of S. arcuatus Lemm.,
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the reasons for which are given in the discussion of that
species. '

GEOGRAPHICAL DISTRIBUTION

EUROPE. Austria-Hungary (Alexenko, 1888, 1894, 1895;
Beck, 1887; Blumentritt, 1902; Filarsky, 1900; Franzé, 1892, 1893;
Grunow, 1858; Gutwinski, 1909; Hansgirg, 1884A, 1886, 1889,
1890A, 1891, 1892B, 1905; Ianouchkievitch, 1891; Loitlesberger,
1888; Pascher, 1903,1906; Reinhardt,1905; Riabinine, 18894, 1889B;
Ruttner, 1906; Stadler, 1905). Belgium (Conrad et Kufferath,
1912; PAque, 1885; de Wildemann, 1890B, 1893B; 1895, 1897B).
Bulgaria (Petkoff, 1906). Denmark (Chodat, 1900; W. West,
1891B). England (Bennett, 1887, 1888, 1892; Cooke, 1882;
Griffith, 1912; Hassall, 1845; Larder, 1902; Marquand, 1901,
1904; Parfitt, 1886; Ralfs, 1845, 1846, 1848; Roy, 1890; G. S.
West, 1899, 1904B; W. West, 1888, 1889A, 1890, 1892B, 1897B;
West and West, 1901B, 19094, 1909B). France (de Brébisson,
1856; Comére, 1904, 1911; Fournier, 1903; Schodduyn, 1909;
Turpin, 1820, 1828). Germany (Ehrenberg, 1834; Eyferth, 1909;
Heering und Homfeld, 1904; Heiden, 1889; Honigmann, 1909;
Kirchner, 1878; Kolkowitz und Marsson, 1908; KoOnig, 1888;
Kiitzing, 1845; Lauterborn, 1907; Leiblein, 1830; Lemmermann,
1891, 1893, 1895A, 1896, 1897, 1898A, 1899, 19014, 19058, 1905C,
1907B; Marsson, 1899, 1901A, 1901B, 1908B, 1911; Meyen, 1829;
Migula, 1907; Nitardy, 1898, 1904; Quelle, 1908; Schmidle, 1893A,
1894; Schneider, 1908; Schorler, 1900; Schorler, Thallwitz und
Schiller, 1906; Schroder, 1893, 1897A, 1897B, 1897C, 1898; Stroh-
meyer, 1897; Selk, 1907; Volk, 1903, 1905; Weiss, 1892; Zacharias,
1896, 1898, 1903B). Holland (Beyerinck, 1891; Oudemans, 1879).
Ireland (Adams, 1908, 1909; Archer, 1857; W. West, 1892A; West
and West, 1902B, 1909B). Italy (Balsamo, 1888; Forti, 1898,
1899, 1902; Garbini, 1899A; Gugliemetti, 1910; Hohenbiihel-
Heufler, 1871; Martel, 1887A, 1887B; Meneghini, 1840; Raben-
horst, 1850; de Toni, 1839A; de Toni et Levi, 1887; Trotter, 1905;
Zanardini, 1857). Montenegro (Schmidle, 1900B, 1902B). Norway
(Wille, 1901). Roumania (Teodoresco, 1907). Russia (Alexenko,
1891; Artari, 1884; Borge, 1894; Chmielweski, 1890; Cienowsky,
1881; Dorogoslaisky, 1904; Gutwinski, 1891; Iwanoff, 1899;
Levander, 1899, 1900; Wille, 1879). Scotland (W. West, 1903;
West and West, 1904, 1905, 1906A, 1909B). Sicily (Lemmer-
mann, 1908A). Sweden (Andersson, 1890; Borge, 1895, 1907A,
1913; Lagerheim, 1883; Lemmermann, 1904A). - Switzerland
(Chodat, 1902, '1909; Dalla Torre und von Sarnthein, 1901; Friih
und Schroter, 1904; Huber, 1905, 1907, 1908; Neuweiler, 1901;
Schmidle, 1895; de Wildemann, 1897A). .

AFRICA. Abyssinia (Lagerheim, 1893). Azores (Archer, 1874;
Bohlin, 1902; Farlow in Trelease, 1897). Madagascar (West and
West, 1895). Lake Nyassa (Schmidle, 1902; G. S. West, 1907).
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Lake Rukuga (Schmidle, 1904). Lake Tanganyika (G. S. West,
1907). Lake Victoria Nyanza (Ostenfeld, 1909).

ASIA AND OCEANIA. Afghanistan (Schaarschmidt, 1884).
Australia (Borge, 1896, 1911; Hardy, 1906, 1913; Mébius, 1894;
G. S. West, 1909A). Burma (West and West, 1907). Central
Asia (Schmidle, 1900C). Ceylon (West and West, 1901A). East
Indies (Hansgirg, 1903). India (Turner, 1892). Java (Bernard,
1908; Gutwinski, 1902; de Wildemann, 1897C, 1899). Johore
(Bernard, 1909). New Zealand (Nordstedt, 1888; Spencer, 1882).
Siam (West and West, 1902). Siberia (Boldt, 1885).

AMERICAS. Argentina (Borge, 1899; Nordstedt, 1882; Wille,
1884). Bolivia (Borge, 1907B). Brazil (Bohlin, 1897; Wille, 1884).
Canada (Klugh, 1911, 1912). Montevidio (Wille, 1884). Pategonia
(Borge 1901B). Paraguay (Bohlin, 1897). United States (Andrews,
1909; Bailey, 1851, 1855; Borge, 1909; Brown, 1908; Buchanan,
1907; Collins, 1909; Conn and Webster, 1908; Fanning, 1901;
Harvey, 1888; Hayden, 1910; Kofoid, 1910; Olney, 1872; Riddle,
1902, 1905; Smith, 1914A, 1914B; Snow, 1903; Stokes, 1893; .
“Webber, 1889; Wolle, 1881, 1887; Wood, 1874). i

POLAR AND SUB-POLAR REGIONS. Boergesen, 1899A.
Faeroes (Boergesen, 1901A; Boergesen and Ostenfeld, 1903;

Rostrup, 1871; Wille, 1897). Greenland (Boergesen, 1896; Larsen,
1907A, 1907B).

1
i

Var. flexosus (Lemm.) Collins. (PL. XXV Fig. 16.)

Collins, 1909, p. 168.

S. bijugatus var. flexosus. Lemmermann, 1898A, p- 191; PL. V, f
Fig. 1. Lemmermann, 1899, p. 112. Lemmermann, 1900A, p. 95.
Schmidle, 19004, p. (111). Lemmermann, 1902, p. (251). Snow,
1903, pp. 375, 391; PL I, Fig. 4. Lemmermann, 1904A, p. 27.
Lemmermann, 1905C, p. 167. Migula, 1907, p. 658; Pl. XXXV L,
Fig. 6. Lemmermann, 19104, pp. 294, 308. Lemmermann, 1910B,

p. 332. Brunnthaler, 1913, pp. 169, 172; Fig. 26.

Coenobia 8-32 cellularum. Cellulis in leniter flexile spira
dispositis. Long. cell. circa 17 u. Lat. cell. 8 p.

The cultural work of Miss Snow showing that a form exists
in which there are normally 16-32 cells arranged in a loose
spiral gives good grounds for the recognition of this variety.

GEOGRAPHICAL DISTRIBUTION

Germany (Lemmermann, 1898A, 1899, 1900A, 1902, 1905C;
Schmidle, 1900A). Paraguay (Lemmermann, 1910A). Sweden
(Lemmermann, 1904A, 1910B).  United States (Collins, 1909;
Snow, 1903).
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Var. minor (Hansg.) nov. comb.

S. bijugatus var. minor. Hansgirg, 1886, p. 115. de Toni,
1889B, p. 564. Blumentritt, 1902, p. 86. Hansgirg, 1905, p.
457. Migula, 1907, p. 658.

S. bijugatus forma minor. Pascher, 1903, p. 175.

S. obtusus var. minor. Volk, 1903, p. 103.

Coenobiis 8—cellularum, 40-45x 18 p; cellulis ellipticis
vel ovoidis, 10-12 x 6-9 u; ceterum ut in var alternanti.

The cultural work of Chodat has shown that varieties
may be distinguished in S. bijuga on the basis of cell size.

GEOGRAPHICAL DISTRIBUTION

Austria-Hungary (Hansgirg, 1886, 1905; Migula, 1907; Pascher,
1903). Germany (Volk, 1903). Switzerland (Blumentritt, 1902).

Var. obtusiusculus (Chodat) nov. comb.

S. obtusiusculus Chodat, 1913, p. 47; Figs. 24-34.
Dimens. cell. 7-5 u, 6-3 p.

Var. alternans (Reinsch) Borge. (Pl.XXV:Figs. 14-15.)

Borge, 1907A, p. 57. Collins, 1909, p. 168. Borge, 1913, p. 60.

S. alternans. Reinsch, 1866, p. 135; Pl. XX, Fig. D5. Reinsch,
1867, p. 81; PL. VI, Fig. 3. Lagerheim, 1883, p. 65. Lagerheim,
1883B, p. 70. Lagerheim, 1887, p. 194. W. West, 1892A, p. 193.
W. West, 1892B, p. 738. West and West, 1897B, p. 500. G. S.
West, 1899, p. 221. Balsamo, 1900, p. 266. - West and West,
1902B, p. 63. Snow, 1903, p. 391. 'W. West, 1903, p. 100. Adams,
1908, p. 35. -

S. bijugatus var. alfernans. Hansgirg, 1886, p. 114. de Toni,
1889B, p. 6. Lemmermann, 1893, p. 523. Schmidle, 1894, p. 43.
Borge, 1895, p. 6. Bohlin, 1897, p. 22. Lemmermann, 1899, p. 112.
Dalla Torre und von Sarnthein, 1901; p. 35. Chodat, 1902, p. 212.
Bohlin, 1902, p. 43. Schmidle, 1903, p. 80. Lemmermann, 19044,
p. 39. Schmidle, 1904, pp. 4, 30, 32. Schmidle, 1904B, p. 7.
Hansgirg, 1905, p. 457. Huber, 1905, p. 57. Volk, 1905, p. 64.
Migula, 1907, p. 658; Pl. XXXV (K), Fig. 8. Huber, 1908, p. 313.
Marsson, 1911, p. 263. Brunnthaler, 1913, pp. 169, 172; Fig. 25.

Selenastrum alternans. Weiss, 1892, p. 37. .

S. bijugatus forma alternans. Pascher, 1903, p. 175.

S. obtusus var. alternans. Volk, 1903, p. 103. Reinhardt, 1905,
p. 26.

“Cellulae omnes aequales late ellipticae usque ovato-
ellipticae, cellularum poli rotundati, cellularum diameter

8
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transversalis duae partes diametri longitudinalis; familae
plerumque ex cellulis octonis constitutae, cellalue singulae
laterale accumbentes, perfecte alternates.”

“Cellulae. longit. 13-16 y; cellulae latit. 10-13 u”’

The typical fom of S. bijuga is known to have the cells
arranged subalternately at times but the isolating of a strain
where the cells are constantly arranged in an alternate posi-
tion warrants the retention of the variety alfernans. It is
very probable, however, that in many cases the typical S.
bijuga has been called S. bijuga var. alternans.

GEOGRAPHICAL DISTRIBUTION.

EUROPE. Austria-Hungary. (Hansgirg, 1886, 1905; Pascher,
1903; Reinhardt, 1905). England (G. S. West, 1899; W. West,
1892B; West and West, 1897B). France (Reinsch, 1866, 1867).
Germany (Lemmermann, 1893, 1899; Marsson, 1911; Schmidle,
1894; Volk, 1903, 1905; Weiss, 1892). Ireland (Adams, 1908;
W. West, 1892A; West and West, 1902B). Scotland (W. West,
1903). Sweden (Borge, 1895, 1907A, 1913; Lagerheim, 1883B;
Lemmermann, 1904A). Switzerland (Chodat, 1902; Dalla Torre
und von Sarnthein, 1901; Huber, 1905, 1908).

AFRICA. Azores (Bohlin, 1902). Lake Nyassa (Schmidle,
1903, 1904). Lake Rukuga (Schmidle, 1904). -

AMERICAS. Brazil (Bohlin, 1897). Paraguay (Bohlin, 1897).
Puerto Rico (Collins, 1909; Lagerheim, 1887). Unifed States
(Collins, 1909; Snow, 1903). v

Var. alternans forma parvus nov. forma. (PlL. XXX:
- Figs. 106-108.)

Dimens. cell. 89 u x 3.5-4 u. :

The cells of this strain isolated never reach the minimal
dimensions as given by Reinsch so it is regarded as a form
of S. bijuga var. alternans. ’

Var. irregularis (Wille) nov. comb. (Pl XXVIII:
Figs. 59-62.)

S. bijugatus forma irregularis. Wille, 1903, p. 92; Fig. 4.

Cellulis irregulariter dispositis in seriem duplicem aut
alternatim. Dimens. cell. 10x 6, 10x 5, 8x4, 7.5x 3.5 u.
I have isolated this variety several times. The coenobia
usually contain eight cells, arranged in an irregular double
series, although four-celled coenobia where the cells are fre-
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quently alternate are not rare. The arrangement of the
cells in a linear series is never found in this variety. The
dimensions of the cells agree very well with those given by
Wille.

9. S. curvatus. Bohlin. (Pl. XXVI: Figs. 17-18.)

Bohlin, 1897, p. 23; PL I, Figs. 41-44, 52. Chodat, 1901, p.
1309. Marsson, 1901A, p. 115. Chodat, 1902, p. 212; Figs.
132A-132F. Volk, 1905, p. 64. Fritsch, 1906, p. 205. Migula,
1907, p. 658; PL. XXXV (L), Fig. 3. Brunnthaler, 1913, pp. 169,
171; Fig. 22.

“Se. coenobiis e 8 (nonnumquam 4) cellulis in seriem duas,
- alternantes conjunctis, ad basim brevitor cohaerentibus,
interstitia latitudini cellularum similia formantibus. Serie
cellularum in orbem tres partes peripheriae circuli efficientem.
curvata. Cellulis subcylindricis, obtusis, in centrum coenobii
leniter curvatis, chlorophoris singulo, pyrenoida singula in-
cludentis. Dimens. cell. 12-30 x 4-10 p.”

The cell arrangement forming about three-fourths of a
cylinder, gives a very characteristic appearance to the
coenobe, while the angular compression where the cells join
one another makes a further difference between S. curvatus
and S. bijuga var. alternans (Reinsch) Borge.

GEOGRAPHICAL DISTRIBUTION

England (Fritsch, 1906). Germany (Marsson, 1901A, Volk,
1905). Paraguay (Bohlin, 1897). Switzerland (Chodat, 1901,
1902). .

10. S. arcuatus. Lemm. (Pl XXVI: Figs. 19-20; PL
XXIX: Figs. 94-98; Pl. XXX Figs. 99-100.)

Lemmermann, 1899, p. 112; Pl I, Figs. 2-4. de Toni et Forti,
1899A, p. 179. de Toni et Forti, 1899B, p. 791. West and West,
1900, p. 298. Lemmermann, 1904A, p. 158. Lemmermann,
1905B, p. 158, 162. Reinhardt, 1905, p. 26. Lemmermann,
1907B, p. 411. Migula, 1907, p. 658. Lemmermann, 1908A, p.
167. Marsson, 1908B, p. 116. Gugliemetti, 1910, p. 32. Lem-
mermann, 1910A, pp. 294, 298. Marsson, 1911, pp. 263, 286.
Brunnthaler, 1913, pp. 169, 171; Fig. 23.

S. bijugatus var. arcuatus. Lemmermann, 1898B, p. 159.
Lemmermann in Marsson, 1899, p. 172. Schmidle, 1900, p. (111).
West and West, 1906B, p. 105; PL. X, Figs. 12-14.
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S. bijugatus forma arcuatus. G. S. West, 1907, p. 138. West
and West, 1909B, p. 184.

Coenobia 4-16 cellularum, saepe 8. Coenobis curvatis
planis, cum parvis foraminibus inter cellulas; cellulis in
series duas, oblongi-ovatis vel sub-angulatis. Dimens. cell.
9x5, 85x6, 12x8, 15x9 u.

This species was isolated from a plankton catch from Lake
Mendota, Wisconsin. For the past five years this alga has
been found occasionally during the summer months at this
station, but nowhere else in this locality. The measure-
ments of the cells as given by Lemmermann, 7-8 1 broad
and 13-6 u long, agree very well with the dimensions of the
mature cells both in my pure cultures, and in the field.

The arrangement of the cells in the characteristically
curved surface is quite striking and persits in the pure cul-
ture grown in both agar and liquid media. Surface views
(Figs. 97, 99, 100) show this well but an end view of a colony
(Fig. 95) bring it out even more strongly. Generally the
cells are in two symmetrically arranged series with small
angular interstices between them (Fig. 99), but irregularities
occasionally appear (Fig. 94). A normal colony contains
eight cells; very few have four cells (Fig. 96), and although
colonies of sixteen cells are reported by Lemmermann I
have neither found them in nature, nor in my pure cultures.

The systematic position of the form is a matter of dispute.
It was first described by Lemmermann as a variety of S.
bijuga (Turp.) Ktz., but later raised to specific rank. West
and West have recently replaced it among the varieties of
S. bijuga. This placing of S. arcuatus as a form or variety
of S. bijuga has arisen from the conception that cells ar-
ranged in two series of four cells each are a normal variation
of S. bijuga that may occur for one generation only. How-
ever, since I have been able to isolate a form in which this
two-seried cell arrangement persists, although the cells do
not form a curved plane, the arrangement of the cells in
two series may be regarded as a specific character.

EUROPE. Austria-Hungary (Reinhardt, 1905).  Germany
(Lemmermann, 1898B, 1899, 1905B, 1907B; Marsson, 1908B,
1911; Schmidle, 1900). Ireland (West and West, 1906B, 1909B).
Italy (de Toni and Forti, 1899B, Gugliemetti, 1910).  Sicily
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(Lemmermann, 1908A). Sweden (Lemmermann, 1904A; de Toni
and Forti, 1899A).
AFRICA. Lake Tanganyika (G. S. West, 1907).
AMERICAS. Paraguay (Lemmermann, 1910A). United Stafes

Var. platydisca, nov. var. (Pl. XXX: Figs. 101-105.)

Cellulae coenobium saepe 8, in seriam duas in uno plano,
foramina inter cellulas parva. Dimens. cell. 8 x 4.5, 8 x 5,
9x5.5,10x 5.5, 11x6 pu.

The form which I have isolated in pure culture has been
figured by Nigeli, West, and others as one of the normal
variations of S. bijuga (Turp) Lag. However, since the cell
arrangement shows a greater resemblance to S. arcuatus
than to S. bijuga, this form is placed as a variety of S.
arcuatus.

All the colonies in a culture have the cells arranged in the
characteristic flat surface, thereby differing from the typical
form. The interstices between the cells are much smaller
and angular by compression, where thecells come in con-
tact with one another.

The normal number of cells in a colony is eight (Figs.
101, 103-105) although four-celled coenobia have been
found (Fig. 102). These, however, cannot be distinguished
from the four-celled colonies of S. arcuafus except by the
size of the individual cells, which average five microns
shorter and two microns narrower than those of S. arcuatus.

This variety may have been described by Chodat as the
variety disciformis of S. bijuga but his description “Cellules
en petite thalle, 4—ou octocellulaire, polyhedrique par com-
pression” is indefinite in that it may refer to the form under
consideration or to S. bijuga var. irregularis (Wille).

11. S. producto-capitatus Schmula. (Pl XXV: Fig. 11.)

Schmula, 1910, p. 85; Figs. 1-5. Brunnthaler, 1913, pp. 170,
172; Fig. 27. Chodat, 1913, p. 25.

“Cellulae singulae, aut in coloniis, quae duas tresve aut
quator cellulas continent. Cellulae visae ab adversa parte
(fronte) 11-14 u longae, in media parte 3-3.5 p latae, hinc
ad extrema versus instar capitis dilatatae, productae et
rotundatae sine aculus, praeditae membrane tenuissima,
nucleo centralo et duobus pyrenoidibus. Cellulae a vertice
rotundae et diametro 3-3.5 u. A latere visae cellulae prae-
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bent in uno latere mediae partis maiorem expansionem quam
in altero. In coloniis quatuor cellularum saepius a fronte
duae cellulae sinistrae a duabus cellulis dextris ita differunt
ut latus crassius ventris in iliis dextrosum in his sinistrorsum
directum sit.” -

Known only from Schmula’s description.

DISTRIBUTION
Germany (Schmula, 1910).

12. S. denticulatus Lag. (Pl. XXVI. Fig. 23).

Lagerheim, 1883, p. 61; Pl. II, Figs. 13-17. Schroter, 1884, p.
189. Hansgirg, 1886, p. 115. de Wildemann, 1888, p. 77. Hansgirg,
1889, p. 132. de Toni, 1889B, p. 564. Hansgirg, 1890A, p. 112.
Hansgirg, 1891, p. 317. Hansgirg, 1892B, p. 119. W. West,
1892A, p. 193. W. West, 1892B, p. 738. Lemmermann, 1893,
p. 524. de Wildemann, 1893A. Schroder, 1896, p. 46. Gutwinski, |
1897A, p. 3. Gutwinski, 1897B, p. 134. Schmidle, 1897, p. 20.
Schroder, 1897A, p. 372. Schroder, 1897B, p. 487. Schroder,
1897C, p. 45.. West and West, 1897B, p. 500. Lemmermann,
1898A, p. 191. Boergesen, 1899B, p. 333. Garbini, 1899A, p.
15. Schroder, 1899, p. 22. Balsamo, 1900, p. 266. Chodat, 1900, ]
Pp. 2. Boergesen, 19014, p. 240; Pl. X, Fig. 5. Dalla Torre und .
~von Sarnthein, 1901, p. 35. Lemmermann, 1901B, p. 80. West
and West, 1901B, p. 120. Bohlin, 1902, p. 44. Forti, 1902, p. 60.
Voigt, 1902, p. 76. West and West, 1902, p. 181. West and West,
1902B, p. 64. Pascher, 1903, p. 175. Volk, 1903, p. 103. Heering
und Homfeld, 1904, p. 83. Hansgirg, 1905, p. 458. Huber, 1905,
p. 57. Lemmermann, 1905B, pp. 158, 163. Lemmermann, 1905C,

- p. 167. West and West, 1905, p. 270. Lemmermann, 1906, p.
250. Ruttner, 1906, p. 10. Schorler, Thallwitz, und Schiller,
1906, p. 247. Borge, 1907A, p. 58. Larsen, 1907A, p. 358. Larsen,

ol 1907B, p. 104. Lemmermann, 1907B, p. 412. Migula, 1907, p.

. 656. Adams, 1908, p. 35. Lemmermann, 1908E, p.-405. G. S.

West, 1909C, p. 245. Gugliemetti, 1910, p. 31.. Kofoid, 1910, p.

31. Bachmann, 1911, p. 191. Marsson, 1911, pp. 261, 286.

Petersen, 1911, p. 160; Fig. 6. Griffith, 1912, p. 11. Brunnthaler,

1913, pp. 166, 170; Fig. 5.

S. denticulatus var. genuinus. Lagerheim, 1883, pp. 61, 56; Pl

I1, Figs. 13-16. i . . '
Scenodesmus denticulatus. Kirchner, 1885, p. CLXXX.

S. denticulatus forma (un-named). Borge, 1891, p. 6; PL I,

Fig. 1. Borge, 1895, p. 7.

S. hystriz var. denticulatus. Chodat, 1902, p. 215.
S. hystriz forma denticulatus cohaerens. Volk, 1905, p. 65.

Selk, 1907, p. 6.
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S. hystriz forma denticulatus. Volk, 1905, p. 65. Selk, 1907,
pPp. 7, 57, 68, 79, 85, 94, 99, 108, 115. .
S. hystrixz forma denticulatus genuinus. Selk, 1907, p. 68.

“Sc. cellulis quaternis, ovatis vel ovali-oblongis, cruciatim
dispositis vel subalternantibus, utroque polo rotundatis et
denticulus parvis, plerumque binis, instructis. Membrana
cellularum subcrassa. Dimens. cell. 7x5, 10x7, 12x 6,
13x9, 156x9, 156x 11 u.”

Although this species occurs abundantly in this vicinity
it has never been isolated in pure culture. For this reason
the variations in the size of the cells cannot be given; so the
existence of the variety zig-zag, described by Lagerheim,
where the cells are about half as wide as the typical form,
cannot be affirmed or denied. Another even more important
point is whether or not the arrangement of the cells in a
linear series or an alternating series is a constant character,
or if the alternating type of colony gives rise to the linear
type or vice-versa. G. S. West (1904B) shows a linear type
of colony in which two daughter colonies are being liberated
that have the alternating arrangement of the cells, a condi-
tion which corresponds with my observation made on
material from the field. Until this question of cell arrange-
ment has been definitely settled by cultural studies, it seems
best to follow the general practice of recognizing both alter-
nating and linear types as distinct.

s

GEOGRAPHICAL DISTRIBUTION

EUROPE. Austria-Hungary (Gutwinski, 1897A, 1897B; Hans-
girg, 1886, 1889, 1890A, 1891, 1892B, 1905; Pascher, 1903;
Ruttner, 1906). Belgium (de Wildemann, 1888). Denmark
(Chodat, 1900). England (Griffith, 1912; W. West, 1892B; West
and West, 1897B, 1901B). Germany (Heering und Homfeld, 1904;
Kirchner, 1885, Lemmermann, 1893, 1898A, 1899, 1901B, 1905B,
1905C, 1906, 1907B, 1908E ; Marsson, 1911; Migula,1907; Schmidle,
1897; Schorler, Thallwitz und Schiller, 1906; Schroder, 1896,
1897A, 1897B, 1897C, 1899; Schroter, 1884; Selk, 1907; Voigt,
1902; Volk, 1903, 1905). Ireland (Adams, 1908; W. West, 1892A;
West and West, 1902B). Ifaly (Forti, 1902; Garbini, 1899A;
Gugliemetti, 1910). Scotland (West and West, 1905). Sweden
(Borge, 1895, 1907A; Lagerheim, 1883; Petersen, 1911). Switzer-
land (Chodat, 1902; Dalla Torre und von Sarnthein, 1901; Huber,
1905).
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AFRICA. Albert Nyanza (G. S. West, 1909C). Azores (Bohlin,
1902).

ASTA. Siam (West and West, 1902). Siberia (Borge, 1891).

AMERICAS. Unifed States (Kofoid, 1910). ‘

POLAR AND SUB-POLAR REGIONS. Faeroes. (Boergesen,
1899B, 1901A). Greenland (Larsen, 1907A, 1907B).

Var. zig-zag Lagerheim.

Lagerheim, 1883, p. 61; PL II, Fig. 17. Hansgirg, 1886, p. 115,
de Toni, 1889B, p. 565. West and West, 1895, p. 82. Balsamo,
1900, p. 266. Pascher, 1903, p. 175. Volk, 1903, p. 103.

S. denticulatus forma zig-zag. Pascher, 1906, p. 169.

S. hystrix forma zig-zag. Selk, 1907, p. 57.

- “S. denticulatus cellulis ovali-oblongis, quaternis, sub-
alternantibus. Dimens. cell. 6 x4, 10x5, 15x6 u.” -

GEOGRAPHICAL DISTRIBUTION

Austria-Hungary (Hansgirg, 1886; Pascher, 1903, 1906). Ger-
many (Selk, 1907; Volk, 1903). Madagascar (West and West,
1895). Sweden (Lagerheim, 1883).

Var. linearis Hansgr.

Hansgirg, 1886, p. 268. de Toni, 1889B, p. 565. W. West, 1892B,
p. 738. West and West, 1895, p. 82. West and West, 1897A, p.
239. West and West, 1897B, p. 500. G. S. West, 1899, p. 211.
West and West, 1901A, p. 197. West and West, 1901B, p. 120.
West and West, 1902, p. 182. West and West, 1902B, p. 64.
Volk, 1903, p. 103. Setchell and Gardner, 1903, p. 206. W. West,
1903, p. 100. G. S. West, 1904A, p. 287. G. S. West, 1904B, p.
220; Figs. 92I-92K. Hardy, 1906, p. 38. West and West, 1906A,
p- 489. Migula, 1907, p. 656. G. S. West, 1907, p. 138. West
and West, 1907, p. 229. Collins, 1909, p. 169. G. S. West, 1909A,
p. 29.70West and West, 1909B, p. 184. Brunnthaler, 1913, pp.
166, 170.

S. denticulatus var. lineatus. W. West, 1892A, p. 193; PL. XVII,
Fig. 7. Schmidle, 1893B, p. 545. Boergesen, 1896, p. 36.

S. bidentatus. Hansgirg, 1892, p. 229. Hansgirg, 1892B, p.
119. Schorler, 1900, p. 5. Pascher, 1906, p. 168. Migula, 1907,
p. 656.

S. hystrix forma denticulatus bicaudatus. Volk, 1905, p. 65.

S. denticulatus forma linearis. Pascher, 1906, p. 168.

S. denticulatus var. diengianus. Bernard, 1908, p. 185; PL. XIV,
Fig. 448.
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‘“Var. cellulis oblongis angustioribus. et in unam seriem
ordinatis nec cruciatim nec alternatim; cum 2-3 dentibus
parvis.”

GEOGRAPHICAL DISTRIBUTION

EUROPE. Austria-Hungary (Hansgirg,v1886, 1892; Pascher,
1906). England (G. S. West, 1899, 1904B; W. West, 1892B; West
and West, 1897B, 1901B). Germany (Schorler, 1900; Volk, 1903,

1905). Ireland (W. West, 1892A; West and West, 1902B). Scot- .

land (W. West, 1903; West and West, 1906A, 1909B).

AFRICA. “‘Libuna River” (West and West, 1897A). Madagas-
car (West and West, 1895). Lake Nyassa (G. S. West, 1907).
Lake Tanganyika G. S. West, 1907).

ASIA AND OCEANIA. Ausfralia (Hardy, 1906; G. S. West,
1909A). Burma (West and West, 1907). Ceylon (West and West,
1901A). Java (Bernard, 1908). Siam (West and West, 1902).

AMERICAS. Trinidad (G. S. West, 1904A). United Stales
(Collins, 1909; Setchell and Gardner, 1903).

POLAR AND SUB-POLAR REGIONS. Faeroes (Boergesen,
1899B). Greenland (Boergesen, 1896).

Var. lunatus West and West. (Pl. XXVI: Fig. 24.)

West and West, 1895, p. 82; Pl. V, Figs. 11-12. Balsamo, 1900,
p. 266. Brunnthaler, 1913, pp. 166, 170. Chodat, 1913, p. 20.

Var. cellulis 24 in seriem rectam dispositis, cellulis me-
dianis ellipticis rectis, terminalibus extrorsum lunatis, apici-
bus cellularum 3—denticulatis. Long. cell. 9.5-11 u; lat.
cell. 3.5-4 pu.

Known only from West and West’s discovery of the va-
riety in Madagascar.

'13. S. aculeolatus Reinsch. (PL. XXVI: Fig. 22.)

Reinsch, 1877, p. 238; Pl. VI, Figs. 1-2. Lagerheim, 1883, p. 65.
de Toni, 1889B, p. 565. Lemmermann, 1893A, p. 41. de Wilde-
mann, 1893B. Balsamo, 1900, p. 266. Chodat, 1902, p. 215.
Migula, 1907, p. 656. Brunnthaler, 1913, pp. 166, 170; Fig. 8.

“S. cellulis oblongo-cylindricis utroque polo obtuso-
rotundatis, spinulis compluribus brevioribus absque ordine
dispositis armato. Longit. fam. 4—cellularis 19.6 u. Latit.
cellularum 13-16.8 u. Specimina singula observata inter
Spirogyram.”
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Because this species has been found but once since it was
first described by Reinsch in 1877, and because the original
description was based on a single specimen it might be placed
among the doubtful species.

GEOGRAPHICAL DISTRIBUTION

Cape of Good Hope (Reinsch, 1877). Germany (Lemmermann,
1893A). .

forma brevior West.

W. West, 1893, p. 100; Pl. CCCXXXIII, Fig. 13. Balsamo,
1900, p. 266. Brunnthaler, 1913, p. 166, 170.

“Forma cum cellulis brevioribus quam forma typica.
Long. cell. (C. spin.) 10 u. long. cell. (s. spin.) 8 u. lat.
cell. 5 p.”

The form brevior was reported from Scotland.

14. S. acutiformis Schroder. (Pl. XXVI: Figs. 28-29.
Pl. XXIX : Figs. 84-89.) '

Schroder, 1897C, p. 45; PL II, Fig. 4. Levander, 1899, pp. 63,
70, 80, 90. G. S. West, 1899, p. 221. Borge, 1901B, p. 13. West
and West, 1901B, p. 121. West and West, 1902A, p. 182. West,
and West, 1902B, p. 64. Snow, 1903, p. 391. Lemmermann,
1904A, pp. 40, 70. G. S. West, 1904B, p. 221. West and West,
1905, p. 270. Hardy, 1906, p. 38. Borge, 1907A, p. 57. G. S.
West, 1907, p. 138. Adams, 1908, p. 35. Lemmermann, 1908A,
p. 167. Lemmermann, 1908E, p. 405. Borge, 1909, p. 16. G. S.
West, 1909A, pp. 29, 38. Gugliemetti, 1910, p. 31. Bachmann,
1911, p. 191. Brunnthaler, 1913, pp. 168-171; Fig. 13. Chodat,
1913, p. 23. .

S. hystrix var. acutiformis. Chodat, 1902, p. 215; Figs. 139B-
139C. Heering und Homfeld, 1904, p. 83. Migula, 1907, p. 657;
Pl. XXXV (L), Fig. 5. Bernard, 1908, p. 184; Pl. XIV, Figs.
438-447. Bernard, 1909, p. 78; PI. VI, Figs. 168-170.

S. hystriz forma acutiformis. Volk, 1905, p. 64. Selk, 1907,

pp. 57, 64.

- S. hystrix forma acutiformis cohaerens. Selk, 1907, p. 6.

* Coenobia 2-8 cellularum, cellulis fusiformibus.. Mem-
branae cellularum terminalum visae ab polo longitudinaliter
costatae cum quatuor costis, cellulae interiores cum duabus
costes. Dimens. cell. 5.5x 16, 5.5x17,6x 18, 8x22 u. "
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The length of cells that I have isolated agrees well with
the dimensions given by Schroder (length 20 u, width 15 u),
but they are much narrower, the widest cells being 8 u. By
comparing the length with the width in the figure given by
Schroder, we find that the cells are about a third as wide as
they are long, therefore being more nearly 6-8 u than 15
wide. Under these conditions the form that I have isolated
agrees perfectly with the S. acufiformis of Schroder.

The number of cells in the colonies of my cultures varies
from two (Fig. 89) to eight (Fig. 84) with four the predomi-
nant number (Figs. 85-88). The ridges are quite prominent
even from a side view and extend from one end of the cell to
the other. They vary from one-half to one micron in width,
and should be represented by two lines (Figs. 85-88) instead
of by a single line as done by Schroder. Schroder has al-
ready pointed out that the number of ridges on the cell can
best be determined from an end view which shows that the
terminal cells of the colony have four ridges. This, however,
is not universal since instances were found where the ter-
minal cells had but three ridges (Fig. 88). The median cells
always have a single ridge on each side.

!

GEOGRAPHICAL DISTRIBUTION

EUROPE. England (G. S. West, 1899, 1904B; West and West,
1901B). Germany (Heering und Homfeld, 1904; Lemmermann,
1908E; Schroder, 1897C; Selk, 1907; Volk, 1905). Ireland (Adams,
1908 ; West and West, 1902B). Italy (Gugliemetti, 1910). Russia
(Levander, 1899). Scotland (West and West, 1905). Sicily
(Lemmermann, 1908A). Sweden (Borge, 1907A; Lemmermann,
1904A). Switzerland (Chodat, 1902).

AFRICA. Lake Nyassa (G. S. West, 1907).

ASIA AND OCEANIA. Australia (Hardy, 1906; G. S. West,
19094A).. Java (Bernard, 1908). Johore-(Bernard, 1909). Siam
(West and West, 1902). Singapore (Bernard, 1969).

AMERICAS. Pategonia (Borge, 1901B). United States (Borge,
1909; Snow, 1903). g

15. S. costatus Schmidle. (Pl. XXVI: Figs. 26-27.)

Schmidle, 1895, p. 305; Pl. XIV, Figs. 5-6. Schmidle, 19004, p.
(111). Dalla Torre und von Sarnthein, 1901, p. 35. Simmer,
1901, p. 83. West and West, 1901B, p. 121. Bohlin, 1902, p. 44.
‘Chodat, 1902, p. 216; Figs. 141A-141H. Lemmermann, 1902, p.
(251). G. S. West, 1904B, p. 221. Borge, 1907A, p. 58. Migula,
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1907, p. 657; Pl. XXXV (L), Fig. 2. Selk, 1907, pp. 5, 76. Gut-
winski, 1909, p. 435. Brunnthaler, 1913, pp. 168, 171; Fig. 12.
Chodat, 1913, p. 23.

S. costatus forma fypicus. Schroder, 1898, p. 24.

“Cellulae adultae ellipticae vel semiovato-ellipticae et
margine interiori leviter convexae, exteriori fere semicir-
culares, utroque polo ad apices liberos tuberculo ornatae,
plerumque quaternae (raro octonae) in coenobium solide
concretae, membrana crassa longitudinaliter costata, qua
de cause cellulae e vertice visae rotundae margine exteriori
4-6-ies evidentur undulatae sunt.

““‘Cellulae (adultae) 8-12 u latae. 20-22 u longae cum

. tuberculis coenobium (quadricellulare) 35-24 aut 33-35 p.”

GEOGRAPHICAL DISTRIBUTION

EUROPE. Austria-Hungary (Gutwinski, 1909). England (G.
S. West, 1904B; West and West, 1901B). Germany (Lemmer-
mann, 1902; Schmidle, 1900A; Schriéder, 1898; Selk, 1907).
Sweden (Borge, 1907A). Switzerland (Chodat, 1902; Dalla Torre
und von Sarnthein, 1901; Schmidle, 1895).

AFRICA. Azores (Bohlin, 1902).

Var. sudeticus Lemm.

- Lemmermann, 1896, p. 108. Lemmermann, 1898C, p. 249.
Schroder, 1898, p. 24. Schmidle, 1900A, p. (111). Migula, 1907,
p. 657. Brunnthaler, 1913, pp. 168, 171.

S. denticulatus forma Wildemanii. Schroder, 1898, p. 24.

“Cellulae 7-8 u latae, 1315 u longae; coenobia plerumque
quadricellularia circa 21 u lata, 26 p longa.”

GEOGRAPHICAL DISTRIBUTION

Germany (Lemmermann, 1896, 1898C; Migula, 1907; Schmidle,
1900A ; Schroder, 1898).

16. S. brasiliensis Bohlin. (Pl. XXVI: Figs. 30-31.)

Bohlin, 1897, p. 22; PL I, Figs. 36-37. Lemmermann, 1899, p.
113. Marsson, 1899, -p. 172.. Lemmermann, 1900A, p. 98.
Schmidle, 1900, p. (111). Lemmermann, 1901B, p. 80. Bohlin,
1902, p. 44. Lemmermann, 1902, p. (2561). Snow, 1903, p. 391.
Volk, 1903, p. 103. Lemmermann, 1907A, p. 267. Lemmermann,
- 1907B, p. 412. Schorler, 1907, p. 356. Lemmermann, 1908C, p.
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357. Lemmermann, 1908E, p. 405. Schneider, 1908, p. 46. Borge,
1909, p. 16. Lemmermann, 1910A, p. 294. Borge, 1911, p- 204.
Marsson, 1911, p. 286. Brunnthaler, 1913, p. 168; Fig. 15.

S. hystriz var. brasiliensis. Chodat, 1902, p. 215.

S. acutiformis var. spinuliferum. West and West, 1902, p. 182;
Pl IV, Figs. 46-49. Lemmermann, 1904C, p. 159. i

S. hystrix forma brasiliensis. Volk, 1905, p. 65. Migula, 1907,
p. 6567. Selk, 1907, pp. 7, 73, 79, 91, 103, 108.

S. hystrix forma brasiliensis cohaerens. Volk, 1905, p. 65.
Selk, 1907, p. 6.

S. acutiformis var. brasiliensis. West and West, 1905, p. 270;
Pl I, Figs. 8-9. West and West, 1907, p. 229. G. S. West, 1907,
p. 138. G. S. West, 1909C, p. 245. 'West and West, 1909B, p. 184.

S. acutiformis var. bicaudatus. Gugliemetti, 1910, p. 31.

“Sc. coenobis e cellulis quaternis (vel octonis) in seriem
simplicem, rectam conjunctis, oblongis, obtusis; membrana
in utroque polo denticulis parvis instructis, costus tenerrimis
quaternis, quarum binis lateraliter dispositis.

“Dimens. colon. 4—cellularum. 8-11, 14-16, 19-19, 22-23,
2024 p.” '

Although this form has not been obtained in culture I
have observed it in nature. Ridges on the sides of the cell
are the distinguishing character which separates this species
from S. denticulatus Lag. Since cultures of other species of
Scenedesmus made in connection with this study show that
ridges are a character which remain constant in all descend-
ants of a single mother cell, it is reasonable to assume that
the lateral ridges are also constant on the cell walls of S.
brasiliensis.

- The identity of this form has not been disputed but there
has been some question as to its systematic position. Chodat
enlarged the S. hystrix of Lagerheim to include all forms
with lateral ridges, while West and West have placed several
laterally ridged forms among the varieties of S. acutiformis
Schréder. Of the two the latter is the much more logical,
but since lateral ridges are found in quite differently shaped
cells, it is best not to group them as varieties but rather as
separate species.

GEOGRAPHICAL DISTRIBUTION

EUROPE. Germany (Lemmermann, 1900A, 1901B, 19b2, 1906,
1907B, 1908E, 1899; Marsson, 1899, 1911; Schmidle, 1900.
Schneider, 1908; Schorler, 1907; Selk, 1907; Volk, 1903, 1905;)
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Italy (Gugliemetti, 1910; Lemmermann, 1908C). Scotland (West
and West, 1905). Switzerland (Chodat, 1902).

AFRICA. Azores (Bohlin, 1902). Lake Albert Nyanza (G. S.
West, 1909C). Lake Nyassa (G.S. West, 1907). Lake Tanganyika
(G. S. West, 1907).

ASIA AND OCEANIA. Burma (West and West, 1907).
Ceylon (Lemmermann, 1907A). Siam (West and West, 1902).

AMERICAS. Brazil (Bohlin, 1897; Lemmermann, 1910A).
Paraguay (Bohlin, 1897; Lemmermann, 1910A). United States
(Borge, 1909; Snow, 1903).

17. S. armatus (Chodat) nov. comb. PL XXVIII: Fig.
53, Pl. XXIX: Figs. 90-93. Pl. XXX : Figs. 109-110.)

S. hystriz var. armatus. Chodat, 1902, p. 215; Fig..140. Heering
und Homfeld, 1904, p. 83. Reinhardt, 1905, p. 26. Migula, 1907,
p. 657. Bernard, 1909, p. 78; PL VI, Figs. 171-175. Chodat,
1913, p. 24.

S. quadricauda var. acutiformis. Schmidle, 19004, p. (111).

S. brasiliensis quadricauda. Volk, 1903, p. 103.

S. hystriz forma armatus. Volk, 1905, p. 64. Selk, 1907, pp.
7, 57, 64, 68, 73, 79, 85, 91, 94, 99, 103, 108, 115.

S. hystriz forma armatus abundans. Volk, 1905, p. 64. Selk.
1907, pp. 57, 68, 73, 79, 85, 91, 99.

S. hystriz forma armatus bicaudatus. Volk, 1905, p. 64.

S. hystriz forma armatus cohaerens. Volk, 1905, p. 64. Selk,
1907, p. 6. ‘

S. hystrixz forma armatus setosus. Volk, 1905, p. 65.

S. hystriz var. armatus forma depauperata. Wille, 1913, p. 146.

Cellulis 2-8 in seriem rectam vel subalternantibus dis-
positis, cellulis ovatis vel oblongi-ovatis, utroque polo cellulis
terminalibus rotundatis cum uno aculeo, polo cellulis in-
terioribus coenobius rotundatis sine aculeis. Membrana cel-
lularum longitudinaliter costata in utroque parte.

Dimens. cell. 7x4, 9x4, 9x4.5, 11x4, 11x6, 12x38,
14x7 p. Long. acul. 5.5-7 p.

Previous to the beginning of the cultural work I had fre-
quently observed in field material that lateral ridges ap-
peared on four-celled coenobia which also bore a spine at
each corner, but thought it was merely a passing condition
in certain cells of S. quadricauda (Turp.) de Bréb. The isola-
tion of several strains in which this lateral ridge constantly
appears in all of the colonies, along with the four spines, has
shown this to be a constant character warranting raising
the variety armatus to specific rank.
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These lateral ridges are not so prominent as in S. acufi-
Jormis Schréder and S. brasiliensis Bohlin and frequently
can be seen only in the polar region (Figs. 90, 91); neither
do they appear at the same place on all the cells of the
coenobe, the median cells being ridged in the center of the
side and the terminal cells generally nearer the outer edge
of the coenobe. Ridges cannot always be distinguished on
all of the cells (Figs. 109, 110) but no coenobia were found
in which there was not an indication of ridges on one or
more cells.

GEOGRAPHICAL DISTRIBUTION

Germany (Heering und Homfeld, 1904; Schmidle, 1900A; Selk,
1907; Volk, 1903, 1905). Austria-Hungary (Reinhardt, 1905).
Samoa (Wille, 1913). Singapore (Bernard, 1909). Switzerland
{Chodat, 1902).

Var. Chodatii nov. var. (Pl. XXX: Figs. 111-114.)

Cellulis longioribus atque angustioribus. Dimens. cell.
- 11x4, 12 x3.5, 155 u.

This variety was isolated but once, the material for the
pure culture being collected on the Dane County Fair
Grounds. The shape of the cells and the poles not being in
lateral contact separate this from the foregoing.

Var. subalternans nov. var. (Pl. XXX: Figs. 115-120.)

Longitudo cellularum 3=plo latitudo; cellulis saepe pyri-
formis; subalternis dispositis. Dimens. cell. 9x3, 9x4,
11x5, 12x5.5 pu.

This is the only horn bearing strain isolated in which the
subalternate arrangement of the cells in the coenobe is a
constant character. Too much stress cannot be attached
to this as a distinguishing characteristic; since occasional
subalternating cell arrangements are found in many species.
The pyriform character of the cells is much more pronounced
in this variety than in the others of S. armatus. Certain
colonies apparently have no lateral ridges (Figs. 119-120)
but these instances are of very rare occurrence, while the
horn on the pole of a median cell was found but once (Fig.
119).

~
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18. S. carinatus (Lemm.) Chodat. (PL. XXVI:Fig. 25.)

Chodat, 1913, pp. 23, 69.

S. opoliensis var. carinafus. Lemmermann, 1899, p. 113; PL I,
Fig. 7. Marsson, 1901A, pp. 90, 101, 115. Marsson, 1901B, p. 96.
Lemmermann, 1904A, pp. 8, 20, 84, 158. Lemmermann, 1904C,
p. 159. Lemmermann, 1905B, p. 163. Migula, 1907, p. 655. Selk,
1907, p. 79. Lemmermann, 1908C, p. 357. Marsson, 1911, pp.
263, 265, 286. Brunnthaler, 1913, pp. 169, 171; Fig. 20.

Coenobia 4—cellularum. Cellulis fusiformibus, membrana
longitudinaliter costata in utroque parte atque in utroque
polo 2-3 denticulis parvis instructis. Omne cellulae ter-
minale cum longo curvato aculeo atque dentibus in utroque
polo.

The cells of this form possess the characteristic shape of
S. opoliensis Richt., but there is a distinct longitudinal ridge
on each side of every cell. Since cultural work on such
forms shows that this longitudinal ridge is a constant char-
acter, and since the strains of S. opoliensis isolated do not
show-any, this form should be regarded as a distinct species.

GEOGRAPHICAL DISTRIBUTION

Germany (Lemmermann, 1899, 1905B; Marsson, 1901A, 1901B,
1911; Selk, 1907). Italy (Lemmermann, 1908C). Java (Lemmer-
mann, 1904C). Sweden (Lemmermann, 1904A).

19. S. hystrix Lag. (Pl. XXVI: Fig. 35.)

Lagerheim, 1882, pp. 62, 65; PI. II, Figs. 18. Lagerheim, 1886,
p. 45. Lagerheim, 1887, p. 194. de Toni, 1889B, p. 565. de
Wildemann, 1893A. de Wildemann, 1893B, p. 91. de Wilde-
mann, 1895, p. 26. Bohlin, 1897, p. 22. Schroder, 1897A, p. 372.
Schroder, 1897B, p. 487. Schroder, 1897C, p. 45. de Wildemann,
1897B, p. 50. Schroder, 1898, p. 23. Garbini, 1899A, p. 15. Lem-
mermann, 1899, p. 112. Schroder, 1899, p. 22. Balsamo, 1900,
p. 266. Chodat, 1901, p. 1309. West and West, 1901B, p. 121.
Forti, 1902, p. 60. West and West, 1902B, p. 64. Boergesen
and Ostenfeld, 1903; p. 615. Fournier, 1903, p. 28. Volk, 1903,
p. 103. Cozette, 1904, p. 273. G. S. West, 1904B, p. 221. West
and West, 1904, p. 221. West and West, 1904, p. 531. Huber,
1905, p. 57. Lemmermann, 1905B, pp. 158, 160. Reinhardt,
1905, p. 26. Suhr, 1905, p. 253. Fritsch, 1906, p. 205. Pascher,
1906, p. 168. Brunnthaler, 1907, p. 207. Lemmermann, 1907B,
p. 112. Teodoresco, 1907, p. 130. Adams, 1908, p. 35. Huber,
1908, p. 314. Lemmermann, 1908A, p. 167. Lemmermann, 1908C,
p. 357. Collins, 1909, p. 169. West and West, 1909B, p. 184.
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Conrad et Kufferath, 1912, p. 321. Brunnthaler, 1913, pp. 168,
171; Fig. 14. Chodat, 1913, p. 23. Reinhardt, 1913, p. 103.

S. hystriz (emend.). Chodat, 1902, p. 214; Figs. 138A, 138D-
138J. Volk, 1905, p. 64. Migula, 1907, p. 657. Ostenfeld, 1907,
p- 384.

S. hystriz var. echinulatus. Chodat, 1902, p. 215; Figs. 138K-
138L.. Migula, 1907, p. 657.

S. serratus var. hystrixz. Hansgirg, 1905, p. 458.

S. hystriz forma echinulatus cohaerens. Volk, 1905, p. 64.

S. hystriz cohaerens. Volk, 1905, p. 64. Selk, 1907, pp. 5, 68.

S. hystriz forma echinulatus. Selk, 1907, pp. 61, 68, 76, 108.

“Sc. cellulis binis, quaternis, octonis, oblongo-cylindricis
utroque polo obtusis, omnibus rectis, in seriem simplices
rectam conjunctis, non alternantibus. Membrana cellu-
larum aculeis parvis numerosis dense vestita.

“Dimens. cell. 12x 3, 15x4, 17x6, 18 x5 u.”

The emended description of Chodat in which a hetero-
geneous group is combined under the name hystrix is wholly
without justification. Since the presence of short spines
over the entire wall constitutes a very sharply defined char-
acter, classifying algae that are characterized by teeth at
one end, by lateral ridges only, or by lateral ridges combined
with long horns, in the same genus is highly confusing.

GEOGRAPHICAL DISTRIBUTION

EUROPE. Ausfria-Hungary (Brunnthaler, 1907; Hansgirg,
1905; Pascher, 1906; Reinhardt, 1905, 1913). Belgium (Conrad et
Kufferath, 1912; de Wildemann, 1893B, 1895, 1897B). England
(Fritsch, 1906; West and West, 1901B). France (Cozette, 1904;
Fournier, 1903). Germany (Lemmermann, 1899, 1905B, 1907B;
Schroder, 1897A, 1897B, 1897C, 1898, 1899; Selk, 1907; Volk,
1903, 1905). Ireland (Adams, 1908; West and West, 1902B).
Italy (Forti, 1902; Garbini, 1899A; Lemmermann, 1908C). Rou-
mania (Teodoresco, 1907).- Scotland (West and West, 1904,
1909B). Sicily (Lemmermann, 1908A). Sweden (Lagerheim,
1883, 1886). Switzerland (Chodat, 1901, 1902; Huber, 1905, 1908).

POLAR AND SUB-POLAR REGIONS. Faeroes.  (Boergesen
and Ostenfeld, 1903).

ASIA. Mongolia (Ostenfeld, 1907). .

AMERICAS. Brazil (Bohlin, 1897). Paraguay (Bohlin, 1897).
Puerto Rico (Collins, 1909; Lagerheim, 1887).
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20. S. ornatus (Lemm.) nov. comb. (Pl XXVI: Fig. 34.)

S. perforatus var. ornatus Lemm. Lemmermann, 19104, p. 294,
309; Figs. 3-4. Brunnthaler, 1913, pp. 269, 171.

“Coenobium 8-cellularum, foraminibus anguste linearibus,
1.5-2 u latis, praeditum. Aculi cellularum exteriorum ca.
20.5 u longi, subrecti vel distincte curvati. Membrana cel-
lularum dense et subtiliter punctata.”

The present system of recognizing a cell wall completely
covered with spines as a specific character warrants the
raising of this variety to specific rank. Known only from
Paraguay.

21. S. insignis (West and West) Chodat. (Pl. XXVI:
Fig. 32.)
Chodat, 1913, p. 69.

8. quadricauda var. insignis. . West and West, 1895, p. 83;
Pl. V, Figs. 7-8. Balsamo, 1900, p. 266.

“Var. cellulis 4 in seriem rectam dispositis unaquaequa
cellula cum spina brevi singula, 2 simul ad dextram, 2 simul
ad sinistram, cellulis terminalibus spina singula longa sig-
moidea alternatim disposita; membrana punctato-granulato.

_ Long. cell. 10.5-12.5 pu; lat. cell. 4-5 p.”

So careful a description of the position of the horns as
West and West have given is entirely superfluous since my
cultural work with species of S. longus Meyen, where there
are horns on all of the cells of the coenobe, shows that both
the number and position of the terminal horns is variable.
The character which does separate this form from all other

 species of Scenedesmus is the punctate-granulate membrane
§ in combination with horns on the ends of all cells.

22, S. granulatus West and West. (Pl. XXVI: Fig. 33.)

West and West, 1897B, p. 500; PL VII, Figs. 1-2. G. S. West,
1904B, p. 221. Brunnthaler, 1913, pp. 166, 170; Fig. 11. Chodat,
1913, p. 24.

“S. cellulis plerumque quaternis, oblongis, diametro cir-
citer 3-plo longioribus, polis conicis, in seriem rectam con-
junctis; membrana cellularum granulata, granulis minutis
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in seribus tribus longitudinaliter ordinatis. Long. cell. 20-21
u; lat. cell. 6-6.5 p.”
Known only from England.

23. S. serratus (Corda) Bohlin. (Pl. XXVIII: Figs.
55, 57.)

Bohlin, 1902, p. 44; Pl I, Fig. 2. Brunnthaler, 1913, pp. 166,
171; Fig. 10. Chodat, 1913, p. 25.
Arthrodesmus serratus. Corda, 1839, p. 244; Pl. VI, Fig._ 35.

Coenobia 4-cellularum. Cellulis oblongi-ovatis; mem-
branae cellularum terminalum cum singula serie aculeorum
parvorum ex polo ad polum; cellulis interioribus cum duabus
seribus aculeorum; polis omnorum cellularum cum 3—4 denti-
bus. Long. cell. 15-20 u; lat. cell. 4.5-7 u.

Two colonies of this species have been found in material
collected from the Yahara River above Lake Kegonsa (Wis-
consin). The arrangement of the rows of spines on the sides
of the cells (Fig. 57) and the teeth on the ends of the cells
is the same as described by Bohlin, but the cells I have
found are somewhat smaller being 10-12 by 3-3.5 p.

The species has been found only in Austria (Corda), the
Azores (Bohlin), and Wisconsin.

24. S. abundans (Kirchner) Chodat. (Pl XXX: Figs.
133-136; PL. XXXI: Figs. 137-140.)

Chodat, 1913, p. 77.
S. caudatus forma abundans. Kirchner, 1878, p. 98.
. 8. quadricaudatus var. 8. Ralfs, 1845, p. 402; PL XII, Fig. 4B.

Hassall, 1845, p. 392. Ralfs, 1846, p. 159; Pl. XV, Fig. 4B.

S. quadricauda var. B. Ralfs, 1848, p. 190; PlL. XXXI, Fig.
12G. Balsamo, 1900, p. 266.

Scenodesmus caudatus var. minor. Kiitzing, 1849, p. 186.

Scenodesmus quadricauda var. B. Archer, 1861, p. 753; PL I,
Fig. 42.

S. quadricauda forma abundans. Lagerheim, 1883, p. 64; Pl 11,
Fig. 20. Marsson, 1901A, pp. 96, 106. Chodat, 1902, p. 214.
Pascher, 1903, p. 175. Collins, 1909, p. 169. ,

S. guadricauda var. abundans. Hansgirg, 1886, p. 115. de Toni,
1889B, p. 566. Gutwinski, 1891, p. 302. W. West, 1892A, p. 194.
West and West, 1895, p. 83. West and West, 1897B, p. 500. G. S.
West, 1899, p. 221. Lagerheim, 1900, p. 10. West and West,
1901A, p. 197. West and West, 1901B, p. 120. West and West,
1902B, p. 64. Volk, 1903, p. 104. West and West, 1904, p. 531.
Fink, 1905, p. 25. Hansgirg, 1905, p. 458. Huber, 1905, p. 57.
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Volk, 1905, p. 65. West and West, 1905, p. 270. Fritsch, 1906,
p. 205. Schorler, Thallwitz und Schiller, 1906, p. 247. Borge,
1907A, p. 58. Borge, 1907B, p. 4. Buchanan, 1907, p. 81. Migula,
1907, p. 655. Selk, 1907, pp. 57, 68, 73, 98, 103, 108. Teodoresco,
1907, p. 130. West and West, 1909B, p. 184. Gugliemetti, 1910,
p- 32. Klugh, 1911, p. 97. Borge, 1913, p. 60. Brunnthaler
1913, pp. 168, 171; Fig. 18.

S. caudatus var. abundans. Wolle, 1887, p. 172. Riabinine,
1839A, p. 303. Riabinine, 1889B, p. 47. Snow, 1903, p. 391.
Dorogoslaisky, 1904, p. 224.

S. quadricauda var. hyperabundans. Gutwinski, 1890, p. 63.
Schroder, 1879C, p. 45. Schmidle, 1900A, p. (111). Migula, 1907,
p- 656.

S. quadricaudatus var. abundans. Lemmermann, 1893, p. 524.

S. caudatus var. hyperabundans. Bohlin, 1897, p. 23. Kaiser,
1908, p. 163.

S. quadricauda var. setosus abundans. Volk, 1905, p. 65.

Scenodesmus caudatus var. abundans. Conn and Webster, 1908,
p- 35; PL VI. Fig. 32.

Cellulis ovatis vel oblongi-ovatis. Membranae cellularum
terminalum cum aculeis in polis atque inter polos. Poli
cellularum interiorum cum aculeis. Dimens. cell. 8x 4,
9x4,10x4, 10x5, 11x5.5, 12x 7 u. Long. acul.4-7.5 pu.

Supplementary spines on the middle of the terminal cells
were noted quite early in the study of the genus, Ehrenberg
(1838) figuring a colony of his Arthrodesmus quadricaudatus
with a median spine on each of the terminal cells, in addi-
tion to the polar spines. Ralfs (1845) also gave figures of
S. quadricauda (Turp) de Bréb. with the external cells
having three spines and called it the variety g, but gave it
no name. Kiitzing (1849) established his Scenodesmus
caudatus var. minor on the strength of Ralf’s figures, but the
combination S. minor cannot be used to name this species
since a S. minor has already been established by Kiitzing.
Since S. caudatus forma abundans Kirch was the next name
applied to this species the combination S. armatus (Kirch.)
Chodat is the proper name.

The number and position of the spines in the forms which
I have isolated is quite variable. There are always the two
polar spines on the terminal cells but there may be one spine
(Figs. 133, 138) or there may be two to three spines (Figs.
135, 139) in the middle of the cell. The two terminal cells
of the same coenobe need not necessarily have the same

o e
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number of horns. Figure 136 shows an instance in which
one cell has three spines while the other has four. Although
there is always one spine at the end of the pole, the position
of which corresponds to that of S. quadricauda, there are
frequently one or two more (Figs. 139, 133).

Correlated with the presence of numerous spines on the
terminal cells is that of spines on the poles of the median
cells. The number and position of these median polar
spines is even more variable than is the case with the mar-
ginal terminal spines. There may be one or more on each
pole of all median cells (Fig. 135); or one pole may possess
one or more spines and the other none (Fig. 139). An ex-
treme development of this condition is the presence of only
one spine on the median cells of the coenobe. (Fig. 136).

- GEOGRAPHICAL DISTRIBUTION

EUROPE. Austria-Hungary. (Gutwinski, 1890; Hansgirg,
1886, 1905; Pascher, 1903; Riabinine, 1889A, 1889B). England
(Fritsch, 1906; Hassall, 1845; Ralfs, 1845, 1846, 1848; G. S. West,
1899; West and West, 1897B, 1901B, 1909B). Germany (Kaiser,
1908; Kirchner, 1878; Lemmermann, 1893; Marsson, 1901A;
Schmidle, 1900A ; Schroder, 1897C; Schorler, Thallwitz und Schiller,
1906; Selk, 1907; Volk, 1903, 1905). Ireland (W. West, 1892A;
West and West, 1902B). Italy (Gugliemetti, 1910). Roumania
(Teodoresco, 1907). Russia (Dorogoslaisky, 1904; Gutwinski,
1891). Scotland (West and West, 1901, 1905, 1909B). Sweden
(Borge, 1907A, 1913; Lagerheim, 1883; Petersen, 1911). Switzer-
land (Chodat, 1902, 1913; Huber, 1905).

AFRICA. Madagascar (West and West, 1895).

ASTA. Ceylon (West and West, 1901A). ’

AMERICAS. Argentina (Borge, 1907B). Brazil (Bohlin,
1897). Canada (Klugh, 1911). United States (Buchanan, 1907;
Collins, 1909; Conn and Webster, 1908; Fink, 1905; Snow, 1903;
Wolle, 1887). :

Var.longicaudanov. var. (Pl. XXX:Figs. 121-125.)

Dimens. cell. 7x3, 7x3.5, 8x4, 9x6 u. Long. acul.
10-6 u.

In this variety the spines are not as abundant as on the
typical form, three to four being the usual number for the
terminal cells, while rarely more than one is found at each -
pole of the median cells.
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Var. spicatus (West and West) nov. comb. (Pl. XXVII:
Fig. 51; PL. XXXI: Figs. 141-146.)

S. spicatus. West and West, 1898, p. 335. West and West,
1901B, p. 120. G. S. West, 1904B, p. 220; Fig. 92L. Volk, 1905,
p. 65. Brunnthaler, 1913, pp. 166, 170; Fig. 9. Chodat, 1913,
p. 25.

““S. cellulis plerumque binis, ellipticis, diametro circiter
2-plo longioribus, supra marginem exteriori serie spinarum
brevium 6-7 praeditis. Long. cell. 7.5-9 u. Lat. cell. 4 pu.
Long. spin. 2-2.5 u.”

The mature cells of the form which I have isolated in
pure -culture from the Yahara River below Lake Monona
(Wisconsin) have practically the same dimensions as those
given by West and West, being 3.5 x 7 to 4 x 10 u with spines
2-2.5 u long. The two-celled colonies in my cultures have
the five to seven spines arranged as the authors describe
(Figs. 143, 146), but four-celled coloniés occur much more
frequently than do the two-celled ones. The poles of the
middle cells, in the four-celled colonies, each bear one or
two spines, 2-3 u long (Figs. 141, 142) and the outer margin
of the terminal cells bears five to seven spines. The fact
that four-celled colonies have spines on the middle cells as
well as on the sides of the outer cells is suﬁimentwarranty for
regardmg this as a variety of S. abundans.

Var brevicauda nov.var. (PL.XXX: Figs. 126-132.)

Dlmens cell. 5x 2.5, 6x25 6x3, 8x4, 8x5 u. Long.
acul. 1.5-3 p.

Resembling the variety spicatus but different from it in
the number of spines, the outer cells never having more
than five spines. The cells in my pure cultures also are
smaller than the variety spicatus.

Var. asymmetrica (Schréder) nov. comb. (Pl XXVII:
Figs. 45-46.)

S. quadricauda var. asymmetrica. Schroder, 1897C, p 45; Pl
II, Fig. 5. Garbini, 1899B, p. 275. Schmidle, 1900A, (111).
Mlgula, 1907, p. 655; Pl. XXXV (L), Fig. 5. Chodat, 1913 p. 22.
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Coenobia plerumque 4-cellularum. Apices cellularum ter-
minalium cum singulo aculeo. - Omnes cellulae coenobi cum
singulo aculeo, latitudinaliter disposito.

The arrangement of a single spine on one side only of the
cell wall, in addition to spines on the four corners of the
coenobe, is peculiar to this variety alone.

25. S. longus Meyen. (Pl. XXVIII: Fig. 54; PL:
XXXI: Figs. 156-158.)

Meyen, 1829, p. 774; P1. XLIII, Fig. 28. Kiitzing, 1833, p. 607.
Meyen, 1835, p. 250.

Scenodesmus Naegelii. de Brébisson, 1856, p. 158.

S. quadricauda var. Naegelii. Rabenhorst, 1868, p. 65. de Toni,
1889B, p. 566. Hansgirg, 1905, p. 458. Brunnthaler, 1907, p.
207. Migula, 1907, p. 655. Brunnthaler, 1913, pp- 168, 171.

S. caudatus forma sefosus. Kirchner, 1878, p. 98.

S. caudatus forma horridus. Kirchner, 1878, p. 98.

S. quadricauda forma setosus. Lagerheim, 1883, p. 63. Chodat,
1902, p. 214; Fig. 135. Pascher, 1903, p. 175. Collins, 1909, p.
169.

S. quadricauda forma horridus. Lagerheim, 1883, p. 64; Pl. II,
Fig. 19. Chodat, 1902, p. 214. Pascher, 1903, p. 175. Collins,
1909, p. 169. :

S. quadricauda var. setosus. Hansgirg, 1886, p. 115. de Toni,
1889B, p. 566. Gutwinski, 1891, p. 302. Lagerheim, 1900, p. 10.
Volk, 1903, p. 104. Hansgirg, 1905, p. 458. Volk, 1905, p. 65.
Migula, 1907, p. 655. Selk, 1907, p. 98. Teodoresco, 1907, p- 130.
Borge, 1909, p. 16. Gugliemetti, 1910, p. 32. Brunnthaler, 1913,
pp- 168, 171.

S. quadricauda var. horridus. Hansgirg, 1886, p. 115. de Toni,
1889B, p. 566. Borge, 1895, p. 7. Boergesen, 1899B, p. 333.
Schorler, 1900, p. 5. Boergesen, 1901A, p. 240. Borge, 1901B,
p. 13. Fritsch, 1902, p. 582. G. S. West, 1904B, p- 220; Fig.
92G. Hansgirg, 1905, p. 458. Migula, 1907, p. 655. Selk, 1907,
p. 99. Borge, 1909, p. 16. West and West, 1909B, p. 184. Borge,
1911, p. 204. Brunnthaler, 1913, pp. 168, 171; Fig. 17.

S. caudatus var. sefosus. Wolle, 1887, p. 172. Riabinine, 1889A,
p- 303. Riabinine, 1889B, p. 47. Snow, 1903, p. 391. Dorogos-
laisky, 1904, p. 224. Honigman, 1909, p. 54; PI. II, Fig. 7.

S. caudatus var. horridus. Wolle, 1887, p. 172; Pl. CLVI, Fig.
15. Riabinine, 1889A, p. 303.

S. antennatus var. rectus. Wolle, 1887, p. 172; Pl. CLVI, Figs.
16-17. de Toni, 1889B, p. 567. Stokes, 1893, p. 51.

S. quadricauda var. bicaudatus. Hansgirg, 1890B, p. 9. Hans-
girg, 1892, p. 230. Volk, 1903, p. 104. Volk, 1905, p. 65. Selk,
1907, pp. 68, 99, 108, 115. Migula, 1907, p. 655. Chodat, 1913,

p. 22.
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S. quadricauda var. variabilis. Hansgirg, 1892A, p. 230. Hans-
girg, 1892B, p. 119. Migula, 1907, p. 655.

S. quadricaudatus var. sefosus. Lemmermann, 1893, p. 524.

S. quadricaudatus var. horridus. Lemmermann, 1893, p. 524.

S. rectus. Balsamo, 1900, p. 267.

S. qaudricauda forma Naegelii. Chodat, 1902, p. 214; Fig. 135.

Scenodesmus caudatus var. sefosus. Conn and Webster, 1908,
p. 35; PL VI, Fig. 34.

Scenodesmus antennatus var. rectus. Conn and Webster, 1908
p- 35 Pl. VI, Fig. 39.

Coenobia 2-8 cellularum, cellulis oblongo-cylindricis vel
ovatis, utroque polo rotundatis, chlorophoris singulo, py-
renoida singula. Apices cellularum cum singulo aculeo,
aculeis 2—4 ulongis. Membrana cellularum sine aculeis inter
apices. Dimens. cell. 8x4, 9x4, 11x5 .

This form is generally called S. quadricauda var. honzdus,
although Meyen was the first to maintain that spines on the
poles of the central cells in the colony constituted a specific
character. In his original description of the species, how-
ever, this is not mentioned but the revival of the name
longus is warranted from his statement made in 1835 where
he compares S. quadricauda (Turp) de Bréb. and S. longus
by saying “Die Beiname quadricaudatus wiirde iibrings
nicht passend sein, denn wir haben schon mehrmals den
Scenedesmus longus mit ausgebildeten 16 Hérnern gesehen,
indem namlich jede Zelle 2 Hérner zeigt. . .”

Scenedesmus Naegelii de Bréb. antedates Kirchner’s de-
scription of supplementary spines on the poles of the middle
cells in the colony. This species was founded on drawings
by Nageli of S. caudatus Corda, one of which is seen in my
Pl. XXVIII, Fig. 54.

The varieties horridus and sefosus of S. quadricauda de-
scribed by Kirchner differ from one another in the number
of spines on the poles of the median cells in the coenobe; the
variety horridus having spines on both poles of all cells,
whereas they do not occur on some of the median cells in
the variety sefosus.

Three different strains each having spines on both the
middle and terminal cells as a constant character were iso-
lated. This fact justifies regarding S. longus as a separate
species. Conversely many different strains have been
isolated in which the spines are found on the terminal cells
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~ of the coenobe only; so that the distinction between S. longus
and S. quadricauda is very sharp.

The occurrence and number of spines on the median cells
of the colony, however, is quite variable. Spines may occur
on both poles of every cell in the colony (Fig. 157) or not
(Fig. 156). Again there may be more than one spine at each
pole of a cell, this cell being either terminal or median (Fig.
158).

GEOGRAPHICAL DISTRIBUTION

EUROPE. Austria-Hungary (Brunnthaler, 1907; Hansgirg,
1886; 1890B, 1892A, 1892B, 1905; Pascher, 1903; Riabinine,
1889A, 1889B). England (Fritsch, 1902; G. S. West, 1904B).
Germany (Honigman, 1909; Kirchner, 1878; Lemmermann, 1893;
Meyen, 1829; Schorler, 1900; Selk, 1907; Volk, 1903, 1905).
Italy (Gugliemetti, 1910). Roumania (Teodoresco, 1907). Russia
(Dorogoslaisky, 1904; Gutwinski, 1891). Scotland (West and
West, 1909B). Sweden (Lagerheim, 1883; Borge, 1895). Swifzer-
land (Chodat, 1902).

ASTA AND OCEANIA. Australia (Borge, 1911). :

AMERICAS. Canada (Borge, 1909), Pategonia (Borge,
1901B). United States (Borge, 1909; Collins, 1909; Conn and
‘Webster, 1908; Snow, 1903; Wolle, 1887).

POLAR AND SUB-POLAR REGIONS. Faeroes. (Boergesen,
1899B, 1901A).

Var. brevispina nov. var. (Pl. XXXI: Figs. 151-155.)

Cellulae longiores atque angustiores. Aculei breviores.
Dimens. cell. 9x3, 9x4, 11x4, 11x4.5, 11x5 u. Long
acul. 2 u. '

This variety differs from the foregoing in that the cells are
longer and narrower with shorter spines, which are rarely
absent from the median cells. The shortness of the spines
suggests S. denficulatus Lag., but since they are not broad at
the base this form is classed with S. longus instead of S.
denticulatus.

Var. minutus nov. var. (Pl. XXXI: Figs. 147-150.)

Cellulis oblongi-ovalis longitudinibus circiter 2.5-plo
~ latitudinibus. Aculei breves. Dimens. cell. 6.5x2, 7x2,
7x3,8x3 u. Longacul. 1.5-2 p.

The largest cells found in pure cultures of this form do
not reach the minimal size of the other varieties. The spines
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are quite like S. longus var. brevispina in size and arrange-
ment.

Var. ellipticus (West and West) nov. comb. (PL
XXVII: Fig. 44.)

S. quadricauda var. ellipticum. West and West, 1895, p. 83;
Pl V, Fig. 6. Balsamo, 1900, p. 266. G. S. West, 1904, p. 287
Collins, 1909, p. 169.

S. ellipticus. Chodat, 1913, p. 69.

“Var. cellulis perfecte ellipticis, 4 in seriem rectam dispo-
“sitis, cellulis terminalibus spinis binis validis curvatis ex-
trorsum, cellulis medianis spina singula curvata extrorsum
alternatim dispositis ornatis. Long. cell. 14-15 u; lat. cell.
7.5 p.”’

Known only from Madagascar (West and West) and Bar-
bados (G. S. West).

Var. dispar (de Bréb) nov. comb. (Pl. XXVII:Fig. 41.)

Scenodesmus dispar. de Brébisson, 1856, p. 159; PL I, Fig. 32.
Archer, 1861, p. 753.

S. dispar. Rabenhorst, 1868, p. 65. Lagerheim, 1883, p. 65.
de Toni, 1889B, p. 566. Balsamo, 1900, p. 266. West and West,
1902B, p. 64; Pl I, Fig. 10. Adams, 1908, p. 35.

S. quadricauda var. dispar Brunnthaler, 1913, pp. 168, 171. .

“S. corpusculis fusiformibus, oblongis, binis vel quater- -
nis irregulariter alternantibus, duobus primis uno apice cus-
pidatis altero muticis, duobus aliis similibus sed reversis,
extrimis dorsi apice cuspidatis.”

The position of the spine is probably valueless in differ-
entiating this from the other varieties. The pointed ends
of the cells distinguish this variety from the others.. It has
been found in England (West and West) and France (de
Brébisson). ’

var. apiculatus (West and West) nov. comb. (Pl
XXVI: Fig. 36.)

S. alternans var. apiculatus. West and West, 1894, p. 16; Pl
II, Fig. 38. West and West, 1897B, p. 500. West and West,
1902B, p. 63.

S. bijugatus var. alternans forma apiculatus. Chodat, 1902, p.
213. Brunnthaler, 1913, pp. 169, 172.
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“Var. cum apiculo ad finem liberum utraeque cellulae.
Long. cell. (Cum apice) 7.5-9.5 u; lat, cell. 5-5.5 p.”

This variety has been found in England (West and West,
1894, 1897B) and Ireland (West and West, 1902B).

26. S. quadricauda (Turp.) de Bréb. (PL.XXVII: Fig.
39; Pl. XXXI: Figs. 172-175; Pl. XXXII: Fig. 176.)

de Brébisson, 1835, p. 66. Meneghini, 1840, p. 206. Ralfs,
1848, p. 190; Pl. XXXI, Figs. 12A-12F. Bailey, 1851, p. 29.
Griffith and Henfrey, 1856, p. 565; Pl. X, Fig. 50. Archer, 1857,
p. 40. Rabenhorst, 1868, p. 65; Figs. 34G-34H. Hohenbiihel-
Heufler, 1871, p. 318. Olney, 1872, p. 135. Wittrock, 1872, p.
31. Archer, 1874, p. 329. Nordstedt, 1877, p. 15. Wille, 1879,
p. 30. Vorce, 1881, p. 59; PL. VII, Fig. 136. Cooke, 1882, p. 34;
Pl. XIII, Fig. 8. Nordstedt, 1882, p. 46. Spencer, 1882, p. 296;
Pl. XXIII, Fig. 11. Acheson, 1883, p. 418. Griffith and Henfrey,
1883, p. 679, Pl. XIV, Fig. 50. Martel, 1884, p. 188. Schaar-
schmidt, 1884, p. 249. Wille, 1884, pp. 30, 45. Boldt, 1885, p.
97. Cooke, 1885. PAaque, 1885, p. 52. de Wildemann, 1885, p.
123. Bennett, 1886, p. 3. Campbell, 1886, p. 93. Hansgirg,
‘1886, p. 115; Fig. 62. Parfitt, 1886, p. 392. de Toni et Levi,
1886, p. 67. Beck, 1887, p. 274. Bennett, 1887, p. 9. Jones,
1887, p. 115. Lagerheim, 1887, p. 194. Martel, 1887A, p. 340.
Martel, 1887B, p. 11. de Toni et Levi, 1887, p. 1584. Balsamo,
1888, p. 40. Konig, 1888, p. 89. Nordstedt, 1888, p. 19. Hans-
girg, 1889, p. 132. de Toni, 1889B, p. 565. W. West, 1889A, p.
) 290. de Wildemann, 1889, p. 8. Andersson, 1890, p. 5. Hansgirg,
1890A, p. 112. Roy, 1890, p. 338. W. West, 1890, p. 298. de
Wildemann, 1890A, p. 137. de Wildemann, 1890B, p. 155. Borge,
1891, p. 6. Hansgirg, 1891, p. 317. Ianouchkievitch, 1891, p.
290. de Toni, 1891, p. 272. W. West, 1891A, p. 248. W. West,
1891B, p. 421. Hansgirg, 1892B, p. 119. Mobius, 1892, p. 435.
de Toni, 1892, p. 108. Turner, 1892, p. 161. W. West, 18924,
p. 193. W. West, 1892B, p. 738. Lagerheim, 1893, p. 158.
Schmidle, 1893A, p. 13. Borge, 1894, p. 9. Schmidle, 1894, p. 43;
Tilden, 1894, p. 27. Borge, 1895, p. 7. West and West, 1895,
p. 83; PL. V, Figs. 4-5. Boergesen, 1896, p. 36. Borge, 1896, p. 7.
Lemmermann, 1896, p. 108. West and West, 1896, p. 381.
Zacharias, 1896, p. 75. Chodat, 1897, p. 291.. Farlow in Trelease,
1897, p. 196. Gutwinski, 1897A, p. 3. Pitard, 1897, p. 516.
Schmula, 1897, p. 35. Schroder, 1897A, p. 372. Schroder, 1897B,
p. 487. Schroder, 1897C, p. 45. West and West, 1897B, p. 500.
Chodat, 1898, pp. 166, 175. Forti, 1898, p. 118. Lemmermann,
1898C, p. 249. Mez, 1898, p. 149; PL IV, Fig. 167. Nitardy, 1898,
p. 104. Schorler, 1898, p. 38. Zacharias, 1898, p. 93. Boergesen,
1899A, p. 135. Boergesen, 1899B, p. 333. Borge, 1899, p. 8.
Forti, 1899, p. 89. Garbini, 1899A, p. 15. Garbini, 1899B, p.
275. Iwanoff, 1899, p. 379. Lemmermann, 1899, p. 113. Le-
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vander, 1899, pp. 49, 54, 70, 80, 93, 96. Marsson, 1899, pp. 171,
253, 254. Prowazek, 1899, p. 477. Schrider, 1899, p. 22. de Toni
et Forti, 1899A, p. 179. de Toni et Forti, 1899B, p. 792. ' G. S.
West, 1899, p. 221. Zacharias, 1899, pp. 81, 83, 88, 90. Amberg,
1900, p. 126. Balsamo, 1900, p. 266. Borge, 1900, p. 3. Chodat,
1900, p. 3. Filarsky, 1900, p. 145. Forti, 1900, p. 30. Lagerheim,
1900, p. 10. Lemmermann, 1900A, p. 95. Lemmermann, 1900B,
p. 138. Lemmermann, 1900C, pp. 334, 335, 339. Levander, 1900,
p. 20. Schorler, 1900, p. 5. Waldvogel, 1900, pp. 302, 311, 312.
Boergesen, 1901, p. 240. Borge, 1901A, p. 101. Borge, 1901B,
p. 13. Chodat, 1901, pp. 1309, 1310. Fanning,’ 1901, p. 117;
Pl. XIV, Fig. 3. Garbini, 1901, p. 73. Lemmermann, 1901B,
. p. 80. Lemmermann, 1901C, p. 92. Levander, 1901, p. 22.
Lindau, 1901, pp. 131, 136, 140, 150, 153, 156, 161. Marquand,
1901, p. 321. Marsson, 1901A, pp. 90, 96, 101, 106, 115. Marsson,
1901B, p. 96. Treboux, 1901, p. 478. West and West, 1901A,
p- 197. West and West, 1901B, p. 120. Wille, 1901, p. 11. Blu-
mentritt, 1902, p. 86. Chodat, 1902, p. 213. Forti, 1902, p. 60.
Fritsch, 1902, p. 582. Gutwinski, 1902, p. 576. Larder, 1902,
p. 59. Riddle, 1902, p. 317. Voigt, 1902, p. 76. West and West,
1902B, p. 64. Zykoff, 1902, p. 61. Amberg, 1903, p. 78. Boergesen
and Ostenfeld, 1903, pp. 614, 615. Fritsch, 1903, p. 635, 643, 646.
Gutwinski, 1903, p. 204. Lagerheim, 1903, p. 362. Lemmer-
mann, 1903A, p. 346. Lemmermann, 1903B, p. 81. Lemmer-
mann, 1903C, p. 119. Schmidle, 1903, p. 80. W. West, 1903,
p. 100. Zacharias, 1903B, pp. 254, 262. Comére, 1904, p. 62.
Heering und Homfeld, 1904, p. 83. Lemmerimann, 1904A, pp. 27,
33, 37, 39, 55, 71, 72, 73, 75, 80, 87, 90, 92, 96, 158. Lemmer-
mann, 1904B, pp. 300, 301, 302, 303, 305. Lemmermann, 1904C,
p. 159. Marquand, 1904, p. 269. Moreto, 1904, p. 440. Nitardy,
1904, p. 318. Schmidle, 1904, p. 4, 30, 32. Skorikow, 1904, pp.
355, 360. G. S. West, 1904A, p. 287. G. S. West, 1904B, p. 220;
Figs. 92D-92F. West and West, 1904, p. 531. Zacharias, 1904,
pp. 193, 201, 212. Fink, 1905, p. 25. Forti, 1905, pp. 5, 9.
Fritsch, 1905, p. 164. Huber, 1905, p. 57. Krause, 1905, p. 110.
Lauterborn, 1905, p. 645. Lemmermann, 1905A, p. 630. Lem-
mermann, 1905B, pp. 158, 160, 162, 163. Lemmermann, 1905C,
pp. 166, 167, 168. Riddle, 1905, p. 268. Skorikow, 1905, p. 105.
Trotter, 1905, p. 45; Fig. 23. West and West, 1905, p. 270.
Zacharias, 1905, pp. 268, 274. Fritsch, 1906, p, 205. Hardy,
1906, p. 38. Lemmermann, 1906, pp. 347, 350, 353. Pascher,
1906, p. 168. Petkoff, 1906A, p. 358. Ruttner, 1906, p. 10.
Schorler, Thallwitz und Schiller, 1906, p. 247. Tanner-Full-
mann, 1906, p. 158. West and West, 1906A, p. 489. Borge,
1907A, p. 58. Borge, 1907B, p. 4. Brunnthaler, 1907, p. 207.
Buchanan, 1907, p. 81. Huber, 1907, p. 455. Krause, 1907,
pp. 218, 220, 221, 222. Larsen, 1907A, p. 358. Larsen, 1907B,
p. 104. Lauterborn, 1907, p. 137. Lemmermann, 1907A, p. 264.
Lemmermann, 1907B, p. 410. Migula, 1907, p. 655; Pl. XXXII,
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Fig. 16. Ostenfeld, 1907, p. 384. Le Roux, 1907, p. 244. Schorler,
1907, p. 356. Tanner-Fullmann, 1907, pp. 122, 124, 125, 232.
G. S. West, 1907, p. 139. West and West, 1907, p. 229. Zacharias,
1907, p. 73; Fig. 34. Adams, 1908, p. 35. Bachmann, 1908, p. 44.
Bloomfield, 1908, p. 782. Forti et Trotter, 1908, pp. 32, 77.
Kolkowitz und Marsson, 1908, p. 514. Lauterborn, 1908A, p. 80.
Lauterborn, 1908B, pp. 23, 27. Lemmermann, 1908A, p. 167.
Lemmermann, 1908B, p. 126. Lemmermann, 1908D, p. 395.
Lemmermann, 1908E, p. 405. Marsson, 19084, pp. 30, 32, 40, 55.
Marsson, 1908B, pp. 93, 95, 96, 107, 110, 111, 114, 116, 120.
Ostenfeld, 1908, p. 348. Schneider, 1908, p. 46. Bernard, 1909,
p. 77; PL. VI, Figs. 164-167. Borge, 1909, p. 16. Chodat, 1909,
p. 99; Pls. XI, XII. Collins, 1909, p. 169. Eyferth, 1909, p. 116;
Pl III, Fig. 21. Gutwinski, 1909, p. 435. Lauterborn, 1909,
p. 539, 541. Marsson, 1909, pp. 545, 547, 557, 559, 561, 562.
Ostenfeld, 1909, p. 174. G. S. West, 19094, p. 29. G. S. West,
1909C, p. 245. G. S. West, 1909D, p. 69. West and West, 1909B,
p. 184. Apstein, 1910, p. 667. Lemmermann, 1910A, p. 294,
208. Gugliemetti, 1910, p. 32. Hayden, 1910, p. 44. Kofoid,
1910, p. 31. Keissler, 1910, pp. 353, 357. Steuer, 1910, p. 430;
Fig. 222F. Bachmann, 1911, p. 191. Brunnthaler, 1913, p. 168,
171. Chodat, 1913, p. 15. Smith, 1914A, p. 290, Pl. XVIIL.
Smith, 1914B, p. 1193; Pl. LXXXIX.

Achnanthes quadricauda. Turpin, 1820, Fig. 13. Turpin, 1828,
p. 311; Pl XIII, Fig. 6.

S. magnus. Meyen, 1829, p. 774; PL. XLIII, Figs. 26, 27, 29.
Kiitzing, 1833, p. 606. "

Scenodesmus quadricaudatus. Ehrenberg, 1834, p. 309. Kiitzing,
1843, p. 164.

Scenodesmus quadricauda var. cornutus. Ehrenberg, 1834, p. 311.

S. caudatus. Corda, 1834, p. 123; PL IV, Fig. 50. Zanardini,
1857, p. 250. Grunow, 1858, pp. 499, 502. Reinsch, 1867, p. 83.
Kirchner, 1878, p. 98. Wolle, 1881, p. 213. Artari, 1884, p. 133.
Hansgirg, 1884, p. 365. Wolle, 1887, p. 172. Alexenko, 1888,
p. 159. de Wildemann, 1888, p. 71; Figs. 1-26. Heiden, 1889,
p. 5. MacKenzie, 1889, p. 271. Riabinine, 1889A, p. 302. Riab-
inine, 1889B, p. 47. W. West, 1889B, p. 206. Chmielweski, 1890,
p. 92. Alexenko, 1891, p. 62. Beyerinck, 1891, p. 279. Weiss,
1892, p. 37. Chodat et Malinesco, 1893B, p. 640; Figs. 1, 2, 6-8.
Jeliffe, 1893A, p. 243. Kellermann and Werner, 1893, p. 389.
Schroder, 1893, p. 72. Stokes, 1893, p. 72. Alexenko, 1894, p.
792. Jeliffe, 1894, p. 594. Alexenko, 1895, p. 92. Bohlin, 1897,
p- 23. Jeliffe and Vogel, 1897, p. 724; Fig. 51. Iwanoff, 1899,
p. 379. Jeliffe, 1899, p. 5.. Senn, 1899, p. 792. Balsamo, 1900,
p. 266. Neuweiler, 1901, p. 45; P1. III, Figs. 9-10. Bohlin, 1902,
p. 43. Skorikow, 1902, p. 563. Snow, 1903, p. 391. Comére,
1904, p. 62. Friih und Schroter, 1904, p. 364. Marsson, 1904,
p- 139. Subhr, 1905, p. 252. Bachmann, 1908, p. 21. Brown,
1908, p. 21. Brown, 1908, p. 247. Quelle, 1908, p. 43. Kaiser,
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1908, p. 163. Andrews, 1909, p. 379. Brown, 1909, p. 335. Honig-
mann, 1909, p. 54. Bethge, 1911, p. 498.

Arthrodesmus quadricaudatus. Ehrenberg, 1836. Ehrenberg,
1838, p. 150; Pl. X, Fig. 16. Bailey, 1841, p. 292; Pl. I, Figs.
18A-18B. Pritchard, 1841, p. 189. Cantor, 1842, p. 493. Ehren-
berg, 1843, pp. 337, 338. Pokorny, 1854, p. 58.

S. quadricaudatus. de Brébisson, 1839, p. 271. Hassall, 1845,
p. 392; PL. XCII, Fig. 12. Ralfs, 1845, p. 402; Pl. XII, Fig. 4.
Ralfs, 1846, p. 159; Pl. XV, Fig. 4. Reinsch, 1877, p. 238. W.
West, 1888, p. 748. Lemmermann, 1891, p- 148. Lemmermann,
1893, p. 524. Lemmermann, 1895A, p. 41. Lemmermann, 18958,
p. 296. Tassi, 1895, p. 12. Schroder, 1896, p. 46. Lemmermann,
1897, p. 108. Strohmeyer, 1897, p. 6. Lemmermann, 1898A,
p. 192. Balsamo, 1900, p. 267. Dalla Torre und von Sarnthein
1901, p. 35. Kellermann, 1902, p- 223. Snow, 1903, p. 391.
Zacharias, 1903A, p. 203. :

Scenodesmus caudatus. Kiitzing, 1845, p. 139. Kiitzing, 1849,
p. 186. Niégeli, 1849, p. 91; PI. V, Figs. 2A-2E. Rabenhorst,
- 1850, p. 517. Kirchner, 1891, p. 18. Conn and Webster, 1908,
p. 35; PL. VI, Fig. 38.

Scenodesmus quadricauda. de Brébisson, 1856, p. 158. Archer,
1861, p. 753; PL I, Figs. 40 ,41, 43.

S. caudatus forma typicus. Kirchner, 1878, p. 98.

S. quadricauda forma typicus. Lagerheim, 1883, p. 63. Chodat,
1902, p. 213; Figs. 133-134. Collins, 1909, p- 169. Petersen, 1911,
p. 160; Fig. 3.

S. quadricauda var. genuinus. Hansgirg, 1886, p. 115. de Toni,
1889B, p. 566. Volk, 1903, p. 103. Hansgirg, 1905, p. 458.
Stadler, 1905, p. 236. Volk, 1905, p. 65. Selk, 1907, pp. 8, 57,
68, 79, 85, 91, 94, 98, 103, 108, 115. Gugliemetti, 1910, p. 32.

S. caudatus var. typicus. Wolle, 1887, p. 172; Pl. CLVI, Figs.
11-14. Webber, 1889, p. 1012. Dorogoslaisky, 1904, p. 224.

S. obtusus var. cornutus. Franzé, 1892, p. 149; Pl III, Fig. 7.
de Wildemann, 1897B, p. 78. :

S. variabilis var. cornufus. de Wildemann, 1893A. de Wilde-
mann, 1893B, p. 91. Schmidle, 1895, p. 305. de Wildemann,
1895, p. 26. de Wildemann, 1896. de Wildemann, 1897A, p. 61.
de Wildemann, 1897B, p. 49. de Wildemann, 1899, p. 11. Fournier,
1903, p. 28. Schodduyn, 1909, p. 166. '

S. quadricauda forma genuinus. Pascher, 1903, p. 175.

S. quadricauda var. typicus. Migula, 1907, p. 655. Teodoresco,
1907, p. 129. Brunnthaler, 1913, pp. 168, 171; Fig. 16.

Scenodesmus caudatus var. fypicus. Conn and Webster, 1908,
p. 35; PL VI, Fig. 33. ‘

S. genuinus. Kofoid, 1910, p. 31.

“Coenobiis e cellulis 2-8, cylindraceo-oblongis, utroque
polo obtuso-rotundatis serie aut simplici aut duplici alter-
nante dispositis constitutis; cellulis omnibus rectis, medianis
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inermibus, extimis utroque apice saepius dorso armatis.”
Dimens. cell. 11x 3.5, 12.5x4.5, 15x6, 16x6, 16.5x 6 u.
Long. acul. 10-12 u.

This species is the most widely distributed of any of the
genus. Calling anything with four horns S. quadricauda
and failing to observe the accessory horns that separate this
species from S. longus Meyen and S. abundans (Kirch.)
Chod., probably accounts for many reports of it, although in
spite of these possible errors of identification the species un-
doubtedly occurs in abundance everywhere.

Chodat (1913) has added considerably to the confusion
in the systematic classification of the species Scenedesmus
by his work in pure cultures. He describes many new species
but since the bases for their specific differentiation is physio-
logical rather than morphological, it is difficult to identify his
species, especially since he gives no cell measurements. There
is no justification for the establishing his S. quadrispina,
S. longispina, and S. nanus as distinct species; since they
are all so clearly related to S. quadricauda, in having spines
only on the poles of the terminal cells. His work is of value
to the systematist, however, in pointing out that it is possi-
ble to isolate strains which vary within certain spacial lim-
its, while others with the same external morphological char-
acters vary within other spacial limits. This is particularly
true of the alga known as S. quadricauda.

Reinsch (1867) attempted to classify these varieties on
the basis of their size but failed to name the different groups
into which he separated them. Since his work was not done
on material in pure culture, the limits he set for variations
were largely a matter of judgment rather than accurate
knowledge. : .

The varieties described here have all been obtained in
pure culture; so that the exact limits of their variation is
accurately determined. In spite of the fact that a consid-
erable number of varieties of S. quadricauda are described
I believe that field material can be identified by means of
the cell measurements given. '

The form for which the name S. quadricauda is retained
has been isolated several times from various stations in this
vicinity. It is selected as the typical form because its.di-
mensions are about in the middle of those given by de Toni
for the variations in size for the cells of S. quadricauda.
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GEOGRAPHICAL DISTRIBUTION

EUROPE. Austria-Hungary (Alexenko, 1888, 1894, 1895;
Blumentritt, 1902; Brunnthaler, 1907; Filarsky, 1900; Franzé,
1892; Grunow, 1858; Gutwinski, 1897A, 1909; Hansgirg, 1884,
1886, 1889, 1890A, 1891, 1892B, 1905; Ianouchkievitch, 1891;
Beck, 1887; Pascher, 1903, 1906; Pokorny, 1854; Prowazek, 1899;
Riabinine, 1889A, 1889B; Ruttner, 1906; Stadler, 1905). Belgium
(Conrad et Kufferath, 1912; PAque, 1885; de Wildemann, 1885,
1888, 1890A, 1890B, 1893B, 1895, 1897B). Bulgaria (Petkoff
1906A). Denmark (Chodat, 1900; W. West, 1891B). England
(Bennett, 1886, 1887; Bloomfield, 1908; Cooke, 1882, 1885;
Fritsch, 1902, 1903, 1905, 1906; Griffith, 1912; Griffith and Hen-
frey, 1856, 1883, 1885; Hassall, 1845; Larder, 1902; Parfitt, 1886;
Pritchard, 1841; Ralfs, 1845, 1846, 1848; Roy, 1890; G. S. West,
1899, 1904B, 1909D; W. West, 1888, 1889A, 1890, 1891A, 1892B;
West and West, 1897B, 1901B, 1909B). France (de Brébisson,
1856; Comeére, 1904, 1911; Fournier, 1903; Reinsch, 1867; Le Roux,
1907; Schodduyn, 1909; Turpin, 1820, 1828). Germany (Bethge,
1911; Ehrenberg, 1834, 1837, 1838; Eyferth, 1909; Heering und
Homefeld, 1904; Heiden, 1889; Honigmann, 1909; Kaiser, 1908;
Kirchner, 1878; Kolkowitz und Marsson, 1908; KoOnig, 1888;
Krause, 1905, 1907; Kiitzing, 1845, 1849; Lauterborn, 1905, 1907,

1908A, 1908B, 1909, 1911; Lemmermann, 1891, 1893, 1895A,

1895B, 1896, 1897, 1898A, 1898C, 1899, 1900A, 1900B, 1901B,
1901C, 1903C, 1904B, 1905C, 1906, 1907B, 1908D, 1908E;
Lindau, 1901; Marsson, 1899, 1901A, 1901B, 1904, 1908A, 1908B,
1909, 1911; Meyen, 1829; Nitardy, 1898, 1904; Quelle, 1908;
Schmidle, 1893A, 1894; Schmula, 1897; Schneider, 1908; Schorler,
1898, 1900, 1907; Schorler, Thallwitz and Schiller, 1906; Schroder,
1893, 1896, 1897A, 1897B, 1897C, 1899; Selk, 1907; Senn, 1899;
Strohmeyer, 1897; Voigt, 1902; Volk, 1903, 1905; Weiss, 1892;
Zacharias, 1896, 1898, 1899, 1903A, 1903B, 1904). Holland
(Beyerinck, 1891). Ireland (Adams, 1908; Archer, 1857; W. West,
1892A; West and West, 1902B, 1909B). Italy (Amberg, 1903;
Balsamo, 1888; Forti, 1898, 1899, 1900, 1902, 1905; Forti et
Trotter, 1908; Garbini, 1899A, 1899B, 1901; Gugliemetti, 1910;
Hohenbiihel-Heufler, 1871; Lemmermann, 1908C; Martel, 1884
1887A, 1887B; Meneghini, 1840; Moreto, 1904; Rabenhorst,
1850; Tassi, 1895; de Toni et Forti, 1899B; de Toni et Levi,
1886, 1887; Trotter, 1905; Zacharias, 1905; Zanardini, 1857).
Norway (Wille, 1901). Roumania (Teodoresco, 1907). Russia
(Alexenko, 1891; Artari, 1884; Borge, 1894; Chmielweski, 1890;
Dorogoslaisky, 1904; Gutwinski, 1891, Iwanoff, 1899; Krmpotié,
1913; Levander, 1899, 1900, 1901; Skorikow, 1902, 1904, 1905;
Wille, 1879; Zykoff, 1902). Scotland (W. West, 1903; West and
West, 1904, 1905, 1906A, 1909B). Sicily (Lemmermann, 1908A).
Sweden (Andersson, 1890; Borge, 1895, 1900, 1907A; Lagerheim,
1883; Lemmermann, 1903B, 1904A; Petersen, 1911; de Toni et
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Forti, 1899A). Switzerland (Amberg, 1900; Bachmann, 1908;
Borge, 1901A, Chodat, 1897; 1898, 1901, 1902, 1909, 1913; Chodat
et Malinesco, 1893B; Dalla Torre und von Sarnthein, 1901;
Frith und Schroter, 1904; Huber, 1905, 1907; Neuweiler, 1901;
Pitard, 1897; Schmidle, 1895; Tanner-Fullmann, 1906, 1907;
Waldvogel, 1900; de Wildemann, 1897A).

AFRICA. Lake Albert Nyanza (G. S. West, 1909C). Azores
(Archer, 1874; Bohlin, 1902; Farlow in Trelease, 1897). Ceniral
Africa (West and West, 1896). Lake Chungruru (Schmidle, 1904).
Cape of Good Hope (Reinsch, 1877). Congo Free State (de Wilde-
mann, 1889). Madagascar (West and West, 1895). Lake Nyassa
(Schmidle, 1903, 1904, G. S. West, 1907). Lake Rukuga (Schmidle,
1904). Lake Tanganyika (G. S. West, 1907). Lake Vicloria
Nyanza (Ostenfeld, 1908, 1909; G. S. West, 1907). Abyssinia
(de Toni, 1891, 1892).

ASIA AND OCEANIA. Afghanistan (Schaarschmidt, 1884).
Australia (Borge, 1896, 1911; Hardy, 1906, 1913; Mobius, 1892;
G. S. West, 1909A). Burma (West and West, 1907). Ceylon
(Apstein, 1910; Lemmermann, 1907A; West and West, 1901A).
China (Cantor, 1842; Gutwinski, 1903). Hawaiian Islands (Lem-
mermann, 1900C, 1905A). India (Turner, 1892). Java (Bernard,
1908; Gutwinski, 1902; Lemmermann, 1904C; de Wildemann,
1897B, 1899). Manchuria (Borge, 1899). Mongolia (Ostenfeld,
1907). New Zealand (Lemmermann, 1900C; Nordstedt, 1888;
Spencer, 1882). Siam (Lemmermann, 1908B). Siberia (Boldt,
1885; Borge, 1891). Singapore (Bernard, 1909; Lemmermann,
1904C).

AMERICAS. Argentina (Borge, 1907B; Nordstedt, 1882;
Wille, 1884). Barbados (G. S. West, 1904A). Bolivia (Borge,
1907B). Brazil (Bohlin, 1897; Nordstedt, 1877). Canada (Acheson,
1883; Borge, 1909; Klugh, 1911; MacKenzie, 1889). Jamaica
(Lagerheim, 1887). Montevideo (Wille, 1884). Paraguay (Bohlin,
1897; Lemmermann, 1910A). Pategonia (Borge, 1901B). United
States (Andrews, 1909; Bailey, 1841, 1851; Borge, 1909; Brown,
1908, 1909; Buchanan, 1907; Campbell, 1886; Collins, 1909; Conn
and Webster, 1908; Ehrenberg, 1843; Fanning, 1901; Fink, 1905;
Hayden, 1910; Jeliffe, 1893A, 1893B, 1894, 1899; Jeliffe and Vogel,
1897; Jones, 1887; Kellermann, 1902; Kellermann and ‘Werner,
1893; Kofoid, 1910; Olney, 1872; Riddle, 1902, 1905; Smith,
1914A, 1914B; Snow, 1903; Stokes, 1893, Tilden, 1894; Vorce,
1881; Webber, 1889; W. West, 1889B; Wolle, 1881, 1887).

POLAR AND SUB-POLAR REGIONS. Boergesen, 1899A.
Faeroes (Boergesen, 1899B, 1901A; Boergesen and Ostenfeld,,
1903). Greenland (Boergesen, 1896; Lagerheim, 1903; Larsen,,
1907A, 1907B).

Var. quadrispina (Chodat) nov. comb. (Pl XXVII:
Fig. 43; Pl. XXXI: Figs. 167-170.)

S. quadrispina Chodat, 1913, p. 58: Figs. 45-52.
10
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Cellulis lati-ovatis. Longitudo cellularum 2-plo latitudo.
Aculeis brevibus, latitudine cellulae atque longitudine aculei
equale.

Chodat gives no measurements for his S. quadrispina but
computations from his figures, which were magnified 800
diameters, shows that the cell dimensions are 8.5x 3.7,
12.5x 7, and 15x 8.5 u. The alga which I have obtained
in pure culture corresponds very closely with this, the cell
measurements being 8.5x3.5, 9x4, 9.5x4.5, 10.5x 6.5,
11 x 6 u so that it is quite probable that this alga is the same
as that which Chodat had in pure culture.

Var. parvus nov. var. (Pl. XXXI: Figs. 162-166.)

Cellulis ovati-cylindricis. Longitudo cellularum 2-2.5-plo
latitudo. Longitudine cellulae atque longitudine aculei
equale. Dimens. cell. 5.5x3, 6x3, 7x3, 8x3 u. Long.
acul. 4.5 ad 8 pu.

The limits of this variety are quite sharply defined since
the largest cells are aslong and but slightly narrower than the
smallest cells of longispina, the next smallest variety.

Var. longispina (Chodat) nov. comb. (Pl.XXVII: Fig.
42; Pl. XXXI: Figs. 159-161.)

S. longispina. Chodat, 1913, p. 60: Figs. 53-58.

Cellulis ovati-cylindricis. Longitudo cellularum 2.5-plo
latitudo. Dimens. cell. 8.x3.8, 8x4.5, 85x5, 11x5 pu.
Long. acul. 7.5-9.5 u.

Since Chodat gives no dimensions for the form he named
longispina I have again computed them from his figures and
find them to be 8.6x3.5, 9.5x3.7, 11 x4.5 p with spines
11-14 p long. Although the spines in the form I have iso-
lated are somewhat shorter the dimensions of the cells are
sufficiently near those of S. longispina of Chodat to regard
the two as identical. '

Var. Westii nov. var. (Pl. XXXII: Figs. 177-180.)

Dimens. cell. 16 x4.5, 17x 5.5, 20x9, 22x8 u. Long.
acul. 12-16 .

The size of this variety approaches the variety marimum
West and West but the largest cells in my pure cultures of
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the variety Westii fall somewhat short of the minimal limits
set by West and West.

Var. maximum West and West. (PLXXVII: Fig. 40.)

West and West, 1895, p. 83; PL. V, Figs. 9-10. Balsamo, 1900,
p. 267. West and West, 1901A, p. 197. West and West, 1902B,
p- 64. G. S. West, 1904B, p. 220; Fig. 92H. G. S. West, 1907,
p- 139.

“Var. duplo-major, cellulis crassis, spinis longis validis
extrorsum curvatis. Long. cell. 27-36 u. Lat. cell. 9-11.4
78 ~
This variety has been found in Madagascar (1895), Cey-
lon (1901A), Ireland (1902B), England (1904B), and sev-
eral of the central African lakes.

27. S. opoliensis Richter. (Pl. XXVII: Fig. 49; PL

XXXII: Figs. 181-184.

Richter, 1896, p. 7; Figs. A-E. Lemmermann, 1896, p. 108.
Schmula, 1897, p. 35. de Wildemann, 1897C, p. 77. Lemmermann,
1899, p. 113. Schroder, 1899, p. 22. de Wildemann, 1899, p.
11. Zacharias, 1899, p. 83, 90. Chodat, 1901, p. 1310. Zacharias,
1901, p. 127. Lemmermann, 1902, p.. (251). Snow, 1903, p. 391.
Marsson, 1904, p. 146. Forti, 1905, p. 5. Lemmermann, 19058,
p. 158. Lemmermann, 1905C, p. 166. Volk, 1905, p. 65.- Borge
1907A, p. 58. Lemmermann, 1907B, p. 412. Migula, 1907, p.
655; Pl. XXXV (L), Fig. 1. Selk, 1907, pp. 61, 68, 79, 85, 94, 99,
108. Kaiser, 1908, p. 163. Lemmermann, 1908D, p. 395. Honig-
mann, 1909, p. 54. Gugliemetti, 1910, p. 31. Marsson, 1911,
. p. 278. Petersen, 1911, p. 160. Brunnthaler, 1913, p. 169, 171;
Fig. 19. Chodat, 1913, p. 22.

S. quadricauda var. opoliensis. West and West, 1901A, p. 197;
Pl. XVII, Figs. 16-17. G. S. West, 1907, p. 139. G. S. West,
1909C, p. 245.

“S. in statu instructo cellulis quaternis cylindricis in seriem
simplicem, mediis obliquis, externis gracilibus levissime in-
curvis vel subrectis, medio paulo turgidis utroque in rostrum
semitruncatum plus minus attenuatis, adverso polo aculeo
longo curvato instructis,cellulis mediis fusiformibus inerm-
ibus acutiusculis. Long. cell. sine acul. 17-28 u; lat. 5-8
p. Long. acul. 15-28 p.”

The alga has been isolated several times from various sta-
tions in this vicinity. The culture from which the drawings
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are made came from a collection of material near the outlet
of Lake Monona, Wisconsin. The dimensions of the mature
cells are within the limits given by Richter although the
cells of the youngest colonies are smaller, measuring but
11 p in length.

The navicular shape of the cells, their lateral contact in
the median part, together with a beak-like instead of a
curved end, separates this alga from S. quadricauda (Turp.)
de Bréb.

The number of cells in the colony is generally four, al-
though two-celled colonies are not uncommon. The spines
in this species show a great variability in both number and
size. This again is different from S. quadricauda where their
number and position is constant. Usually the two terminal
cells bear a spine at each end (Fig. 181), although this is not
always the case (Fig. 182). The presence of the spines on
the median cells is even more variable. Not a case was
found where every cell in the colony bore a long spine at _
each pole, although some colonies very nearly approached
this condition (Fig. 184). The median cells have spines at
both ends or only on one (Figs. 182, 184). Again, there is a
great difference in the length of the individual spines, some
being very short while others are as long as the cells (Fig.
182). The short spines are found most frequently on the
inner cells, although the outer cells may bear short spines
in addition to the long spines. Richter noted this great
~ variability in the presence of supplementary spines, his
original illustrations showing conditions similar to those
figured from my culture.

GEOGRAPHICAL DISTRIBUTION

EUROPE. Germany (Honigmann, 1909; Kaiser, 1908; Mars-
son, 1904, 1911; Lemmermann, 1896, 1899, 1902, 1905B, 1905C,
1907B,. 1908D; Richter, 1896; Schmula, 1897; Schroder, 1899;
Selk, 1905; Volk, 1905; Zacharias, 1899, 1901). [Italy (Forti,
1905; Gugliemetti, 1910). Sweden (Borge, 1907A ; Petersen, 1911).
Switzerland (Chodat, 1901).

AFRICA. Lake Albert Nyanza (G. S. West, 1909C). Lake
Tanganyika (G. S. West, 1907).

ASTA AND OCEANIA. Ceylon (West and West, 1901A)
Java (de Wildemann, 1897C, 1899).

AMERICAS. United States (Snow, 1903).
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28. S. perforatus Lemm. (Pl. XXVII: Fig. 47.)

Lemmermann, 1904C, p. 159. Migula, 1907, p. 657; P1. XXXV
(L), Fig. 7. Lemmermann, pp. 126, 131; Pl. III, Fig. 4. Bach-
mann, 1911, p. 191. Brunnthaler, 1913, pp. 169, 171; Fig. 21.
Chodat, 1913, p. 25.

Coenobia plerumque 8-cellularum. Cellulis terminalibus
capitatis, membrana cellularum versus coenobium concava,
ex coenobium, convexo. Cellulis terminalibus cum aculeis
curvatis, cellulis interioribus coenobi constrictes in medio
parte. Foraminibus anguste linearibus inter cellulas.

Lemmermann has found this alga in Germany, Italy,
Siam, Java and Singapore. S. quadricauda forma major
(Pl. XXVII: Fig. 48) seems to be identical with this alga.

DOUBTFUL OR IMPERFECTLY DESCRIBED
SPECIES

S. minor Ktz.
~ Kiitzing, 1833, p. 607; Fig. 99.

“Corpusculis ellipticis, non punctatis, minoribus.”

S. parvulus Menegh.

Meneghini, 1837, p. 17. de Brébisson, 1839, p. 271. Meneghini,
1840, p. 271. ‘

“Cellulis minimis, ellipticis, extrorsum lunulatis apice,ro-
tundatis, binatim, concretis.”

Scenodesmus didymus Ktz.

Kiitzing, 1845, p. 139. Kiitzing, 1849, p. 185.
S. didymus. Quelle, 1908, p. 43.

“Sc. catenulis ex cellulis binis aut senis geminatis, sub-
globosis, minutis, (diam. 1/600-1/400"") composites.”

Scenodesmus caudatus var. brachyurus. Ktz.
Kﬁtzing, 1849, p. 186.

‘“Minor, brevissime caudatus.”
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S. polymorphus. Wood.

Wood, 1869, p. 135. Wood, 1874, p. 91; PL. XI, Fig. 1. Vorce,
1881, p. 31; Pl. VII, Fig. 31. Jones, 1887, p. 115. Wolle, 1887,
p. 173. de Toni, 1889B, p. 567. Kellermann and Werner, 1893,
p. 389. Stokes, 1893, p. 51. de Wildermann, 1893A. Balsamo,
1900, p. 266. Kellermann, 1902, p. 223.

“Cellulis fusiformibus vel ovatis vel ellipticis vel globosis,
4-12 p diam. singulis vel 2-7 conjunctis, saepius spina sin-
gula, subinde utrinque biaculeatis; apicibus obtusis, sub-
acutis vel acutissimis; aculeis gracillimis, valde acutis,
rigidis, longiusculis.”

This species of Wood’s is a blanket descnptlon of a num-
ber of forms, but the ones most easily recognized from his
figures are S. quadricauda (Turp.) de Bréb. and Ankistro-
desmus.

S. bacilaris. Gutw.
Gutwinski, 1890, p. 63.

“Cellulae oblongae, utroque polo attenuatae protractae
et rotundatae. Long. 12 y;lat. 7 u et apic. 2.4 p.”

S. bijugatus var. disciformis Chodat.

Chodat, 1902, p. 213. Migula, 1907, p. 658. Brunnthaler,
1913, pp. 169, 172,
S. bijugatus form disciformis. Volk, 1905, p. 64.

Mention has already been made of the fact that the de-
scription of this variety is so vague that it might mean S.
‘bijuga var. irregularis or S. arcuatus var. platydisca.

S. bijugatus forma verrucosa Teodoresco.

Teodoresco, 1907, p. 129; Fig. 1.

Since the arrangment of the granulations on the cell wall
is not described by Teodoresco the realtionship of this form
to the others with granulations on their cell walls can not be
determined.
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S. costulatus Chodat.

Chodat, 1909, p. 102; Pl. XIII, Figs. A and B. Chodat, 1913,
p- 38; Figs. 12-18, 21.

“Cellulis singulis ellipsoideo-fusiformibus, ventricosis, bre-
viter acutis, in coenobium saepe obliquum lineare quadricel-
lulare, uniseriatum vel oblique biseriatum vel irregulariter
alternantibus more S. costati Schmidle, tabulare dispositis.
Cellulae ca. 20-12 u, majores quam in S. obliquo (Turp.)
Ktz.”

S. nanus Chodat.
Chodat, 1913, p. 61; Figs. 59-62B, 66-67.

A variety of S quadricauda (Turp.) de Bréb. but difficult
to determine the exact limits of variation.

S. flavescens. Chodat, 1913, p. 76; Figs. 77-78. S. semper-
virens, Chodat, 1913, p. 71; Figs. 63-69. S. spinosus. Chodat,
1913, p. 74; Figs. 70-74. '

These three species descriﬁed by Chodat are closely re-
lated to S. abundans (Kirch) Chodat but cannot be differ-
entiated on the bases of their external morphology.

S. oblongus Chodat.
Chodat, 1913, p. 41; Figs. 19-20.

Closely related to S. obliquus (Turp.) Ktz. but Chodat’s
reasons for separating this species from S. obliguus are not
known.

SPECIES EXCLUDED

S. bilunulatus (Turp.) Ktz.

Kiitzing, 1833, p. 608; Fig. 93. de Brébisson, 1839, p. 271.

Achananthes bilunate. Turpin, 1820, Fig. 5. Turpin, 1828, p.
313; PL XIII, Fig. 11.

Scenodesmus bilunulatus. Kiitzing, 1845, p. 140.

Scenodesmus dimorphus var. bilunatus. Kiitzing, 1849, p. 186.

Probably a species of Ankistrodesmus instead of Scenedes-
mus.
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S. duplex Ktz.
Kiitzing, 1833, p. 609; Fig. 100.

It is impossible to say just what this form is, but it is not
a Scenedesmus.

S. stomatomorphus (Turp.) Ktz,

Kiitzing, 1833, p. 607.
Achnanthes stomatomorpha. Turpin, 1820, Fig. 11. Turpin,
1828, p. 312; Pl. XIII, Fig. 10.

Now generally recognized as Sphaerozosma stomatomor-
phum (Turp.) Rabenhorst.

S. moniliformis (Turp.) Ktz.

Kiitzing, 1833, p. 607. Zanardini, 1857, p. 250. Balsamo, 1900. {
p. 266.

Tessarthonia moniliforme. Turpin, 1820; Fig. 1. Turpin, 1828,
p. 316; PlL. XIII, Fig. 18.

Scenodesmus moniliformis. Kiitzing, 1845, p. 139. Kiitzing,
1849, p. 185.

Is Cosmarium moniliforme (Turp.) Ralfs.

Scenodesmus convergens (Ehr.) Ktz.

Kiitzing, 1843, p. 164.
Arthrodesmus convergens. Ehrenberg, 1838, p. 152; Pl. X,
Fig. 18.

This is a very well recognized species of Arthrodesmus at
the present day.

S. duplex (Ktz.) Ralfs.

_Ralfs, 1848, p. 193; Pl. XXXIV, Fig. 17A.
Scenodesmus duplex. Archer, 1861, p. 753.
Raphidium duplex. Kiitzing, 1845, p. 144.

Is Ankistrodesmus falcatus var. duplex (Ktz.) G. S. West.
This S. duplex should not be confused with the S. duplex
described by Kiitzing in 1833.
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S. radiatus Reinsch.

Reinsch, 1867, p. 81; Pl VI, Fig. 6. Lagerheim, 1883, p. 65.
Eichler und Raciborski, 1892, p. 16. Balsamo, 1900, p. 267.

S. bijugatus var. radiatus. Hansgirg, 1886, p. 115. . de Toni,
1889B, p. 564. Migula, 1907, p. 658; Pl. XXXV (K), Fig. 7.

Teodoresco, 1907, p. 129. Chodat, 1902, p. 213. Brunnthaler,
1913, pp. 169, 172. '

S. bijugatus forma radiatus. Pascher, 1903, p. 175.

Selenastrum radiatum. Weiss, 1892, p. 37.

Although this form is now generally recognized as a va-
riety of S. bijuga, I believe that it should be placed as a
synonym of Dimorphococcus lunatus A. br. :

S. rotundatus Wood.

Wood, 1874, p. 91; Pl XI, Fig. 3. Wolle, 1887, p. 174; Pl
CLVI, Fig. 27. de Toni, 1889B, p. 567. Stokes, 1893, p. 51. de
Wildemann, 1893A. Iwanoff, 1899, p. 379. Balsamo, 1900, p. 267.

Wood placed this species with Scenedesmus provisionally
since he did not know where else to put it. The figures of
Wood resemble Richteriella, while those of Wolle resemble
Golenkinia. This species may safely be placed among the
Phythelieae but the specific determination is perhaps diffi-
cult.

S. costatus. var. coelastroides Bohlin.

Bohlin, 1893, p. 42. Chodat, 1902, p. 216; Fig. 142. Migula,
1907, p. 657.

S. coelastroides. Schmidle, 1898, p. 9; PL I, Fig. 1. Chodat,
1913, p. 23. :

This form belongs in the genus Coelasirum and not Scen-
edesmus.

S. variabilis de Wildemann.

de Wildemann, 1893A. de Wildemann, 1893B, p. 91. de Wilde-
mann, 1895, p. 26. Cozette, 1904, p. 273. Loppens, 1908, p. 48.

This species is worthless. The varieties cornutus and
ecornis are synonyms of S. quadricauda and S. bijuga re-
spectively.
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S. costatus var. poriferus Gutwinski.
Gutwinski, 1909, p. 435; Pl. VII, Fig. 5.

Is Coelastrum Bohlinii Schmidle and Senn.

S. obliquus var. inermis Playfair.
Playfair, 1912, p. 518; P1. LVI, Fig. 9.

The shape of the cells differ from that of Scenedesmus,
but so crude is Playfair’s drawing that it is impossible to
determine just what alga it is.

S. chlorelloides Chodat.
Chodat, 1913, p. 45; Fig. 23.

The alga is much more closely related to Palmellococcus
than to Scenedesmus.

S. wisconsinensis (S‘mith) Chodat.

Chodat, 1913, p. 50; Figs. 35-37.
Tetradesmus wisconsinensis. Smith, 1913, p.76; PL 1, Figs. 2-20,

The constant occurrence of the cells in two parallel series
excludes this species from the genus Scenedesmus.

SPECIES KNOWN IN NAME ONLY

S. apiculatus Corda.

de Toni, 1889B, p. 567.
Scenodesmus caudatus var. apiculatus. Kiitzing, 1849, p. 186.

S. ellipticus Corda.
de Brébisson, 1839, p. 271.

S. lacustris (?)
Bachmann, 1908, p. 44.
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S. luna Corda.

Corda, 1838, p. 195; P1. I (Ref. de Toni, 1889B, p. 568) Hansgirg,
1888, p. 116. de Wildemann, 1893A. Balsamo, 1900, p. 266.

S. nolatus Corda.
Balsamo, 1900, p. 266.

S. octodacrys de Bréb.
de Brébisson, 1835, p. 66. (Ref. Meneghini, 1840, p. 209).

S. ovalternus de Bréb.

de Brébisson, 1835, p. 66 (Ref. Meneghini, 1840, p. 209). de
Brébisson, 1839, p. 271.

S. Pediastrum de Notaris.
- Balsamo, 1900, p. 266.

S. (‘Iuadriéauda forma multicauda Schroder.

. Dalla Torre und von Sarnthein, 1901, p. 35. Brunnthaler,
1913, p. 171. )

S. quadricauda forma plurimae Schmula.
Schmula, 1910, p. 86.

S. senilis Corda.

Corda, 1839, p. 244; Pl. VI (Ref. de Toni, 1889B, p. 568).
Hansgirg, 1886, p. 116. de Wildemann, 1893A.

_ S. setigera Lemm.
Dorogoslaisky, 1904, p. 224.

S. tetradacrys de Bréb.

de Brébisson, 1835, p. 66. (Ref. Meneghini, 1840, p. 209). de
Brébisson, 1839, p. 271.

S. tetradacrys var. duplex de Bréb.
de Brébisson in Meneghini, 1840, p. 209.

S. tetrapenion de Bréb.
Meneghini, 1840, p. 207.
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wisconsinensis 488.
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Smith—Monograph of Scenedesmus.

DESCRIPTION OF FIGURES IN PLATES I TO XIX.

Figures 1-56 are redrawn from the original illustrations of the various
authors. Figures 57 and 58 from material collected in the field. All others
from material from pure cultures. All of the original figures were drawn with
the aid of the Abbe camera lucida, the drawing being made at the level of the
base of the microscope, and with the aid of the Leitz oil immersion objective
% and ocular 4 (except in figures 186-195 where ocular 1 was used) The
drawings are reduced 14 in reproduction so that the magnification is about
1000 diameters with the 4 ocular and 500 diameters with the 1 ocular.

PLATE XXV

Fig. 1. S. oahuensis. After Lemmermann 1905A.
Fig. 2. S. bijuga. (As Achnanthes octalterna.) After Turpin 1828,

: Figs. 3-56. S. acuminatus. After Lagerheim 1883.
Fig. 6. S. Bernardii. (As S. obliquus forma magnus.) After Bernard 1908.
Fig. 7. S. obliquus. (As Achnanthes obliqua.) After Turpin 1828.
Fig. 8. S. dimorphus. (As Achnanthes dimorpha). After Turpin 1828.
Figs. 9-10. S. incrassatulus. After Bohlin 1897.
Fig. 11. S. producto-capitatus. After Schmula 1910.
Fig. 12. S. bijuga. (As Achnanthes bijuga). After Turpin 1828.
Fig. 13. S. bijuga. (As Achnanthes quadrijuga.) After Turpin 1828. -
Figs. 14-15. S. bijuga var. alternans. (As S. alternans.) After Reinsch 1867.
Fig. 16. S. bijuga var. flexosus. After Lemmermann 1898A.

Figs. 17-16. S. curvatus. After Bohlin 1897.

Figs. 19-20. S. arcuatus. After Lemmermann 1899.

Fig. 22. S. aculeolatus. After Reinsch 1877.

Fig. 23. S. denticulatus. After Lagerheim 1883.

Fig. 24. S. denticulatus var. lunatus. After West and West 1895.

Fig. 25. S. carinatus. (As S. opoelinsis var. carinatus.) After Lemmermann
1899.

Figs. 26-27. S. costatus. After Schmidle 1895

Figs. 28-29. S. acutiformis. After Schroder 1897C.

Figs. 30-31. S. brasiliensis. Fig. 30 after Bohlin 1897; Fig. 31 after West

PLATE XXVI
and West 1902.

Fig. 32. S. insignis. After West and West 1895.

Fig. 33. S. granulatus . After West and West 1897B.

Fig. 34. S. ornatus. (As S. quadricauda var. ornatus.) After Lemmermann
1910A.

Fig. 35. S. hystrix. After Lagerheim 1883.

Fig. 36. S. longus var. apiculatus. (As S. alternans var. apiculatus.) After
West and West 1894. i

Fig. 38. S. bijugatus var. granulatus. (After Schmidle 1903.)

PLATE XXVII

Fig. 39. S. quadricauda. (As Achnanthes quadricauda.) After Turpin 1828,

Fig. 40. S. quadricauda var. maximum. After West and West 1895.

Fig. 41. S. longus var. dispar. (As S. dispar.) After de Brébisson 1856.

Fig. 42. S. quadricauda var. longispina. (As S. longispina.) After Chodat
1913. )

Fig. 43. S. quadricauda var. quadrispina. (As S. quadrispina.) After Chodat
1913.

Fig. 44. S. longus var. ellipticus. (As S. quadricauda var. ellipticum.)

After West and West 1895.
Figs, 45-46. S. abundans var. asymmetrica. (As S. quadricauda var. asym-
metrica.) After Schroder 1897C.
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Fig. 47. S. perforatus. After Lemmermann 1910A.

Fig. 48. S. perforatus. (As S. quadricauda forma major After Turner 1892.).
Fig. 49. S. opoliensis. After Richter 1896.

Fig. 61 S. abundans var. spicatus (as S. spicatus.) After G.S. West 1904B.

PLATE XXVIII

Fig. 53. - S. armatus. (As S. hystrix var. armatus.) After Chodat 1902.

Fig. 54. S. lonlgsus. (As Scenodesmus caudatus=S. Naegelii.) After Nigeli
49.

Fig. 65. S. serratus. After Brunnthaler 1913.

Fig. 56. S. antennatus. After Ralfs 1848.

Fig. 57. S. serratus. From nature, x 2000.

Fig. 58. S. antennatus. From nature, x 2000.

Figs. 59-62. S. bijuga var. irregularis, x 2000

PLATE XXIX

Figs. . S. obliquus.

Figs. 70-74. S. acuminatus var. minor.

Figs. 75-80. S. acuminatus var. tetradesmoides.

Figs. 81-83. S. incrassatulus var. Mononae. )
Figs. 84-89. S. acutiformis. !
Figs. 90-93. S. armatus. '
Figs. 94-98. S. arcuatus.

PLATE XXX

S. arcuatus.
. arcuatus var. platydisca.

. bijuga var. alternans forma parvus.

. armatus. -

. armatus var, Chodatii.

Figs. 115-120. ' S. armatus var. subalternans. )
Figs..121-125. S. abundans var. longicauda. : !
Figs. 126-132. S..abundans var. brevicauda.

Figs. 133-136. S. abundans.

Figs. 99-100.
Figs. 101-105.
Figs, 106-108.
Figs. 109-110.
Figs. 111-114.

nnnhnnn

PLATE XXXI

Figs. 137-140. S. abundans.
Figs. 141-146. S. abundans var. splcatus
Figs. 147-150. S. longus var. minutus.
Figs. 151-155. S. longus var. brevispina.
Figs. 156-158. S. longus.
Figs. 159-161. S. quadricauda var. longispina.
Figs. 162-166. S. quadricauda var. parvus.
. Figs. 167-170. S. quadricauda var. quadnspma
Figs. 172-175. S. quadricauda.

PLATE XXXII

Fig. 176. S. quadricauda.

Figs. 177-180. 'S. quadricauda var, Westii.

Figs. 181-184. S. opoliensis.

Figs. 185-189. S. dimorphuus. (Fig. 185 x 1000. Figs. 186-189, x 500).

PLATE XXXIII

. dlmorphus (x 500.)
. Bernardii.

Figs. 190-195.
Figs. 196-208.
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A PRELIMINARY LIST OF ALGAE FOUND IN
WISCONSIN LAKES

GILBERT MORGAN SMITH

Notes from the laboratory of the Wisconsin Geological and Natural
History Survey IX.

At the request of Director Birge of the Wisconsin Geologi-
cal and Natural History Survey, a phycological study of the
lakes of the state was undertaken. This paper presents the
results to date. The determination of the various phyto-
plankton is emphasized especially, and only cursory atten-
tion paid to littoral forms. Collections, employing the usual
methods of obtaining plankton, were made during the sum-
mers of 1914 and 1915. The specific determinations are based
on camera lucida drawings of living material; since I find

- that many of the finer points are lost on preservation. At
present only the eastern half of the state has been studied,
but it is expected that the survey will be extended to other
sections. The thoroughness of the work varies from single
plankton catches in some lakes, to close observation during
an entire season on others. The Madison Four Lakes,
Devil’s Lake,and certain lakes of the Oconomowoc-Waukesha
region have been studied the most thoroughly. In citing the
distribution of various species the caption ‘“‘along shore”
has been used to include the algae epiphytic on rocks, those
epiphitic on Phanerogams, and those which grow among the
Phanerogams in sheltered places.

The large number of species new to North America is not
surprising, when one considers that with the exception of
Miss Snow’s investigations of Lake Erie, there has been prac-
tically no systematic work done on North American phyto-
plankton. In the following list of species new to the continent,
the plankton are indicated thus (*).
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Myxophyceae: Chroococcus minutus var. minimum V.-
Keissler, *Ch. limneticus var. carneus (Chod.) Lemm.,
*Ch. limneticus var. subsalsa Lemm., *Microcystis aeruginosa
var. major (Wittr.), *M. incerta Lemm., *Coelosphaerium
Naegelianum Unger, *Merismopedia punctata Meyen, *Apha-
nocapsa pulchra (Ktz.) Rab., Dactylococcopsis raphiodes
Hansgr., Gloeochaete Wittrockiana Lag., *Lyngbya limneticus
Lemm., Spirulina princeps W. & G. S. West, *Anabaena
planctonica Brunnth., *A. affinis Lemm., *A. spiroides var.
crassa Lemm., *A. macrospora var. robusta Lemm., Scy-
tonema Arcangelii B. & T. A

Chlorophyceae:. Characium longipes Rab., * Pediastrum
intergum Nag., *P. duplex var. reticulata Lag., *P. duplex
var. rotundatum Lucks, *P. Kawraiskyi Schm., *P. simplex

var. clathratum (Schr.) West, Euastropsis Richteri (Schm.) °

Lag., *Tetracoccus botryoides West, *Dimorphococcus lunatus
A. Br., *Richteriella botryoides (Schm.) Lemm., * R. quadriseta
Lemm., *Qocystis parva W. & G. S. West, *0. elliptica var.
minor W. & G. S. West, *0. nodulosa W. & G. S. West, *O.
Novae-Semliae var. maxima W. & G. S. West, *Chodatella
ciliata (Lag.) Lemm. *Ch. Droescheri Lemm., *Ch. subsalsa
Lemm. *Tefraedron limneticum Borge, T. pusillus (Wal-
lich) W. & G. S. West, Sorastrum americanum (Bohl.)
Schm., *Scenedesmus arcuatus Lemm., *S. brasiliensis
Bohl.,, *S. acutiformis Schrod. S. serratus (Corda) Bohl.
S. quadricauda var. maximum W. & G. S. West, *Te-
trastrum Staurogeniaeforme (Schréd) Chod., *Crucigenia
quadrata Morren, *C. Lauterbornei (Schm.) Chod. *A.
Pfitzeri (Schréd.) West, * Kirchneriella contorta (Schm.)
Bohl. Zygnema pectinatum var. conspicuum (Hass.) Kirch.
Debarya laevis (Ktz.) W. & G. S. West, Geminella inter-
rupta (Turp.) Lag. Radiofilum conjunctum Schm. Radio-
filum flavescens West, * Herposteiron Hyalothecae Hansg.
Herposteiron polychaete Hansg.

Heterokonteae: Characiopsis pyriformis Borzi, Mis-
chococcus confervicola Nag. *Ophiocytium capitaium var.
longispinum (M6b.) Lemm.

During the progress of this work about 90 lakes have
been visited. The following are listed in Birge and Juday,!
so that their location need not be mentioned.

1Birge, E. A. and Juday, C.; The Inland Lakes of Wisconsin. Wis.
Geol. and Nat. Hist. Survey Bull. XXVII (Scientific Series, No. 9) 1914.
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Adelaide, Beasley, Carroll, Catfish, Catherine, Cran-
berry, Devil’s, Fowler, Geneva, Green, Kawaguesaga, Ke-
gonsa, Lac la Belle, Long (Waupaca), Marl, Mendota,
Minocqua, Monona, Mud (Waupaca), Nashotah (Upper
and Lower), Nemahbin (Upper and Lower), Oconomowoc,
Okauchee, Otter, Pewaukee, Plum, Pope, Poygan, Rainbow
(Waupaca), Razorback, Rock (Vilas Co.), Round (Wau-
paca), Big. St. Germain, Squirrel, Star, Taylor, Tomahawk,
Trout, Turtle (North and South), Waubesa, Waupaca
Chain o’ Lakes, Winnebago, Winneconne and Young’s
Lakes.

The following list comprises the lakes which are not listed
in Birge and Juday. Since many of these are not named on
published maps and several are known locally by various
names, the exact location of each is given to avoid confusion.

Lake County Range Town Section
Bass (Big) Vilas. E. 11 N. 40 20, 29
Beaver. Vilas E. 5 N.44 19, 30
Birch Vilas. E.5 N.43 [11)14
Bullhead Vilas. E.6 N. 40 11
Cedar. . Vilas E. 6 N. 43 13
Clear. [0) 115 S————— E.7 N. 39 9, 16, 17
t: Vilas. E.5 N. 44 29, 3
Crystal woeeee| Vilas E.7 N. 41 7
Curtis. Oneida. E.6 N. 39 8
Found Vilas. E. 8 N. 40 14
Franklin Oneida......co.cou. vvvreerinne: E.5 N. 39 10
George Vilas E.5 N. 44 19, 30
HAITIS.....c.vvvvoovrvecesecessssssssesssasesssssessssssssssssssssnes sessssens Vilas. E.5 N. 40 20, 29
Helen (Eagle River) Vilas. E. 11 N.40 |19
Helen (Winchester). Vllﬂf‘ E. 5 N. 44 32
Hill Oneida.........ocenneerernns E. 6 N. 39 9
ura. Vilas E. 8 N. 41 1,12
J08t, Vilas. E.8 N. 40 9, 10
cKenna. Vilas E.6 N. 39 26, 27
Mari Vilas, E. 5 N. 44 19, 30
Merecer. Oneida. E.b N. 39 13, 14
MEEBconuuecrerernerssren e ieensisan s sese e s nsssenssssnas secstens Vilas. E. 11 N. 40 1
Mud Vilas. E.7 N. 39 5
Muskall Vilas. E.7 N. 41 21, 22
Nell Vilas, E.b N. 44 27
No Mans, Vilas. E.5 N. 44 24,19
Old Taylor’s. hik E. 11 N.22 30
Pardee. Vilas. E.5,6 N. 44 19, 24
Rainb - Vilas.
Rose. Vilas. E.7 N. 40 10, 15
Rozen. Vilas. E.7 N. 40 16
Silver. Waukesl E. 17 N.7 9, 16
Sisheb Vilas. E.b N. 39, 40| 1,2, 35, 36
Soft ‘Waukesh E.17 N.7 10
Speese. Oneida.............uvvmencsens E.5 N. 39 10, 11
Sund Oneida, E.5 N. 39 3,10
Tamarack Vilas. E.b N. 43 3,10
Tank Vilas, E.6 N.40 1
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II. SYSTEMATIC ACCOUNT OF THE ALGAE FOUND IN WIS~
CONSIN LAKES.

The present list comprises the Chlorophyceae, Myxo-
phyceae and Heterokonteae of the collections. The Bacillar-
iales and Desmidiaceae will be enumerated in a later paper.
Several new species have been discovered during the course
of the investigation but it has been thought advisable to
exclude them for the present.

Class MYXOPHYCEAE

Order CHROOCOCCALES

Family CHROOCOCCACEAE
Genus CHROOCOCCUS Nigeli 1849.

Chroococcus turgidus (KUTZING) NAGELI, Gatt.
einz. Algen, (1849) p. 46. G. S. West, Brit. Freshw. Algae,
(1904) p. 352, fig. 166A. Protococcus turgidus Kiitzing,
Tabulae Phycol. (1849) t. 6. fig. 1.

Plankton; Beasley and Oconomowoc Lakes. Along shore;
Otter, Old Taylor’s and Waubesa Lakes.

Chroococcus minutus (KUTZING) NAGELI, Gatt.
cinz. Algen, (1849) p. 46. Profococcus minufus Kiitzing, Phyc.

~ gener. (1843) p. 168. Kiitzing, Tabulae Phycol. (1849) t. 5.

Along shore; Rose Lake..

var. minimus V. KEISSLER, in Verh. d. k.-k. zool.-
bot. Ges. in Wien, 51 (1901) p. 394, figs. 1-2.

Along shore; Adelaide and Sunday Lakes.

Chroococcus limneticus LEMMERMANN, in Bot.
Cent. 76 (1898) p. 153. Lemmermann, in Forschungsbr.
a. d. Biol. Stat. zu Plén, 7 (1899), p. 132, t. 1, figs. 22-23.

Plankton; Beasley, Kawaguesaga, Oconomowoc, Old Tay-
lor’s, Squirrel and Winnebago Lakes.

var. carneus (CHODAT) LEMMERMANN, in Arkiv.
for Botanik, 2 (1903) No. 2, p. 101. Chroococcus minutus var.
carneus Chodat, in Bull. Herb. Boiss. 6 (1898) p. 180.

Plankton; Big Bass, Harris, Mendota and Oconomowoc
Lakes.

var. subsalus LEMMERMANN, in Forschungsbr. a. d.
Biol. Stat. zu Plon, 8 (1901) p. 84. Lemmermann, in Arkiv
for Botanik, 2 (1903) No. 2, p. 101, t. 1, fig. 9.
Plankton; Big Bass Lake.
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Genus MICROCYSTIS Kiitzing 1833.

Microcystis aeruginosa KUTZING, Tabulae Phycol.
1 (1849) p. 6, t. 8.

Plankton; Kegonsa, La Belle, Mendota, Otter, Old Tay-
lor’s, Pardee and Turtle (North) Lakes.

var. major (WITTROCK) nov. comb. Polycystis aeru-
ginosa var. major Wittrock, in Hansgirg, Prodr. d. Algen-
flora v. B6hmen, 2, (1892) p. 146.

Plankton; Lake Mendota.

Microcystis flos-aquae (WITTROCK) KIRCHNER,
in Engler und Prantl, D. nat. Pflanzenfam. Teil. 7, Abt. 1a
(1900) p. 56, fig. 49N. Polycystis Flos-aquae Wittrock, in
Wittrock et Nordstedt, Algae aq. dulc. exsicc. No. 298.

Plankton; Birch, Catfish, Found, Mud (Vilas Co.), Nasho-
tah (Upper), Nemahbin (Lower), No Mans, Oconomowoc,
Okauchee, Pardee, Plum, Rainbow, Rock (Vilas Co.), Rose,
Saint Germain (Big), Sishebogema, Squirrel, Star, Tama-
rack, Turtle, (North.and South), Waubesa and Winnebago
Lakes.

Microcystis incerta LEMMERMANN, in Abh. Nat-
urw. Ver. Bremen, 17 (1903) p. 342. Polycystis incerta Lem-
mermann, in Ber. d. D. bot. Ges. 19 (1901) p. 93, t. 4, fig. 8.

Plankton; Lake Winnebago.
~ Microcystis pulverea (WOOD) MIGULA, Kryptoga-
men-Flora Bd. 2, Algen, Th. 1;in Thomé, Flora von Deutsch-
land, Deutsch-Osterr. u. d. Schw. 6 (1907) p. 36. Pleurococcus
pulverus Wood, in Smithsonian cont. to knowl. 19, no. 241
(1874) p. 79.  Anacystis pulvera (Wood) Wolle, Freshw.
Algae of U. S. (1887) p. 329, t. 210. fig. 10.

Plankton; Pardee and Sunday Lakes.

Microcystis ichthyoblabe (KUNZE) KUTZING, Phy-
col. gener. (1843) p. 170. Palmella ichthyoblabe Kunze, in
Kiitzing, lLc. p. 170. Polycystis ichthyoblabe Kiitzing,
Tabulae Phycol. 1 (1849) p. 7, t. 8.

Plankton; Catfish, Clear, Kawaguesaga and Minocqua
Lakes.
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-Genus GOMPHOSPHAERIA Kiitzing 1836.

Gomphosphaeria aponina KUTZING, Decades, 16
(1836) No. 151. Kiitzing, Tabulae Phycol. 1 (1849) p. 22,
t. 31, fig. 3.

Plankton; Kegonsa, Mendota, Monona, Nemahbin
(Lower), Otter, Pewaukee, Plum, Turtle (North and South),
and Waubesa Lakes.

var. cordiformis WOLLE, in Bull. Torr. Bot. Club, 9
(1882) p. 25, t. 13, fig. 11.

Plankton; Round Lake.

Genus COELOSPHAERIUM Nigeli 1849.

€oelosphaerium Naegelianum UNGER, in Mitth. d.
Naturw. Ver. f. Steiermark, Bd. 2, Heft. 1, t. 2. Kirchner,
in Engler und Prantl, D. nat. Pflanzenfam. Teil. 1, Abt. 1a
(1900) p. 56, fig. 50A. (As C. Kuetzingianum).

Plankton; Birch, Catfish, Catherine, Cranberry, Devil’s,
Found, Kawaguesaga, La Belle, Lost, Mendota, Minocqua,
Monona, Mud (Vilas Co.). Nashotah (Upper and Lower),
Nemahbin (Upper and Lower), No Mans, Oconomowoc,
Okauchee, Otter, Pardee, Pewaukee, Plum, Rainbow, Rock
(Vilas Co.), St. Germain (Big), Sishebogema, Squirrel, Tama-
rack, Turtle (North and South), Waubesa and Winnebago-
Lakes.

Coelosphaerium dubium GRUNOW, in Rabenhorst,
Flora Eur. Algarum, 2 (1865) p. 55. Schmula, in Beiblatt zur
“Hedwigia”, 37 (1898) p. (47), figs.”1-2.

Plankton; Mud Lake (Vilas Co.)

Coelosphaerium Kuetzingianum NAGELI, Gatt. einz.
Algen, (1849), p. 54, t. 1, fig. C.

Plankton; Catfish, Cranberry, Kegonsa, Mendota, Ocono-
mowoc, Pardee, Pewaukee, Rock (Vilas Co.), Sunday,
Tamarack and Turtle (North and South) Lakes.

Genus MERISMOPEDIA Meyen 1828.

_ Merismopedia glauca (EHRENBERG) NAGELI

Gatt. einz. Algen, (1849) p. 55, t. 1, fig. D1. Gonium glau-
cuum Ehrenberg, Die Infusionsthierchen, (1838) p. 56, t. 3,
fig. 5.
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Plankton; George, Meta and Waubesa Lakes. Along
shore; Found, Rose and Rozen Lakes.

Merismopedia punctata MEYEN, in Arch. f. Naturge-
schichte, 5 (1839) Bd. 2, p. 67. Kiitzing, Tabulae Phycol.
5 (1855) t. 38.

Plankton; Big Bass Lake. Along shore; Minocqua Lake.

Merismopedia tenuissimum LEMMERMANN, in
Bot. Cent. 76 (1898) p. 154. Lemmermann, in Forschungsbr.
a. d. Biol. Stat. zu Plédn, 7 (1899) p. 132, t. 1, fig. 21.

Along shore; Sunday and Waubesa Lakes.

Merismopedia elegans A. BRAUN, in Kiitzing, Species
Algarum (1849) p. 472. G. S. West, Brit. Freshw. Algae,
(1904) p. 348, fig. 162C.

Plankton; Green and Waubesa Lakes.

" Genus APHANOCAPSA Négeli 1849.

Aphanocapsa rivularis (CARMICHAEL) RABEN-
HORST, Flora Eur. Algarum, 2 (1865) p. 49. Palmella
rivularis Carmichael, in Hooker, Brit. Flora, 2, pt. 1 (1834)
p- 397.

Plankton; Oconomowoc Lake.

Aphanocapsa pulchra (KUTZING) RABENHORST,
Flora Eur. Algarum, 2 (1865) p. 49. Palmella pulchra Kiit-
zing, Species Algarum, (1849) p. 214.

Plankton; Beaver, Harris, and Winnebago Lakes. Along
shore; Old Taylor’s and Plum Lakes.

Aphanocapsa Grevillei (HASSALL) RABENHORST,
Flora Eur. Algarum, 2, (1865) p. 50. Coccochloris Grevillei
Hassall, Brit. Freshw. Algae, (1845) p. 318, t. 78, figs. 7a-8.

Plankton; Muskallonge and Silver Lakes.

Genus DACTYLOCOCCOPSIS Hansgirg 1888.

Dactylococcopsis raphidioides HANSGIRG, Prodr.
d. Algenflora v. Bohmen, 2 (1892) p. 139, fig. 49a.
Plankton; Mercer Lake.
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Genus GLOEOTHECE Nigeli 1849.

Gloeothece linearis NAGELI, Gatt. einz. Algen, (1849)
p. 58, t. 1, fig. G2.

Plankton; Muskallonge and Harris Lakes. Along shore;
Soft Lake.

- Genus APHANOTHECE Ni#geli 1849.

Aphanothece saxicola NAGELI, Gatt. einz. Algen,
(1849) p. 60, t. 1, fig. H2.

Along shore; Upper Nashotah and Sunday Lakes.

Aphanothece Castagnei (DE BREBISSON) RABEN-
HORST, Flora Eur. Algarum, 2 (1865) p. 64. Oncobrysa
Castagnei, de Brébisson, in Kiitzing, Species Algarum, (1849)
p. 214. Palmella Castagnei (de Brébisson) Kiitzing, Tabulae
Phycol. 1 (1849) t. 11, fig. 4. '

Along shore; Helen (Eagle Rlver) Laura, Muskallonge,
Soft and Sunday Lakes.

Aphanothece microscopica NAGELI, Gatt. einz. Al-
gen, (1849) p. 59, t. 1, fig. H1. .

Along shore; Lake Kegonsa.

Aphanothece prasina A. BRAUN, in Rabenhorst, Flora
Eur. Algarum, 2 (1865) p. 65. Cooke, Brit. Freshw. Algae,
(1882) p. 218, t. 88, figs. 3a—3b.

Along shore; Nemahbin (Lower), Rose, Sunday and Wau-
besa Lakes.

Family CHAMAESIPHONACEAE
Genus CHAMAESIPHON A. Braun und Grunow 1864.

Chamaesiphon confervicola A. BRAUN, in Raben-
horst, Flora Eur. Algarum, 2 (1865) p. 148.
Along shores; Lake Mendota.

Family CHROOCYSTACEAE
Genus GLOEOCHAETE Lagerheim 1883.

Gloeochaete Wittrockiana LAGERHEIM, in Ofvers.
Kgl. Vet.-Ak. Forh. 40, No. 2 (1883) p. 39, t. 1, figs. 3—4.
Along shore; McKenna Lake.
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Order HORMOGONEAE
Family OSCILLATORIACEAE
Genus OSCILLATORIA Vaucher 1803.

Oscillatoria limosa (DILLWYN) C. A. AGARDH, Disp.
algarum Sueciae, Pars. 4, (1812) p. 35. Tilden, Minnesota
Algae, I (1910) p. 65, t. 4, fig. 6. Conferva limosa Dillwyn,
Brit. Confervae, (1802) t. 20.

Along shore; Lakes Kegonsa and Waubesa.

Oscillatoria tenuis C. A. AGARDH, Algarum decas se-
cunda, (1813) p. 25. Gomont, in Ann. Sci. Nat. 7 Sér. Bot.
16 (1892) p. 220, t. 7, figs. 2-3.

Plankton; Lake Monona.

var. tergestina (KUTZING) RABENHORST, Flora
Eur. Algarum, 2, (1865) p. 102. Oscillatoria tergestina Kiit-
zing, Tabulae Phycol. 1 (1849) p. 29, t. 39, fig. 8.

Plankton; Lake Geneva.

Oscillatoria curviceps C. A. AGARDH, Systema Al-
garum, (1824) p. 68. Gomont, in Ann. Sci. Nat. Sér. 7 Bot.
16 (1892) p. 213, t. 6, fig. 14.

Along shore; Upper Nemahbin Lake.

Genus LYNGBYA C. A. Agardh 1824.

Lyngbya limnetica LEMMERMANN, in Bot. Cent.
76 (1898) p. 154.
Plankton; Lake Geneva. Along shore; Soft Lake.

Genus SPIRULINA Link 1834.

Spirulina princeps W. & G. S. WEST, in Trans. Linn.
Soc. London, 2 Ser. 6 (1901) p. 205.

Along shore; Beaver and Nemahbin Lakes.

Spirulina subsalsa OERSTED, in Natural Tidskrift
(1842), p. 17, t. 7, fig. 4. Gomont, in Ann. Sci. Nat. 7 Sér.
Bot. 16 (1892) p. 253, t. 7, fig. 32.

Along shore; Upper Nemahbin Lake.

Family STIGONEMACEAE
Genus STIGONEMA C. A. Agardh 1824.

Stigonema mamillosum (LYNGBYE) C. A. AG-
ARDH, Systema Algarum, (1824) p. 42. Tilden, Minnesota
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Algae, 1 (1910) p. 250, t. 15, fig. 22. Bangia mamillosa Lyng-
bye Tent. Hydrophyt. Danicae, (1819) p. 85, t. 25, figs.
C1-C3.

Along shore; Razorback Lake.

. Stigonema turfaceum (BERKLEY) COOKE, Brit.
Freshw. Algae, (1884) p. 272, t. 111. fig. 2. Kirchner, in
Engler und Prantl, D. Nat. Pflanzenfam. Teil 1, Abt. 1la
(1900) p. 83, figs. 58G—58L. Scytonema turfaceum Berkley,
in Eng. Bot. 2, t. 2517, fig. 1.

Along shore; Adelaide, Beaver, Bullhead, Helen (Eagle
River) and Sunday Lakes.

. Genus HAPALOSIPHON N#geli 1849.

Hapalosiphon aureus W. & G. S. WEST, in Jour. of
Bot. 35 (1897) p. 241.

Along shore; McKenna and Speese Lakes.

Hapalosiphon hibernicus W. & G. S. WEST, in Jour.
Roy. Micr. Soc. (1896) p. 163. G. S. West, Brit. Freshw.
Algae, (1904) p. 321, fig. 147.

Along shore; Adelaide, Curtis and Razorback Lakes.

Family NOSTOCACEAE

Genus NOSTOC Vaucher 1803.

Nostoc pruniforme (L) C. A. AGARDH, Disp. Algarum
Sueciae, Pars. 5 (1812) p. 45. Cooke, Brit. Freshw. Algae,
(1882) p. 233, t. 92, figs. 7-9. Ulva pruniformis Linnaeus,
Flora Suecica, p. 433. '

Along shore; Plum, Rose and Sunday Lakes.

Genus ANABAENA Bory de St. Vincent 1823.

Anabaena flos-aquae (LYNGBYE) DE BREBISSON,
in Mem. de la soc. Acad. de Falaise, (1835) p. 36. Nostoc
flos-aquae Lyngbye, Tent. Hydrophyt. Danicae, (1819) p.
201, t. 68, figs. D1-D3.

Plankton; Catfish, Devil’s, Kegonsa, Mendota, Nashotah
(Upper), Oconomowoc, Okauchee, Pine, Squirrel, Waubesa
and Waupaca Chain o’ Lakes.

Anabaena planctonica BRUNNTHALER, in Sitzbr. d.
Kais. Ak. d. Wiss. in Wien, 112, Abt. 1 (1903) p. 292.

Plankton; Birch, Cranberry and Rock Lakes.




Smith—Algae Found in Wisconsin Lakes. 541

Anabaena affinis LEMMERMANN, in Abh. Nat. Ver.
Bremen, 14 (1897) p. 261, t. 1, figs. 12-13, 16-17.

Plankton; Lost, Pardee and North Turtle Lakes.

Anabaena oscillardioides BORY DE ST. VINCENT,
in Dict. Classique d’Hist. Nat. 1, (1822) p. 308. Tilden,
Minnesota Algae, 1 (1910) p. 193, t. 9, fig. 20.

Along shore; Franklin, Lee and Pardee Lakes.

Anabaena spiroides var. crassa LEMMERMANN, in
Bot. Cent. 76 (1898) p. 155. Lemmermann, Algen I (1907)
in Kryptogamenflora der Mark Brandenburg, 3, p. 188,
p. 159, figs. 15-16.

Plankton; Kegonsa, Monona and Big St. Germain Lakes.
. Anabaena inaequalis (KUTZING) BORNET ET
FLAHAULT, in Ann. Sci. Nat. 7 Sér. Bot. 7 (1888) p. 231.
G. S. West, Brit. Freshw. Algae, (1904) p. 328, figs. 150A—
150D.  Sphaerozyga inaequalis Kiitzing, Phycol. Gener.
(1843) p. 211.

Along shore; Lake Kegonsa.

Anabaena macrospora var. robusta LEMMER-
MANN, in Bot. Cent. 76 (1898) p. 154.

Plankton; Squirrel Lake. .

Anabaena Bornetiana COLLINS, in Erythea, 4 (1896)
p. 120.

Plankton; George Lake.

Genus APHANIZOMENON Morren 1838.

Aphanizomenon flos-aquae (L) RALFS, in Ann. and
Mag. of Nat. Hist. 5 (1850) p. 340, t. 9, fig. 6. Byssus flos-
aquae Linnaeus, Species Plantar. (1753) No. 1168.

Plankton; Birch, Cranberry, Found, Kawaguesaga, Ke-
gonsa, La Bélle, Lost, Mendota, Monona, Mud (Vilas Co.),
Oconomowoc, Okauchee, Pardee, Pewaukee, Plum, Squirrel,
Turtle (South), Waubesa and Winnebago Lakes.

Family SCYTONEMACEAE

Genus SCYTONEMA C. A. Agardh 1824,

Scytonema Arcangelii BORNET ET FLAHAULT, in
Ann. Sci. Nat. 7 Sér. Bot. 5 (1887) p. 92.
Along shore; Speese Lake.
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Genus TOLYPOTHRIX Kiitzing 1843.

Tolypothrix tenius KUTZING, Phycol. gener. (1843)
p. 228. Kiitzing, Tabulae Phycol. 2 (1852) p. 9, t. 31, fig. 2.

Along shore; Plum and Squirrel Lakes.

Tolypothrix lanata (DESVAUX) WARTMANN, in
Rabenhorst’s Algen No. 768 (1858). Tilden, Minnesota
Algae 1 (1910) p. 230, t. 14, fig. 1.

Along shore; Crystal and Razorback Lakes.

Tolypothrix distorta (HOFMANN-BANG) KUT-
ZING, Phycol. gener. (1843) p. 228. Tilden, Minnesota
Algae, 1 (1910) p. 231, t. 14, figs. 2-4. Conferva distorta Hof-
mann-Bang, in Flora Danica 5 (1780) t. 820.

Along shore; Kegonsa, Marion, Plum and S. Turtle Lakes.

Family RIVULARIACEAE

Genus RIVULARIA (Roth) C. A. Agardh emend. 1824.

Rivularia echinulata (SMITH) BORNET ET FLA-
HAULT, in Bull. Soc. Bot. France, 31 (1884) p. 77. Con-
ferva echinulata (Rivularia echinulata in index) Smith. in
English Botany (1804) t. 1378.

Plankton; Kegonsa, Carroll, Mendota, Oconomowoc,
Plum, Razorback, Soft, Trout and Waubesa Lakes.

Genus GLOEOTRICHIA J. G. Agardh 1842.

Gloeotrichia pisum (C. A. AGARDH) THURET, in
Ann. Sci. Nat. 6 Sér. Bot. 1 (1875) p. 382. Rivularia pisum
C. A. Agardh, Systema Algarum (1824) p. 25. Tilden, Min-
nesota Algae 1 (1910) p. 284, t. 19, fig. 6.

Along shore; Marion and Soft Lakes.

Class CHLOROPHYCEAE
Order VOLVOCALES

Family CHLAMIDOMONACEAE
Genus SPHAERELLA Sommerfelt 1824.

_Sphaerella lacustris (GIROD-CHANTRANS) WIT-
TROCK, in Hansgirg, Prodr. d. Algenflora v. Béhmen, I
(1888) p. 105, fig. 52. Volvox lacustris Girod-Chantrans. Re-
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cherches chimiques et microscopiques sur les Conferves,
Bysses, et Tremelles, (1802) p. 54, figs. 17-17"".
Along shore; Lakes Mendota and Monona.

Family VOLVOCACEAE
Genus GONIUM Mueller 1773.

Gonium pectorale MUELLER, Vernium terrestrium
et fluviatilum etc. 1 (1773) p. 60. Wolle, Freshw. Algae of
the U. S. (1887) p. 163, t. 151, figs. 15-18.

Plankton; Lake Kegonsa. Along shore; Devil’s, Mendota
and Soft Lakes.

Genus PANDORINA Bory de St. Vincent 1824.

Pandorina Morum BORY DE ST. VINCENT, in
Encyc. methodique, Hist. Nat. de Zoophytes 2 (1824) p. 600.
Ehrenberg, Die Infusionsthierchen, (1823) p. 53, t. 2, fig. 33.

Plankton ; Fowler, Kegonsa, Mendota, Nemahbin (Lower),

Okauchee, Sishebogema, Turtle (South) and Winnebago

Lakes.

Genus EUDORINA Ehrenberg 1832.

Eudorina elegans EHRENBERG, in Abh. d. Kgl. Ak.
d. Wiss. zu Berlin, Jahrgang 1831 (1832) p. 78, t. 2, fig. 10.

Plankton; Catherine, Devil’s, Fowler,- Hill, Kawaguesaga,
Kegonsa, La Belle, Nemahbin (Lower), No Mans, -Okau-
chee, Rainbow, Sishebogema and Turtle (North and South)
Lakes.

Genus VOLVOX L. 1758.

Volvox globator LINNAEUS, Systema Natura Ed. 10
(1758). p. 230. '
.Plankton ; Kegonsa and Soft Lakes.

14
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Order PROTOCOCCALES
Sub-order ZOOSPORINEAE
Family PALMELLACEAE
Sub-family TETRASPOREAE
Genus TETRASPORA Link 1809.

Tetraspora lubica (ROTH) C. A. Agardh, Systema
Algarum, (1824) p. 188. Cooke, Brit. Freshw. Algae, (1882),
p. 16, t. 6, figs. 3a—3b. Ulva lubrica Roth, Catalecta bot. 1
(1797) p. 204.

Along shore; Devil’s Lake.

Genus APIOCYSTIS Nigeli 1849.

Apiocystis Brauniana NAGELI, Gatt. einz. Algen,
(1849) p. 67, t. 2, fig. Al.

Along shore; Meta, Nemahbin (Lower), Plum and Soft
Lakes.

Sub-family PALMELLEAE

Genus PALMODACTYLON Nigeli 1849.

Palmodactylon varium NAGELI, Gatt. einz. Algen,
(1849) p. 70, t. 2, fig. B1.
Along shore; Devil’s Lake.

Genus SCHIZOCHLAMYS A. Braun 1849.

Schizochlamys gelatinosa A. BRAUN, in Kiitzing,
Species Algarum, (1849) p. 891. Cooke, Brit. Freshw. Algae,
(1882) p. 11, t. 3, fig. 6.

Along shore; Devil’s, Meta, Old Taylor’s and Plum Lakes.

Genus SPHAEROCYSTIS Chodat 1897.

Sphaerocystis Schroeteri CHODAT, in Bull. Herb.
Boiss. 5 (1897) p. 295, t. 9.

_ Plankton; Beasley, Catfish, Cranberry, Devil’s, Found,
Long, Mendota, Meta, Monona, Old Taylor’s, Rock (Vilas
Co.), Tamarack and Waubesa Lakes.
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Genus BOTRYOCOCCUS Kiitzing 1849.

Botryoccus Braunii KUTZING, Species Algarum,
(1849) p. 892. Rabenhorst, Flora Eur. Algarum 3 (1868)
p. 43, p. 8, fig. 14.

Plankton; Clear and Waubesa Lakes.

Sub-family GLOEOCYSTIDEAE
Genus GLOEOCYSTIS Négeli 1849.

Gloeocystis gigas (KUTZING) LAGERHEIM, in
Ofvers. Kgl. Vet.-Ak. Fohr. 40, No. 2 (1883) p. 63. G. S.
West, Brit. Freshw. Algae (1904) p. 245, figs. 113f-113h.
Protococcus gigas KUTZING, Phycol. Germ. (1845) p. 145.

Plankton; Mendota and Oconomowoc Lakes. Along
shore; Lake Kegonsa.

Genus PALMODICTYON Kiitzing 1845.

Palmodictyon viride KUTZING, Phycol. Germ. (1845)
p- 155. G. S. West, Brit. Freshw. Algae, (1904) p. 247, fig.
- 115.

Along shore; Otter Lake.

Family PLEUROCOCCACEAE
Genus TROCHISCIA Kiitzing 1845.

Trochiscia sporoides (REINSCH) HANSGIRG, in
Hedwigia, 27 (1888) p. 129. Acanthococcus sporoides Reinsch,
in Ber. d. D. bot. Ges. 4 (1886) p. 242, t. 12, figs. 24a—24b.

Along shore; Devil’s Lake. )

Trochiscia reticularis (REINSCH) HANSGIRG, in
Hedwigia, 27 (1888) p. 129. Acanthococcus reticularis

Reinsch, in Ber. d. D. bot. Ges. 4 (1886) p. 241, t. 11. figs.

12, 14.
Along shore; Devil’s Lake.

Genus GLOEOTAENIUM Hansgirg 1890.

Gloeotaenium Loitlesbergerianum HANSGIRG, in
Sitzbr. d. k. béhm. Ges. d. Wiss. in Prag, Jahrgang 1890
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(1890) p. 10. Transeau, in Bot. Gaz. 55 (1913) p. 66, t. 3,
figs. 1-24.
Along shore; Kegonsa and Soft Lakes.

Family CHARACIACEAE
Genus CHARACIUM A. Braun 1849.

Characium longipes RABENHORST, Alg. Dec. 18
(1852) No. 171. A. Braun, Alg. unicell. (1855) p. 43, t. 5,
fig. D.

Along shore; Helen and Sunday Lakes.

Family HYDRODICTYACEAE
Genus PEDIASTRUM Meyen 1829.

Pediastrum tetras (EHRENBERG) RALFS, in Ann.
and Mag. of Nat. Hist. 14 (1844) p. 469, t. 12, fig. 4. Micras-
terias tetras Ehrenberg, Die Infusionsthierchen, (1838) p. 155,
t. 11, fig: 1.

Plankton; Lake Mendota. Along shore; Adelaide, Bull-
head, Clear, Devil’s, Monona, Muskallonge, Star and Wau-
besa Lakes. ‘

Pediastrum biradiatum var. emarginatum - (A.
BRAUN) LAGERHEIM, in Ofvers. Kgl. Vet.-Ak. Forh.
39, No. 2 (1882) p. 54. Pediastrum rotula var. emarginatum
A. Braun, Alg. unicell. (1855) p. 102, t. 6, figs. 4, 8, 9, 11.

Along shore; Adelaide and Kegonsa Lakes.

Pediastrum intergum NAGELI, Gatt. einz. Algen,
(1849) p. 97, t. 5, fig. B4,

Plankton; Soft Lake.

Pediastrum Boryanum (TURPIN) MENENGHINI,
in Linnaea 14 (1840) p. 210. Helierella Boryana Turpin, in -
Mem. de Mus. d’Hist. Nat. Parls, 16 (1828) p. 319, t. 13,
fig. 22.

Plankton; Beasley, Catherine, Dev1l s, Found, Fowler,
Geneva, Harris, Kawaguesaga, Kegonsa, La Belle, Marl,
Mud (Vilas Co.), Muskallonge, Old Taylor’s, Star, Taylor,
Turtle (North and South), Waubesa and Winnebago Lakes.

var. undulatum WILLE, in Ofvers Kgl. Vet.-Ak. Férh.
36 (1879) No. 5, p. 28.

Plankton; Lake Winnebago.
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Pediastrum duplex MEYEN, in Nova Acta Phys-Med.
Ac. Caes. Leop.-Carol. 14. 2, (1828) p. 772.

Plankton; Catherine, Helen (Eagle River), Kegonsa, La
Belle, Lost, Mendota, Monona, Okauchee, Pardee, Soft,
Taylor and Waubesa Lakes.

var. clathratum (A. BRAUN) LAGERHEIM, in
Ofvers. Kgl. Vet.-Ak. Forh. 39, No. 2 (1882) p. 56. - Pedias-
frum pertusum var. clathratum A. Braun, Alg. Unicell. (1855) -
p- 93.

Plankton; Catfish, Cranberry and Mud (Vilas Co.) Lakes.

var. reticulatum LAGERHEIM, in Ofvers. Kgl. Vet.-
Ak. Forh. 39, No. 2 (1882) p. 56, t. z, fig. 1.

Plankton; Found, Kawaguesaga, Mendota, Pardee, Sishe-
bogema, Turtle (South), Waubesa and Winnebago Lakes.

var. rotundatum LUCKS, in Jahrb. d. Westpr. Lehrer-
vereins f. Naturkunde. 2-3 (1907) p. 31.

Plankton; Oconomowoc Lake. )

Pediastrum Kawraiskyi SCHMIDLE, in Arb. d. Botan.
Gartens zu Tiflis. 2 (1897) p. 269. Nitardy, in Beih. z. Bot.
Cent. 32 (1914) p. 164, t. 5, fig. 5.

Plankton; Lake Winnebago.

Pediastrum simplex MEYEN, in Nova Acta Phys.-
Med. Ac. Caes.-Leop. 14, 2 (1829) p. 772, t. 43, figs. 1-5.

Plankton; Kegonsa, Monona and Winnebago Lakes.

var. clathratum (SCHROTER) G. S. WEST, in Jour.
Linn. Soc. London, 38 (1907) p. 134. Pediastrum clathratum
(SCHROTER) LEMMERMANN, in Forschungsbr. a. d.
Biol. Stat. zu Plén, 7 (1899) p. 115.

Plankton; Green, Lost, Mud (Vilas Co.) Lakes.

Genus EUASTROPSIS Lagerheim 1894.

Euastropsis Richteri (SCHMIDLE) LAGERHEIM, in
Tromsé Museums Aarshefter, 17 (1895) p. 20, t. 1, figs. 8—27.
Euastrum Richteri Schmidle, in Flora 78 (1894) p. 60, t. 7,
fig. 25.

Along shore; Lake Kegonsa.
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Genus HYDRODICTYON Roth 1800.

Hydrodictyon reticulatum (L) LAGERHEIM, in
Ofvers. Kgl. Vet.-Ak. Forh. 40, No. 2 (1883) p. 71. Conferva
reticulata Linnaeus, Spec. Plant. p. 1635.

Along shore; Lake Kegonsa.

Sub-order AUTOSPORINEAE
Family CHLORELLACEAE
Sub-family CHLORELLEAE

Genus CHLORELLA Beyerinck 1890.

Chlorella vulgaris BEYERINCK, in Bot. Ztg. 48 (1890)
p. 758, t. 7, fig. 2.
Plankton; Lake Mendota.

Sub-family DICTYOSPHAERIEAE
Genus TETRACOCCUS W. West 1892.

Tetracoccus botryoides W. WEST, in Jour. Roy. Micr.
Soc. (1892) p. 735, t. 10, figs. 43—48.

Plankton; Mendota and Sishebogema Lakes. Along shore;
Clear and Devil’s Lakes.

Genus DICTYOSPHAERIUM Naégeli 1849.

Dictyosphaerium pulchellum WOOD, in Smithsonian
Cont. to Knowledge, 19, No. 241 (1872) p. 84, t. 10, fig. 4.

Plankton; Birch, Catfish, Catherine, Clear (Vilas Co.),
Cranberry, Kegonsa, Mendota, Monona, Muskallonge,
Oconomowoc, Okauchee, Old Taylor’s, Rock, Rose, Rozen,
Tamarack, Turtle (North and South), Waubesa and Win-
nebago Lakes.

Dictyosphaerium Ehrenbergianum NAGELI, Gatt.
einz. Algen. (1849) p. 73, t. 2, fig. E.

Plankton; Clear, Kegonsa and Mendota Lakes.
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Genus DIMORPHOCOCCUS A. Braun 1855.

Dimorphococcus lunatus A. BRAUN, Alg. unicell.
(1855) p. 44. Rabenhorst, Flora Eur. Algarum 3 (1868) p. 36,
-p- 6, figs. a—c.

Plankton; Catfish, Kegonsa and Minocqua Lakes. Along
shore; Rozen Lake.

Genus INEFFIGIATA W. & G. S. West 1897.

Ineffigiata neglecta W. & G. S. WEST, in Jour. Roy.
Micr. Soc. (1897) p. 503. W. & G. S. West, in Jour. of Bot.
41 (1903) p. 80, t. 447, figs. 1-6.

" Plankton; Devil’s, Green, Kegonsa, Mendota, Mercer,
Monona, Mud (Vilas Co.), No Mans, Pardee, Sishebogema,
Turtle (South), Waubesa and Winnebago Lakes.

Sub-family MICRACTINEAE
Genus RICHTERIELLA Lemmermann 1897.

Richterialla botryoides (SCHMIDLE) LEMMER-
MANN, in Hedwigia, 37 (1898) p. 306, t. 10, figs. 1-6.
Golenkinia botryoides Schmidle, in Allg. bot. Zeitschr. 2
(1896) p. 194.

Plankton; Green, Mendota, Pope and North Turtle Lakes.

Richterialla quadriseta LEMMERMANN, in Hed-
wigia, 37 (1898) p. 307, t. 10, fig. 7.

Plankton; Catfish and Cranberry Lakes.

Family OOCYSTACEAE
Sub-family OOCYSTEAE
Genus OOCYSTIS Nigeli 1855.

Oocystis parva W. & G. S. WEST, in Jour. of Bot. 36
(1898) p. 335.

Plankton; George, Mendota and Muskallonge Lakes.

Oocystis elliptica var. minor W. WEST, in Jour. Roy.
Micr. Soc. (1892) p. 736. W. & G. S. West in Jour. Roy.
Micr. Soc. (1894) p. 14, t. 2, fig. 26. '

Plankton; Upper Nemahbin Lake.

Oocystis lacustris CHODAT, in Bull. Herb. Boiss. 5
(1897) p. 296, t. 10, figs. 1-7.
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Plankton; Beasley, Birch, Catfish, Cranberry, Devil’s,
Fowler, Kawaguesaga, Kegonsa, Long, Mendota, Monona,
Pardee, Taylor and Turtle (North and South) Lakes.

Oocystis nodulosa W. & G. S. WEST, in Jour. Roy.
Micr. Soc. (1894) p. 15, t. 2, fig. 31.

Plankton; Lake Winnebago.

Oocystis Novae-Semliae var. maxima W. & G. S.
WEST, in Jour. Roy. Micr. Soc. (1894) p. 13, t. 2, fig. 25.

Plankton; Found and Rock Lakes.

Genus EREMOSPHAERA DeBary 1858.

Eremosphaera viridis DE BARY, Unters. u. d. Fam.
d. Conjugaten, (1858) p. 56, t. 8, figs. 26-27.
Along shore; Clear and Lee Lakes.

Genus NEPHROCYTIUM Nigeli 1849.

Nephrocytium Agardianum NAGELI, Gatt. einz.
Algen, (1849) p. 79, t. 3, fig. C.

Plankton; Lake Mendota. Along shore; Lower Nemahbin
Lake.

Nephrocytium Naegelii GRUNOW, in Rabenhorst,
Flora Eur. Algarum, 3 (1868) p. 52. .Cooke, Brit. Freshw.
Algae (1882) p. 26, t. 11, figs. 2a—2c.

Plankton; Lake Kegonsa.

Sub-family LAGERHEIMEAE

Genus CHODATELLA Lemmermann 1898.

Chodatella ciliata (LAGERHEIM) LEMMERMANN,
in Hedwigia 37 (1898) p. 310. Oocystis ciliata Lagerheim, in
Ofvers. Kgl. Vet.-Ak. Forh. 39, No. 2 (1882) p. 76, t. 3,
figs. 33-37.

Plankton; Kegonsa and Mendota Lakes.

Chodatella Droescheri LEMMERMANN, in Ber. d. D.
bot. Ges. 18 (1900) p. 98, t. 3, fig. 12.

Plankton; Upper Nashotah Lake.

Chodatella citriformis SNOW, in Bull. U. S. Fish
Comm. 22 (1902) p. 389, t. 2, figs. 8-83.

Along shore; Lake Waubesa.
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Chodatella subsalsa LEMMERMANN, in Hedwigia, 37
(1898) p. 310. Lagerhemia subsalsa Lemmermann, in Fors-
chungsbr. a. d. Biol. Stat. zu Plén. 6 (1898) p. 193, t. 5,
figs. 2-6.

Plankton; Muskallonge Lake.

Sub-family TETRAEDRIEAE
Genus TETRAEDRON Kiitzing 1845.

Tetraedron minimum (A. BRAUN) HANSGIRG, in
Hedwigia, 27 (1888) p. 131. G. S. West, Brit. Freshw. Algae,
(1904) p. 231, fig. 101A. Polyedrium minimum A. Braun,

Algarum unicell. (1855) p. 94. ;

+ Plankton; Mendota and Okauchee Lakes. Along shore;
Clear, Muskallonge, Nemahbin (Lower), Old Taylor’s,
Rozen and Waubesa Lakes.

Tetraedron enorme (RALFS) HANSGIRG, in Hed-
wigia, 27 (1888) p. 132. Staurastrum enorme Ralfs, Brit.
Desmidieae (1848) p. 140, t. 33, figs. 11a—11e.

Along shore; Lakes Kegonsa, Mendota and Waubesa.

Tetraedron trigonum (NAGELI) HANSGIRG, in
Hedwigia, 27 (1888) p. 130. Polyedrium trigonum N#geli,
Gatt. einz. Algen, (1849) p. 84, t. 4, fig. B1.

Along shore; Lake Mendota.

Tetraedron caudatum (CORDA) HANSGIRG, in
Hedwigia, 27 (1888) p. 131. G. S. West, Brit. Freshw. Algae,
(1904) p. 231, fig. 101B. Astericium caudatum Corda, in
Almanach de Carlsbad, 9 (1839) p. 238, t. 1, figs. 1-2.

Plankton; Lake Mendota. Along shore; Muskallonge,
Razorback and Waubesa Lakes.

Tetraedron limneticum BORGE, in Bot. Notiser,
(1900) p. 5, t. 1, fig. 2.

Plankton; Clear, Mud (Vilas Co.) and Squirrel Lakes.

Tetraedron pusillum- (WALLICH) W. & G. S. WEST
in Jour. of Bot. 35 (1897) p. 237. Micrasterias pusilla Wal-
lich, in Ann. and Mag. of Nat. Hist. 3 Sér. 5 (1860) p. 281,
t. 13, fig. 13. :

Along shore; Clear and Mendota Lakes.
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Family COELASTRACEAE
Genus COELASTRUM Négeli 1849.

Coelastrum microporum NAGELI, in A. Braun, Alg.
unicell. (1855) p. 70. Senn, in Bot. Ztg. 57 (1899) p. 53, t. 2,
figs. 11-17.

Plankton; Mendota, Mud (Vilas Co.), Oconomowoc, Otter,
Pope, Squirrel and South Turtle Lakes.

Coelastrum sphaericum N AGELI, Gatt. einz. Algen,
(1849) p. 98, t. b, fig. C1.

Along shore; Lake Kegonsa.

Coelastrum proboscidium BOHLIN, in Bih. t. Kgl.
Sv. Vet.-Ak. Handl. 23, Afd. 3, No. 7 (1897) p. 33, t. 2, figs.
19-22. Senn, in Bot. Ztg. 57 (1899) p. 59, t. 2, figs. 18-22.

Plankton; Catfish, Clear, Cranberry, Found, Mercer,
Minocqua and Old Taylor’s Lakes.

Coelastrum reticulatum (DANGEARD) SENN, in
Bot. Ztg. 57 (1899) p. 66, t. 2, figs. 1-10. Hariotina reticu-
lata Dangeard, in Le Botaniste, I (1889) p. 162, t. 7, figs.
15-17.

Plankton; Lake Mendota.

Genus SORASTRUM Kiitzing 1845.

Sorastrum spinulosum NAGELI, Gatt. einz. Algen,
(1849) p. 99, t. 5, fig. D. '

Along shore; Clear, Kegonsa, Plum and Rose Lakes.

Sorastrum americanum (BOHLIN) SCHMIDLE, in
Engl. Jahrb. 27, p. 230. Lemmermann, in Arch. f. Hydrobiol.
u. Planktonkunde, 5 (1910) p. 310, fig. 5. Selenosphaerium
americanum Bohlin, in Bih. t. Kgl. Sv. Vet.-Ak. Handl. 23
Afd. 3, No. 7 (1897) p. 40, t. 2, figs. 38—41.

"Along shore; Devil’s Lake.

Family SCENEDESMACEAE
Sub-family SCENEDESMEAE
Genus SCENEDESMUS Meyen 1829.

Scenedesmus obliquus (TURPIN) KUTZING, in
Linnaea, 8 (1833) p. 609. Achnanthes obliqua Turpin, in
Mém. du Mus. d’Hist. Nat. Paris. 16 (1828) p. 312, t. 13,
fig. 9. '
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Plankton; Lake Mendota. Along shore; Cedar, Helen
(Winchester), Minocqua, Muskallonge and Waubesa Lakes.
Scenedesmus dimorphus (TURPIN) KUTZING, in.
Linnaea, 8 (1833) p. 608. Achnanthes dimorphus Turpin, in
Mém. du Mus. d’Hist. Nat. Paris, 16 (1828) p. 313, t. 13,
- fig. 12.

Along shore; Devil’s, Found, Mendota and Waubesa
Lakes.

Scenedesmus arcuatus LEMMERMANN, in Fors-
chungsbr. a. d. Biol. Stat. zu Plon, 7 (1899) p. 112, t. 1,
figs. 2-4. '

Plankton: Cranberry, Long, Mendota, Meta, Pardee and
North Turtle Lakes.

var. platydisca SMITH, in Trans. Wis. Acad. ined.

Plankton; George Lake. Along shore; Kegonsa and Rozen
Lakes.

Scenedesmus bijuga (TURPIN) LAGERHEIM, in
Nuova Notarisia, 4 (1893) p. 158. Achnanthes bijuga, Tur-
pin, in Mém. du Mus. d’Hist. Nat. Paris, 16 (1828) p. 310,
t. 13, fig. 4.

Plankton; Fowler Lake. Along shore. Clear, Helen (Win-
chester), Muskallonge, Mud (Waupaca Co.), Old Taylor’s
and Razorback Lakes.

var. alternans (REINSCH) BORGE, in Arkiv fér Bo-
tanik, 6 (1906) No. 1, p. 57. Scenedesmus alternans Reinsch,
in Abh. Senckenbergischen Naturf. Ges. 6 (1866) p. 135,
t. 20, fig. D5.

Plankton; Muskallonge Lake. Along shore; Devil’s Lake.

Scenedesmus denticulatus LAGERHEIM, in Ofvers.
Kgl. Vet.-Ak. Forh. 39, No. 2 (1882) p. 61, t. 2, figs. 13-17.

Plankton; Lake Mendota. Along shore; Clear Lake.

Scenedesmus brasiliensis BOHLIN, in Bih. t. Kgl. Sv.
Vet.-Ak. Handl. 23, Afd. 3, No. 7 (1897) p. 22, t. 1, figs.
36-37.

Plankton; Old Taylor’s Lake. Along shore; Carroll,
Devil’s, Minocqua, Rozen and Waubesa Lakes.

Scenedesmus acutiformis SCHRODER, in Fors-
chungsbr. a. d. Biol. Stat. zu Plon, 5 (1897) p. 45, t. 2, fig. 4.

Plankton; Lake Mendota. Along shore; Found Lake.

Scenedesmus serratus (CORDA) BOHLIN, in Bih. t.
Kgl. Sv. Vet.-Ak. Handl. 27, Afd. 3 No. 4 (1902), p.44, t. 1,
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fig. 2. Arthrodesmus serratus Corda, in Almanach de Carls-
bad, 9 (1835) p. 244, t. 6, fig. 35.

Along shore; Devil’s, Kegonsa and Muskallonge Lakes.

Scenedesmus hystrix LAGERHEIM, in Ofvers. Kgl.
Vet.-Ak. Férh. 39, No. 2 (1882) p. 62, t. 2, fig. 18.

Along shore; Minocqua and Muskallonge Lakes.

Scenedesmus quadricauda (TURPIN) DE BRE-
BISSON, in Mém. de la Soc. Ac. de Falaise, (1835) p. 66.
Achnanthes quadricauda Turpin, in Mém. du Mus. d’Hist.
Nat. Paris, 16 (1828) p. 311, t. 13, fig. 6.

Plankton; Clear, Green, Lost, Meta, Muskallonge, Ne-
mahbin (Lower), Okauchee, Old Taylor’s, Pope and Win-
nebago Lakes.

var. longisina (CHODAT) SMITH, in Trans. Wis.
Acad. ined. Scenedmus longispina Chodat, in Matér. pour
la flore cryptogamique Suisse, 4 Fasc. 2 (1913) p. 60, figs.
53-58.

Plankton; Lost and Mendota Lakes.

var. quadrispina (CHODAT) SMITH, in Trans. Wis.
Acad. ined. Scenedmus quadrispina Chodat, in Matér. pour
la flore cryptogamique Suisse, £ Fasc. 2 (1913) p. 58, figs.
45-52. '

Along shore; Laura and Muskallonge Lakes.

var. Westii SMITH, in Trans. Wis. Acad. ined,
Plankton; Meta Lake. Along shore; Adelaide Lake.

var. maximum W. & G. S. WEST, in Trans. Linn. Soc.
Bot. 2 Ser. 5 (1895) pt. 2, p. 83, t. 5, figs. 9-10. -
~ Along shore; Old Taylor’s, Rozen and Sunday Lakes.
Scenedesmus armatus (CHODAT) SMITH, in Trans.
Wis. Acad. ined. Scenedesmus hystrixz var. armatus Chodat,
in Matér. pour. la flore cryptogamique Suisse, 1, fasc. 3
(1902) p. 215, fig. 140. A
Plankton; Lake Mendota. Along shore; Clear and Wau-
besa Lakes.
Scenedesmus longus MEYEN, in Nova Acta Phys.-
Med. Ac. Caes. Leop.-Carol. 14 (1829) p. 774, t. 43, fig. 28.
Plankton; Rock Lake. Along shore; Lake Waubesa.
Scenedesmus abundans (KIRCHNER) CHODAT, in
Matér. pour la flore cryptogamique Suisse, 4 Fasc. 2 (1913)
p. 77. Scenedesmus caudatus forma abundans Kirchner,
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Algen, in Cohn, Kryptogamen-Flora von Schlesien, 2 (Erste
Halfte) (1878) p. 98.

Along shore; Muskallonge and Sunday Lakes.

var. brevicauda SMITH, Trans. Wis. Acad. ined.

Plankton; Lake Mendota. Along shore; Monona and Wau-
besa Lakes.

Genus TETRADESMUS Smith 1913.

. Tetradesmus wisconsinensis SMITH, in Bull. Torr.
Bot. Club, 40 (1913) p. 76, t. 1, figs. 1-20.

Along shore; Kegonsa, Muskallonge, Star and Waubesa
Lakes. ‘

Genus TETRASTRUM Chodat 1895.

Tetrastrum Staurogeniaeforme (SCHRODER) CHO-
DAT, in Matér. pour la flore cryptogamique Suisse, I, Fasc.
3 (1902) p. 208, p. 223, fig. 1482, Cohniella staurogeniae-
formis Schroder, in Ber. d. D. bot. Ges. 15 (1897) p. 373,
t. 17, fig. 5. .

Plankton; Lake Mendota.

Genus CRUCIGENIA Morren 1830.

Crucigenia quadrata MORREN, in Ann. Sci. Nat. 20
(1830) p. 415, t. 15, figs. 1-5.

Plankton; Pardee Lake.

Crucigenia rectangularis (NAGELI) GAY, Re-
cherches sur le dév. et la class. de quelques algues vertes,
(1891) p. 100, t. 15, fig. 151. Chloropedium rectangularis
Nigeli, in A. Braun, Alg. unicell. (1855) p. 70.

Plankton; Fowler, Kegonsa, Okauchee, Old Taylor’s and
Winnebago Lakes.

Crucigenia Lauterbornei (SCHMIDLE) CHODAT, in
Matér. pour la flore cryptogamique Suisse, 1, Fasc. 3 (1902)
p. 206, fig. 127. Staurogenia Lauterbornei Schmidle, in Allg.
Bot. Zeitschr. 2 (1896) p. 192, fig. 1.

Plankton; Lake Kegonsa.
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Sub-family SELENASTREAE

Genus ANKISTRODESMUS Corda 1836.

Ankistrodesmus falcatus (CORDA) RALFS, Brit.
Desmidieae (1848) p. 180, t. 34, figs. 3a-3d. Micrasterias
falcata Corda, in Almanach de Carlsbad 5 (1835) p. 198,
t. 2, fig. 29.

Plankton; Kawaguesaga and Rock Lakes. Along shore;
Clear, Devil’s, Helen (Winchester), Kegonsa, Marion, Men-
dota, Minocqua, Old Taylor’s, Razorback Rozen and Wau-
besa Lakes.

var. acicularis (A. BRAUN) G. S. WEST, Brit. Freshw.
Algae, (1904) p. 223, figs. 94B-94C. Raphidium aciculare
A. Braun, in Rabenhorst, Die Algen Sachsens, Dec. 44
(1855) No. 442.

Plankton; Lakes Mendota and Waubesa. Along shore;
Devil’s Lake.

var. spiralis (TURNER) G. S. WEST, Brit. Freshw.
Algae, (1904) p. 224. Raphidium spiralis Turner (1893).

Along shore; Old Taylor’s and Soft Lakes.

var. mirabilis (W. & G. S. WEST) G. S. WEST, Brit.
Freshw. Algae, (1904) p. 224, fig. 94E. Raphidium polymor-
phum var. mirabile W. & G. S. West, in Jour of Roy. Micr. .
Soc. (1897) p. 501, t. 7, figs. 9-13.

Plankton; Devil’s and Squirrel Lakes.

Ankistrodesmils Pfitzeri (SCHRODER) G. S. WEST,
Brit. Freshw. Algae, (1904) p. 224, figs. 94G-94H. Raphid-
ium Pfitzeri Schroder, in Verh. d. Nat.-Med. Ver. zu Heidel-
berg, N. F. 7 (1902) p. 152, t. 6, fig. 6.

Plankton; Clear, Cranberry, Devil’s, Found, Harris, Mus-
kallonge, No Mans, Oconomowoc, Okauchee, Pardee, and
Sishebogema Lakes.

Genus ACTINASTRUM Lagerheim 1882.

Actinastrum Hantzschi LAGERHEIM, in Ofvers.
Kgl. Vet.-Ak. Forh. 39, No. 2 (1882) p. 70, t. 3, figs. 25-26.
Plankton; Kegonsa, Mendota and Waubesa Lakes.
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Genus SELENASTRUM Reinsch 1867.

Selenastrum Bibraianum REINSCH, Die Algenflora
d. mitt. Th. v. Franken (1867) p. 64, t. 4, fig. 2.

Plankton; Mendota, Meta and Squirrel Lakes.

Selenastrum gracile REINSCH, Die Algenflora d. mitt.
Th. v. Franken, (1867) p. 65, t. 4, fig. 3.

Plankton; Lake Monona. Along shore; Clear and Rozen
-Lakes. ‘

Genus KIRCHNERIELLA Schmidle 1893.

Kirchneriella obesa (W. WEST) SCHMIDLE, in Ber.
d. Naturf. Ges. zu Freiburg i B. (1893) p. 15 (82), t. 7, fig. 2.
Selenastrum obesum W. West, in Jour. Roy. Micr. Soc. (1892)
p- 734, t. 10, figs. 50-52. '

Plankton; Catherine, Rock, Squirrel, South Turtle and
‘Winnebago Lakes.

Kirchneriella lunaris (KIRCHNER) MOBIUS, in
Abh. d. Senckenb. Naturf. Ges. 18 (1894) p. 331. Raphidium
convulutum var. lunare Kirchner, Algen, I, in Cohn, Krypto-
gamen-Flora von Schlesien, 2 (Erste Halfte) (1878) p. 114.

Plankton; Found, Mendota, Meta, Pardee and Squirrel
Lakes. Along shore; Kegonsa, Minocqua and Rozen Lakes.

Kirchneriella contorta (SCHMIDLE) BOHLIN, in
Bih. t. Kgl. Sv. Vet.-Ak. Handl. 23, Afd. 3, No. 7 (1897)
p. 20. Kirchneriella obesa var. conforta Schmidle, in Flora,
78 (1894) p. 44, t. 7, fig. 2.

Plankton; Fowler, Mendota and Pardee Lakes. Along
shore; Clear Lake.

Order CHAETOPHORALES
Family ULOTRICHACEAE

Genus GEMINELLA Turpin 1828.

Geminella interrupta (TURPIN) LAGERHEIM
emend., in Ofvers. Kgl. Vet.-Ak. Férh. 20, No. 2 (1883) p. 68,
t. 1, figs. 30-35. Turpin, in Mém. du Mus. d’Hist. Nat.
Paris, 16 (1828) p. 329.

Along shore; Soft Lake.
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Genus RADIOFILUM Schmidle 1894.

Radiofilum conjunctivum SCHMIDLE, in Flora, 78
(1894) p. 48, t. 7, figs. 4-5.

Along shore; Plum Lake.

Radiofilum flavescens G. S. WEST, in Jour. of Bot.
37 (1899) p. 57, t. 394, figs. 10-11.

Along shore; Soft Lake.

Genus STICHOCOCCUS Négeli 1849.
Stichococcus bacillaris NAGELI, Gatt. einz. Algen,

(1849) p. 77, t. 4, fig. G1.
Along shore; Lake Mendota.

Genus ULOTHRIX Kiitzing 1833.

Ulothrix zonata (WEBER UND MOHR) KUTZING,
in Flora, 16 (1833) p. 519. Conferva zonata Weber und Mohr,
Naturhistorische Reise durch einen Theil Schwedens, (1804)
p- 97, t. 1, fig. 7. ,

Along shore; Lakes Mendota and Monona.

‘ Family ULVACEAE
Genus PROTODERMA Kiitzing 1843.

Protoderma viride KUTZING, Phycol. gener. (1843)
p- 295. G. S. West, Brit. Freshw. Algae (1904) p. 205, figs.
83A-83C. _

Along shore; Lake Monona.

Family CHAETOPHORACEAE
Genus CHAETOPHORA Schrank 1783.

Chaetophora pisiformis (ROTH) C. A. AGARDH,
Disp. algarum Sueciae, (1812) p. 43. Hazen, in Mem.
Torr. Bot. Club, 11 (1902) p. 212, t. 38, fig. 1. Rivularia
pisiformis Roth, Neue Beitr. Bot. 1 (1802) p. 272.

Along shore; McKenna and Sunday Lakes.

Chaetophora elegans (ROTH) C. A. AGARDH, Disp.
algarum Sueciae, (1812) p. 42. Hazen, in Mem. Torr. Bot.
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Club, 11 (1902) p. 211, t. 37, figs. 1-3. Rivularia elegans
Roth, Neue Beitr. Bot. 1 (1802) p. 269.
Along shore; Green and Miner’s Lake.

Genus MYXONEMA Fries 1825.

Myxonema lubricum (DILLWYN) FRIES, Systema
Orbis Vegatabilis. Plantae Homonemeae, (1825) p. 343.
Conferva lubrica Dillwyn, Brit. Conferveae (1806) t. 57.

Along shore; Geneva, Monona and Waubesa Lakes.

Genus DRAPARNALDIA Bory de St. Vincent 1808.

Draparnaldia plumoesa (VAUCHER) C. A. AGARDH,
Disp. -algarum Sueciae, (1812) p. 42. - Batrachospermum
plumosum Vaucher, Histoire des Conferves d’eau douce,
(1803) p. 113, t. 11, fig. 2.
~ Along shore; Devil’s and Sunday Lakes.

Genus MICROTHAMNION Niégeli 1849.

Microthamnion Kuetzingianum NAGELI, in Kiit-
zing, Species Algarum (1849) p. 352. Hazen, in Mem. Torr.
Bot. Club, 11 (1902) p. 191, t. 26, fig. 1; t. 27, figs. 2—4.

Along Shore; Otter Lake.

Microthamnion strictissimum RABENHORST, Die
Algen Sachsens, Dec. 82 (1859) No. 829. Hazen, in Mem.
Torr. Bot. Club, 11 (1902) p. 191, t. 26, figs. 2-5.

Along shore; Tank and Plum Lakes.

Family CHAETOPELTIDIACEAE

Genus CHAETOSPHAERIDIUM Klebahn 1892.

Chaetosphaeridium globosum (NORDSTEDT) KLE-
BAHN, in Jahrb. Wiss. Bot. 25 (1893) p. 306, t. 14, fig. 5.
Herposteiron globosa Nordstedt, in Minneskrift utgifven a K.
Fysiografiska sallskapet i Lund med anledning af dess hun-
draarsfest d. 3 Oct. 1878, p. 23, t. 2, figs. 22-23.

Along shore; Plum and Razorback Lakes.

15
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Chaetosphaeridium Pringsheimii forma conferta
KLEBAHN, in Jahrb. Wiss. Bot. 25 (1893) p. 307, t. 14,
fig. 11.

Along shore; Adelaide, Helen (Winchester), Helen (Eagle
River), Soft and Sunday Lakes.

Family CYLINDROCAPSACEAE
Genus CYLINDROCAPSA Reinsch 1867.

Cylindrocapsa geminella WOLLE, Freshw. Algae of
the U. S. (1887) p. 104, t. 91, figs. 1-17.
Along shore; Lake Kegonsa.

Family HERPOSTEIRACEAE
Genus HERPOSTEIRON Nigeli 1849.

Herposteiron confervicola NAGELI, in Kiitzing, Spe-

cies Algarum, (1849) p. 424.

- Along shore; Helen (Winchester), Kegonsa, Mendota,
Okauchee, Otter, Soft and Waubesa Lakes.

Herposteiron polychaete HANSGIRG, in Flora, 71
(1888) p. 214, t. 12, figs. 1-5.

Along shore; Plum Lake.

Herposteiron Hyalothecae HANSGIRG, in Sitzbr. d. k.
béhm. Ges. d. Wiss. Prag. Jahrgang 1891 (1891) p. 309.
Heering, in Pascher, Die Siisswasser-Flora Deutschlands,
Osterreichs, und der Schweiz. Heft. 6, Chlorophyceae 3
(1914) p. 129, fig. 184. '

Plankton; North Turtle Lake.

Family COLEOCHAETACEAE

Genus COLEOCHAETE de Brébisson 1844.

Coleochaete pulvinata A. BRAUN, in Kiitzing, Species
algarum (1849) p. 425. Pringsheim, in Jahrb. Wiss. Bot. 2
(1860) p. 33, t. 2, fig. 1.

Along shore; Mendota, Old Taylor, Razorback and Sun-
day Lakes. 3

Coleochaete soluta (DE BREBISSON) PRING-
SHEIM, in Jahrb. Wiss. Bot. 2 (1860) p. 6, t. 1, figs. 2-3.
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Coleochaete scutata var. soluta de Brébisson, in Ann. Sci. Nat.
3 Sér. Bot. 1 (1844) p. 30, t. 2, fig. 8.

Along shore; McKenna, Meta and Mendota Lakes.

Coleochaete scutata DE BREBISSON, in Ann. Sci.
Nat. 3 Sér. Bot. 1 (1844) p. 29, t. 2, figs. 1-7.

Along shore; Kegonsa, Nemahbin, Mendota, Muskal-
longe, Soft and Sunday Lakes.

Order CONJUGALES
Family ZYGNEMACEAE
Sub-family ZYGNEMEAE

Genus ZYGNEMA C. A. Agardh 1817.

Zygnema pectinatum (VAUCHER) C. A. AGARDH,
Synop. algarum Scand. (1817) p. 102. De Bary, Unters. u. d.
Fam. d. Conjugaten, (1858) p. 77, t. 1, figs. 15-19. Con-
Jugata pectinata Vaucher, Hist. d. Conferves d’eau douce,
(1803) p. 77, t. 7, fig. 4.

Along shore; Fowler Lake.

var. conspicuum (HASSALL) KIRCHNER; Algen, in
Cohn, Kryptogamen-Flora von Schlesien, 2 (Erste Halfte)
(1878) p. 127. Tyndaridea conspicua Hassall, Brit. Freshw.
Algae (1845) p. 164, t. 39, figs. 1-2.

Along shore; Fowler Lake.

Genus SPIROGYRA Link 1820.

Spirogyra porticalis (MUELLER) CLEVE, in Nova
Acta Reg. Soc. Sci. Upsaliensis, Ser. 3, 6 (1868) No. 11, p. 22,
t. b, figs. 8—13. Conferva porticalis Mueller, in Nova Acta Ac.
Petrop. 3 (1785) p. 89.

Along shore; Fowler, Mendota, Nemahbin (Lower), Okau-
chee and Waubesa Lakes.

Genus DEBARYA Wittrock 1872.

Debarya laevis (KUTZING) W. & G. S. WEST, in Jour.
Roy. Micr. Soc. (1897) p. 476. Zygonium Laeve Kiitzing,
Species Algarum (1849) p. 447. Mougeotia laevis (Kiitzing)
Archer, in Quart. Jour. Micr. Sci. N. S. 7 (1867) t. 8, figs. 1-3.
Along shore; Miner’s Lake.
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Sub-family MESCARPEAE

Genus MOUGEOTIA (C. A. Agardh 1824) emend.
Wittrock 1872.

Mougeotia laetevirens (A. BRAUN) WITTROCK, in
Wittrock et Nordstedt, Algae aquae dulcis exsiccatae, No. 58.
Craterospermum laetevirens A. Braun, Alg. unicell. (1855)
p. 60. DeBary, Unters. u. d. Fam. d. Conjugaten, (1858)
p. 81, t. 3, figs. 1-13.

Along shore; Sunday Lake.

Mougeotia viridis (KUTZING) WITTROCK, in Bih.
t. Kgl. Sv. Vet.-Ak. Handl. 1, No. 1 (1872) p. 39. Stauro-
spermum viride Kiitzing, Phycol. gener. (1843) p. 278.
Cooke, Brit. Freshw. Algae (1882) p. 107, t. 44, figs. 2a—2c.

Plankton; Okauchee Lake. Along shore; Franklin Lake.

Family DESMIDIACEAE

Vacant.

Order SIPHONOCLADIALES
Family CLADOPHORACEAE

Genus CLADOPHORA Kiitzing 1843.

Cladophora glomerata (L) KUTZING, Phycol. gener.
(1843) p. 266. Collins, in Tufts Coll. Studies, 2 (1909) p. 350,
t. 13, fig. 124. Conferva glomerata, Linnaeus, Systema Na-
turae, p. 721.

Along shore; Kegonsa, Monona, Geneva, Mendota and
Waubesa Lakes.

Genus RHIZOCLONIUM Kiitzing 1843.

Rhizoclonium hieroglyphicum (C. A. AGARDH)
KUTZING, Phycol. germ. (1845) p. 206. G. S. West, Brit.
Frshw. Algae (1904) p. 104, fig. 39A. Conferva hieroglyphica
C. A. Agardh, in Flora, 10 (1827) p. 636.

‘Along shore; Mendota, Kegonsa, and Plum Lakes.
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Family SPHAEROPLEACEAE

Genus SPHAROPLEA C. A. Agardh 1824.

Sphaeroplea annulina (ROTH) C. A. AGARDH, Sys-
tema algarum (1824) p. 76. Cooke, Brit. Freshw. Algea
(1882) p. 134, t. 52. Conferva annulina Roth, Catalecta.
Bot. 3 (1806) p. 7.

Along shore; Lake Mendota.

Order OEDOGONIALES
Family OEDOGONIACEAE

Genus OEDOGONIUM Link 1820.

Oedogonium plusiosporum WITTROCK, in Nova.
Acta. Reg. Soc. Sci. Upsaliensis, 3 Ser. 9, No. 3 (1875) p. 11.
Hirn, in Acta. Soc. Sci. Fennicae, 27 (1900) p. 84, t. 2, fig. 17.

Along shore; Soft Lake.

Oedogonium nodulosum var. commune HIRN, in
Acta. Soc. Sci. Fennicae, 27 (1900) p. 187, t. 30, fig. 185.

Along shore; Old Taylor’s Lake.

Genus BULBOCHAETE C. A. Agardh 1817.

Bulbochaete mirabilis WITTROCK, in Ofvers. Kgl
Vet.-Ak. Forh. 27 No. 3 (1870) p. 137, t. 1, figs. 8-9.
Along shore; Big Bass Lake.

Class HETEROKONTEAE
Order CONFERVALES
Family CHLOROTHECIACEAE

Genus CHARACIOPSIS Borzi 1895.

Characiopsis pyriformis BORZI, Studii algolicii, 2
(1895) p. 153.
Along shore; Clear and Rozen Lakes.
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Genus MISCHOCOCCUS Nigeli 1849.

Mischococcus confervicola NAGELI, Gatt. einz.
Algen. (1849) p. 82, t. 2, fig. D. :
Along shore; Minocqua Lake.

Family TRIBONEMACEAE

Genus CHLOROBOTRYS Bohlin 1901.

Chlorobotrys regularis (W. WEST) BOHLIN, in Bih.
t. Kgl. Sv. Vet.-Ak. Handl. 27, Afd. 3, No. 4 (1901) p. 34.
Chlorococcum regulare W. West, in Jour. Roy. Micr. Soc.
(1892) p. 737, t. 10, fig. 55.

Plankton; North Turtle Lake. Along shore; Beaver Lake

Genus OPHIOCYTIUM Niégeli 1849.

Ophiocytium capitatum WOLLE, Freshw. Algae of
the U. S. (1887) p. 176, t. 158, figs. 3—7. ,

Along shore; Minocqua, Plum and Razorback Lakes.

var. longispina (MOBIUS) LEMMERMANN, in Hed-
wigia, 38 (1899) p. 32, t. 4, figs. 21-25. Reinschiella longi-
spinum Mobius, in Abh. d. Senckenberg. Naturf. Ges. in
Frankfurt a. M. 18 (1894) p. 331, t. 1, figs. 31-33.

Plankton; George Lake.

Ophiocytium cochleare (EICHWALD) A. BRAUN,
Alg. Unicell. (1855) p. 54. Lemmermann, in Hedwigia, 38
(1899) p. 30, t. 3, figs. 10-12. Spirodiscus cochlearis Eich-
wald, in Bull. Soc. Imp. Natur. Moscou, 20, pt. 2 (1848)
p. 285, t. 8, fig. 4. :

Along shore; Cedar Lake.

Ophiocytium arbusculum (A. BRAUN) RABEN-
HORST, Flora Eur. Algarum, 3 (1868) p. 68. Sciadium
arbuscula A. BRAUN, ‘Algarum unicell. (1855) p. 49, t. 4,
figs. 1-11.

Along shore; Rozen Lake.

Genus TRIBONEMA Derbes et Solier 1856.

Tribonema bombycina (AGARDH) DERBES ET
SOLIER, in Suppl. Comptes Rendus de I’Acad. d. Paris 1
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(1856) p. 18, t. 4, figs. 16-21. Conferva bombycina C. A.
Agardh, Synop. Alg. Scandinaviae (1817) p. 78.

Along shore; Franklin, Otter and Rose Lake.

Tribonema minus (WILLE) HAZEN, in Mem. Torr.
Bot. Club, 11 (1902) p. 185, t. 25, figs. 7-8. Conferva bom-
bycina var. minor Wille, in Ofvers. Kgl. Vet-Ak. Forh. 36
No. 5 (1879) p. 65, t. 14, fig. 89.

Along shore; Lake Kegonsa.
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LIMNOLOGICAL APPARATUS

BY CHANCEY JUDAY

Notes from the Laboratory of the Wisconsin Geological
and Natural History Survey. IX.

The following paper was prepared in response to a num-
ber of inquiries concerning limnological apparatus that have
been received during the past few years. The first question
that confronts the student who wishes to undertake a study
of the biological problems presented by lakes is that of ob-
taining suitable apparatus for such investigations. This
question is not always an easy one to solve since much of
the apparatus can not be purchased in the market but must
be especially constructed. This means that designs must
be prepared for the various instruments desired and a me-
chanician employed to make them.

A few of the standard types of apparatus are here de-
scribed and illustrated with the hope that it may contribute
to the solution of some of these preliminary difficulties and
thus aid in arousing a more general interest in work of this
character.

PLANKTON NETS.

Three types of net have been designed to meet the re-
quirements of the various studies that have been made on
the plankton. One of them is a small net, shown’in Plate
XXXVI, fig. 1, which is used in making the regular plankton
-catches for studying the number and vertical distribution
of the organisms. It is used where only a comparatively
small quantity of water, 10 liters to 50 liters, is strained.
The second type is a larger net, shown in Plate XXXVT, fig. 1,
which is used when larger quantities of water, 1,000 liters
or more, are strained. The third type is a simple closing
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Fig. 1. Plankton bucket. Closing net, open.  Fig. 3. Closing net, closed. Fig. 4. Birge cone net and funnel.
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net, Plate XXXIV, figs. 2 and 3, which serves for the study of
the net plankton in deep lakes where it is not, practical to use a
pump, or in lakes where it is not convenient to carry a pump
and hose. All of these nets consist of a truncated canvas
cone, a straining portion made of No. 20 silk bolting cloth,
and a detachable bucket at the bottom in which the catch
is concentrated and then transferred to the preservative.
Since the same bucket is used on all of the nets it may be
well to describe it first.

THE PLANKTON BUCKET.

The bucket consists of a head portion (fig. 1, A, and Plate
XXXIV, fig. 1) which is attached directly to the bolting cloth

" strainer and a detachable plankton bucket proper (fig. 1, B).

The head and the wall of the bucket are made of telescope
brass tubing of such sizes that the top of the bucket passes
easily but snugly over the head piece. The surfaces which
come into contact should be kept polished in order to insure
ease of manipulation. The walls of the tubing are about
0.6 mm. thick. '

The head piece, fig. 1, D, is 3.5 cm. long and has an out-
side diameter of 5.2 cm. A small peg about the middle
serves for the attachment of the bucket by means of a
bayonet joint and two pegs near its upper edge hold the
clamp in position. This head is attached to the bolting
cloth by means of a clamp, fig. 1, C, which consists of two
semi-circular pieces of bronze with wings at their ends
through which pass the screws that hold the two pieces to-
gether. The clamp is about 8 mm. wide and should be flush
with the upper edge of the head. Each half is pierced by a
small hole into which fits a small peg borne by the upper
part of the cylinder. Three small loops of brass wire are
soldered to this clamp into which lines from the framework
at the top of the net are fastened. These lines are a little
shorter than the bolting cloth cone and carry the weight of
the bucket.

The tube part of the bucket is ‘9 cm. long and has an in-

- side diameter of approximately 5.2 ¢cm. The upper part

which fits over the head is 2.8 cm. wide and has an L-shaped
opening into which the peg in the middle of the head piece
fits. (See fig. 1, B.) Below this part there are four windows
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each 3 cm. wide and 5 cm. long. The portions of tubing
between the windows are about 1.1 cm. wide and soldered
to them inside are semi-cylindrical pieces of brass wire

— s i e ekl

O
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Fig. 1.—Plankton bucket showing parts.

having a diameter of 6 mm. These pieces of brass wire
strengthen the strips of tubing and receive the screws of the
side clamps which help to hold the bolting cloth in place
over the windows. The bottom of the bucket consists of a
piece of cast bronze which is soldered into the lower end of
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Fig. 2. Plankton trap and equipment for operating it.
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the tubing flush with the bottom of the windows. It slopes
toward the center where there is an outlet tube about 2.3
cm. long. The upper diameter of this outlet is 1.2 ¢m., and
the lower 1 cm., and its walls are a little more than a milli-
meter thick. The outlet is closed by a brass plug, the handle
of which terminates in a milled head almost flush with the
top of the bucket so that the plug can be readily removed. -
(Fig. 1, F.)

The bolting cloth which covers the windows is held in
place by four brass strips which are as long as the windows
and as wide as the tubing between the ‘windows. (See fig.
1, G.) Each of these strips is attached to the bucket by
three screws. At the top and bottom of the windows the
bolting cloth is held in place by semi-circular bronze clamps
about 8 mm. wide, which have wings at their ends for the
screws which hold the two halves of the tlamp together.

In this type of bucket it requires only a few minutes to
renew the bolting cloth strainer. The new cloth is cut a little
wider than necessary so that a free edge projects beyond
the upper and lower clamps. It is wrapped around the
bucket and the clamps at the top and bottom are adjusted,
loosely at first, so that the cloth can be shifted into position.
Then holes for the screws of the binding strips between the
windows are burned with a hot wire and the strips are
screwed on. Lastly the clamps are adjusted so that they
are flush with the upper and lower edges of the windows
and then they are drawn tight by means of the screws. The
bolting cloth projecting beyond them is cut off with the
point of a knife. The ends of the bolting cloth should over-
lap on one of the strips of tubing between the windows.

THE SMALL NET.

The small net consists of a truncated canvas cone about
12 em. high and a bolting cloth cone about 30 cm. long
(Plate XXXVT, fig. 1). The framework of the canvas cone is
shown in fig. 2. It is made of brass wire 4 mm. in diameter
and consists of an upper ring 12 cm. in diameter, a lower
ring 18 cm. in diameter, and three connecting rods. The
latter have loops at their ends and are fastened to the rings
by means of pieces of smaller brass wire bent into the shape
of a figure eight. These connecting loops fit loosely onto
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the connecting rods as well as onto the rings, thus making
flexible joints, so that this part of the net is collapsible.
The connecting loops are held in place by pieces of small
brass wire soldered to the rings on either side of them. The
small wires which are soldered to the upper ring are bent
across from one side of the supporting wire to the other and
thus form loops. Three short pieces of heavy fish line are
fastened to these loops at one end and to a metal ring at

4

R o — .
Fig. 2—Wire frame for top of small net.

the other and the whole net is suspended from a piece of
rope attached to the metal ring. The three pieces of fish
line may also be tied in the form of a loop which serves for
the attachment of the supporting rope. The canvas cover-
ing is on the inside of the framework and projects about
3 cm. below the lower ring for the attachment of the bolting
cloth cone. The upper end of the canvas is turned outward
over the upper ring and sewed in place below it. The can-
vas is attached to the lower ring by a piece of braid or a
narrow strip of canvas which is sewed to the outside of the
truncated cone both above and below the ring.

In making the bolting cloth cone it is best to use a pat-
tern made of paper for cutting the cloth. In making the
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pattern an arc of a large circle is laid off on the paper with
a pencil to which a piece of cord is attached. The radius
of this circle can be determined by the folowing formula':
x:x plusi =r : R. In this formula x = the radius of the
portion of the paper that is cut off for the bucket of the net;
i = the length of the bolting cloth cone; r = radius of small
or lower end of the bolting cloth cone, while R = that at
upper or larger end. Substituting the values given above,
we have x : x plus 30 = 2.5 : 9, from which x = 11.5, and
30 cm. plus 11.5 cm. = 41.5 cm., the radius of the large
circle, or the length of the cord to be used in laying off the
arc. -

The width of the arc in degrees may be obtained from the
following equa’tion—f— =?% Substituting the above values

forxandr we havelzl—'55 =3—20and a = 78.2° This angular
width is determined with a protractor. It is necessary,
however, to make allowance for seams which will add fully
2 cm. to the length and nearly that much to the width of
the arc. The pattern should be pinned together and then
fitted onto the canvas cone in order to make sure that it is
the right size.

The two sides of the arc of bolting cloth are fastened to-
gether with a French seam, using silk thread and as small a
needle as possible so that the holes around the thread will be
very small. In sewing the bolting cloth cone to the canvas
cone, the former is turned inside out and passed up through
the latter, small end first, until the upper edge of the bolting
cloth is even with the lower edgé of the canvas. The two
- are sewed together and the bolting cloth cone is then turned
right side out, so that the seam is on the outside. The
French seam should also be on the outside of the bolting
cloth cone.

In making pump catches, the net is immersed in water
up to the canvas cone and the desired amount of water is
pumped into it. Care should be taken to prevent the
stream of water from striking the bolting cloth directly.
The pump is calibrated for the length of hose used and the
quantity of water strained may be determined approxi-

1 Ap