AcricuLTuraL Research InstiTuTE

PUSA









FRESH-WATER
BIOLOGY

BY

HENRY BALDWIN WARD, Pu.D.

DROFESSOR OF Z0OLOGY IN il UNIVERSITY OF ILLINOIS, SPECIAL INVESTIGATOR
ror T UNITED StaTis BUREAU oF FisHERrIES, Etc.

AND

GEORGE CHANDLER WHIPPLE

PROFESSOR OF SANTTARY ENGINEERING IN FlARvARD UNIVERSITY AND THE
MassacruseETTs INSTITUTE OF TECHNOLOGY

WITH THE COLLABORATION OF A STAFF
OF SPECIALISTS

FIRST EDITION

NEW YORK
JOHN WILEY & SONS, Ixc.
LoNpoN: CHAPMAN & HALL, LIMITED
L1918



CopyYrIGHT, 1918
BY
HENRY BALDWIN WARD
AND
GEORGE CHANDLER WHIPPLE

Stanbope [Press
F. H.GILSON COMPANY
BOSTON, U.S. A



COLLABORATORS

Epwarp AsaBEL BIRGE, Dean of the College of Letters and Science in the University
of Wisconsin

Natean Avcustus Coss, United States Department of Agriculture

WesLey RoswerL Cork, Professor of Biology in the Sheffield Scientific School of Vale
University :

HerseErT Wirriam Conn, Late Professor of Biology, Wesleyan University

CHARLES BENEDICT DAVENPORT, Director of the Station for Experimental Evolution, .
Cold Spring Harbor, Long Island, N. Y.

© Cuarzes Howarp Epumoxnpson, Assistant Professor of Zoology in the University of
Oregon

Carr H. ErcEnumanN, Professor of Zoology in Indiana University

HerBERT SPENCER JENNINGS, Professor of Zoology in Johns Hopkins University
EpwiN OakESs JorpaN, Professor of Bacteriology in the University of Chicago
CuARLES DwicHaT MARrsH, United States Department of Agriculture

Joun PErcy MOooRE, Professor of Zoology in the University of Pennsylvania
James GeEorGE NEEDHAM, Professor of Limnology in Cornell University

Epcar WirLiam Orive, Curator of the Brooklyn Botanic Garden

ArNOLD EpDWARD OrRTMANN, Curator of Invertebrate Zoology in the Carnegie Museum,
Pittsburgh

ArTHUR SPERRY PEARSE, Associate Professor of Zoology in the University of Wiscon-
sin

Raymonp Hamnes Ponp, Late Professor of Botany in the Texas Agricultural College

Epwarp Porrs, Late of Meadville, Pa.

JacoB ErLsworril REIGHARD, Professor of Zoology in the University of Michigan

Ricuarp Worriy SHARPE, Instructor in Biology in the Dewitt Clinton High School,
New York City

Vicror ERNEST SuE LFORD, Assistant Professor of Zoology in the University of Illinois
FrANK SM;;m, Professor of Zoology in the University of Illinois
Jurta WARNER SNow, Associate Professor of Botany in Smith College

CaroniNg Evrir STRINGER, Head of the Department of Biology in the Omaha High
School

Bryant WALKER, Detroit, Mich.
RoserT HENRY WOLCOTT, Professor of Zoology in the University of Nebraska.

iil






PREFACE

For the ordinary student and teacher on this continent fresh-
water life has a significance heretofore greatly underestimated.
In most parts of the country it lies at one’s very door, readily ac-
cessible, and is indeed the only type of aquatic existence which can
be studied living and at work. This fact gives to fresh-water life,
once the student has been introduced into its domain, an appeal-
ing interest that fetters his attention and stimulates his desire
to know something more of it. Among the most remarkable of
early works that followed hard upon the first use of the micro-
scope are some great classics which represent work in this very
field. '

Various European countries possess elaborate monographs on
fresh-water organisms as a whole and on single groups, but no
attempt has been made heretofore to deal with North American
fresh-water life in its entirety, and few treatises have essayed to
cover completely any group of fresh-water organisms. American
workers in general have accordingly avoided this field and the few
who have attempted to engage in its study have found their prob-
lems very difficult to solve.

The preparation of the present work was undertaken many years
ago with the purpose of stimulating the study of the material so
easily obtainable and of aiding workers of all grades to acquire
some definite and precise knowledge of the organisms met in such
study. Each chapter has been handled by a specialist on the group
and the “results achieved by this method have a significance that
could not have been attained in any other way. Conditions en-
tirely unavoidable led to the completion of the different parts of
the work at somewhat different dates. It is believed that this
will not, in fact, impair the value of the work as a whole and
will find an excuse in the magnitude of the task. Individual

chapters represent a survey of the group treated that is complete
v
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for this continent up to the time at which the chapter was
closed.

The first few chapters are devoted to a discussion of general bio-
logical factors. Evident space limits prevented extended discus-
sion of many most interesting biological topics, which are at best
only outlined here. The exact citation of sources at the close
of these chapters will aid the reader to pursue such topics further
if desired. Not all discussions on general questions have been
confined to the introductory chapters. The chapter on Rotifera,
by Jennings, presents an admirable description of life processes,
which, altho written specifically for that group, applies with ap-
propriate modifications to all groups of many-celled organisms.
In the chapter on Copepoda, Marsh has treated with some detail
the general question of distribution as illustrated by this group:
yet the very factors which he shows to be operative in it are
those that lie at the basis of the distribution of most if not all
other groups. The discussion of the aquatic vertebrates by Eigen-
mann is purely biological and the systematic outline is omitted
entirely, since that of itself would demand an entire book for its
adequate presentation. The same is true of the chapter on Bac-
teria, by Jordan, and of that on the higher aquatic plants which are
treated by Pond in the physiological (chemico-physical) aspect
primarily.

Apart from those just mentioned all chapters conform to the
same general plan. Each is devoted to a single group of organ-
isms and opens with a general account of the occurrence and his-
tory of the group. The description of the anatomy of the forms
treated is very brief and deals chicfly with such featurcs as are of
special value in the key. Similarly the life history is given in
condensed form. More attention is devoted to the biological
relations which at this point are discussed with referende to the
entire group, whereas individual features are left for later record
under individual species except as they are needed for illustrations
of general questions. Care has been exercised to include descrip-
tions of special methods for collecting, preserving, and studying
the organisms of each particular group.

Special details both biological and morphological regarding genera
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and species are included under a synoptic key which comes at the
close of each chapter except as noted above; in some cases it is
carried to species but'in others only to genera. The form utilized
for the keys has been in constant use for many years at the Uni-
versity of Illinois, having been applied to many aquatic types by
Professor S. A. Forbes and his associates. The introductory num-
ber of cach key line is followed by an alternative number printed
in parentheses and on reaching a decision that this line is not ac-
ceptable, the student proceeds at once to the line introduced by
the alternative number; in case a given alternative is accepted the
further course of the inquiry is indicated by a number at the close
of the line.

In order to achieve maximum ease in use and perspicacity in
grasping the facts presented, all the information on a given form,
viz., the illustration, the description, and the biological features with
the frequence, range, and other special data, are included between
the key line which introduces the name and the key line next fol-
lowing. The total information on a single type forms thus a solid
panel and appeals promptly and as a whole to the eye and mind of
the student. Each chapter closes with a brief list of the most
essential references to the topic. No textbooks are cited and only
such works are noted as may be considered indispensable for pres-
ent-day study of North American forms. The student is cautioned
not to regard any such list as in any sense a bibliography of the
subject.

To encompass such a mass of material within the limits of a
single volume, even tho it be generous in size, has necessitated
brevity of treatment at every point. Technical terms are defined
or discussed only once and no glossary is introduced. The index
includes important terms and all of the scientific names used in
the keys so that the reader can find every item promptly.

A serious effort was made to attain uniformity in the use of
names thruout the entire work but the worker will find that this
end was not fully achieved. The most conspicuous failure in this
particular obtains in the citation of host names for various para-
sitic species. In all such cases that name is employed which was
used by the authority from which the record is cited. Tt was felt
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that in the absence of monographic revisions of the species of
parasites noted any other method would have been indelensible
in a brief treatise.

Abundant use has been made of figures to illustrate the forms
described. Most of the illustrations are new and many of them
drawn by the author of the chapter especially for this work.

In chapter II certain figures and tables are taken with modi-
fications from Shelford’s American Communities in Temperate
America by courtesy of the Geographic Society of Chicago and the
University of Chicago Press.

It would be impossible to acknowledge all of the aid which has
been extended during the progress of the work. Valuable sugges-
tions from many sources have been freely extended us and as {reely
utilized.

To all of our colleagues who, in spite of multitudinous difficultics
and seemingly interminable delays, have worked so generously to
perfect their individual chapters the sincerest thanks of the editors
are due. Especial menticn should be made of the numerous help-
ful suggestions and criticisms given outside their own chapters
during the preparation of the work by Professors E. A. Birge and
Frank Smith. Grateful acknowledgement is also due It. C. Faust
and H. G. May for aid in reading and checking proof.

Finally, it is a pleasure as well as a duty to express our apprecia-
tion of the work of the publishers. Their forbearance and continued
kindly assistance during the long and difficult period of preparation
has made possible the completion of the work and its presentation
to the scientific worker in attractive form.
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CHAPTER I
INTRODUCTION

By HENRY B. WARD

Professor of Zoology in the University of Illinois

On the surface of the globe, water and life are intimately asso-
ciated. As water grows scantier life becomes more restricted until
with the total failure of water life also disappears. In regions where
water is very scarce the few organisms that exist have learned to
store water or to discharge vital functions with a minimum supply
and thus to meet the natural defects of the situation.

The hydrosphere, or the total water mass on the globe, forms the
subject of study for hydrography which is readily subdivided into
(1) oceanography, that deals with the vast continuous mass of
salt water in the ocean, and (2) limnology, which treats of the vari-
ous fresh-water units. The term limnology is sometimes re-
stricted in its application to the more stable bodies such as lakes
and ponds, in which case rheology is used to cover various types of
flowing waters. All fresh water is distributed over the surface of
the land and variably grouped into separate series of systems
connected with each other only through the ocean to which each
system is joined. The rare desert systems, such as terminate in
the Carson Sink or the Dead Sea, are exceptional in having no
present connection with the ocean.

Fresh water is deposited on the land in the form chiefly of rain
or snow, and tends ultimately to reach the sea, though first and
last a considerable part is taken up by evaporation and goes back
directly into the atmosphere. Much of the precipitation soaks
into the ground to reappear elsewhere in springs or by seepage
to feed ponds and streams. Activity or rate of movement dis-
tinguishes two classes of water bodies: the flowing water of streams
and the temporarily quiet water of lakes. The latter almost
always form parts of stream systems and have thereby an inti-
mate connection with the ocean that is of fundamental importance

in determining the origin of fresh-water organisms.
I



2 FRESH-WATER BIOLOGY

The more or less actively flowing waters appear in the form of
springs or rivulets, then increase and unite to make brooks, creeks,
and rivers. The transition is ordinarily gradual and size has only
a secondary influence on the biological character of the strcam.
The rate of flow, and the physical and chemical character of the
soil over and through which water drains into a stream and by
which its banks and beds are formed are the chief factors in de-
termining its life.

From the tiniest rivulet to the mightiest river one may find
every possible intermediate stage, and between the swiftest moun-
tain torrent and the most sluggish lowland stream there exists
every intermediate gradation. Biologically considered, the torrent
imposes on the development of life within its waters evident me-
chanical limitations which are not present in the slow-flowing
streams. Ordinarily the biological wealth of a stream varies in-
“versely with its rate of flow, and anything which stops or checks
the flow makes conditions more favorable for the development of
life. Flowing waters are thinly inhabited and also present con-
siderable difficulties to the student; hence they are relatively un-
explored territory.

Waters of the static type, characterized by lack of flow, form an
equally continuous series from the great lakes or inland seas pro-
gressing by insensible gradations through lake, pond, and pool to
the morass or swamp. In the first group size permits more wind
action; it also provides greater stability in level as well as in
thermal and chemical conditions. Possessing only limited com-
munication with the ocean these bodies of water constitute biolog-
ical units of great definiteness. The lake is a microcosm; a minute
replica of the ocean, it responds more quickly to changes in its en-
vironment, is simpler to grasp and easier to study. Yet it is
withal the most complicated of inland environments (Shelford).

The distinction between water bodies of different size is often
indefinite. Puddle, pond, and lake form in fact a continuous
series. Yet in a strict sense lakes are characterized by a central
region deep enough to exceed the limits of growth of the flora in
the shore zone. Ponds are shallow lakes, usually insignificant in
area, yet still of relative permanence. They constitute distinct



INTRODUCTION 3

units of environment. These more nearly stable units, the lakes
and ponds, are often rich in life. They are exceptionally favorable
for study and have been extensively investigated both in Europe
and in this country.

The temporary water body, a puddle or pool, whatever its area,
affords only conditions for transient existence that are sometimes
irregular in their recurrence and sometimes present themselves
with considerable regularity. They are fitted for organisms that
reproduce very rapidly during the favorable season and also have
special means of tiding the species over the unfavorable period.
Purely temporary water bodies, such as pools that form in hol-
lows after a heavy rain or in a wet season, develop little if any
life. - Such places on poor soil are most barren of all; the aquatic
life increases with the fertility of the soil, the age of the water body,
and the consequent accumulation of organic debris. Residual
ponds, water bodies in which the drying out is more gradual and
often incomplete and in which a central area may be protected from
complete desiccation by vegetation or proximity to the general water
level, afford conditions at the opposite extreme. The wide stretches
of lowland subject to periodic overflow from great inland rivers like
the Illinois, Missouri, and Danube in certain regions, develop a rich
flora and fauna which equals or exceeds:in abundance that found
under other circumstances (Antipa, Forbes). Similarly among
ponds adjacent to a lake basin the permanent are poorer than
those which dry out for a time (Shelford).

The smaller water body presents nearly uniform conditions
throughout and therewith also a single series of inhabiting organ-
isms. The entire area falls within the shore or shallow water
zone which is limited to such parts as support fixed plants. In
this general region are readily distinguished two zones, (a) that
of the emergent vegetation where the larger plants reach conspicu-
ously above the water level and constitute the dominant feature -
to the eye, and (2) that of submerged vegetation in which the
plants rarely project at all above the surface and in consequence
the water itself dominates the view. Both of these regions may be
subdivided on the basis of the particular form of vegetation which
is common in a given portion. In a swamp these regions are often
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the only ones that are present. But in a pond one can usually
determine the existence of a third zone in which the fixed vegeta-
tion is lacking.

With increase of the water body in size or more especially in
depth, new conditions are presented. The littoral region passes
over insensibly into a deeper bottom region with its own biological
series and to a free open-water area known as the limnetic region.
The corresponding region in the ocean is designated the pelagic
and this term is also used by some for the fresh-water area. The
plants and animals in this region are characteristic; they constitute
what is called the plankton, the floating life of the water. Such
organisms remain suspended in water during their entire existence;
they live and die “on the wing.” In the larger lakes the shore
zone loses in prominence whereas the pelagic and bottom regions
gain in distinctness and relative importance.

Lakes vary widely in character and abundance in different
regions. They are infrequent in areas that are physiographically
old and most abundant in glaciated territory, where they occur
in eroded rock basins, in partially filled rock valleys, in hollows
over the moraine, and more rarely at the margin of the ice sheet.
Sometimes lakes are found in old volcanic craters, in the depres-
sions of a lava-covered area, or behind a lava flow dam. They
occur regularly in streams as mere expansions in the course or are
formed by the inflowing delta of a lateral tributary or when the
stream breaks through a narrow neck and leaves an ox bow or cut-
off lake at the side. One finds them often on low coastal plains
some distance from the shore, more commonly close to the sca
and even on the same level with it. Old lakes without an outlet
become strongly alkaline or saline and develop aquatic life of a type
peculiar to each. Most lakes, however, are fresh and shelter organ-
isms of the same general type. .

Taken together lakes compose one-half the fresh water on the
surface of the globe. They present an infinite variety of physical
features in rocky, sandy, swampy margins, in steep and shallow
shores, in regular and broken contours with no islands or many,
with shallow water or depths that carry the bottom far below the
level of the sea.



INTRODUCTION 5

They vary in the chemical character of the soil in the lake basin
as well as in their banks and bed, in the degree of exposure to
wind and sunshine, in the relative inflow and outflow in ratio to
their volume, in their altitude as well as in geographic location.
All of these and many other factors modify and control the types of
living things and their abundance in the waters. Lake, pond,
and swamp are successive stages in change from the water-filled
hollow to the terrestrial plain that ultimately occupies the same
location. Along the margin of the lake, especially at the points
where tributary streams empty into it, the inflowing water brings
detritus of all sorts that builds out the shore and forms a shelf on
which the littoral vegetation gains a foothold. As the lake grows
old this region increases at the expense of the pelagic and bottom
areas, until the latter disappears and the former persists only in
reduced amount. Finally the entire area is conquered by deposits
of: silt and growth of vegetation. The swamp comes and is made
over into dry land traversed in winding channels by the stream
system that is responsible for these changes. In other cases the
outflowing stream cuts down the level and ultimately drains the
lake. .

Lakes are thus in a geologic sense only temporary features of
the river system to which they belong. Similar influences direct
the evolution of the stream from the violent instability of its
youth to the sluggish stability of its age. During this process of
evolution the life in the waters undergoes parallel changes. At
first the fauna is scanty but increases in numbers and variety as
new habitats are created. Unstable and intermittent conditions
indicate paucity of life; but when the aquatic environment be-
comes more permanent organisms more easily invade the territory
successfully and its life grows increasingly complex as time goes on.

Lakes influence noticeably the life of a stream system in that they
act as filters or settling basins for inflowing waters and also regulate
the volume of the discharge; thus the outflowing stream is free
from sediment and approaches constancy in level. This greater
permanence militates against the development of certain types of
life but favors others. The continued dilution of the stream by
the addition of water free from life and the removal of such organ-
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isms as are produced at a given point by the constant flow of the
water make the river plankton scanty in amount, but many fresh-
water lakes produce an immense number of plankton organisms.
These have been much studied in recent years and about them
alike in ocean and fresh water has grown up a new study, Plank-
tology, the Planktonkunde of the Germans.

Among the forms of the open water are some, primarily the fishes,
which manifest individual power of movement adequate to make
them independent of water movements, storms, and distances.
‘They can thus determine their own distribution in an active fashion
and stand in marked contrast with the plankton, for the latter is
unable to regulate effectively its location, and is dependent upon
the winds and waves for its dispersal. Typical plankton organ-
isms, in fresh water known together as the limnoplankton, are
found only in water bodies of some size, whereas in small lakes or
ponds the circumscribed open-water area contains life which con-
sists of migrants from shore and shallow water regions. Whereas
on the land higher forms, especially domestic animals, depend on
the higher fixed plants for food, in the water the higher types de-
pend upon the smaller floating plant and animal organisms which
transform inorganic materials and organic debris into available
food substances.

The floating organisms which taken together constitute the plank-
ton are grouped into two purely artificial classes according to
methods used in collecting. The constant use of fine nets (cf. p. 74)

- for collecting plankton organisms led to a conception of this type
of life that unconsciously assigned a minimum limit in size. Thus
the organisms taken in the plankton net are all that the older
authors included under the term plankton, an assemblage which
should be termed more correctly the net plankton. It is well known
through the work of many investigators during recent years and
includes a great variety of Crustacea and Rotifera with many Pro-
tozoa and Protophyta, and less regularly some other types.

Within very recent times there has been obtained by more
precise methods of collecting what has been termed by Lohmann
the nannoplankton (dwarf plankton) with a size limit he set arbi-

. tranly at 25p. It consists of the most minute organisms only,
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those that (Fig. 1) pass through the meshes of the finest silk gauze,
Swiss bolting cloth No. 25,* having meshes that measure 0.04 to
0.05 mm. square. The nannoplankton is composed chiefly of
flagellates and algz; although bacteria are constantly present they
apparently form but a minor con-
stituent in bulk and weight. The
number and variety of these or-
ganisms is truly astonishing even
in the clear waters of Alpine
lakes where according to Ruttner
they stand to the organisms of
the net plankton numerically in
the ratio of 160 :3 and at least
two-thirds of them are still un-
described and difficult to include
in known genera. The maximum
number of nannoplanktonts thus
far recorded is from Lake Men-

/ —-=/ ]

me axfk A piece of hé)lting ‘;:loth I\Toil 20 wgth
1 P ton organisms drawn between the meshes
dOta., WlS., Where C}’CIOteHa has to show rel;%ive size. Above, Rhizosolenia alata.

Upper row, left mesh: Gymmnodinium, benecath
been found to the number of over  ghpuidimim rotundatum and Exuvioella baltico,

. ight Pouchelia parva; middle mesh: P
30,000,000 per liter of water. T e meomonas marina; tight

a s maring; right

nd Rh:
mesh: Nitschio sigmatella. Achradina pulchra,
Ruttner &ISO calculates the vol-  Haiteria rubra, Nitschia closterium. Midgle Tow,
' R left mesh: Tintinnopsis nana, Tinti steen-
ume Of the nannoplankton in the strupi, Oxyrrhis phaeocysticola; middle mesh:
L . lak h . c}l:aixll g?[ IS‘IT:ZLH Chaetoceras specclles, above it (k)\n
UnZ the lef assiosira nane and saturnd, on the
pzer lakes as three times that gg’;ht Carteria; rig(tej:h me;h; chainTofl rge
1 haeloceras species aet. didymum), Tintinnop-
of ‘net plankton. ACCOI‘ dll’lg to sis beroidea. p€Iz,ower row, left mesh: Rhodomonas

2 : : baltica, Distephanus speculum; middle mesh:
Bll'ge and J uda'y the Welght of its Slr;mbidiulvfz?z’mfi'tlztum {?), M 0ring£p/zaera medi-

. . . terranea, Amoeba; tight mesh: Coccolithophora
dry organic matter varies in three wallichi, beneathon the loft Pontosphaera e,

Wisconsin lakes from slightly fhe nebt Chrvsgmonadine wihoat shell at the
i Vi bottom Rhabdosphaera claviger. X 110,
less (rarely) to 15 or 20 times (After Lobmani.)
more than that of the net plankton and is ordinarily 5 to 6 times
as great.- This amount is unquestionably of marked importance
both scientifically and practically, and the character of the or-
ganisms indicates even more clearly their fundamental impor-
tance in the problems of aquatic biology.
‘Plankton organisms are characterized by transparency, delicate
colors, and above all by their power of floating due to buoyancy and
* New No. 23 is identical with No. 20 of older authors (Lohmann).
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form resistance in contrast with related organisms. The buoyancy
is achieved by oil droplets and gas bubbles formed in the cells
whereas heavy cell walls and skeletal structures are wanting. Flo-
tation-apparatus in the shape of lateral wings, bristles, spines,
or a body form like a parachute, a spiral thread, or a gelatinous
cover — provides against rapid sinking. Ostwald has determined
that the rate of sinking is equal to the excess weight of the organism
above that of an equal water volume divided by the product of the
form resistance and the viscosity of the fluid.

Generally speaking great depth in a water body and large inflow
in proportion to volume are unfavorable to the abundant develop-
ment of the plankton organisms whereas minimal depth and scanty
inflow favor the production of plankton.

When water is first deposited on the earth it is almost absolutely
pure, containing only the minute amount of materials which it
has leached out of the atmosphere. From the ground over which
it flows or the soil through which it percolates come substances
organic or inorganic, in solution and suspension, here of one type
and there of another, that serve to enrich it and make of it an
environment capable of supporting life. “The aquatic popula-
tion of a lake or stream is thus sustained by the wastes of the land,
materials which would otherwise be carried down practically un-
altered to the sea; and rivers and lakes may be looked upon as a
huge apparatus for the arrest, appropriation, digestion, and assimi-
lation of certain raw materials about to pass from our control”
(Forbes).

For the determination of physical data on the character of bodies
of water, methods and apparatus of considerable complexity have
been devised, largely by students of oceanography, and adapted
later to fresh-water conditions. By such means the investigator
is enabled to measure in a comparative way, and sometimes in
absolute fashion, and to record environmental conditions such as
the depth, temperature, turbidity, and other physical {eatures of
the water body. Some of these determinations are simple and
require only limited apparatus; others are complex and beyond
the powers of the ordinary student of aquatic biology. The appli-
cation of such data to biologic problems is discussed in part in the
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following chapter. An adequate consideration of methods and
apparatus demands more space than is available here and for
further information the student is referred to manuals dealing with
that phase of aquatic investigation. General methods of collect-
ing and photographing aquatic organisms form the subject of a
separate chapter while such methods as are applicable to the study
of each special group are discussed in the chapter on that group.

The environment of water organisms as of all others is a com-
plex of many elements. The physical factors are determined by
the materials held in suspension or in solution in the water, by its
temperature, depth, movement, illumination, shore and bottom.
Chemical factors are found in the acidity or alkalinity of the water
and in the gases, salts, and other materials in it. The organisms
themselves make the biological environment. Living or dead, as
food or feeder, parasite or host, friend, enemy, or neutral, each
living thing contributes to the sum total of the biological complex
by which each living unit is surrounded. It is the problem of
science to unravel this tangle and to determine the relation of each
constituent, living or non-living, to the others. The conditions of
existence to which organisms are subject in different aquatic en-
vironments and the influence which these environments exert on
organisms in general are discussed in the following chapter. In
subsequent chapters an attempt has been made to present these
relations as illustrated by each group of organisms. To become
thoroughly acquainted with a $ingle group involves a knowledge
of the relations its members bear to every other organism in the
community. ‘

No climate is too rigorous for fresh-water life. It exists in
frosh-water lakes at 77° N. L., hardly if ever free from ice, often
only slightly melted and with a maximum temperature of less than
2°C. at~the bottom. The Shackleton expedition described an
extensive microfauna at 77° 30’ S. L. from Antarctic lakes that
are frozen solid for many months, often for several years. At the
other extreme of temperature evidence is less complete but Cypris
is recorded from hot springs at 50° C., ciliates and rotifers {rom
waters at 65° C., Oscillaria and nostocs from places that are
recorded at 70° to 93°C.
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The aquatic life of a permanent fresh-water body is variable
within certain limits of time and space. Each season witnesses
the coming and going of certain types which are active only in
definite periods and by resting spores, gemmules, or eggs bridge
over the intervening time. This known seasonal succession is so
definite that it gives the life of fresh water a changing character
as clear if not as conspicuous to the eye as that on land. One
may readily confuse with seasonal succession (1) the numerical
variation of a species or group due to favorable or unfavorable
conditions, and (2) the migrations which alter vertically or hori-
zontally through various water levels the distribution of a given
organism. :

One can demonstrate also a stratification of aquatic organisms
of at least two types: vertical, as when different species are found
to occur within definite limits of depth, and horizontal, as when
species are confined to particular regions of streams or lakes. Such
relations are discussed fully elsewhere.

Peculiar types of aquatic environment, such as elevated lakes,
saline lakes, and underground waters, have each special types of
living organisms. Some of these special environments have been
made the objects of extended study which has shown the clear rela-
tion of their life to that of other fresh-water bodies of the region
while demonstrating at the same time that they present a distinct
character of their own (cf. Zschokke, Banta).

The life of fresh water is probably not original but derived. It
came from the sea, by migration through brackish waters or swamps
or up into stream systems, by the gradual freshening of marine
basins cut off from the sea and converted into fresh-water bodies,
by direct transport from one body of water into another through
the agency of the wind, on the feet of birds or other wandering
animals, and finally by invasion from the land direct. - Perhaps
the bottom forms came first, as conditions there were first established.
Certainly the plankton forms found no opportunity for existence
in the violent instability of a young stream. At present the shore
forms are the most abundant and the most varied.

In some deep lakes has been found a peculiar bottom fauna,
designated as the fauna relicta, which is composed of types unlike
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other fresh-water forms and closely related to marine animals.
This fauna is often regarded as the survival from a period when
connections with the ocean were more immediate, or when climatic
conditions were different as during a glacial epoch.

The poverty of fresh-water life in variety and number of types
in comparison with that of the sea has often been emphasized.
Experimental data show it can hardly be due to lack of opportu-
nity for marine organisms to adapt themselves to fresh water for
in some geologic periods conditions have been very favorable
though in others distinctly the opposite. The severity of the
fresh-water climate, the obstacle of an ever outflowing current
and the relative newness of fresh-water bodies are evident difficul-
ties. Furthermore marine animals have generally free-swimming
embryos, distributed by water movements and sure therefore to be
eliminated gradually from the fresh-water environment even if
the adults were introduced successfully. Fresh-water animals
rarely have free-swimming larval stages and manifest what is
known as an accelerated or abbreviated development in which the
young on emerging from the egg is at a well-advanced stage.

Man has been a powerful agent in modifying fresh-water life.
By hunting and fishing he has exterminated many forms directly.
Through modifications of streams or shore for commercial pur-
poses he has indirectly eliminated many more and finally by pol-
luting the waters with sewage and waste he has rendered extensive
water areas almost devoid of aquatic life except bacteria and even
incapable of supporting any other forms. Streams below great
cities and in mining and manufacturing districts are aquatic
deserts.

Fresh-water biology is relatively a new field of study. Its
earliest records on this continent are hardly more than half a cen-
tury old: Among individual investigators in this field mention
should first be made of S. A. Forbes, whose pioneer work on the
Great Lakes has been' followed by important work on the Illinois
river system. The work of Birge on Wisconsin lakes, of Reighard
on Lakes Erie and St. Clair, and of Kofoid on the Illinois river,
warrant also especial notice. Many others whose names and work
are recorded in the following chapters have made valuable con-
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tributions to the general and special problems of fresh-water
biology.

Fresh-water biological stations have aided by organized effort
the conquest of the field. The activities of the Illinois State
Laboratory of Natural History on the Illinois river, of the Wis-
consin Geological and Natural History Survey on the lakes in that
state, of the U. S. Bureau of Fisheries on the Mississippi, of Ohio
State University on Lake Erie, of the University of Montana
Biological Station on Flathead Lake in the Rocky Mountains,
show the variety and scope of these interests. Unfortunately
only the first three are active all the year through. Other uni-
versities, notably Michigan, Indiana, Iowa, Colorado, North
Dakota, and Cornell, have participated in the study of fresh-water
life during part of the year or for a short series of years, and much
emphasis has been laid upon the lake biological station as a factor
in teaching biology. Few of these enterprises have had contin-
uous existence or permanent support. Such institutions are slowly
but surely gaining ground; their future development will aid both
the investigations of pure science and the application of such.dis-
coveries to the solution of practical problems. The significance
for man of the problems outlined in this chapter and their bearing
upon the progress of social development have been discussed.in
the final chapter of the book.

Save insects which moreover are primarily terrestrial forms, no
type of fresh-water life has developed to the diversity and com-
plexity attained by the same type in the ocean. Yet each type
has achieved a variety well illustrated in the subsequent chapters.
Only a few of those that occur in the ocean are unrepresented in
fresh water and even strictly terrestrial groups like the mammals
and flowering plants or aerial forms like birds have their aquatic
representatives. In subsequent chapters each of these groups is
discussed from the biological standpoint and in its espegial rela-
tions to fresh-water life as well as with regard to its relative impor-
tance as a factor in the fresh-water flora and fauna.

The records of science contain only scanty references to the
types of fresh-water life and their distribution on the North Amer-
ican continent, and regarding all other continents save one the
records are even more fragmentary. Of Europe alone is the in-
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formation adequate to outline a picture of the life in fresh water.

A comparison of the records shows conspicuously the uniformity

of fresh-water life on the surface of the globe, especially among

plankton organisms. Many of the forms discussed on later pages
are identical with those that occur in Europe and many more are
closely related species. The uniformity noted is not confined to

Europe and North America, but extends, within the limits of records

already made, to other continents also and even to the islands of

the sea. It is most striking perhaps among the lowest groups
as was emphasized by Schewiakoff for Protozoa.

This uniformity is due in part at least to the ease of dispersal
that the lower forms in the fresh-water fauna and flora enjoy.
They uniformly have hard-shelled resting spores, gemmules, or
eggs which are very resistant to adverse conditions, and are pro-
duced in enormous numbers. These structures are carried from
point to point on the feet of birds and other migrating animals
and are blown about in the dust until suitable conditions, e.g.,
temperature and moisture, incite development and the beginning of
a new life cycle.

Fresh-water life includes both plant and animal organisms of
various types. The number of groups represented among the plants
is not so great as the animals furnish. For details on individual
groups the student is referred to the appropriate chapter. The
following plant groups are found in fresh water:

Schizomycetes Lowest type of plant life in the water; either

or Bacteria saprophytic or parasitic in habit; found in great

variety in different sorts of aquatic environment.
For a general discussion of their relations to
fresh water consult Chapter IV, page go.

Algae Characteristic and abundant aquatic plants,
nearly all free-living, found in all kinds of water
bodies; represented by a great variety of genera
and species. ‘

For Cyanophyceae or Blue-Green Algae, see

Chapter V, page 100.

For other classes of Algae see Chapter VI, page
I15.
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Higher Plants Among these plants which are more typically
land organisms, a few species of various sorts have
become a part of the fresh-water flora. In this
change they have undergone important modifica~
tions adapting them to an aquatic existence. No
synoptic treatment of these forms has been at-
tempted.

For general biological relations involved see
Chapter VII, page 178.

Animals are represented in fresh water by many more types and
varieties than are plants. A brief outline of the various animal
groups indicates in general the part played by each in aquatic life
and will serve to correlate the various chapters dealing with in-
dividual groups. Zoologists are not agreed as to the number and
rank of the subdivisions of the animal kingdom which should be
recognized; and other texts will show some variations from the
system used here. The student should bear in mind that the order
in the printed text does not express the relationship between higher
and lower groups and no arrangement in a linear serics can show
that relationship. The phyla are indicated by full-faced type.

Protozoa Characteristic water-living forms with numerous
or Single- e . : o
elled Avimals parasitic types; represented in fresh water by

many species frequently found in great abundance;
in all regions and in all types of water bodies. The
following four sub-phyla are usually recognized.
SARCODINA The amoeboid Protozoa furnish both free-living
and parasitic species.
For the former see Chapter VIII, page 210.

Masticornora  Flagellate Protozoa include both frec-living and
parasitic species; forms of the first type are
treated in Chapter IX, page 238.

INFUSORIA Ciliate Protozoa 1nc1ude both free and. parasitic
species.
For the former see Chapter IX, page 271.
SporOZOA Exclusively parasitic forms; certain types are

abundant in fresh-water animals everywhere.
North American forms almost unknown. Group
not treated in this book.



Porifera
or Sponges

Coelenterata

Echinodermata

Platyhelminthes
or Flatworms

TURBELLARIA
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Preéminently marine; fresh-water bodies shelter
a considerable number of characteristic siliceous
forms all embraced in a single family, Spongillidae.
These are described in Chapter X, page 3o01.
A group manifesting great variety and abundance
in the sea, represented in fresh water by a very few
widely scattered types, both polyps and medusae,

all belonging to one class, the Hydrozoa; other

classes confined to the sea.

For Hydrozoa see Chapter XI, page 316.
Includes crinoids, brittle-stars, starfish, sea-ur-
chins, and sea-cucumbers; not represented in fresh
water by a single known species.

Four classes are recognized, all of which furnish
important representatives to the fresh-water
fauna.

Common in salt and fresh waters; species found

OR FREE-LIVING ip the latter generally insignificant in size. A few

Frarworums
TREMATODA

oR FLUKES

CEesTopa
OR TAPEWORMS

NEMERTINA

Nemathelminthes
or Round-
worms

are terrestrial in moist environments.

See Chapter XII, page 323.
All species parasitic; many in or on fresh-water
animals; with developmental stages, embryos
(miracidia) and larve (cercariae) that occur free-
swimming in fresh water.

See Chapter XIII, page 360.
Exclusively parasitic forms. Adults common in
fresh-water vertebrates; developmental stages in
various aquatic animals, mostly invertebrates;
rarely with a free-swimming embryonic stage.

See Chapter XIII, page 424.
Mostly marine; a very few species of small ‘size
and simple organization widely distributed in
fresh water.

See Chapter XIV, page 454.
A confused group of three classes showing little
similarity in structure and associated in a single
phylum largely as a matter of convenience. All
are well represented in the fresh-water fauna.
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NEMATODA
or TRUE RoUND-
WORMS

GORDIACEA
OR HAIR SNAKES

ACANTHOCEPHALA
OR THORNY-
HEADED WORMS

Trochelminthes
or Trochal
‘Worms

ROTATORIA
orR WHEEL
ANIMALCULES

(GASTROTRICEA

Coelhelminthes
(Annelida)
or Segmented
Worms
CHAETOPODA OR
“BRISTLE WORMS

HIRUDINEA
OR LEECHES
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Both free and parasitic forms common in all sorts
of environments; {ree-living species most abun-
dant in fresh waters and in moist soils; parasitic
species common in fresh-water hosts.
For free-living Nematoda, see Chapter XV,
page 459-
For parasitic Nematoda, see Chapter XVI,
page 510.
Parasitic in young life in insects; adult stage free-
living in fresh water.
See Chapter XVI, page 535.
Exclusively parasitic, without trace of alimentary
system. In many fresh-water hosts. Adults in
vertebrates; larval forms imperfectly known,
parasitize invertebrates.
See Chapter X VI, page 542.
Among the most characteristic of aquatic or-
ganisms. Favorite objects of study with the
early microscopists.
Microscopic free-living forms, very rarely para-
sitic. Abundant in fresh-water bodies of all sorts;
rare in the sea.
See Chapter XVII, page 553.
Minute free-livingforms. Abundant in fresh water
to which the group is limited. Imperfectly known.
See Chapter XVIII, page 621.
Two classes in fresh water both well represented;
other classes exclusively marine.

One sub-class (Polychacta) confined to the sea
save for rare types in fresh-water bodies near the
ocean; the other sub-class (Oligochadta) found
mostly in fresh water and on land.

See Chapter XIX, page 632.
Both free-living and parasitic species, the former
mostly in fresh water with a few species also on
land in moist regions; rarely marine, as ectopara-~
sites of fishes.

See Chapter XX page 646.
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CRUSTACEA

ARACHNIDA

INsECTA

Tentaculata

Brvozoa
or Moss
ANIMALCULES
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Three of the five classes usually recognized are
found in fresh water.
Only one sub-class, Cirripedia or Barnacles fur-
nishes no fresh-water representatives. The others
are well represented in the fresh-water fauna.
With few exceptions free-living forms.
For Phyllopoda see Chapter XXI, page 661.
For Cladocera see Chapter XXII, page 676.
For Copepoda see Chapter XXIII, page 741.
For Ostracoda see Chapter XXIV, page 79o.
For Malacostraca see Chapter XXV, page 828.
Chiefly terrestrial with some parasitic forms.
One or two spiders have secondarily invaded fresh
water. Among the mites one sub-order, the Hy-
dracarina, is exclusively aquatic. Nearly all
species inhabit fresh water.
For Hydracarina, or Water Mites, see Chapter
XXVI, page 851.
Two aberrant groups often attached to this
class are the following:
Linguatulida, exclusively parasitic, occur rarely
in fresh-water hosts.
Tardigrada, minute free-living forms known as
water bears; a few species not uncommon in
fresh water.
Typically land animals which in some cases
(especially for developmental stages) have gone
into fresh water and manifest secondary ada.pta—
tions to aquatic life.
See Chapter XX VII, page 876.
Of two classes, one, the Brachiopoda, is exclusively
marine. The other follows:
Sessile animals, nearly always colonial; exclu-
sively iree-living; chiefly marine but with some
fresh-water forms widely distributed.
See Chapter XXVIII, page 947.
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Mollusca Of the five classes commonly recognized, three
which are relatively small are not represented in
fresh water. Two main classes Lamellibranchia
(bivalves) and Gastropoda (univalves) common in
fresh waters, widely distributed.

See Chapter XXIX, page 957.

. Chordata Three of the four sub-phyla are exclusively
marine in distribution; but the fourth, the Verte-
brata, which is also the largest and best known,
plays an important part in the fresh-water fauna.
No attempt has been made to give a synopsis of
fresh-water vertebrates.

For a discussion of biological relations of the
Vertebrata to aquatic existence see Chapter
XXX, page 102I.
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CHAPTER II
CONDITIONS OF EXISTENCE

By VICTOR E. SHELFORD
Assistant Professor of Zoology, University of Illinois. Biologist Illinois State Laboratory
of Natural History

CoNDITIONS of existence are of importance only in so far as they
affect the life and death processes of organisms. The present
knowledge of such effects is far from complete and there is justifi-
cation for noting in detail only those conditions which observation
and experiment have shown to be important. Nevertheless if no
sclentific observations or experiments had ever been made upon
organisms, water and its properties would occupy an important
place in a discussion of conditions of existence of aquatic life.

Water possesses certain thermal .properties and certain charac-
teristic relations to other substances which put it in a class quite
apart from the vast majority of chemical substances (Henderson).
The thermal properties of water are such as to make it a very fit
condition of existence for organisms. In raising the temperature
of water one degree centigrade, several times as much heat is ab-
sorbed as in the case of various other common substances, except
living matter itself. This property moderates both winter and
summer temperatures to which aquatic organisms are subjected
(Birge). Ice melts at fully a hundred degrees lower than the fus-
ing point of other common environmental substances and the latent
heat of melting ice is proportionately high. Thus in melting, ice
absorbs large quantities of heat and in freezing water gives off this
heat again. This further modifies the aquatic climate as compared
with one that might be afforded by some other substance. The
latent heat of evaporation of water is also relatively high and this
tends to prevent the evaporation of all the water from the surface
of the land.

The expansion of water on freezing is one of its most important
21
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properties. If water contracted on freezing ice formed at the sur-
face would sink to the bottom, more would be formed and accu-
mulate at the bottom in winter. Here it would thaw very slowly
or not at all in summer and the entire surface of the earth would
thus quickly become refrigerated. The expansion of water on heat-
" ing is also very important as it is responsible for the sctting up of
currents which ventilate the aquatic environment.

Water is by far the most general solvent for other substances.
No other liquid will dissolve so many common substances. Though
it is one of the most stable and inert compounds, like salts in solu-
tion, it dissociates into parts or Zons and a very small proportion
of pure water is in the form of H* (thie cation bearing a positive
electric charge) and OH~ (the anion bearing a ncgative electric
charge). These ions are known respectively as hydrogen and
hydroxyl ioms. At 25° C. 1000 grams of pure water contain
0.000,000,1 gram of ionized hydrogen and o.000,001,7 gram of ionized
hydroxyl. Salts in solution in water are ionized. TFor example
common salt, NaCl, exists chiefly as Na* and Cl-. Henderson
states that solutions in water are the best source of ions. The
variety and complexity of the environment of aquatic organisms
and the number and variety of chemical reactions are increased by
the presence of ions.

As compared with air, water is much denser, being 773 times as
heavy. Gases and other solutes are presented to organisms in
solution and gases need not be taken into solution by surfaces
moistened by body fluids as in the case of land organisms. The
diffusion of gases is less rapid in water than in air. Some food
substances are in solution in water; many food organisms float in
it on account of its great density. This enables some aquatic
animals to rest in one position and secure food without effort.

Pravsicar anp CHEMmIcAL CONDITIONS

Physical conditions can be separated from chemical conditions
only arbitrarily. Combinations of the various physical conditions
in water may be included under the term physiography. Physi-
ography in the broad sense includes topography of the land asso-
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~ciated with aquatic environments, size and texture of surface ma-
terials, direction of prevailing winds, etc.

In streams the strength of the current is a function of volume of
water and slope of stream bed. The amount of sediment carried
and the size of the sediment particles is determined by the strength
of the current and by the character of the materials eroded. The
character of the stream floor, the ventilation of the environment,
and hence its gaseous content as well as turbidity, are determined
by the same factors. All these factors combined comprise impor-
tant conditions of existence which while they influence organisms are
often so difficult to analyze into constituent controlling factors that
for ordinary purposes it is better to lump them together under the
head of physiographic conditions in streams. Fishes and mollusks
migrate upstream during floods and downstream during drought
periods. Thus different species of fishes in a number of streams
about equally accessible to Lake Michigan but differing in size and
age as shown in Fig. 2 are very definitely related to the longitudinal
conditions in the various streams, each fish species penetrating up
stream to a point characterized by certain physiographic conditions,
regardless of the size of the stream as a whole (compare Table I
with Fig. 2). An analysis of the physical factors to which the
fishes respond and which thus determine the locality they occupy
would be a very intricate task but by a simple method of physio-
graphic analysis the differences in their ecological constitution is
clearly brought out. Thus important features of conditions of exist-
ence may be determined by physiographic analysis and the classifi-
cation of strcams should be determined by physiographic age and
physiographic conditions.

Conditions of cxistence in lakes and ponds are markedly influ-
enced by physiographic conditions. High surrounding country
broken into hills and valleys influences the action of winds on the
surface. Wind is important in determining circulation. The sur-
rounding topography determines the carrying power of streams and
thus the amount of sediment carried into lakes. The amount of
sediment determines the depth of light penetration.

The depth of lakes and ponds is definitely related to physio-
graphic conditions. Coastal lakes are usually shallow with sandy
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or muddy bottom.

with clay bottoms and sides.
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Morainic lakes are usually relatively deep

regions usually have abrupt rocky sides.

TABLE I

Solution lakes and ponds of limestone

SHOWING THE DISTRIBUTION OF FisH (NOMENCLATURE AFTER FORBES AND
RicHARDSON) IN THREE ILLINOIS STREAMS AT THE TIMES INDICATED

(The observations on Pettibone Creek were repeated in four succeeding years

with the same results.

Stars indicate presence; numbers refér to Fig. 2)

Name of stream and common

name of fish Date and scientific name 123 |4|5|61}7
Glencoe Brook.......... August, 1907
Horned dace.......... Semotilus atromaculatus. .| *
County Line Creek...... 1007-8. .t
Horned dace.......... Semotilus atromaculatus..| * | * | * | *
Black-nosed dace. .. .. Rhinichthys atronasus. . .. L
Johnny darter........ Boleosoma nigrum. . .. ... ¥
Blackhead minnow....| Pimephales promelas. .. .. *
Blunt-nosed minnow. .| Pimephales nolatus. . .. .. *
Common sucker....... Catostomus commersoniz. . *
Pettibone Creek!........ September, 1909, and April,
1910
Horned dace.......... Semotilus atromaculatus..| ? | * | ¥ | *
Red-bellied dace...... Chrosomus erythrogaster. . L
Black-nosed dace. .. .. Rhinichthys atronasus. . .. * ok
Johnny darter........ Boleosoma nigrum. . . .. .. * Ok
Common sucker. . .. .. Catostomus commersonit. . *
Bull Creek-Dead River. |September, 1gog
Horned dace.......... Semotilus atromaculatus..| ¥ | ¥ | ¥ | * | *
Red-bellied dace. ... .. Chrosomus erythrogaster. . R
Black-nosed dace. .. .. Rhinichthys atronasus. . .. ok
Common sucker. ... .. Catostomus commersonit. . | o*
* *

Blunt-nosed minnow. .
Little pickerel........
Bluegill..............
Large-mouthed black

Crappie..............
Red-horse............
Chub-sucker..........
Golden shiner........
Common shiner.......
Cayuga minnow......
Tadpole cat..........

Pimephales notatus. . . ...
Esox vermiculatus. ... ....
Lepomis pallidus. .......

Micropterus salmoides. . ..
Esox lucius.............
Pomoxts annularis. . ... ..
Moxostoma aureolum. .. ..
Erimyson sucetta. . ......
Abramis crysoleucas. . . ..
Notropis cornutus........
Notropis cayuga. . .......
Schilbeodes gyrinus. . .. ..

*

*

¥ O X ¥ X F X ¥ ¥

! The lower part of Pettibone Creek has been destroyed by the United States Naval Schaol,
otherwise the table would include the records for a point 5and perhaps a point 6, b\:t pro'i'sa’{)ly im?;o 7.

Physical factors include bottom, currents, light, temperature,
density, pressure, viscosity, etc. v
The size of bottom materials is an important condition of exist-
ence. Instreams the current sorts the materials, leaving the coars-
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est in the swiftest current and the finest in the most sluggish cur-
rent. In the curves of streams the current is usually swiftest on
the outside and most sluggish on the inside. Different animals

Bull Creek

LAKE MICHIGAN

LAKE MICHIGAN

Fi6. 2.

Diagrammatic arrangement of four streams flowing into Lake Michigan. The streams are mapped to
a scale of one mile to the inch, and the maps are placed as closely together as possible in the diagram.
The intermediate shore lines are shown in broken lines which bear no relation to the shore lines which
exist in nature. Toward thetop of the diagram is west. Each number on the diagram refers to the pool
nearest the source of the stream which contains fish, as follows: 1, horned dace (Semotilus atromaculaius);
2, red-bellied dace (Chrosomus erythrogaster); 3, black-nosed dace (Rhinichthys atronasus); 4, the suckers
and minnows; 5, the pickerel and blunt-nosed minnow; 6, sunfish and bass; 7, pike, chub sucker, etc.

The bluff referred to is about 6o feet high. The stippled area is a plain just above the level of the lake.
(After Shelford.)

tend to occupy the different kinds of bottom materials (Fig. 3).
Thus the differentiation of bottom constitutes an important differ-
entiation of conditions of existence.

The bottom of a swift stream eroding sandy soil is very unstable
and the fauna very sparse. Such streams are essentially aquatic
deserts and only a few burrowers are able to live in them. Sandy
bottomed streams with sluggish current have a luxuriant fauna
of burrowers and flora of rooted vegetation. Rocky and stony
streams have rich faunas of clinging and hiding animals.

In lakes and ponds the importance of bottom is determined by
the strength of wave action and the amount of current. The
fine bottom materials around the margin of a large lake are con-
stantly moved about; the particles grind upon one another mak-
ing the presence of bottom organisms impossible. Thus the sandy
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shores of the Great Lakes down to a depth of eight feet or more are
usually almost entirely without bottom organisms.

The character of terrigenous bottom is an important condition of
existence chiefly where current or wave action is strong and becomes
of little or no importance where there is no movement, as in the

F16. 3.
The form of bottom and size of bottom materials in a cross section of the North Branch of the Chicago
River with distribution of animals. ¢ to d natural size. a, burrowing may-fly nymph (Hexagenia sp.);
b, small bivalve (Spherium stamineum), two individuals, two views; ¢, vwxgamus snail (Campeloma in~

tegrum), seen from two sides; d, the long river snail, young and full grown (

Y ) (y leurocera elevalum); €, cross
section of the stream with reference toa curve (). (Original.)

bottom of one of the Great Lakes. However, bottoms of soft muck
containing putrescible organic matter occur in the absence of current
and constitute a condition of existence sharply differentiated from
terrigenous bottoms because they can support only certain types of
organisms, mainly anagrobes, and but few of these. Many aquatic
* animals use the bottom materials in the construction of their cases,
nests, etc. Thus the caddis worms (certain species of Mollana
and Geora) build cases of sand grains weighted at the sides by small
pebbles. The horned dace and several other fishes associated with
it use pebbles to build their nests. The pebbles must be of a cer-
tain average size. Many animals form associations (memory) with
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reference to certain stones or pebbles under or near which they live
(e.g., mayfly nymphs) and thus work out simple homing paths.

As has been stated, in streams the rate of flow is determined by
volume of water and slope of stream bed. In a comparatively
straight stream the current is swiftest in the center at the top and
least swift at the sides near the bottom; the center of the stream
bed has a current intermediate between the two. Thus sluggish
portions of streams like the Fox River (Illinois) may be swift
enough at the bottom of the center to support some swift stream
animals such as Hydropsyche and Heptageninz. There are back
eddies about stones and other obstructions so that currents in
streams are somewhat irregular.

In lakes circulation is determined by wind and differences in
temperature. A lake which is equal in temperature throughout
has a complete circulation (Fig. 4 4). The wind indicated by the
arrow (W) tends to pile the water up on one side. To compensate

FIG. 4.

The circulation of the water (4) in a lake of equal temperature; (B) in a lake of unequal tempera-
(the PJIB/ rep)resents the direction of the wind; E, epilimnion; 7', thermocline; H, hypolimnion.
ter Birge

for this currents are started downward along the shore and a cir-
culation across the bottom and upward on the other side is initiated.
Very shallow lakes and deeper lakes in the cold months of the year
have a complete circulation. Lakes of unequal temperature are
very different. For example a deep lake has a uniform tempera-
ture for a time in the spring just after the ice melts, complete cir-
culation takes place and the bottom waters are aérated. As the
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sun warms the surface waters they become so much lighter than
the deeper colder waters that the currents set up to compensate
for the piling up of the water by the wind can no longer flow to
the bottom and a superficial circulation is accordingly set up
(Fig. 4 B). A distinct thermocline (7)) is thus established. The
epilimnion (E) is warm and constantly aérated by circulation and
the hypolimnion (H) is stagnant. In the autumn as the water
gradually cools the thermocline gradually migrates to the bottom
and the earlier, complete circulation (Fig. 4 A4) is again established.

In addition to the general circulation, waves and their action
must be considered. As was noted in connection with bottom, the
shifting of fine bottom materials eliminates most animals from
sandy shores. On rocky shores in large lakes are representatives
of some of the same animal species found in swift streams. The
alternating current does not appear to exclude many such species.
In small lakes and ponds the small wave action removes decaying
organic matter and thus renders portions of the shores suitable
for animals requiring or preferring a terrigenous bottom. The
location of such shores which are usually sandy is determined
largely by the form of the lake or pond and the direction of pre-
vailing winds and inflow of water.

Currents influence animals directly by bringing pressure against
parts. Sessile animals respond to currents by changes in growth
form. But few fresh water sessile animals have been studied in this
respect, and the exact character of such responses cannot be stated,
though sponges and polyzoa are known to vary greatly. Motile
animals as a rule turn with their heads upstream and either move
against the current, making progress upstream, or remain in one
position by swimming enough to maintain themselves. TIishes
under experimental conditions will often swim against a current
which is stronger than their optimum until they are exhausted.
Many fishes orient themselves by visual impressions of the bottom
as they float downstream. Others appear to orient by differences
in pressure on the two sides of the body or by rubbing against the
bottom as they float down. Sight is probably ineffective during
floods on account of sediment. Current is essential to the spinning
of the characteristic cocoons and cases of some insects living in
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rapids. They make a shapeless mass without it. A few animals
require very complete aération or they die very quickly. Suckers
appear to die from lack of oxygen while the rainbow darter adds
something to the water in which it lives which is not removed by
artificial aération and which kills the fish unless the number of fishes
is small or the water changed often.

Light penetrates clear water to great depths. During the cruise
of the Michel Sars the penetration of sufficient light to markedly
affect the most sensitive photographic plates in 8o min. was found
at a depth of 1000 meters (latitude 31° 20/, June 5-6. Sun nearly
over head; for methods see Murray and Hjort). No effect was
obtained at 1700 meters with an exposure of two hours. Light
sufficient to affect the plates in 2 hours lies somewhere between
1000 and 1700 meters. There were many rays of all kinds at 100
meters but least of the red. Though penetration is rarely as great
in fresh water as in the sea, light may possibly penetrate to the
bottom of Lake Baikal which is the deepest fresh water lake known
(1300 to 1700 meters are reported).

In temperate latitudes light does not penetrate so far vertically
because it enters the water obliquely. The depth of penetration
can easily be calculated for any latitude or season from the angle
of declination of the sun, when the penetration in similar water is
known for other latitudes and seasons. '

The most important factor limiting the penetration of light into
fresh water is turbidity. Forel found the light penetration in
Lake Geneva (Switzerland) greatest when the lake contained least
sediment. Table IT gives the depth of light penetration in Lake
Geneva in March when it is clearest. Forel used much less sen-
sitive plates than were used on the Michel Sars, the sun was much
lower in the horizon and the locality 15 degrees farther north.
Thus Forel’s records show that light did not diminish notably in
the first 25 meters, fell off gradually in the second 25 meters and
then dropped off rapidly to zero for his plates at 110 meters. Fol
and Sarasin with more sensitive silver salts than were used by Forel
found that light reached 200 meters in winter. It is altogether
probable that the plates and apparatus of the Michel Sars would
show much light at three or four times the depth given by Forel.
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TABLE II

SHOWING DEPTH OF LI1GHT PENETRATION IN LAKE GENEVA (SWITZERLAND) AND
CONDITIONS AFFECTING THE SAME IN BotH LARE GENEVA (AFTER
FoRrEL) AND LAKE MICHIGAN

In the eighth column the relative results are given in scconds, in terms
of the effect on the photographic plate, of exposures to the sun.

Lake Michigan Lake Geneva, Switzerland
Rainfall Velo:itrslro%f t‘;vind Rai‘l‘i‘;‘;& and Light and depth
Month -
¥ Light | ot
. ight ight
Inches Centi- 1\';12:5 M;g?s Prec. linl'ﬁt at FMn:cll) thgth
meters | pour | second in em. d;{i};;;: aﬁldr:gle meters
_column
2.0] 5.1 17.8 8o |..... January....... 4.87 | .... | 500 sec. 0.0
2.3 5.2 /200 9.0..... February...... 3.65 | .... | s00sec. | 19.6
2.5 6.4 | 20.4 9.1 |..... Mat:ch ......... 4.72 | 110 500 sce. | 25.2
271 6.9 19.4| 8.7 .... April.......... 5.08 | .... | 400 sec. | 45.5
3.5 89| 18.3| 8.2/..... May........... 7.91 75 | 3bosec. | 55.5
3.7 9.4 | 14.4 6.5 ..... June........... 7.59 | .... | 1208€cC. | 65.0
3.6 0.2 14.6 | 6.6|..... July........ ... 7.08 | 43 6o sec. | 75.6
2.8 7.2113.4 6.0(..... August........ 804 | .... 25 sec. | 85.7
3.0 7.7116.7 7.5(..... September. . . .. 0.42 | 50 10 sec. | 95.8
2.6 6.6 |17.6 7.9 .... October....... 10.10 | .... 2 sec. |105.4
2.6 6.6 | 19.0! 8.51..... November. . ... 7.4 85 o sec. |115.6
2.1| 5.3 10.0 ( 8.0 ..... December. . . .. 753 2 B

Little work on the depth of light penetration has been under-
taken in the North American waters. In Table II the rainfall
and wind velocity over Lake Michigan are shown and the rainfall
for Lake Geneva (Switzerland). The greatest light penetration
in Lake Geneva comes when the rainfall is low and when the
mountains are still frozen. The Lake Michigan water commission
found in a brief period of study that the greatest turbidity fell in
January, February, March, and April. The table indicates that
this is in months with high wind velocity. The great rainfall of
the spring and early summer months tends to keep Lake Michigan
turbid, so the greatest light penetration may be predicted for Aug-
ust which has least rain and least wind.

Various streams are normally so muddy that light cannot be ex-
pected to penetrate more than a few feet and the fauna accordingly

lives in very faint light. Others, as for example streams and lakes
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in some of the western mountains, are very clear and one can see
to depths of 5 to 15 meters. Depth at which objects may be seen
is measured by lowering a white disc 20 cm. in diameter known as
the disc of Secchi.

When light penetrates water the red rays are most rapidly ab-
sorbed, then orange, yellow, etc. In the Michel Sars measure-
ments there were scarcely any red rays at soo meters, one-half the
depth at which light was measured. Fol found off Nice that when
down in 30 meters of water he could see a stone 7-8 meters away and
a bright object at a distance of 25 meters. Red animals looked
black, while green and blue green algz looked quite bright.

In water there is no dawn or twilight. The surface of the water
reflects practically all the light when the rays come to it very
obliquely. Fol found that in 1o meters of water solar light dis-
appeared quite suddenly long before sunset. In Funchal Harbor
(Madeira) the Prince of Monaco used Regnard’s apparatus in which
a film is moved before an opening by clockwork, and found that at
20 meters in March the day lasted ¢ hours whereas at 40 meters
the film showed the effects of light for only about 15 minutes at
2 P.M.

Light profoundly influences the migrations and distribution of
animals probably largely because it has a marked effect on life
processes. Unfortunately, however, with the exception of ultra-
violet light which penetrates the atmosphere into low altitudes in
minimal amount, very little is known of the actual physiological
effects of light. Under experimental conditions animals usually
avoid or select the blue end of the spectrum. Red usually acts as
darkness or very faint light. Thus animals living in very strong
light usually accumulate in blue or violet when exposed to spectrum
colors. Animals living in darkness collect in the red. Animals
living in moderate light usually wander about throughout the spec-
trum but a majority congregate in the blue. Probably animals
are affected through photo-chemical reactions which are brought
about most often by the blue end of the spectrum. Daphnias
select the brightest part of the spectrum which is the green or the
yellow for most organisms, brightness being determined by some
specific effect of particular wave lengths upon the light recipient
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organs. Yellow is brightest to the human retina. In addition to
color animals react to direction and to intensity of light. Prob-
ably the majority of fresh-water animals react more strongly to
direction than to intensity. Hydropsyche and Argia do not react
to intensity at all but react to direction very sharply. Experi-
mental conditions in which direction away from source accompanies
a sharp decrease in intensity gives sharpest reactions with most
aquatic animals.

Animals react to intensity with reference to an optimum. The
optimum usually corresponds to the usual light in their natural
environments. The organism may often be modified by changes
in the chemical character of the water, or even by rough handling
(Daphnia, Ranaira), so that it selects a different optimum, or re-
verses its reaction to direction of rays.

Many animals react to shadows or small areas of illumination.
Thus frogs will hop to a shadow in the middle of a sunny field and
Amblystoma will follow a person along a sunny road. This type
of behavior is doubtless an important thing under water but has
been but little investigated.

One of the topics which has absorbed much of the attention of
limnologists is the daily depth migrations of certain crustacea.
They usually accumulate near the surface at night and in deeper
water during the day. The causes of these migrations are very
complex and light is an important factor. Dice has recently dis-
cussed the matter in full. Light is probably important in confin-
ing certain animals in deep water, in turbid streams, under stones
and logs and in caves, ground water, etc.

The early invention of the thermometer has led to quite com-
plete investigation of temperature and an over-estimation of its
importance in the direct control of the distribution of life in water.
The tendency of modern investigation is to weaken the belief in
its direct importance.

Stream temperatures are probably about the same at the various
points in any cross-section, except the shallow sluggish margin on
warm summer days. The extent to which daily, seasonal, and
weather fluctuations in atmospheric temperature affect a lake is
determined by the depth and size. Small lakes with incomplete
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circulation in summer are cold at the bottom, being heated at the
surface only (Fig. 4 B). Lake Michigan is a large deep lake and
none of the seasonal temperature changes extend to the deepest
parts (Table III). In summer the water of the surface is warmed,
but if the vertical circulation is complete all the heat in the waters
flowing downward at the leeward side (Fig. 4 B) must be absorbed
above 110 meters (Table IIT) when the temperature of maximum
density is recorded. These are chiefly bottom records and do not
therefore represent the temperatures at the same level in the open
water, especially in the shallower situations where the sun’s energy
is distributed through a thinner layer of water.!

TABLE III

TEMPERATURE OF LAKE MICHIGAN (AFTER WARD)

Temperature Hour P.M. Tem- pe’I;:;?J;e
R I R [ I 3
°C. °F. | Meters | Feet °C. °C.
18.3 | 64.9 | 5.66 | 18.6| Aug. 16 4:05 Clear 16.7 | 18.3
16.7 | 62.0 | 11.32 | 37.1 | Aug. 18 9:00 a.M. | Cloudy 18.9 | 17.2
7.2 | 44.9 | 22.63 | 74.1 | Aug. 18| 12:25 Clearing 16.7 | 17.5
7.5 1 45.5 | 32.00 | 105.2 | Aug. 16 5:10 Clear 16.7 | 18.3
7.2 | 44.9 | 43.38 | 142.3 | Aug. 25 3125 | ... 20.0 | 19.4
5.2 | 41.3 | §5.03 | 183.5 | Aug. 16 | 12:05 Clear 15.6 | 18.3
5.1 | 41.1 |108.22 | 355.0 | Aug. 11 | 10:30 A.M. | Hazy ... 1189
4.2 | 39.5 |112.00 | 367.5 | Aug. 16 1:50 Clear 16.7 | 18.3
4.2 | 30.5 |132.66 | 436.0 | Aug. 18 4:30 Scatltteged 18.9 | 18.3
clouds

Most fresh-water animals are poikilothermic or cold-blooded and
their temperature varies with the surrounding temperature. Mam-
mals and birds with the exception of the manatee and rare fresh-
water dolphins and seals are not truly aquatic. Truly aquatic
warm-blooded animals usually have a thick covering of fat which
is a poor conductor of heat. A few fishes maintain 10° C. or more
above the surrounding medium, but for most fresh-water animals
0.1° to 5.0° C. are reported. Rogers recently reported only very
minute difference for goldfish. This heat is due to metabolism.

1 Temperatures below the surface may be taken with a thermometer in a two-gallon
bottle filled at the desired level or better with a Negretti-Zambra reversing ther-

mometer. For devices making continuous records of temperature, the thermophone
of Whipple or Friez’s soil and water thermograph may be used.



34 . FRESH-WATER BIOLOGY

Cold increases the metabolism of warm-blooded animals and °
decreases that of cold-blooded animals. In the cold-blooded
animals a rise of 10° C. within limits reasonably compatible with
life increases the rate of metabolism, or rate of development of
young, by two or three times. This is taken as evidence that
life is a chemical process because similar changes in temperature
have corresponding changes in rate of chemical reaction.

Thus animals aquatic in their developmental stages and which
happen to be in very shallow temporary water are automatically
accelerated in development as the sun warms the water, evaporates
it and decreases its volume at the same time increasing its tempera-
ture.

Animals react to temperature with considerable precision. Both
marine and fresh-water animals can recognize differences of 0.2° C.
and will turn back when such slight differences are encountered
under experimental conditions.

Pressure in water increases with depth. The results given by
Forel are shown in Table IV.

TABLE IV
Pressure in atmospheres...... 1 2 3 5 8 10 20
Depth in meters............. 10.328| 20.6'| .30.0 | 51.5 | 82.4 |103.27|206.49

There is a little less than one atmosphere increase in pressure
for each 10 meters of depth. According to this, animals in the
deepest parts of a lake like Lake Michigan are living under a
pressure of about 375 pounds to the square inch.

The effect of pressure on organisms was studied by Regnard.
Contrary to the popular idea he found that gelatine, agar, and
various plants and animals and excised parts of animals take up
water, swell and increase in weight under high pressure. This is
true even of terrestrial insects. At 400 to 600 atmospheres Para-
mecia become swollen and immobile, including the cilia. They
recover from ten minutes’ exposure. Carp become listless at 200
atmospheres, die at 300 and become swollen and rigid at 400
atmospheres. Salmon ova are destroyed at 400 atmospheres but
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chlorophyll bodies of green alge continue to work at 6co atmos-
pheres and cress seeds have germinated after an exposure to rooo
atmospheres. .

Table V shows the conditions and distribution of life in Lake
Michigan. The greatest pressure is 27 atmospheres which on
the basis of the work of Regnard would seem trivial. Animals
may react to pressure differences but this is not known as no pres-
sure gradient can be established without involving gravity also.
Pressure would appear to play a relatively insignificant role.

TABLE V
CoNDITIONS IN LARE MICHIGAN
Depth
Approximate physical conditions e e Vegetation and animals

Meters | Feet

Strong wave action ‘ o-1.5| o-3 | Bottom organisms wanting
on sandy shores, abundant
on rocky shores

Limit of sand-moving waves 8 26 | Organisms abundant

Limit of daily temperature fluc- | 25 82 | Lowest record of Chare and
tuations; limit of wave action; Cladophora. Lower limit of
beginning of light decrease; Mollusks except Spheride

pressure about 2§ atmospheres

Pressure 4 atmospheres, light re- | 39 | 128 | Scanty filamentous alge
duced to %

Seasonal temperature fluctua- | s4 | 177 | Lower limit of most shallow

tions less than 1° C.; light re- water animals
duced to §; pressure 5% atmos- Nostoc and diatoms
pheres

Light §; pressure 7 atmospheres 70 | 230 | No bottom plants recorded

Probably dark as night; pressure | 115 | 377 | No plants recorded
11 atmospheres; little change
in temperature; nearly uniform
conditions

Greatest depth in lake; pressure | 274 | goo | No plants recorded
27 atmospheres

With a rise of temperature both the density and viscosity of
water decrease. This tends to cause such organisms as behave
like small inanimate particles to sink. Ostwald suggested that
these differences are responsible for the depth migrations of
plankton organisms. He considered that a decrease in viscosity
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causes them to sink. The diffusion currents bring them up again
(Johnstone). This is no doubt a matter deserving investigation.
Turbidity is important largely through its relation to light. Most
aquatic animals will tolerate much sediment, at least under
experimental conditions.

Chemical factors are not directly or clearly separable from
factors that may be regarded as physical or biological. Under
this heading are considered dissolved gases, inorganic salts,
acidity, alkalinity, and neutrality.

In order to support animals and plants continuously water must
contain certain minerals and gases in solution. Salts (carbonates,
sulphates, and chlorides) of magnesium, calcium, potassium, and
sodium, and salts of iron and silicon are practically always in solu-
tion in water and their presence in definite proportions is believed to
be essential to the life of organisms. Pure distilled water has heen
shown to be harmless to certain animals for comparatively short
periods but it is doubtful if it will sustain life indefinitely. Dis-
solved gases in definite proportions are essential.

The occurrence of gases and their solubility under experimental
conditions are shown in Table VI. A standard method of express-
ing quantity of gas in solution is in cubic centimeters per liter at
0°C. and 760 mm. of mercury. Values are commonly given in
these terms.

Nitrogen is the most inert and least important of the dissolved
gases. It rarely has any direct effect on animals and plants and
this apparently only when present in considerable excess of satu-
ration. Under such conditions it accumulates in the blood vessels
and tissues of fishes, crayfishes, insects, etc. In the organs of
circulation it may thus stop the blood flow and the animals die of
asphyxia. Birge and Juday state that in lakes in the region of
the thermocline and below an excess of 12 to 38 per cent of satura-
tion occurs, but under the conditions of pressure there this would
have no effect. It is probable that in nature this condition of
excess is not commonly great enough and does not often occur for
a time long enough to cause any fatal results. Several hours or
days, depending upon the excess, are required. Excess nitrogen is
a great source of difficulty in aquaria.
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TABLE VI

SHOWING THE SOLUBILITY AND DISTRIBUTION OF ATMOSPHERIC GASES

Gas values in cubic centi-
meters per liter at 0° C. and
760 mm. mercury
Composi- - .
tion of air | At. temp. 20° C. | Maximum | Kind of water having gas
Gas in percent- 7653 . amounts content gweln in preceding
ages found in column
natural fish
Water Water waters,
absorbs| absorbs springs
from air| pure gas excepted
Nitrogen, argon,
etc..........L 79.02 |12.32 | I5.00 19.00 | Lakes
Oxygen............ 20.95 | 6.28 | 28.38 24.00 | Streams, lakes in
i winter, or with
green alge
Carbon dioxide....| o.03 | 0.27 | gor.00 30.00 | Ponds
Ammonia.......... Small | .... Very 14.00 | Sewage  contami-
traces large nated
locally quanti-
. ties
Methane........... “ cv.. | 34.00 10.00 | Bottom of lake
Hydrogen sulphide. “ .... |2900.00 o.55 | Lakes, and sewage
contaminated

The oxygen content of water varies from o cc. per liter to 23 cc.
in the presence of green alge on sunny days. The bottoms of lakes
and ponds where much putrescible matter occurs are usually
without oxygen. The hypolimnion of lakes with a thermocline
is in part without oxygen in summer. Probably free oxygen is
usually necessary to most organisms except anaérobic bacteria.
Most animals that have been studied in behavior experiments
select water with some oxygen. While some species of fishes such
as suckers, small mouthed black bass, and some cyprinids appear
to be affected by a considerable decrease from saturation at
ordinary temperatures, this appears to be the exception rather
than the rule. Increase to 25 cc. per liter under experimental
conditions does not appear to have any marked effect upon fishes
so far as life and death are concerned. Allee working on isopods
found that an increase in oxygen increases size, vigor, and amount
of positive response to current as well as efficiency of response to
current. His results have been confirmed by several students
who have repeated the experiments using different forms.

Juday has shown that a long list of common protozoa, worms,
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insects, etc., can live for a long time without free oxygen, and in
fact occur in the putrescible organic muds of the bottoms of lakes
and ponds and the hypolimnion of thermocline lakes in summer.
They evidently obtain oxygen from some chemical compounds.
Carbohydrates are present in the sea in solution in minute
quantity and there is every reason to believe them present in fresh
water. Packard found that marine Fundulus embryos live in lack
of oxygen from 73 to 141 per cent longer in the presence of glucose,
maltose, levulose, and cane sugar, the amount of increase in resist-
ance differing with the different sugars. Lactose has no such effect,
probably because it cannot be absorbed or digested.

According to Mathews’ depolarization theory oxygen is obtained
from the water in a manner analogous to the oxidation of alcohol -
to acetic acid. In the presence of O, the reaction is as follows:

C2H50H + 02 = CH3COOH + Hzo
In the absence of oxygen and the presence of levulose

C:H:;0H + H,0 = CH;COOH + 2 H,
2 H2 + 2 C6H1206 = 2 CGHMOG.

The levulose unites with the hydrogen and thus permits the
protoplasm to use the oxygen. The protoplasm is thus a strong
reducing agent.

High respiratory quotients of various animals are further evi-
dence of anagrobic respiration. The respiratory quotient is
Vol. CO; given off
Vol. O, absorbed
because oxides other than CO, are given off and CO, does not rep-
resent all the oxygen used. Thus when the quotient is more than
1 it indicates that oxygen is obtained from some source other than
free oxygen. The respiratory quotient of the medical leech is
usually near or a little more than 1 while that of a sea cucumber
(Cucumaria) and a sea sponge (Suberites) is over 2.5 (Piitter). A
large number of aquatic animals are probably able to secure oxygen
from compounds containing it and they are therefore facultative
anaérobes to a considerable degree.
~ Distribution of organisms in water is not clearly correlated with

oxygen content. The minimum for most animals is comparatively

In aérobic animals this value is less than x
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low as, for example, in fishes insufficient oxygen acts on the respira-
tory center through the development of organic acid in the blood
due to incomplete oxidation, and causes the respiratory movements
to beincreased. There is some evidence that respiratory activity is
increased through direct reflex action through the gills and opercles.
This increased respiratory activity supplies plenty of oxygen.
Ammonia occurs in minimal quantities in natural waters but
may be present in some quantity in sewage or gas works wastes.
Ammonia like the other gases (CO, SO,, and CyH,) introduced into
streams by gas works is not only extremely poisonous, but fishes
do not turn back from it when they encounter it and are often
overcome without giving the avoiding reactions which protect fishes
from excesses of other substances normal to fish environments.
Methane is a saturated hydrocarbon and has minor effects upon
organisms though it may be present in the hypolimnion of lakes in
considerable quantity. Traces of carbon monoxide occur also.
Hydrogen sulphide is usually present in very small quantities in
the bottoms of lakes and sewage contaminated streams. It-is
very abundant in salt lakes and arms of the sea. It results from
putrefactions and from the reduction of sulphates through the
action of the bacteria which prey upon organic sulphur (Lederer).
Though very poisonous it is not ordinarily present in sufficient
quantity to injure fishes (Shelford and Powers) though its absorp-
tion of oxygen ! reduces the amount of this gas very materially.
Carbon dioxide is the most important gas in fresh water. In
small quantities it is essential rather than detrimental to aquatic

! Samples of water without oxygen must be handled with utmost caution as an ap-
preciable amount of oxygen will be absorbed through the surface exposed by the nar-
row neck of a 250 cc. bottle in a few seconds. Biologists are very likely to attempt
great accuracy in putting up solutions and to exercise insufficient care in taking and ti-
trating samples. For ordinary work, in making up solutions it is sufficient to weigh to
one decimal place; chemicals must be carefully selected; especially, KI. The normal
solutions used will not be correct if made by an unskilled person; a correcting factor
must be used which may as well be 0.876 as 0.98¢. Skill in titrating and standardiz-
ing with solutions made by a chemist should be acquired. For methods see Birge and
Juday, and Sutton. Routine sanitary analyses include several items of unknown or
doubtful value to living organisms and do not include some of the most important
determinations such as acidity, alkalinity, hydrogen sulphide, and carbonaceous
materials that might be absorbed as food. Determinations are often not made at
once, and samples are commonly not collected from important animal habitats within
the body of water.
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animals. In large quantities it is rapidly fatal acting as a narcotic.
It is particularly injurious in the absence of oxygen which absence
is usually associated with it. Abundant oxygen decreases its
toxicity because blood has greater affinity for oxygen than for
carbon dioxide and the latter is crowded out of combination. On
account of the fact that it is usually accompanied by lack of
oxygen, putrescible muck bottom, etc., its presence in quantities
greater than 6 to 7 cc. per liter if accompanied by a bottom en-
tirely of such muck would indicate that the water was unsuitable
for trout, basses, sunfishes, and crappies.

One of the most important characteristics of a water is its
acidity or alkalinity. Protoplasm must maintain essential necu-
trality or it will die. It possesses a very effective physico-chemical
mechanism based upon the presence in excess of very weak acids
(carbonic and phosphoric) and alkalies in the form of carbonates
and phosphates. Since protoplasm must remain nearly neutral
the acidity or alkalinity of the surrounding medium cannot be
great. Thus Wells found that fishes do not live well in alkaline
water but become sluggish and inactive. Neutrality is likewise
toxic to some fresh-water fishes. They require a certain amount of
acid. The optimum acidity for the different species differs. The
optimum for the bluegill (Lepomsis pallidus Mit.) is 1 to 3 cc. of
carbon dioxide per liter and for crappies (Pomoxis annularis Raf.)
4 to 6 cc. per liter. Wells showed by using various other acids
that the hydrogen ions are the important factor. In other words
fishes require a certain concentration of hydrogen ion. Neutrality
is avoided by fishes. In the absence of acidity they select alka-
ine in preference to neutral water. Fishes and various crusta-
ceans will live in distilled water if it is slightly acid, while it is
rapidly fatal if neutral and more rapidly fatal if alkaline. The
toxicity of much ordinary distilled water is due to colloidal copper
or other metal from coolers, in suspension in it.

Wells made a rearrangement of some of the data of Birge and
Juday which showed that various plankton organisms are distrib-
uted with reference to alkalinity, neutrality, and acidity,! a few

! In the determination of alkalinity and acidity great care should be exercised in
the making of collections so as to prevent the escape of CO; The choice of indi-
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species showing a distinct avoidance of neutrality. In a number
of species the number of individuals on either side of neutrality
was greater than at the neutral region (Table VII).

TABLE VII

SHOWING CORRELATION BETWEEN DISTRIBUTION AND ALKALINITY AND ACIDITY
TO PHENOLPHTHALEIN (AFTER WELLS)

(Figures show numbers of individuals in a cubic meter of water)

Alkalinity in cc. per liter Neu- Acidity in cc. of COq
of CO, to make neutral - | trality per liter
Name of animal

3~2 1.5-1 0.5-0.25 o 0.25-0.5 | 0751 | 1-1.3
Pleocsoma........... R...| 3,023 o ° o o o )
Asplanchna......... R...| 11,320 400 o o o o o
Diaphanosoma...... C...| 2,885| 2,750 | n.c. 260 o o o
Diaptomus........ Co...l 7,850| 6,660 |17,3350|2,220| 1,440| 390| 100
Anuraea............ P...| 4,000| 1,250 200 30| 20 20 20
Cyclops........... Co...| 13,775 | 7,620 | 7,620 23 30 o 5
Notholea........... R... 625 635 65 o 63 o o
Daphnia........... C...| 1,260 650 400 | 130| 1,145 25 o
Ceratium........... P...| 52,330 {104,500 | 85,160 | 2,025 | 11,760 | 5,750 | 1,670
Polyarthra......... R...|12,350| 1,620 | 2,350 160 | 1,190 | 1,240 40
Triarthra.......... R... ol n.c. ol n.c | 1,050 1,110 2,425

R = Rotifer, C = Cladoceran, P = Protozoan, Co = Copepod, n. c. = no collection.

The amount of salt in parts per million which ranges from 50~
500 in water occupied by numerous fresh-water species is of com-
paratively little significance to animals but of much importance to
plants. The effect of most salts upon organisms is due to the
character of the ions, valence, electrical charges, etc. The effect
of any combination of salts is due to their combined action. For
example, marine animals will not live in NaCl alone even when
the osmotic pressure is the same as in sea water; it is very toxic.
They will not live in NaCl and KCl or NaCl and CaCly; all three

cators is also very important. Methyl orange is unaffected by CO. and other organic
acids because of their small ionization. Thus Marsh’s conclusion, based upon methyl
orange, that if water becomes acid it kills fishes is incorrect for this reason and because
it turnsred at H¥ o N and remains yellow at H* 107 N .
OH—107N OH—-10—°N
e —7

(%_—It_—l—%% and turns red at OFI[{-’:_II———OO_QEI%. Rosalic acid is rose at ‘(’)Ijﬂ-i-:l’s‘of_'%
which is true neutrality. In the table above true neutrality probably falls in the first
column to the right of the center. CO. production may be sufficient to neutralize
this slight alkalinity in the layer of water next to the animal. The terms alkalinity

and acidity are used in this chapter in the sense of concentration of Ht and OH— jons. -

Phenolphthalein is color-

less at
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are necessary. This is believed to be due to the neutralization of
the toxicit& of the NaCl by the other salts; this is known as antag-
onism. The effects are due to the cations, one anion being suffi-
cient though some are more favorable than others.

Salts present in excess, or without the proper antagonistic salts
or ions, and salts not commonly present in quantity in fresh water
are toxic to fresh-water animals. The toxicity varies for different
salts and according to the concentration of hydrogen or hydroxyl
jons which accompany it. Ammonia salts are poisonous to fishes
if present in company with carbonates. Carbonates are not essen-
tial to the life of fishes as sulphates may be substituted entirely,
at least for short periods. Carbonates alone are fatal to fishes
because of their alkalinity. In the presence of CO,, however,
carbonates are converted into bicarbonates which are normally
present in all natural fish waters. Bicarbonates accompanied by
a small excess of CO; are not harmful. Of the salts of potassium,
the sulphate is most poisonous; sodium salts are less injurious than
those of potassium. The presence of an excess of calcium causes
the tail fins of the rock bass to degenerate and this fact was prob-
ably responsible for the tailless trout found in certain waters of
the British Isles where the water was contaminated with waste
from paper mills. There is much evidence that calcium tends
to lower the metabolic activity of organisms.

As shown by Wells fishes react to salts in solution. They are
usually negative to nitrates, more or less positive to chlorides
(markedly so to NaCl) but are decidedly negative to CaCly and
MgCl,. They are positive to ammonium chloride and are usually
very negative to sulphates. The reaction of the fishes to the salts
was shown to have a distinct relation to the acidity of the water, as
fishes that were decidedly negative to Na,SO, for instance in slightly
acid water were made positive to this salt by running the experiment
in strongly acid water (é.e., 20 cc. CO, per liter). A part of the
effect of ions lies in their effect on permeability. Alkalies increase
permeability of protoplasm. Acids first decrease and later increase it.

In animals and plants there are various rhythms of activity con-
stituting parts of their physiological life- histories or recurring
functions lying within them. These often coincide with rhythms
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of conditions. The principal environmental rhythms are daily,
seasonal, weather, and lunar, and, in the sea, tidal.

Rhythms of fresh-water organisms have been but little studied.
From the seasonal standpoint it has been observed that some organ-
isms tend to do certain things even though the external conditions
which usually accompany them are delayed, thus showing. that the
environmental rhythms have been impressed upon the organism.
The best examples of this have to do with the tide and thus do not
belong to fresh water. Bohn found that there are rhythms of
activity related to tide. The green flatworm (Convoluta roscoffensis)
comes to the surface of the sand at low tide and descends as the
tide comes in. The worm continues to ascend and descend at
tide time for several days after having been removed from the sea
and kept in an aquarium.

One of the best known rhythmic movements in fresh water is
the daily depth migration of crustacea. Whether they show any
tendency to make such movements when placed under uniform
conditions is not known. Lunar rhythms likewise appear to have
been little investigated among fresh-water organisms though Kofoid
noted rhythmic monthly increases of Illinois River plankton. The
best examples of these are found among the marine worms. The
Atlantic palolo swarms within three days of the last day of the last
quarter of the June 29 to July 28 moon (Mayer), the swarming
taking place under the influence of the light of the moon.

Various single factors have been regarded as of prime importance
in the control of organisms. Thus many writers emphasize food,
others temperature, etc. Merriam has maintained for years that
the total of temperature above an arbitrary minimum during the
~ growing season controls the distribution of life in North America.
Sanderson has shown that for some insects and some horticultural
plants winter temperatures are more important, just as may be
the case with organisms like fresh-water sponges and bryozoans
having winter bodies, and aquatic plants with seeds and spores.
Marine workers emphasize salinity and density. Birge and Juday
emphasize oxygen. All these ideas have important bearings on
questions of aquatic biology but no one of them is adequate.

Dormancy sometimes makes otherwise insignificant conditions
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important. It is a common characteristic of the eggs of rotifiers,
of crustacea, insects, and other arthropods, and also of the spores
and seeds of plants. Many crustaceans deposit eggs in the autumn
which require freezing before they will hatch. Some, as for exam-
ple those of the fairy shrimp (Eubranchipus), require both summer
drying and winter freezing. The statoblasts of the {resh-water
Bryozoa germinate better after freezing or drying. Thus some
simple condition such as the rupture of the egg shell or covering
may be a requirement for growth as it is in some seeds.

Any ‘scheme that fails to consider the complete physiological
life history in relation to complete annual cycles is inadequate.
Still, because of the complexity of the problems involved simple
indices must be sought which will indicate the condition of waters
with reference to as many important factors as possible. These
indices must be selected with two facts in mind: First, that there
is in each annual cycle of the life of an individual or a species a
period of maximum sensitiveness; this falls at or near the breeding
period or at the time of appearance of young. Second, adequate
measure of hydrographic conditions are to be found in the peculiar
character of the annual rhythm rather than in the totals of this
or that factor for the year or a particular period.

Many organisms, especially food fishes, deposit their eggs on the
bottom. It is to the bottom that the dead bodies of organisms
sink and at the bottom that they decompose and produce poi-
sonous substances in greatest quantity. Decomposition of the
bodies of plants and animals results finally in gases such as
ammonia, carbon dioxide, hydrogen sulphide, methane, etc.
The presence or absence of fishes and their animal food is con-
trolled by (a) their ability to recognize the presence of strange
or detrimental substances and to turn back when such are en-
countered, and (b) by their survival or death in situations where
they cannot escape the deleterious conditions. Their ability to
recognize common injurious substances has been shown to be
very marked and precise. The difference between different
species is one of degree and special habits. The effects of the
various decomposition products are the same in a wide range of
species with only slight differences in degree. The less sensitive
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fishes are usually of less food value. Food fishes usually live asso-
ciated with organisms which, like themselves, are very sensitive
to decomposition products, and usually disappear with the
fishes.

Indices are of three types, (1) results of the inspection of the
bottom, (2) results of chemical tests of the water for decomposi-
tion products, and (3) for fishes the presence or absence of index
organisms of a semi-stationary character, such as snails, etc.,
see p. 52. Here the first two types only will be considered.

If a body of water is to support desirable game fishes it should
have an area of terrigenous bottom covered with from 6 inches to
2 feet of water for breeding grounds and an area of submerged
(Chara, etc.) and of emerging vegetation to supply food. It is
probable that for the best results these three should be about
equal. The terrigenous bottom should be comparatively free from
putrescible material. Humus which does not contain putrescible
material or even the roots of plants may be used by a few game
fishes for breeding. The amount of terrigenous (non-putrescible)
bottom up to one third that occupied by vegetation and muck is a
rough index of the suitability of an ordinary pond or lake (see
Fig. 7, p. 58) for game fishes and associated organisms. In river
bottom lakes and bayous floods may remove putrescible material
and leave bottoms composed chiefly of silt upon which luxuriant
vegetation springs up. Forbes has shown that productivity of
carp, and fishes generally, bears some direct relation to the area
fairly well supplied with submerged vegetation. The second index
must be applied to such waters. ‘

The second index is essential but must accord with the first.
The chemical character of the water must be such that the fishes
will not suffer from it or leave on account of it. Carbon dioxide
results from the decomposition of organic matter. In the process
oxygen is consumed so that the presence of any large quantity of
carbon dioxide nearly always indicates lack of oxygen. While
exact figures cannot be given it is probable that the carbon dioxide
content of water over breeding grounds (terrigenous bottom) should
not average more than three cubic centimeters per liter, nor ex-
ceed six cubic centimeters during the summer months. Such



46 FRESH-WATER BIOLOGY

amounts are not usually accompanied by lack of oxygen. T/us
the amount of carbon dioxide may be iaken as an index of the
suitability of the water. Excessive acidity due to carbon dioxide
probably favors the germination of the Saprolegnias fungi which
are very destructive of fish eggs and fishes.

Foop AND Brorocical CONDITIONS

Nitrates are necessary for the growth of aquatic plants and an
insufficient quantity is secured from mineral soil. Nitrogen can
be fixed only by nitrogen fixing bacteria, such as Clostridium, an
anagrobe, and Aszofobacter, an aérobe. These bacteria occur on
plants and animals in the mud of the bottom of bodies of water.
Plants and animals provide carbon compounds for the bacteria;
bacteria provide nitrates or nitrites.

Ammonia results from the decomposition of the dead bodies of
plants and animals. The bacteria (Nitrosomonas, Nitrobacler, Ni-
trococcus) oxidize it to nitrous acid; nitrous acid, to nitric acid.
These acids unite with bases to form nitrates and nitrites. Work-
ing against these two sources of nitrate and nitrite are various
denitrifying bacteria (e.g., Bacterium actinopelic), which reduce
nitrogen compounds to free nitrogen. Their work is greatly influ-
enced by temperature. Baur placed nitrate inoculated with Bacte-
rium actinopelie at several temperatures with results as follows:

a. Temperature, 25° C.: Denitrification initiated 24 hours after
inoculation; in 7 to 11 days later without nitrate.

b. Temperature, 15° C.: Denitrification initiated 4 days after
inoculation; in 27 days the solution was without nitrate.

¢. Temperature, 4 to 5° C.: Denitrification began 20 days after
inoculation; denitrification incomplete 112 days after.

d. Temperature, o° C.: Denitrification not initiated.

The quantity of life in water is believed to be in proportion to
the available nitrogen compounds. The greatest quantity of plank-
ton in the sea is in the polar regions in the summer. It has been
suggested that the greater retarding effect of low temperature on
the denitrifying organisms as compared with the nitrate producers
is a cause of the greater quantity of life in the colder waters. Loeb
holds the theory that the greater quantity is due to the longer life
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of the organism in cold water. Dissolved nitrogen is important
for the work of nitrogen fixing bacteria. Oxygen is necessary for
the production of CO,. Carbon dioxide is necessary for the starch
building of chlorophyll-containing plants and animals. These green
organisms form the chief food basis of all other organisms. Pro-
teids or other complex foodstuffs are necessary for all animals. It is
only animals which contain chlorophyll in the form of alge living
symbiotically in their bodies, that can survive without taking in
complex foodstuffs. Proteids are made only when starch, nitrates,
and several other inorganic foods are present. Because of their
proteid and starch demands light is indirectly necessary to animals
which can live in darkness.

According to Piitter and Raben, who confirmed his determina-
tions using better methods, sea water, and probably fresh water as
well, contains amino-acids, oils, and carbohydrates. Piitter has
shown that many aquatic animals absorb nutrition from selution
which renders them only in part dependent upon plankton.

Plants are commonly covered with a coating of small organisms,
so that animals such as snails may rasp the surface and secure food
without eating the plant tissues themselves. One could probably
remove all the larger plants and substitute glass structures of the
same form and surface texture without greatly affecting the immedi-
ate food relations. Aquatic plants are of particular use to animals
as clinging, hiding, and nesting-places.

The quantity of plankton has been much studied. Quantity
is usually expressed as number of organisms per liter or cubic
meter of water, determined by counting a part of a collection; or
in cubic centimeters per cubic meter of water. Ward found an
average of 11.5 cc. per cubic meter in water from the surface 2 m.;
from 2 to 25 m., 3.9 cc.; 25 m. to bottom, o.4 to 1.5 cc., in Lake
Michigan (August). Pine Lake, a small lake adjoining, contained
relatively less plankton than Lake Michigan, the surface stratum
containing more and the deeper strata much less. Lake Michigan
contains twice as much plankton as Lake St. Clair. A small
European lake (Dobersdorfer See) contains about ten times as
much plankton as Lake Michigan. Kofoid found the average for
the year to be 2.71 cc. per cubic meter for the Illinois River and
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71.36 cc. per cubic meter the maximum; 684 cc. per cubic meter
(Turkey Lake, Ind.) is the largest amount recorded by Juday.

Small streams and lakes with large inflow and outflow have little
plankton. Large amount of plankton is usually associated with
much CO, little oxygen, and a large amount of dissolved carbonate.

The amount of plankton fluctuates from season to season. The
maximum for the Illinois River is from April to June. It gradually
decreases until December and January, when the minimum is
reached. The light of the moon may increase photosynthesis and
thus the amount of phyto-plankton (Kofoid). The maximum of
Entomostraca was found by Marsh to fall in July, August, and
September, differing in different years. In small bodies of water an
abundance of plankton is usually, though not invariably, associated
with a large quantity of larger animals and rooted plants. Large
lakes like the Great Lakes are exceptions to this because of the
absence of shallow water vegetation.

Liebig’s Law of Minimum has been applied to plankton by
Johnstone who states it as follows: “A plant requires a certain
number of foodstuffs if it is to continue and grow, and each of
these food substances must be present in a certain proportion.
If one of them is absent the plant will die; if one is present in a
minimal proportion, the growth will also be minimal. This will be
the case no matter how.abundant the other foodstuffs may be.
Thus the growth of a plant is dependent upon the amount of that
foodstuff which is presented to it in minimal quantity.” The
amount of plankton probably follows the same law. All food
substances must be present in correct proportions. The amount
of plankton may be determined by a deficiency in the amount of
one substance.

The quantity of plant and animal life probably increases with
the age of bodies of water with small outlet (sec Fig. 7, p- 58).
This is because foodstuffs are washed in with inflowing water, and
because rooted plants absorb food from soil in which they grow, and
when they die and decay these foodstuffs are added to the water
and made available to plankton and to animals in general. Accord-
ingly, the older the pond and the longer rooted vegetation has
grown, the greater the quantity of life up to the time the pond
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becomes intermittent. This principle is illustrated by an age
series of ponds at the south end of Lake Michigan. These are
similar in size and age increases in order back from the lake.

TABLE VIII
SHOWING THE NUMBER OF ENTOMOSTRACA IN APPROXIMATELY 9o LITERS OF
WATER (AFTER SHELFORD)

Body of water September 3, 4, April 30, 1910 Agﬁg%lee;‘fg]?er R:;eatge
1999 in parentheses ponds
Wolf Lake.............. 213 2,000 1,556 (3) 1
Prairie Pond I.......... 232 9:333 4,781 (3) 6
Prairie Pond II......... 4,115 19,866 11,901 (3) 28
Aug. 28, 1912
PondI................. 556 104 874 (6) 2
Pond VII............... 530 | ceeeeiiaiiann 927 (6) 14
Pond XIV.............. 2,773 133 2,680 (6) 28
Pond XXIX............ ) o T O 6o*
Pond LILI............... 351 2,600 | ..., 104*
Pond LXXXIX......... 2,870 11,400 | viieiiiai.. 178%
PondCXV............| oo 2,480 | ...l 190*

Here the number of Entomostraca is greater in the older ponds though some irregularities occur,

related to the amount of rainfall. In rainy seasons the increase with age appears almost throughout
the series.

*Intermittent ponds which show irregularities.

TABLE IX

SHOWING RATIO OF NUMBER OR QUANTITY OF DIFFERENT ORGANISMS WHEN
THE MAXIMUM IS 100 (AFTER SHELFORD) '

Relative age of ponds
2 14 28
Rooted vegetation................... 20 Go 100
Entomostraca. ..., 32 35 100
Midge larvae ....ovvn i 8o 8o 100
Sphaeridae ..o o il <} 50 100
Gilled snails. ..ooooiviini it 20 50 100
Lunged snails..o.ooooooiiiiiiaoa e 10 50 100
Amphipoda.......ooooiiiiii i, 50 90 100
Crayfishes.....oooiiiiiiiiiin s, 10 50 100
Inseets. . ovee i 40 9o 100
Pisho. ..o 100 87 87

" Phe Entomostraca are rated on the basis of actual count of six collections. The other figures are
estimates,

In passing from younger to older ponds an increase is noted in
the number of animals, excepting fish. These appear to decrease,
probably because of the increasing unsuitability of the ponds as fish
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breeding places. The oxygen content decreases, particularly on
the bottom. The distribution of the fish present in these ponds,
in so far as breeding habits were known, was found to be corre-
lated with the distribution of the bottom upon which they breed.
This becomes less and less in amount as the ponds grow older.

TABLE X

SHOWING QUANTITATIVE RESULTS OF EXAMINATION OF FACTORS RELATED TO
QUANTITY OF PLANKTON (ORIGINAL)

Pond numbers — age-series
No. of
collections

2 14 28
Total carbonates in parts per million.| 138.800 | 160.200 | 160.300 I
COq, cc. per-liter at bottom.......... 0.0 3.4 2.7 2
Oxygen, cc. per liter at bottom....... 6.28 3.47 2.78 4
Bacteriaperce...............o L 779 2450 3550 2

On the whole the carbonates, CO,, and bacteria are greater in
quantity according to age. Oxygen on the whole is less.

The increase in quantity of animals with increase of soil fer-
tility supports Knauthe’s contention that with fishes productivity
of water is directly correlated with the richness of the soil. The
weak place in Knauthe’s ideas lies in the fact that as quantity in-
creases quality decreases. The game basses and sunfishes give way
to the more inferior types and these are gradually succeeded by
bullheads, mud-minnows and dogfish. This is due to the destruc-
tion of breeding bottom for the desirable fishes by putrescible
organic matter which results in much carbon dioxide, hydrogen
sulphide, ammonia, and lack of oxygen. The German carp comes
into such a series rather late and thus productivity in carp is no
doubt correlated with a fertile substratum.

The amount and kind of rooted vegetation are very important to
animals. Of all the aquatic situations which present themselves
the largest lakes have fewest attached plants, and these are all
alge. Cladophora, Chara and filamentous algz are the most com-
mon. These do not appear to have been recorded below about
© 25 meters; some of them require solid bodies for attachment and
are probably most abundant on the rock outcrops of shallow water.

‘The vegetation of young streams consists largely of holdfast
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alge similar to those among the rocky shores of a lake. These are
of importance to animals. Sluggish streams have rooted aquatic
vegetation.

The vegetation is used as breeding places. Eggs are stuck into
plant tissues by the predaceous diving beetles (Dytiscide) and by
the water scorpions (Ramaira). Eggs are attached to plants by
the electric light bug (Belostomide), back swimmers, may-flies,
caddis-flies, water scavengers (Hydrophilide), long horned leaf
beetles (Donacia), snails, and many fishes (Umbra, and probably
Abramis). Young animals are often dependent upon plants for
shelter, to escape from enemies, etc. Many insects must come
to the surface for oxygen. The most important of these are the
Dytiscidee (adults and larve), the Hydrophilide (adults and larve),
the back swimmers, Zaitha, Belostoma, Donacia, snails, Ranaira,
and Haliplide. Some, for example Zaitha and dragon-fly nymphs,
lie in the vegetation and wait for their prey.

Different kinds of vegetation have different values for animals:
The bulrush is barren for the following reasons: (1) hardness
makes it a bad place for eggs; (z) there are no clinging places;
(3) there is little shade; (4) it gives a high temperature in summer;
(5) there is no great addition of oxygen by vegetation; (6) it
does not afford a suitable place for securing food. Eguisetum is
unfavorable for similar reasons. Elodea is excellent; Myriophyl-
lum, good; water-lilies and Chara, only fair.

AnaL COMMUNITIES

Plants and animals select their habitats through physiological
characters. Sessile plants and animals have disseminules which
usually come to rest in a great variety of conditions and grow to
maturity only in those conditions that are suitable to stimulate
development. The physiological character of the reproductive
bodies and external conditions are responsible for the distribution.

Animals select their environments by one of three methods:
(1) by wide dissemination of reproductive bodies and selective
survival, (2) by turning back when the environment in which they
move about is found to change, and (3) by selection after trial in
connection with migration. '
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Numbers of animals select the same environment because of
physiological similarity. All the animals occupying a relatively
uniform habitat constitute an animal community. A physiological
agreement exists among the animals of a community. The rapids
community of a large creek is in a gemeral agreement in reactions
to certain factors, and disagreement in respect to factors differ-
ing in intensity vertically. In Fig. 5 is shown a noteworthy agree-
ment in reaction to bottom and current under experimental condi-

. POSITIVE REACTIONS  HYDROPSYCHE OR RAPIDS COMMUNITY

SPECIES 57— w0 T M0 | 250 £ ToSTRATA
ETHEOSTOMA 77 777 = . T
i PEN WATER
CAMBARUS [ 74707777 AMONG
STONES
GONIOBASIS (TN TRAIRIINE o STONES
xS UNDER
"?EBLA STONES
HEPTAGENINA EZEE00500T
PSEPHENUS EZi=f==Fc

STRONG CURRENT =5 UNDER STONESEES3  AMONG STONES[ZZ)
REAeONG To { HARD BOTTOM [ ON STONES weak LT Y
MEDIUM LIGHT P77  STRONG LighT B kinaesTesiA [TOER

F16. 5. :
To show the agreement and disagreement of the reactions of the animals of the rapids community.
Note agreement of reaction to bottom and current and disagreement in two other reactions related tothe
level at which the animals live. These results were obtained by placing the animals under experimental
conditions in which they had a choice between ditferent kinds of bottom, different strengths of light, and
in which their behavior in a water current was noted. In the case of water current the percentage of ani-
headed upstream is given. When headed upstream animals are said to be positive to current. In
the case of the other stimuli the percentage of animals in the kind of conditions avallable was noted and the
animals are said to be positive to the conditions in which the greatest number are found. Thus note
that the darter (Etheosioma) was 8o per cent among the stones and is said to be positive to this kind of
situation. It will be noted that if the animals had been 100 per cent positive to the various stimuli the
entire 400 units would be occupied in the diagram. ‘This could be true only if there were no other factors
entering into the reactions of the animals. The common names of the animals are as follows: Etheo-
stoma, darter, Cambarus, crayfish; Gomiobasis, snail; Hydropsyche, caddice worm; drgia, damsel {ly;
Perla, stone fly; Heptogenine, may-fly sub-family; Psephenus, water peany.

tions. The preference for hard bottom in these experiments means
the avoidance of sand as only sand and hard bottom were present
in the experiments. Animals living under stones were under stones
in darkness in the experiments. The snail (Goniobasis) which lives
on stones was found on stones in the experiments, The darter -

(Etheostoma) and the crayfish (Cambarus) which live among stones
were found among stones in the experiments. Thus the different
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animals differ in their relations to bottom and are in disagreement
with reference to their vertical distribution in nature. Turning
“to reactions to light one finds a comparable difference. Animals
living beneath stones show a preference for weak light; those living
on stones, medium light; those among stones, strong light. If one
were to study the community in full one would find that reactions
to many other factors are of importance. Associative memory no
doubt plays a réle. Thus there is agreement in reaction to factors
of prime importance in the community habitat as a whole and
disagreement in respect to factors differing strikingly in the levels
in which the animals live within the community habitat. These

Mussels Physae

Bullheads

Sphaeridae

) Algae

] 3 : —

& . 5 Srhall aquatic insects
Crayfishes § Nitrogen 3

-~ il

Decaying Vegetation

Entomostraca

Amphipods
Black bass adults »
i Pickerel
Black bass young ' <
F1c. 6.

Food relations of aquatic animals. Arrows point to animal doing the eating. For explanation see text.
(Original.)
levels are called strata. The pool community shows a striking
difference from the rapids community in the presence of a strong
preference for sand bottom and in the presence of the burrowing
habit, both of which are wanting among the animals of the rapids
community. The non-burrowing pool species are positive to cur-
rent but the burrowing species do not respond within ordinary
lengths of time.

Forbes has devised a method by which the frequency of associa-
tion may be determined for any two or more species. Data re-
garding such frequency may be obtained from collections made so
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as to cover several animal communities. The association which
would result from an indiscriminate distribution is first eliminated.
Then from the total number of collections, the number of collec-
tions containing each species, and the number of collections con-
taining both species, he derives a coefficient of association by very
simple calculations.

Each animal prefers certain food. The food relations of pond
animals are shown in Fig. 6. For purposes of illustration one may
suppose the existence of a community composed of the species
named only.

Any marked change of conditions will disturb the balance in an
animal community. Assuming that because of some unfavorable
conditions in a pond during their breeding period the black bass
decrease markedly, the pickerel, which devours young bass, must
feed more exclusively on insects. The decreased number of black
bass would relieve the drain upon the crayfishes, which are eaten
by the bass; crayfishes would accordingly increase and prey more
heavily upon the aquatic insects. This combined attack of pick-
erel and crayfishes would cause insects to decrease and the number
of pickerel would fall away on account of the decreased food supply.
Meanwhile the bullheads, which are general feeders and which eat
aquatic insects, might feed more extensively upon mollusks because
of the decrease of the former, but would probably decrease also
because of the falling off of their main article of diet. It may
reasonably be'assumed that the black bass would recover its num-
bers because of the decrease of pickerel and bullheads, the enemies
of its young. A further study of the diagram shows that a balance
between the numbers of the various groups of the community
might soon result. Under certain circumstances, such as the ex-
tinction of the black bass, the resulting condition would be entirely
different from the original one, but a balance between supply and
demand would nevertheless finally be established. The commu-
nity is said to have eguilibrated when such a condition is reached;
that is, a new equilibrium is established, which may or may not be
 like the old.

The causes of fluctuations of numbers of organisms are numer-
ous. Cold winters often destroy aquatic vertebrates. Large rain-
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fall dilutes the plankton and in streams carries it away. Too
little sunshine causes a poor production of the chlorophyll bearing
organisms which are a food basis of others. Open winters favor
denitrification and may be unfavorable to certain lower invertebrates.

Animals fed upon certain kinds of food supply enzymes digest-
ing that kind of food in the proper quantity. The proportion of
the different kinds of enzymes changes with changes in diet. Under
proper experimental conditions anti-pepsin, anti-trypsin, etc., are
developed by organisms. Organisms may develop immunity to
toxins introduced into the alimentary canal with food, but the
process is a slow one. The introduction of toxins, or bacteria re-
producing them, directly into the blood is doubtless a common
thing among aquatic animals which are probably as subject to
injury and disease as are land animals (see Hill or Rosenau).
Various aquatic organisms must possess natural immunity for the
various decomposition products of fresh water (see under bacteria,
p- 04). Acclimatization must often involve the development of
immunity. As knowledge along these lines is increased the con-
viction that enzymes, toxins, immunity and related phenomena
play a very important r6le in the life of fresh-water animals grows
proportionately. Lillie has recently found that comparable phe-
nomena are of great significance in connection with the fertiliza-
tion of the eggs of marine animals and future investigation along
these lines will doubtless be of much importance.

Ecological classification must be based upon community or phy-
siological make up, behavior, and mode of life and similarity of
habitat. Those natural groups of animals which possess likenesses
are the communities which must be recognized. One community
ends and another begins where a general more or less striking
difference in the larger physiological characters of the organisms
concerned occurs. These communities generally occupy relatively
uniform environments. For any given organisms the other organ-
isms of the community are a part of the conditions of existence.
There is general agreement in the recognition of siraia, of associa-
tions as communities based upon minor differences in habitats,
and formations based upon larger major differences in habitats
and considerable agreement in the use of consocies and mores.
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Communities of different orders are given below with taxonomic
divisions of corresponding magnitude opposite for comparison.
With the exception of the first, these taxonomic groupings do not
bear the slightest relation to the ecological groupings, but are added
to indicate magnitude.

Ecological Groups Taxonomic Groups
(Mos) Mores Form (forms) (species)
Consocies Genus
Stratum or story Family
Association or society Orde-
Formation Class
Extensive formation Phylum
(Aquatic and terrestrial) (Vertebrates and invertebrates)

Mores' are groups of organisms in full agreement as to physio-
logical life histories as shown by the details of habitat preference,
time of reproduction, reaction to physical factors of the environ-
ment, etc. The organisms constituting a mores usually belong to
a single species but may include more than one species or one
species may occupy two or more habitats and be made of several
mores (Shelford; Allee).

~ Comsocies are groups of mores usually dominated by one or two

of the mores concerned and in agreement as to the main features
of habitat preference, reaction to physical factors, time of repro-
duction, etc.

Stratae are groups of consocies and organisms not so grouped,
occupying the recognizable vertical divisions of a uniform area.
Strata are in agreement as to material for abode and general physi-
cal conditions but in less detail than the consocies which constitute
them; for example, the understone stratum of a rapid brook (see
Fig. 5, p. 52)-

! Mores (latin singular mos), “behavior,” “habits,” “customs”; admissible
here because behavior is a good index of physiological conditions and constitutes the
dominant phenomenon of a physiological life history and of community relations.
This term is used just as form and forms are used in biology, in one sense to apply
to the general ecological attributes of motile organisms, in another sense to animals
or groups of animals possessing peculiar attributes. When applied in this latter
sense to single animals or a single group of animals the plural is used in a singular con-
struction. This seems preferable to using the singular form mos which has a different

meaning and introduces a second word. The organism is viewed as a complex of
activities and processes and mores is therefore a plural conception.
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A given animal is classified primarily with the stratum in which
it breeds, as being most important to it, and secondarily with the
stratum in which it feeds and lives, as in many cases most im-
portant to other animals. The migration of animals from one
stratum to another makes the division line difficult to draw in
some cases. Still, the recognition of strata is essential even though
a rigid classification is undesirable.

Associations are groups of strata uniform over a considerable
area. The majority of mores, consocies, and siraia are different in
different associations. A minority of strata may be similar. The
term is applied in particular to stages of formation development
of this ranking. The unity of association is dependent upon the
migration of the same individual and the same mores from one
stratum to another at different times of day or at different periods
of their life histories. Such migration is far more frequent than
from one association to another.

Formations are groups of associations.” Formations differ from
one another in all strata, no two being closely similar. The num-
ber of species common to two formations is usually small (e.g.,
5 per cent). Migrations of individuals from one formation to
another are relatively rare.

The following is a list of the commoner fresh-water commu-
nities:

I. Communities of ice, snow, and glacier pools (Moore).

They live at o° C. or below throughout the year (worms, insects, and
crustaceans).

II. Stream Communities (Shelford).

1. Communities of snow and ice fed sireams. They live at a little above
the freezing point most of the year. Insects are the chief inhabitants.
2. Intermittent Stream Communities
a. Intermittent rapids — variable conditions and fauna
b. Intermittent pool — variable conditions and fauna
‘¢. Permanent pool — variable aquatic conditions and hardy animals.
3. Permanent Stream Communities
a. Spring dominated stages-
(1) Spring consocies — often few or no animals on accotnt of
water conditions
(2) Spring brook associations
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4. Creek and River Communities
a. Pelagic sub-formations, independent of bottom and shores |
b. Riffle formation (turbulent water formation)
¢. Sand or gravel bottom formations
d. Sandy bottomed stream sub-formation, shifting bottom sub-
formation, aquatic desert
e. Silt or sluggish stream communities
(1) Sluggish-stream sub-formations
(2) Pelagic formations
(3) Bare bottom formations
(4) Vegetation formations

F16. 7.

Three stages in the history of a glacial lake. 4, An early stage showing bare hottom, and submerged
and emerging vegetation; B and C, successive stages in the deposition of peat and mar] and the ration
of the submerged vegetation toward the center; Erosion and bare bottom are indicated near the shore at
the right in 4 and B but are absent in C. The area inside the emerging vegetation is the plankton
region. (After Trauseau.)

ITT. Large Lake Communities (Shelford; Whipple).

1. Pelagic formations

2. Eroding rocky shore sub-formations (turbulent water formations)
3. Depositing, shifting-bottom sub-formations

4. Lower shore formations

5. Deep water formations
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IV. Lake-Pond Communities (see Figs. 7 and 8) (Shelford).

1. Pelagic sub-formations
2. Terrigenous bottom formations
3. Vegetation formations
a. Submerged vegetation associations
b. Emerging vegetation associations
4. Temporary pond formations (Shelford)

Conditions of existence in fresh water at any given point are
changing in a definite direction. This change involves every item

of the environment which has been enu-
merated on the preceding pages.
wear down their beds, wear their valleys
wider, reduce the speed of their current,
grind their coarse bottom materials into
the finest silt. The waves of lakes cut
away the shores, grind up the rocks they
break off in this process, and deposit the
silt thus produced in the bottom. Streams
lower the outlets of lakes and carry detri-
tus into them.

Ponds and small lakes support vegeta-
tion which decays, filling their bottoms
with putrescible material which is gradu-
ally transformed to humus with a lowering
of oxygen and the development of poison-
ous decomposition products. The ponds
and lakes are thus filled as well as drained
and all become swamp and finally dry land.

Streams gradually erode their way down
to sea level and become meandering base
level streams with fine silt bottom, sluggish

Streams -

Fie. 8.

Diagrammatic representation of a
lake in surface view. Vertical dashes
mark the region of erosion and sandy
bottom. Horizontal dashes indicate
the region of emerging vegetation.
Crosses indicate the region of sub-
merged vegetation. Stippling indi-
cates the region of deep water or the
hypolimnion. The region of plank-
ton occupies the entire lake except
the area of emerging vegetation and
that immediately above the bottom.
(Original.)

current and an abundance of vegetation. The base level streams
and dry land are the ultimate fates of all bodies of fresh water.
With the changes enumerated, there is always almost complete
change of animal and plant life. The physiological requirements
of the life of the first stages of the process are entirely different

from those of the last.

-
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CHAPTER III

METHODS OF COLLECTING AND
PHOTOGRAPHING

By JACOB REIGHARD
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U. S. Bureaw of Fisheries, at Put-in-Bay, Ohio

MeTtrHODS 0F COLLECTING

I. VERTEBRATES

1. FisH must be collected under the state laws .which usually
forbid the use in inland waters of any apparatus except hook and
line or dip or lift nets held in the hand. In most states licenses to
use nets for scientific purposes may be obtained either from the
state fish commission or from the game and fish warden.

(a) Seines are long nets with a weighted lead line attached to
the lower edge and a cork line attached to the upper edge so that
the nets remain upright in the water. When the net is so stretched
that it forms rectangular meshes ‘“square mesh” is the length in
inches of one side of a single square. For use in brooks or for col-
lecting small shore fishes, seines twelve or twenty-four feet long
and four or five feet in depth are suitable. The former should
be of one-quarter inch square mesh, while the latter may be of
one-half inch square mesh.
~ For larger fish, seines of fifty and one hundred feet in length, five
to nine feet deep and of inch mesh should be used, but larger
seines are not easily handled by two persons. The longer seines
should be of the twine ordinarily used for such purposes and
knotted at every crossing. For the shorter lengths the excellent
and cheaper ‘‘common-sense” minnow seines which are woven to
resemble coarse burlap may be used. Very serviceable seines
may be made of a good quality of heavy bobbinet which may
be had of dealers in dry goods. All seines are much more

efficient if provided with a bag at the center, as is the Baird col-
61
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lecting seine, but seines of this form are expensive and not abso-
lutely necessary.

Seines can be used only Where the bottom is free from large
stones or deadwood and the water not much obstructed by vegeta-
tion. A brail, or stout pole, is fastened by a double half-hitch to
both cork and lead lines at each end of the seine so as to extend
from the cork line to the lead line and keep the seine stretched
between the two lines. The seine is then operated by two persons
each of whom holds a brail in such a way that the lead line is kept
close to the bottom which it sweeps, while the seine forms an arc
of a circle between the two brails. At the end of the haul the
seine is best landed on a gently sloping bank by seizing the lead
line and drawing it in first to the bank. Where the bank does
not afford a suitable landing place a short seine may be “tripped”
in any depth of water by quickly pulling up the lead line until it
lies in the same horizontal plane as the cork line. The seine sag-
ging between the two lines retains the fish. A short seine may be
thrown or cast from a boat in deep water and immediately drawn
in and tripped. Small surface-swimming fishes are caught in this
way. Where a long seine is to be used in water too deep to wade,
a heavy weight is attached to the lower end of one brail so as
to keep it upright in the water. To the same brail a short rope
is so fastened that it extends loosely from one end of the brail
to the other. To the middle of this short rope, or bridle, is
attached a long hauling rope. The end of the seine is then
carried out into deep water by means of a boat and the free
end of the hauling rope brought back to shore, from which the
seine is hauled in by means of the rope. If a hauling rope and
weight are attached to each brail the seine may be set in the water .'
at any convenient distance from shore and parallel to it and may
then be hauled to shore by means of the ropes.

(b) Trammel nets consist of one web of fine twine of about one
inch mesh between two webs of coarse twine of about six inches
mesh. A length of one hundred feet and a depth of six or eight
feet is convenient. The fine-meshed web is much deeper than
the coarser ones and all three are attached betweea a single
cork line and a single lead line, The net is “laid” in a boat
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(see below under gill nets) and is set by stretching it along the
seaward edge of vegetation or other shelter in which fish lurk and
from which they cannot be taken with other nets. The net may
be fastened to stakes or allowed to float in water of about its
own depth, where it stands upright like a fence. The fish are
then driven from their shelter toward the net, which they strike
with such force as to carry the nearly invisible, fine web through
- the meshes of the coarser webs, so as to form pockets in which
the fish are held. The trammel net is easily transported and
very effective, especially in slightly turbid water or at night.

(c) Fyke Nets. A fyke net is made like a seine, but at its middle
is left a circular opening bordered by a hoop of wood or iron. To
the hoop is attached the pot, a series of truncated cones of netting
open at both ends. The smaller end of the first cone leads into
the larger end of the second cone and this often into a third.
The last cone of the pot is closed at its smaller end by a draw
string. Both ends of the lead and cork lines should be tied into
loops and the net should be “laid” in a boat (see below under
gill nets) and taken to the place of setting together with two stout
poles of suitable length, a rope and a heavy stone or other anchor.
The loops at one end are slid over a pole which is then thrust or
driven into the bottom. The net is then paid out from the hoat
rowed in the direction in which it is desired to set it. When the
pot is reached it is thrown overboard. When the other end of the
net is reached it is fastened to a pole set in the bottom in the
manner already described, but the net is left quite slack between
the two poles. The pot is then picked up, the rope attached to
the terminal funnel and the whole pulled usually toward the shore.!
The pull causes the net to bend into a V the wings of which
stretch from the pot to the poles. The anchor is now attached to
the end of the rope and thrown overboard. If the water is deep
a small cord with a float at one end is attached by its opposite
end to the anchor line and serves to pull up the anchor line when
the pot is to be lifted. The anchor line may be tied back to a

1 The larger fish usually taken in a fyke are caught as they go from the vegeta-

tion zone or beyond it into shoal water. They might be caught as they leave the
shoal water by setting the net the other way about.
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stake and the anchor dispensed with. Fykes are usually set across
the mouth of a small bay or inlet but may be placed anywhere.
In running water the net may face either up or down stream. It
may be necessary to set a row of stakes across the stream above
the net to catch drift wood. When fish attempt to enter the bay
or inlet across which the net is set, they follow the wings of the
fyke and enter the pot from which they are unable to escape.
The net may be left set for a long time and the fish taken from it .
at intervals by lifting the pot and loosening the draw string. The
wings of a fyke may be from fifteen to fifty feet long according to
its location, but for brook use fykes are made without wings.

Fre.9 Showing one end of a gill net as set when used in the cod fishery on the Massachusetts Coast.
1, end of the net. 2, anchor line, 3, anchor. 4, buoy line. 5, buoy. (After Goode.)

The fyke is an excellent net for catching turtles, but sheuld then
be modified as indicated in the section on turtles (p. 66).

(d) Gill nets are made of very fine cotton or linen twine and of
various meshes. Inch or two-inch square mesh and a length of
one hundred or one hundred and fifty feet are useful for collecting.
The nets are intended to be left out for days, at least, on the
bottom in deep water. They stand upright in the water (Fig. o)
and the fish strike them usually at night and become entangled in
the meshes, so that they are commonly dead when the nets are
lifted. ‘ )

A small rope of at least the length of the net is attached to one
end of the cork line and a stone or other heavy weight to serve as
an anchor is made fast to the other end of the rope. The anchor
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is placed in the boat and the rope carefully coiled near it. The
net is then carefully “laid” by folding it back and forth after
the manner of a folding fan. It is not necessary to keep the net
* stretched to its full width between the cork and lead lines. When
the opposite end of the net is reached a second and equal anchor
line with anchor attached is made fast to the cork line. A number
of gill nets may be fastened together end to end and used as a
single net, with a single pair of anchor lines and anchors. It is
convenient to lay the net on a “setting board” four or five feet
long and as wide. The board may be made like a batten door of
smooth boards and placed across the stern of the boat, where the
net is to be set. The net should be set where it is thought fish
will run, as across a narrow neck connecting two parts of a lake or
across the mouth of a bay. If the net is set down the wind it may
be handled by a single person. The upper anchor is thrown out
and, as the boat drifts with the wind, first the anchor line and
then the net are paid out, and care is taken that the net is not
fouled in going over the side of the boat. When the second anchor
line has been paid out to near its middle a small rope, long enough
to reach to the surface of the water is made fast to it and to the
free end of this is fastened a piece of wood to serve as a float.
When the end of the second anchor line is reached, the net is
pulled taut, and the second anchor thrown over. The fish may
be removed from the net by pulling up the float line until the
anchor line is recovered and by then running along this and the
cork line of the net, hand over hand, allowing the part of the net
that has been examined to fall back into the water.

(e) Traps. A cylinder is formed of wire netting of one-fourth
or one-half inch mesh. Into one end of this is fitted a cone of the
same material with its apex directed inward. The apex is trun-
cated so as to leave an opening two or more inches in diameter.
A similar cone may be fitted over the other end of the cylinder or
this may be closed by a flat cover of netting. One end of the
cylinder must be removable to permit baiting and removal of the
fish. The cylinder may be two or three feet long and a foot in
diameter and the cone eight inches deep — but larger sizes may be
used to advantage. The trap is baited with fish or meat hung
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near its middle by a wire and is lowered to the bottom at any
depth by a cord supported by a float. It isused chiefly for smaller
fish, crayfish, or Necturus. It may be set anywhere but is espe-
cially useful where water is obstructed by vegetation, rocks, or
fallen trees so that nets cannot be drawn.

(f) Care of nets. Both fyke nets and gill nets should be taken
from the water at intervals, washed, dried, and mended before they
are again used. For mending it is necessary to have a supply of
twine of which the nets are made and several wooden shuttles or
needles such as fishermen use; it is also necessary to learn the
knot used in making nets by hand. All nets when taken from
the water should be washed and carefully dried before being put
away. If left with the twine clogged with accumulated organic
matter they rapidly decay and this decay is the more rapid if the
nets are damp. They may be stored by hanging them loosely in
some dry loft or they may be packed in bags and hung from the
ceiling by cords. If left accessible to rats or mice they may be
ruined by being utilized as nest material.

In laying a net for storage or transportation the lead and cork
lines should each be folded back and forth on itself. The lead
line should be so folded that the leads are brought together and
they should then be securely tied together. If this precaution is
not taken the loose leads, carrying the lead line with them, become
woven back and forth through the net and the whole is almost
inextricably tangled together.

2. Turtles. Turtles are best taken in a turtle net which is a form
of fyke net. It should be of heavy twine and coarse mesh and, if it
is desired to keep the turtles alive, should be modified as follows:
The terminal section of the pot is made cylindrical or the whole
pot may be made with square hoops. A circular opening is cut in
the upper side of the terminal section of the pot and to this is
attached the lower end of a cylinder of netting which extends to
the water’s surface. The upper end of this cylinder is attached to
an opening cut in one side of a wooden box provided on the oppo-
site side with a hinged lid fastened with a hasp. The box is sup-
ported at the surface of the water on poles set in the bottom.
When turtles reach the terminal section of the pot they are able
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to enter the box through the cylinder of netting and are thereby
saved from drowning which would ensue if they could not reach
the air. They may be removed through the lid at the convenience
of the collector.

II. INVERTEBRATES

Invertebrates are to be collected in three situations: in the
aquatic vegetation bordering the shore, in the open water, beyond
this vegetation-zone, and on the bottom, so that the apparatus
suitable to each of these situations may be separately considered.

It is convenient to consider first those methods designed for
qualitative work, for finding out what organisms are present, and
second those methods by which the number or quantity of organ-
isms present in a unit volume of water or under a unit area of sur-
face may be determined.

A. Collecting in Littoral Vegetation

. By dip nets. 'The dip net (Fig. 10) is here of greatest use. It
con31sts of a conical netted bag about one foot in diameter and
eighteen inches deep attached to a
stout ring of brass or iron, firmly
fixed to a stiff, wooden handle seven
or eight feet long. The lower third of
the net may often be advantageously
lined with thin, cotton cloth to retain
smaller organisms. A form of this net
adapted to scraping flat surfaces, such
as logs, flat stones, banks, etc., is also
shown (Fig. 10). Ithas a semi-circular F e hiion sep {(e’;xtns?%gé?nnpe}ﬁotoi?;gﬁ;
rim and a shallow bag of canvas with by the wrles)

a bottom of No. 6 or 8 bolting cloth. The handles used on dip
nets are rake handles. The iron rings may be made by any
blacksmith. The bags are sold as minnow dip nets by dealers
in fishing tackle or by mail-order houses.

2. By collecting larger aquatic plants. With such nets many
forms visible to the naked eye may be collected directly, or the
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aquatic vegetation may be obtained and searched for smaller
organisms. Many forms that are detected with difficulty in the
field appear in abundance in the water of small
dishes containing aquatic plants, when allowed to
stand undisturbed for some days (annelids, flat
worms, rotifers, hydras, protozoa, etc.). Sub-
merged vegetation which grows in deeper water
and cannot be reached by other means may be
obtained by dragging behind a boat the grapple
(Fig. 11) described as follows by Pieters (1go1):
“This is made by passing four or five bent steel
wires through a piece of 13-inch pipe and bending
Fio. 11, Pieter? 922 back the free ends to make hooks. The pipe was
Fieters) filled with lead to make it heavier and a rope
fastened through the loops of the wires.”

3. The cone dredge. Many organisms are too small to be readily
collected with dip nets and many escape when aquatic vegetation
is gathered. These may be readily obtained
by this ingenious device of Professor E. A.
Birge, which may be run among aquatic plants
where the townet cannot be used.

The cone dredge (Fig. 12) now used by
Professor Birge consists of four parts.

A. The body is a cylinder of sheet copper
three inches in diameter and one inch deep,
wired at its lower edge to form a lip on the
outside. A brass wire bent into a V with an
eye at its apex is soldered by its free ends
inside the body while its apex extends upward
like the bail of a pail.

B. A come of brass wire netting of about
twenty meshes to the inch fits over the bail. Fic. 2. Conedredge AL

N bottom funnel-filter for use
Its base is soldered to the body and its apex g};g*;;,ggg{f?;'gm<9;'gm‘
to the eye of the bail which projects through — pigoened by Professor
it. Two flat loops of wire soldered to the
outside of the body serve for the attachment of cords.

C. The net is a conical bag of cheesecloth eighteen to twenty-
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two inches long and may, by altering the dimensions, be cut out
according to the directions given for the townet. It should be
faced with strong muslin for two or three inches at each end. It
is tied by its upper end over the flange on the body.

D. The screw tip consists of the screw top of a kerosene oil can,
extended by soldering to the male screw a copper cylinder an inch
and a quarter long. The cylinder is wired at its top to form a
projecting flange over which the tip of the net is tied. The cap
is weighted by soldering to it a lead ring of about two ounces.
Two loops of wire soldered to the outside of the screw tip serve for
the attachment of cords from the loops on the body and these
support the weight of the screw tip and take the strain off the
net.

This net may be readily dragged behind a boat among dense
water plants by means of a cord attached to the eye. The cone
fends off the water plants and lessens the amount of debris entering
the net and clogging it. The net may also be thrown from shore
to a distance of thirty or forty feet and safely hauled back through
thick vegetation. It may also be run at some depth or along the
bottom by attaching a suitable weight to the line, two or three feet
in front of the cone.

When a haul has been made the screw cap is removed so that
the contents of the net fall into a cup or jar of water. Several
successive hauls may be united. When the foreign matter which
always enters the net has settled to the bottom of the jar, the clear
water containing the entomostraca is poured into a metal funnel
with a long neck made of brass wire gauze of about forty meshes to
the inch (Fig. 12). The neck, which serves as a filter, terminates
in a tin ring which is corked. When the entomostraca have been
filtered from the water, the cork is removed and the catch washed
into an eight-dram homeopathic vial, short form, in which it is
preserved.

When many catches from different localities are to be kept sep-
arate, Professor Birge uses flat bags, one by three inches, made by
stitching together on the sewing machine pieces of India linen.
Before going into the field the bags are numbered and strung on
a thread so that they may be pulled off in order. The catch is
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poured through an ordinary tin funnel into the bags, which are
then tied and placed in the preservative.

An “improved” form of cone dredge has been described by Wol-
cott (1901), who has worked out a standard type of holder for cone
dredge, dip net, sieve, and scoop. A folding-cone dredge is sold
under the name simplex plankton net. Its cone is made of cloth.

The plankton pump may also be used for collecting free swim-
ming forms among aquatic vegetation.

In making collections along the margin of a pond or stream, or
in the puddles of a bog or half-dried ditch, it is advantageous to
use a dipper with a cane or short bamboo handle. One may
fasten to such a handle a wide-mouth bottle, a dipper with fine
metal gauze bottom, a pruning hook or other apparatus for
securing samples of the plant or animal life in such places as are
somewhat inaccessible. A shallow glass dish or white soup plate
is very useful in examining immediately refuse obtained from the
margin or bottom of such pools. By some such means the heavier
particles of sand and silt may be separated from the collectlon
before it is preserved.

B. Bottom Collecting

The dredge that is commonly used in deep-sea work is of little
value in fresh water owing to the relative barrenness of lake bottoms.
The larger bottom vegetation may be obtained at any depth by the
use of Pieters’ grapple already described. For the smaller organ-
isms that live in the superficial ooze of the bottom, the cone dredge
or the townet may be used. A weight heavy enough to bring the
line to the bottom is attached to the towline two or three feet in
front of the net. The cone dredge when attached to a weighted
line may be made to run along the bottom by weighting the screw
tip, but in that case it is well to fasten a band of cloth about the
base of the wire cone so as to leave only the upper part free.
The net, while admitting water through the tip of the wire cone,
then glides over the bottom without scraping up mud. A townet
mounted on runners, as shown here (Fig. 13), has been found
very useful by the writer for taking organisms just above soft
bottom. From the iron ring which supports the mouth of the
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net four pieces of half-inch band iron extend radially for about
three inches and then turn and run parallel to one another for some
distance beyond the tip of the net. _ '
Here they are bent inward and’
riveted at the center. '
To collect organisms that live!
in the bottom it is necessary to
use some form of dredge that will |
bring up the bottom material.-
To bring up the superficial ooze
the weight attached to the townet
line or cone dredge line may have

e !

the form of a rake, or be other- ="~ ~ R
. . . . 16, 13.  Townet on T17. 14. Triangle dredge
wise Irregular, so that it stirs up rumners, designed as used by the writer.
R . by the writer. For For description see

the ooze and drives animals from description see test. (From an orig-

text. (Froman orig- inal photograph.)
it to be caught in the net. For inelphotograph,)

animals that cannot be thus dislodged the writer has used a
triangle dredge (Fig. 14). This consists of a bag of one-fourth-
inch square mesh netting, or burlap, or other coarse material,
lined at the bottom with muslin and hung from a wrought-iron
frame which may be made by any blacksmith. The frame
consists of an equilateral triangle, twelve to fifteen inches on
each side, of heavy band iron, and of three stout iron rods,
one extending from each angle of the triangle at right angles
to its surface, to a distance of about three feet. The edge of
the triangle is formed into large saw-teeth bent slightly out-
ward so that they tend to dig into the bottom. An eye at each
corner serves to attach a rope which extends to the hauling line.
The rods serve to keep the triangle upright when the net is drawn
along the bottom, so that the mouth of the bag is open and the
teeth plow into the bottom.

Another useful type of dredge has the form of a triangular or
quadrangular pyramid, whose side and slant height are each about
six inches. A number of stout steel wires, about six on each side,
are soldered together so as to form the apex of the pyramid, while
their opposite ends are bent slightly outward beyond its base, so
that they project like the teeth of a comb. The framework thus
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formed is covered with wire cloth and the apex of the pyramid is
filled with lead to the depth of an inch and a half. An eye at each
angle serves to attach a cord. This dredge is very effective in
collecting bottom mollusca.

C. Open Waler Collecting— Qualitative Methods

1. The townet is the simplest device for collecting the plankton
organisms which abound in the open water. The following direc-
tions for making a townet are modified from
Kofoid (18¢8). The completed net (Fig. 15)
consists of a conical bag of India linen or better
of silk bolting cloth hung from a ring which is sup-
ported by three cords. The bolting cloth may
be number 12, 16 or 20 and is to be had from
dealers in mill supplies, but discarded cloth may
often be obtained from flour mills. Before cut-
ting the cloth should be shrunk by boiling in
soapsuds and then pressed. A pattern for cutting
b, 15, Saple towner WO 1€t twelve inches in diameter from a yard

without bucket, wire of forty-inch wide bolting cloth is given (Fig. 16).

rings for draw lines. dJ,

draw lines, 2 oteee The cloth has been doubled lengthwise (with the
et xing b een warp) and is shown with the fold at the right and
Kofoid) the two free edges at the left. With a radius equal
to the length of the cloth two arcs are struck from the points a
and b as centers. These arcs, which form the tops of the completed
nets, must be equal in length to one-half the circumference of the
net hoop and these lengths may be most readily determined by
rolling the net ring along the arcs. An additional width must be
allowed on the piece d, since this is in two parts and has two
seams. This is accomplished by cutting the two pieces apart
along the line ab a quarter of an inch to the right of the diagonal.
The pieces are then formed into cones and closed by a French
seam along the side and by the seam across the apex. The top
of the net is finished by sewing on a band made of a doubled
strip of butcher’s linen, cut bias and provided with a heavy cord
~sewed into its upper margin. The net is attached to the ring
- by over-cast stitches of heavy thread. The ring » (Fig. 15) of
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No. 5 spring brass wire, standard American gage, has three pairs
of wire rings % soldered on it at equal distances to hold the
drawlines d! in place. To the drawlines at
their junction a short cord w/ may be attached
for the support of a weight.

If the net is used in this form the catch
must be removed from it by turning it inside e
out and sousing the tip in a bottle of water.
It is more convenient to cut off the tip of
the net along the line 7/ and tie into it a

screw tip like that described below for the ¢

cone dredge, but without the weight. A short A Ij
glass tube closed by a rubber stopper or a 7o
bucket like that of the plankton net may be ¢

used in place of the screw tip. Provided with
-a bucket the net is identical with the plankton
net except that it lacks the canvas cone.

The townet may be dragged behind a boat
either at the surface or submerged to any depth
by means of a weight attached to the weight

F1G. 16. Showing method of
laying out a pattern for cut-
ting two townets from a
yard of cloth forty inches
wide. a-b, line along which
cloth is to be cut. ¢-d, the
two net patterns. e-f, seam
by which the bottom of the
net is closed if no bucket is
attached (see Fig.1s). g-h,
line of attachment of bucket.
i-j, line along which net is
cut off when bucket is used-
(After Kofoid.)

line. When the haul is completed the net is
soused in the water or water is thrown on its outer surface, until
the contents are washed to the tip of the net, which is then turned
inside out and the contents obtained by rinsing the tip in a bottle
of water, or allowing them to fall into preserving fluid. The pro-
cedure for a net provided with a bucket is described under the
plankton net and cone dredge.

2. Plankion Cylinders. Various forms of apparatus have been
designed for collecting plankton from a rapidly moving boat. These
are made with a very small opening for the entrance of water and
with a large filtering surface. They are designed to reduce the
pressure of the water on the filtering surface. They are described
by Steuer and others. They are chiefly of use in the sea or in
other situations accessible only to large vessels and are little em-
ployed in fresh water. The plankton cylinder is one form of such
apparatus in which a torpedo-shaped metal jacket admits water
through a small opening on its conical end and carries the filtering
gauze in the interior or on its other end.
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D. Quantilative Methods in Open Waler

1. The Quantitative Plankion Net. The plankton net and pump
are intended for the collection of plankton for quantitative inves-
tigations. The plankion net differs from the townet described
in that its rim extends upward into a truncated cone of canvas
(Fig. 17), and that it is provided with a removable bucket.

The canvas cone hinders bottom ooze from entering the net and
also hinders the slopping out of the contents as the net is drawn
above the surface. It serves further to lessen the diameter of the
net opening, so that a larger fraction of the column of water above
the net opening is filtered and less of it is pushed aside by the
resistance of the filtering gauze.

The plankton net (Fig. 17) in use at the University of Wisconsin
is here first descnbed with the permission of Professor Blrge The
, e ring which supports the net is about

i 77 7 seven inches in diameter and from this
; ~ measurement the other dimensions of
' 4 the apparatus may be roughly measured
. on the figure. The canvas cone stretches
from the net ring to an upper ring and
' both rings are of one-eighth-inch spring
- brass wire. Three eight-shaped pieces
© of lighter wire are strung on each ring
. through one opening, while the other
' opening receives the eyes on the ends
~ of three connecting rods which hold the
~ two rings together. The upper support-
. ing ring has three brass rings soldered to
. it for the attachment of the draw lines.

The canvas cone and the band, which

- | Is ordinarily sewn to the top of the net,
Fic, 17. Wisconsin plankton ne . Ar€ in this case cut from one piece of

Original Dhotosraph lrom %% shrunken canvas. This is sewn around

the upper supporting ring and is attached
to the inside of the lower ring by means of a tape sewn to its out-
side. The bolting cloth net (No. 16 or No. 2o cloth) is sewn to
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the inside of the band, with its margin turned back over its outer
surface for the fraction of an inch. By this construction the canvas
cone folds conveniently for transportation, while the inner surfaces
of cone and net are continuous and smooth, so that plankton
organisms do not readily lodge
on them. If convenience in
transportation is not important
the cone may be better made
of sheet brass.

The original feature of this
net is the bucket (Figs. 18 and
19), which is made of telescope
tubing of two sizes. The smaller size (two inches in internal
diameter) is used to make the keadpiece shown attached to the net
_in Fig. r7. This (Fig. 19, a) is one
1 and three eighths inches long and is
} fastened to the net by means of a
. brass band clamp (Fig. 19, b) made of
two pieces, with wings at the ends
through which pass clamp screws.
A pin soldered into the headpiece
fits a hole in each half of the clamp
and prevents its turning when the
bucket is twisted to remove it (seen
near the upper margin of Fig. 19, a).
Three brass rings soldered to the out-
side of the band clamp serve to attach
cords which extend to the lower sup-

F1G. 18. Bucket of Wisconsin plankton net. From
a?pamtus loaned by Professor Birge. At right isone
of the writer’s tubes for filtering plankton. Forde-
scriptions see text. (From original photographs.)

Fic. 19. Headpiece and bucket of the Wis-

consin plankton net. o, headpiece; b,
headpiece clamp; ¢, bucket; d, ¢, lower and
upper band clamps; f, one of the side
clamps with screws; g, side clamp in posi-
tion; %, semi-cylindrical rod soldered to
strip between windows; i, stem of the plug
which closes the spout seen below at left of

porting ring of the canvas cone and
carry the weight of the bucket.

The bucket (Fig. 18) is made of tele-
scope tubing of a size which fits over

¢; §, millimeter scale. For description see
text. (From original photograph of appa-
ratus loaned by Professor Birge.)

that used for the headpiece. Pieces
are cut from the sides of this so as
to form four windows separated by strips about one-half inch wide.
These strips are strengthened by soldering to the inside of each a
semi-cylindrical rod about one-quarter inch in diameter (Fig. 19, %).
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The bottom of the bucket which is conical and ends in a tapering
spout is shrunk into place flush with the lower edge of the windows,
after heating the bucket in a jet of steam. A taper plug of brass,
with a long stem (Fig. 19, 7) which ends in a milled head, is
inserted from within and closes the spout. The edge of the
bucket has an L-shaped incision which receives a pin soldered
to the outside of the headpiece so as to form a bayonet catch
which holds the bucket in place on the headpiece. The four
windows in the bucket are closed by a single piece of bolting
cloth, held in place by a band clamp at top and bottom (Fig. 19
d, ¢) and by four side clamps gg screwed between the windows.
The holes for the screws are conveniently burned through the
bolting cloth with a hot wire.

A cheaper bucket described by Kofoid (1898) is shown in section
in Fig. 20. It is a cylinder of sheet copper around the top of which
are soldered two light-wire rings, which serve to
hold in place the string s, which ties the tip of the
"~ net to the bucket. In thesides of the cylinder are

cut three equidistant windows, each one and one-
half by one and three-quarters inches, which are
closed by brass wire gauze wg, soldered to the
edges. Gauze containing two hundred meshes

F16. 20. Simple townet . . .
bucke} as seen in sec- PET linear inch answers very well for these win-

dp,drippoint. »r',wire dows. The bottom of the bucket is a cone of
rings soldered to top of

bucket. s, string b 1 i 1 1
Kt oo seing by copper with a central opening which continues

e two wise ey into a short, obliquely-pointed tube . The open-

B enpmine beker. ing is closed by a rubber stopper with a wire

of the tiee windows handle which extends above the top of the bucket

cut in sides of bucket. . N

Therubberstopperwith and is bent into a loop.

wire handle is seen at R .

el bucket. (hlter The net is constructed like the townet, except

that the tip is cut off at the point 4 (Fig. 16)

and the silk slit along the dotted lines between gh and # to
allow for the fitting and fastening of the bucket in place.

- The plankton net is drawn from the bottom to the surface,
and the organisms that have been caught in it are washed into
the bucket by throwing water onto the outside of the net, or by

sousing it in the water. The net is then lifted above the water,

&Xr"- ————

-t
&
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the bucket removed, and the water allowed to drain from it.
When only so much water remains as fills the conical bottom
of the bucket, the stopper is drawn and the contents allowed to
fall into a suitable container. Organisms adhering to the inside
of the bucket are then rinsed into the container with a little filtered
or distilled water from a wash bottle. If the contents are to be
preserved they may be allowed to fall directly into a bottle
which contains the preservative or fixing fluid, so concentrated
that the addition of the plankton brings it to its normal consti-
tution. Ninety-five per cent alcohol may be used and in that
case the plankton may be allowed to fall from the bucket into
about three times its own volume of alcohol, so that it is preserved
in alcohol of about 70 per cent strength.

If it is desired to use a fixing fluid before preservation in alcohol,
the stronger picrosulphuric acid may be diluted with two volumes
of water and three volumes of this may be used to one of plankton,
so that the latter is fixed in Kleinenberg’s solution. Other fluids
may be used in like manner, adapted either to the plankton as a
whole, or to special groups of plankton organisms. The plankton
is then best caught in a strainer made by removing the bottom of
a short eight-dram homeopathic vial and tying bolting cloth over
the neck (Fig. 18). The plankton may be kept in this strainer
by tying bolting cloth over the bottom, and the strainer may
then be passed through fixing fluids and grades of alcohol. The
fluids may be made to enter the strainer by withdrawing the air
by means of a pipette held against the bolting cloth (Reighard,
1894).

Plankton nets may be made closable and various devices have
been used for this purpose (e.g., by Marsh, 1897). Such a net may
be lowered, drawn upward any desired distance, then closed and
drawn to the surface. It thus filters only that part of the column
of water through which it is drawn while open, and aids the inves-
tigator to determine what forms occur at various depths.

Although the plankton net may seem to filter a vertical column
of water, the base of which is equal in area to the net opening,
it does not in practice do this. The resistance of the net gauze
causes a certain part of this column to be pushed aside. The part



48 FRESH-WATER BIOLOGY

pushed aside not only is greater as the net moves faster but is
increased as the net becomes clogged and is therefore greater
toward the end of the haul than at its beginning. The filtering
capacity of the net gauze is further liable to change with age, as
its pores clog and its threads loosen and tend to obstruct the
openings. Although elaborate methods have been devised for
determining the errors of the plankton net, no one of them is satis-
factory.

2. The Plankton Pump. The difficulties encountered in the use
of the plankton net for accurate quantitative work have led to the
development of the plankton pump, which is now largely used in
conjunction with the ordinary plankton net and which, used in that
connection, has nearly displaced the closable plankton net (Birge,
1895; Marsh, 18¢97) in fresh water. This may be any pump which
delivers at each stroke a known and constant volume of water.
The water is drawn through a hose which extends from the pump
to any desired depth and may terminate in a metal cone, closed
by very coarse wire netting, which serves to exclude foreign bodies
from the hose. From the pump the water may be conveniently
delivered through a shorter hose to some device for filtering the
plankton from it. For this purpose a plankton net is used. The
net may be suspended in air and the water pumped into it, but
some small organisms are thus forced through the net gauze and
lost, and others are doubtless injured by the impact of the stream
of water and the weight of the water in the net. This is avoided
if the net be held under water with only the canvas cone above
the surface. The whole operation may be readily carried out by
one person if the net be supported in the water by a wooden
float surrounding the cone (Fig. 23) and the delivery hose be
attached to the net (Kofoid, 18¢7). When sufficient water has
been pumped, the net is taken up and the catch removed and
treated in the usual way.

The end of the suction hose may be allowed to remain at any
desired depth during the pumping. The pump is calibrated so
that the volume of water delivered at each stroke is known. The
number of strokes made during any haul is counted, so that a
~simple calculation gives the total volume of water pumped.
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The end of the hose may also be lowered to near the bottom and
may then, while pumping is in progress, be slowly drawn upward at
a uniform rate. In this way is pumped a vertical column of water
which extends from the bottom to the surface, and the volume of

-such a column may be calculated.

The following forms of plankton pump may be referred to
briefly.

(@) Fordyce pump (Fordyce, 1898). This invention of Professors
Ward and Fordyce is shown in perspective (Fig. 21) and in sec-
tion (Fig. 22). It “ispractically a force pump. . . . The cylinder

;gLuck nut

.
.

i Talve Valve ’//

Fic. 21. Fordyce’s pump and strainer. For description see F1G. 22, Fordyce’s pump in sec-
text. (After Fordycel) tions. For description see text.
(After Fordyce.)

of the pump is eleven by three and one-half inches and has a capacity
347% cubic inches per stroke. The stroke of the piston is definite
in length and is regulated by a lock nut as shown in the plate. The
valves used are finely-ground check valves, to which it is believed
the accuracy of the working of the apparatus is largely due. The
pump is connected with the water by a hose one and one-half
inches in diameter, whose lower end is adjusted to the various ver-
tical zones of water by means of attachment to a floating block.”

For filtering the water Fordyce uses the device shown in Fig. 21,
at the left of the pump. This is similar to the device already de-
scribed in connection with the Wisconsin plankton net, and is used
in the same way. It is provided with a rim to which a cover of
wire netting may be attached to exclude foreign matter. A net
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of bolting cloth may be attached outside the wire gauze filter, and
the whole instrument is then adapted for the various work of the
ordinary net. ‘

On account of its cheapness and portability a pump of this form
is probably best adapted for work not carried on from a station
especially equipped for aquatic biology.

(b) The clock pump has been used for some years at the Uni-
versity of Wisconsin (Juday, rgo4). At Wisconsin the pump is
fixed to the bottom of the boat and the water, drawn through
a half-inch garden hose, is pumped into a submerged plankton
net of No. 20 bolting cloth.

Fi6. 23. Thresher tank-pump m use. Lhe water reaches the pump through the hose at the left and is
delivered to the net through the hose at the right. The net cone is seen supported by a rectangular
wooden float. (Alter Kofoid.)

(¢) The thresher tank-pump, a double-acting force pump with
two cylinders each six by nine inches, has been used by Kofoid
(1897). The mode of using the pump is shown (Fig. 23). This
pump is fastened to the boat and is too heavy to be carried or
to be used apart from a permanent mounting.

3. The Water Boitle. To obtain small samples of water for the
study of the nannoplankton a water bottle may be used. Many
complicated and expensive forms of these bottles have been devised
(see Helland-Hansen) for use at all depths in the sea. The bottle
described by Theiler appears to be the simplest and least expensive
of them. For use in fresh water a Meyer’s bottle (Fig. 24) serves
fairly well and is easily made. A stout glass bottle of one or
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two liters capacity, and with a good-sized neck is provided with a
tight rubber stopper to which is attached the draw-cord by which
the bottle is to be lowered and the stopper drawn. Beneath the
bottle is attached a weight a little heavier than needed to sub-
merge the empty stoppered bottle. The bottle may be lowered
to a depth of a hundred feet or less and the stopper removed
by jerking on the draw-cord.

E. Quantitative Study of the Net Plankton

If the plankton net were a perfect instrument it should catch
all the organisms contained in the vertical column of water through
which it is drawn, that is, in a column of the diameter of the net
opening and equal in height to the distance through which the
net is drawn. But the net filters only a part of the column of
water through which it is drawn, a part which depends on the age
of the net, the rate at which it is drawn and upon
the rapidity with which it becomes ‘clogged while
being drawn. If the net is of the form described
above, is cleansed by throwing a stream of water on
it after each haul and is drawn at about the rate
of one meter per second, it filters about 40 per cent
of the column of water which it traverses. Hence,
to know the total amount of plankton in the column
of water traversed by the net, we must multiply the
amount actually taken by two and one-half. This
number is called the coefficient of the net. The
coefficient depends on the construction of the net,
on the fineness of the gauze used, and on the rate
at which the net is drawn, and must therefore be
determined by calculation for each net for the
different rates. Not only does the net filter but a
part of the water and a different part at different )
times, but it removes from the water filtered only ' batiie. (ife

. . « . Wiley and Jones.)
a part of the organisms contained in it. Even the
finest gauze permits a leakage through it of very many small
organisms, Owing to the sources of error indicated the net
method is useful chiefly with the larger organisms, such as crus-
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tacea. Smaller organisms escape in variable quantity and the
smallest are not caught at all. When the pump is used a known
volume of water is drawn from a known source and all of this is
filtered, so that the source of error arising from a varying and
uncertain net coefficient is eliminated. The leakage error remains

Fic.25. Piston pipette
as deslgned by Hen-
sen. 4, glass vessel
which contains  di-
luted plankton. B,
strong glass tube. In-
side the tube is a pis-
ton madeof alternate
layers of metal 7 and

uncorrected so long as a net is used to separate the
plankton from the water. The plankton obtained
by nets whether directly or by aid of the pump
may be treated quantitatively by the following
methods:

(a) The volume may be obtained by allowing the
alcoholic material to stand for 24 hours in gradu-
ated tubes (carbon tubes of the chemist) until it has
settled, when the volume may be read off. There

*is thus obtained in cubic centimeters the volume of

one catch and from this may be calculated the vol-
ume per cubic meter or under one square meter of
the original water.

(b) The approximate weight may be obtained by

cork /, held together
by screws; m, spool-
shaped metal piece at-
tached to the piston.
Its flanges fit the
glass tube accurately.
The space between its
spindle and the glass
tube is of known vol-
ume; f, piston-rod
with bandle; K, cover
of vessel. (From Ap-
stein, after Hensen.)

drying the sample on filter paper and weighing it.
The net weight is obtained by deducting the weight
of the filter paper, and from this the number of
grams of plankton per cubic meter of water or under
one square meter of surface may be calculated.

(¢) Chemical analyses may be made of the dried
material and from these the quantities of the
various constituents: ash, organic material, silica, etc., may be
calculated per cubic meter of water or per square meter of
surface.

(d) The organisms may be counted in the Sedgwick-Rafter cell.
The ordinary plankton catch is so concentrated that it is impos-
sible to count the organisms in it until it has been diluted. A
measured quantity of water added to the plankton for this pur-
pose replaces the alcohol or fixing fluid. This water is then agitated
to distribute the organisms uniformly through it and a carefully
measured sample is taken from it with a specially constructed pipette
provided with a piston (Fig. 25). The organisms in the sample are
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then counted by transferring the sample to a glass cell under the
microscope. If the bottom of the cell is ruled in squares the
contents of a certain number of these may be counted without
the use of the eyepiece micrometer and the whole number present
in the cell estimated. In the case of the larger and rarer organisms
it is best to count all that the cell contains.

Since the total volume of water from which the catch was made
is known, the number of each sort of organism per cubic meter of
water or under each square meter of surface may be easily calcu-

lated, or the numbers in the entire lake may be approximately
determined.

F. Quantitative Study of the Nawnnoplankion™®

The nannoplankton may be studied in two ways, namely, by
enumerating the various organisms, or by obtaining a sufficient
quantity to determine its dry weight. In the former method the
organisms may be counted directly, which is very desirable for
the more abundant forms, or they may be concentrated either by
filtering or by centrifuging. The filters that are most generally
used for concentration are hard surface filter paper and sand.
When filter paper is used the filtered organisms are carefully
washed from the paper, the volume of the wash water containing
the organisms is taken, and samples of it are then used for enumera-

-tion. It is necessary to use hard surface filter paper in order to
prevent undue loss of organisms in the meshes of the paper. Even
with the best quality of hard surface paper, many individuals become
embedded in the meshes so frmly that they cannot be washed out.
For all counting the Sedgwick-Rafter counting cell is to be used.

The Sedgwick-Rafter sand filter as described by Whipple has
been used extensively in sanitary work. In this method also there
is a considerable loss of organisms since some of them are so small
that they pass between the grains of sand and since it is practically
impossible to separate all of the organisms from the sand after
filtration. In all filtering methods the filters soon become clogged,
which decreases the rapidity of the filtering very markedly.

* This section has been prépared by Chancey Juday of the Wisconsin Geological
and Natural History Survey.
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The centrifuge is the most convenient as well as the most ef-
ficient instrument for obtaining the nannoplankton. A rather
high speed machine is best, one which makes 2500 or more revo-
lutions per minute, and the electrically driven type is most satis-
factory. For most fresh-water organisms the sedimentation is
complete in five to eight minutes at this speed, but occasionally
for some forms a second centrifuging is necessary. In bodies of
fresh water the nannoplankton is usually so abundant that only a
small quantity of water, not more than 15 cc., is required for a
sample. Thus the standard makes of centrifuges will serve for
such investigations. The glass tube which holds the sample of water
should be well tapered at the bottom. This form concentrates the
material on a small area from which it can be removed more con-
veniently as well as more completely. The material is taken up
together with one cubic centimeter of water in a long pipette and
is then transferred to a Sedgwick-Rafter counting cell. This cell
~and its use are fully described by Whipple. Sometimes it is de-
sirable to centrifuge 50 or even 100 cc. in order to study the rarer
forms. For enumeration studies a combination of the direct count-
ing and the centrifuge methods gives the most satisfactory results.

Whenever possible, living material should be used for the count-
ing. The samples may be preserved in formaldehyde neutralized
with sodium carbonate and then centrifuged at a later time, but
some of the monads are recognized with difficulty after preserva-
tion. Most of the flagellates do not move rapidly enough to
offer any serious difficulty in counting them alive but the ciliates
do. When the latter are present, it is best to make a special count
for them. They are readily killed by placing a drop of iodine
solution in the corner of the counting cell before the sample is in-
troduced.

Material for a study of the dry weight as well as the organic
matter of the nannoplankton may be obtained either by filtering
a relatively small sample of water through a coarse-grained alundum
cone or by passing a large sample of water through a power centri-
fuge that acts continuously. In the former process the sample of
water, from one to five liters, is filtered through the cone and the
material and cone are then thoroughly dried in an oven. The
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weight is taken and the cone is weighed again after having been
ignited. The loss in weight represents the organic matter.

Larger samples of material are needed for more accurate quan-
titative work, and especially for the study of the chemical com-
position of the nannoplankton. For the latter purpose at least
two or three grams of organic matter are required. In order to
secure this amount, even from a lake which is rich in plankton, it
is necessary to centrifuge one to two thousand liters of water.
This process requires an apparatus that will act continuously.
For this work the Wisconsin Geological and Natural History
Survey is using a De Laval clarifier and filter, belt style, A size,
in which the water is first centrifuged and then filtered. This
machine has a maximum speed of 6oco revolutions per minute and
will both centrifuge and filter from ten to twelve liters per minute.
In general about ninety per cent of the material is deposited in the
bowl of the centrifuge and ten per cent on the filter papers. This
method requires a special laboratory and equipment (¢f. Juday,
1916).

Very little is known of the bacterial portion of the nannoplank-
ton. The culture methods used for the other bacteria do not seem
to be well adapted to the strictly aquatic forms and only a small
part of them can be obtained with a centrifuge. Recently, how-
ever, it has been found that the direct count method of Brew can
be used for determining the number and distribution of aquatic
bacteria, but no results have thus far been published.

G. Special Methods for Imvertebrates

Special methods for collecting and preserving various sorts of
fresh-water organisms are described in the chapters devoted to
invertebrate groups. To secure the best results it is necessary
to become familiar with the habits of the animals. The collection
of the larvee of aquatic insects is facilitated by the use of the
ingenious apparatus made by the Simplex Net Company. The
imagos of many such insects are readily collected at night by
some one of the forms of traps used by entomologists in which
a light serves as a lure.



86 'FRESH-WATER BIOLOGY

UNDER-WATER PHOTOGRAPHY

If the water is clear and the surface unruffled, near objects may
be seen almost as clearly in natural watérs as in air. If the
camera be pointed at them, the resulting picture rarely shows more
than the surface of the water, as opaque as that of milk and with as
little visible beneath it. It isas though the camera has been pointed
at the blue sky. This result is due to the light of the sky and other
distant objects reflected from the surface of the water into the
camera. This strong light, which the eye neglects, obscures in the
negative the effects of the weaker light from objects beneath the

Fi1G. 26. The screen shown in use for photographing objects under water. For description see text.
(From an original photograph.)

surface of the water; if it be cut off by a screen these objects may
be photographed.

This is shown (Fig. 26) in a photograph of the nest of a black bass
in about eight inches of water. Little can be seen beneath the
water, except within the reflected image of the screen. Within
this image the reflected sky light is cut off, although the sun shines
from the left full upon the nest of clean stones. What is clear in
the photograph lies not within the shadow of the screen but within
its image. A longer exposure would have given a clear picture of
what lies within the narrow shadow at the bottom of the screen.
In field practice a serviceable and portable screen may be made by
tying a square of black, opaque cloth to two poles stuck slanting
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in the bottom. Occasionally dense foliage, a bridge or building is
so placed as to form a natural screen, within the image of which
photography is possible.

If the surface of the water is rough the photograph may be
made through the bottom of a water glass (Flcf 27) The glass
(Fig. 28) is a frame of galvanized - : v
iron with a bottom of plate glass.
The bail of band iron serves to
hold the screen (Fig. 27). The
glass shown here is two feet square
and is supported on legs run
through thimbles at the corners
and held in place by set screws.
That shown in Figure 28 is a
foot square and is intended to
float. At the left is shown a
cover for the bottom of the water
glass. This protects the glass
during transit.

The difficulties arising from the
rough or reflecting surface of the
water may be overcome by placing

. F16. 27. Watér glass supported on I8gs as used
the camera beneath that surface. inrough waterof abrook. For description see

« . text. (From an orxgma.l photograph.)
For this purpose a reflecting camera

is to be preferred, since it permits focusing with the sensitive plate
uncovered. Any dealer in photographicgoodscan supply catalogues
of such cameras showing their mechanism. Here it need only be said
that the ground glass is placed in the top of the camera and the oper-
ator looks at it through a hood extending from the top of the camera.
He focuses the full-sized image on the ground glass and while
looking exposes the plate by pressing a button at the side of
the camera. For use under water such a camera is placed in a
“water-tight box (Fig. 20), with a plate glass front through which
the lens looks. The hood of the camera extends into the pyrami-
dal lid of the box and the operator looks into it through a second
plate of glass. A milled head, shown on the right of the box, is
connected through a water-tight stuffing box with the focusing
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head of the camera, while a similar arrangement on the opposite
side of the box operates the mechanism which controls the expo-
sure. The operator wades and holds the box beneath the surface
of the water with only the upper part of the hood exposed. With
the right hand he focuses, with the left he makes the exposure.

F16. 28. TFloating water glass. For description Frc. 29. Water-tight metal box with plate-glass
see text. (From an original photograph.) front for enclosing a reflecting camera when used
under water. For description see text. (From

an original photograph.)

After each exposure the box must be opened to change the plate.
For details the reader should consult the literature cited.

Means of Securing Collecting Apparatus

The various types of commercial nets described may be had of dealers in
fishing nets. The Simplex Net Company of Ithaca, N.Y., supplies ingenious
folding townets, plankton nets, and dip nets. The special apparatus mentioned
can be constructed by any skilled mechanic under direction.
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CHAPTER IV
BACTERIA
By EDWIN O. JORDAN

Professor of Bactesiology in the University of Chicago

BacTErIA are unicellular organisms, for the most part very
small. Considerable differences in size, however, are observed.
A certain large, rod-shaped species studied by Schaudinn measures
from sou to 6op in length and from 4u to 5u in width. On the
other hand the bacillus of influenza averages about o.5u in
length and o.2x in width. The average rod-shaped bacterium,
such as is found in water and soil, measures about 2u in length
and about o.5u in diameter. Some microdrganisms are known
to exist which are so small that they will pass through the pores of
the finest Berkefeld filter and remain invisible under the most
powerful lenses, but it is not surely established that all these so-
called ultramicroscopic organisms belong to the group of bacteria.

For the methods of studying bacteria, special laboratory man-
uals or guides should be consulted. A number of such guides are
- in existence, amnong which may be mentioned Heinemann (1g1x)
and Frost (1905). In any case a proper familiarity with laboratory
methods can be gained only with the assistance of a skilled labora-
tory instructor possessed of individuality and resource.

Bacteria are generally classed as plants rather than animals,
but, as is well known, the dividing line between animals and plants
is an entirely arbitrary one, and there is no general agreement
among naturalists respecting what shall constitute a.determina-
tive plant or animal characteristic. It is largely considerations of
convention and convenience that place them among the plants.
From their lack of chlorophyl and the fact that they multiply by
division or fission the bacteria are classed as Schizomycetes or fission
fungi. :

Within the group of bacteria themselves classification is, for
practical purposes, especially important, but because they are so
9o

-



BACTERIA o1

minute in size and the observable differences in structure are so
slight, any classification grounded on morphological characters,
such as that of Migula (18¢7), meets with many difficulties, and
would seem at present to be premature. Because of the great prac-
tical importance of physiological qualities, bacteriologists have
come to lay great stress upon bacterial functions, and considera-
tions of convenience have often led to groups being established on
physiological characteristics. The practice of dealing with bacteria
in related groups is growing. For the identification of specific and
group characters the Report of the Committee of the Society of
American Bacteriologists on Method of Identification of Bacterial
Species should be consulted.

The forms of bacteria are very simple. The complex and elabo-
rate structures found among certain other groups of unicellular
organisms (diatoms, desmids, radiolaria) do not occur among bac-
teria. Three principal type forms are recognized: the sphere
(coccus or micrococcus), the rod (bacillus), and the spiral (spirillum

B U/m%

S — - —]
Fic. 30. Forms of Bacteria.

and spirochzte) (Fig. 30). Closely resembling these are certain
" filamentous organisms known as Trichomycetes, which connect the
bacteria with the higher fungi or moulds.

The minute size of bacteria renders the study of their finer
structure somewhat difficult, but a few features have been clearly
determined. Most species, perhaps all, are provided with a cap-
sule or outer layer of gelatinous substance originating from the
cell-membrane and seen in stained preparations surrounding the
cell like a halo. The capsule is much more prominently developed
in some species than in others. The cell-membrane is chiefly re-
markable for its chemical composition, differing as it does from the
cell-membrane of the higher plants in not being composed of cel-
lulose. The nature of the cell-substance of bacteria has been the
object of much discussion from the standpoint of its relation to the
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nuclear substance of higher cells. It has been held by different
observers that a bacterial cell is to be compared either to a free
nucleus or to an unnucleated mass of cytoplasm, but these views
have now been practically abandoned. It seems to be clear from
the researches of recent investigators that the chromatin substance
instead of being gathered together in a definite nucleus, as in the
cells of most higher forms of life, is fragmented and distributed
irregularly through the body of the cell. The bacterial chromatin
is usually present in great abundance, varies in amount and in
position in different kinds of bacteria and occurs most frequently
in a finely-divided condition. Not only are particles of chromatin
scattered through the cell, but other granules that react to stains
in special ways are present in the cell substance, particularly in
certain species. The physiological significance of these so-called
metachromatic granules, as they occur for example in the diphtheria
bacillus, is unknown, but it seems probable that they are to be
looked upon as reserve food substances.

Many forms of bacteria show independent movement, distinct
from the oscillating or trembling movement exhibited by all minute
particles suspended in water and known as the Brownian movement.
The power of motility depends upon the possession of long, fragile,
filamentous appendages termed flagella. In the case of certain
large spirilla, flagella can be seen on the living, unstained cell, but
ordinarily special methods of staining must be applied to demon-
strate their presence. The position of the flagella on the cell body
differs in different species. Some species possess a single flagellum
at one pole, as is the case with the cholera spirillum; others have a
flagellum at either pole; others have polar tufts of flagella; and
still others possess flagella attached to the sides as well as the
énds of the cell (typhoid bacillus) (Fig. 30). In certain nonmotile
bacteria,such as the anthrax bacillus, no flagella have been observed.

Under certain conditions some bacteria pass from the ordinary
or vegetative stage into a highly resistant state, known as a spore
or endospore. The spores of bacteria are approximately spherical or
oval, are stained with great difficulty with the ordinary aniline
dyes and resist destructive agencies, such as heat and chemical
disinfectants, much better than the vegetative forms from which
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they spring. A single cell, as a rule, gives rise to but one spore, so
that spore formation can not be looked upon as a process of multi-
plication. It is generally considered that the bacterial spore is a
resting stage, physiologically similar to an encysted amoeba and
serving to tide the species over a period of hard times. Not all
bacteria are spore producing; in fact the number known to form
spores is rather limited.

Great adaptability is shown by bacteria to extremes of tempera-
ture. Some species have been found multiplying in the water of
polar seas at or near the freezing point, while others have been
found living in the water of hot springs at a temperature of 7¢° C.
Most of the ordinary bacteria found in pond or river water multiply
abundantly at a temperature of about 20° C. When water is
frozen, most of the bacteria that it contains are killed at once. A
small proportion survive, but in gradually diminishing numbers,
so that at the end of a few weeks clear ice is practically sterile.
Bacteria contained in masses of organic matter, however, may
have their life in ice considerably prolonged.

Bacteria not only adapt themselves to great extremes of tem-
perature, but to varied sources of food supply. Many species can
content themselves with relatively simple chemical compounds,
such as the ammonium salts of the organic acids. Others require
for their development complex nitrogenous substances. The nitri-
fying bacteria, so abundant in most soils and waters, obtain the
energy necessary for their development altogether from inorganic
compounds. On the other hand, certain bacteria are entirely
dependent upon particular organic compounds present in the bodies
of the higher animals, and can thrive only in the presence of blood
serum or similar fluids.

Fundamental differences exist among bacteria in respect to their
relative need for oxygen. Some, the obligatory aérobes, require free
oxygen for the maintenance of their life activities, while others, the
obligatory anaérobes, do not grow except in the almost complete
absence of free oxygen. There are also some, the faculiative anaér-
obes, that can multiply either in the presence or absence of free
oxygen. The anagrobic bacteria, as a class, thrive best in the pres-
ence of substances capable of undergoing reduction or fermentation.
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The addition of glucose or nitrate, for example, to ordinary nutrient
broth will enable certain species of bacteria to grow under condi-
tions otherwise unfavorable. The relation between anaérobic life
and food supply is an intimate one. The anagrobes, in a word, are
those organisms able to obtain their needed energy from the simple
splitting of organic compounds without oxidation. If a microérgan-
ism is so specialized to an anaérobic mode of life that the presence
of oxygen, except in minute quantities, interferes with its habitual
method of attacking food substances, it is an obligatory anaérobe.
In a modified form, therefore, Pasteur’s conception of fermentation
as “life without air” is not very far from the modern view. .

Those decompositions of organic substances that are usually
termed putrefactions and are characterized by the evolution of
malodorous gases such as hydrogen sulphide and the production of
substances like skatol, indol, mercaptan, etc., are due to the agency
of anagrobic bacteria. In fact, researches indicate that the putre-
factive decomposition of native proteins is wholly the work of the
obligatory anaérobes. As is well known, the ooze at the bottom of
ponds and streams is peculiarly the home of such ana&robic decom-
pesitions.

Bacteria are everywhere present in natural bodies of water.
They are more abundant as a rule in surface waters than in ground
waters. Deep well waters and spring waters in certain regions
often contain very few bacteria, perhaps only five to ten per cubic
centimeter, while the water of lakes and ponds usually contains
several hundred, and ordinary river water contains numbers that at
times rise into the thousands and tens of thousands. As a general
rule, sewage-polluted waters contain more bacteria than pure waters.
An excessively polluted stream, such as the Chicago River once
was, may hold as many as several million bacteria per cubic centi-
meter.

The number of bacteria in a river water varies greatly at differ-
ent seasons of the year, being generally larger in the colder months
than in summer. Probably this is due in part to the winter in-
crease in current caused by rains and melting snows which prevents
sedimentation; in part to the heavy rains of winter which wash into
a stream numberless germs from cultivated lands, and partly also
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to the lower temperature of the water in winter which favors
the continuance of bacterial vitality. In highly-polluted rivers the
processes of decomposition are retarded by cold weather; in con-
sequence, bacteria together with their food substances travel for a .
greater distance down stream in winter than in summer. This
condition has been shown to exist, for example, in the Illinois
River which is heavily polluted with Chicago sewage.

Besides these important seasonal fluctuations, daily and hourly
changes may be noticed, depending upon the amount of rainfall,
the velocity of the current, the direction and force of the wind and
perhaps the germicidal action of sunlight. For these reasons, it is
necessary, in order to interpret correctly the sanitary significance
of the bacterial content of any body of surface water, to make re-
peated examinations under a variety of circumstances and with
particular attention to the effect of modifying conditions. In the
case of ground waters (wells, springs, etc.), the number of bacteria is
less affected by changes in external conditions, but here also great
caution is necessary in drawing conclusions from a limited number
of observations. .

The following table gives some conception of the number of -
bacteria that may be found by the gelatin plate method in various
bodies of water. Great variations occur and any such tabulation
can have only an approximate value.

Per cubic centimeter

Sewages or sewage-polluted waters. . . .. 100,000 t0 1,500,000
Rivers not highly polluted............... 1,000 to 10,000
Lakes and ponds not highly polluted........ 100 to 1,000
Purespring waters.......... ..., 5 to 50

The enormous number of bacteria which such figures show to be
present in all natural bodies of water comprises many different
kinds. There is no special and characteristic class of ‘‘ water
bacteria,” but germs from the air, from the soil, from decomposing
animal and plant substances and from the healthy and diseased
tissues of animals and plants may at times find their way into
water. The bacterial flora of a given stream or pond is therefore
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constantly changing, and varies from time to time not only in the
number, but in the nature of the individuals composing it (Fig. 31).
Little work has yet been done upon the changes in the kinds of
bacteria in river or lake water due to the shifting seasons and other

x  factors, but there is no doubt
that important differences do
exist. Many varieties of bac-
teria have been isolated from
water. During the course of
a study of the bacteria in the
water of the Illinois River
the writer found that out of
543 cultures, 17 well-defined
groups and 41 subgroups were
represented. These groups
include a number of pigment-
producing or chromogenic
forms, some of which are
among the most common inhabitants of water, and also a number
of bacteria closely related to organisms associated with the
production of disease in the higher animals. Among the bacteria
commonly found in natural waters may be mentioned B. fluo-
rescens vars. liquefaciens and mnon-liquefaciens (the green water
bacillus), B. subtilis (the hay bacillus), B. mesentericus (the potato
bacillus), B. proieus and B. cloacae (commonly associated with the
decomposition of vegetable and animal matter), B. liquefaciens,
B. hyalinus, B. violaceus, and many chromogenic and non-chromo-
genic micrococci; in polluted waters, B. coli is usually found in
large numbers and organisms of the B. profeus type and strepto-
cocci are more abundant than in normal waters.

It is well known that the germs of several of the principal infec-
tious diseases of man are commonly conveyed in drinking water.
Typhoid fever and Asiatic cholera are familiar examples. Both
the typhoid bacillus and the cholera spirillum have been found in
water, although, partly because the technical difficulties of investi-
gation are considerable, partly because the longevity of these
organisms in water is limited, positive findings have not been very

Fi6. 31.-—Photograph of “plate culture,” showing
different kinds of bacterial colonies. (Original.)
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frequent. Under ordinary conditions there is no reason to suppose
that pathogenic bacteria multiply in water or that they retain
their vitality for more than a few weeks. In polluted soil, however,
they may live much longer than in water, and a river may be con-
tinuously polluted during a long period by bacteria that are washed
into it from accumulations of fecal material. Other pathogenic
bacteria occasionally water-borne are the dysentery bacillus and
the anthrax bacillus.

Since the search for specific pathogenic bacteria in a water is
hardly ever likely to be crowned with success, various indirect
means for determining the purity of a water have been proposed.
The most useful of these analytical methods is the test based on
the determination of the relative number of Bacillus coli. This,
the colon bacillus, is a normal inhabitant of the healthy human
intestine and is found in large numbers in fresh sewage where, by
appropriate methods, it is usually detected in each 557 c.c. ex-
amined. Since it is also present in the droppings of many of the
larger domestic animals and hence occurs in garden soil and in
pastures, its occasional presence in water does not necessarily in-
dicate possible or even probable pollution with fecal matter of
human origin. The researches of many investigators, however,
have shown that the relative adundance of Bacillus coli in water
is a very satisfactory criterion of the sanitary quality of such a
water. If, for example, it is found uniformly present in a water in
each 1 c.c. sample, the water is looked upon as distinctly suspicious.
In cases, however, where it is rarely found in 1 c.c. samples and
only occasionally when quantities as large as 10 c.c. or even 50 c.C.
are examined, the water is usually considered potable.

The bacteria in water stand in important relations to the life of
other aquatic plants and animals. It is a familiar fact that but for
bacterial activity the nitrogen and carbon in complex organic com-
pounds once bound would remain forever locked up and unavail-
able for the nutrition of other forms of life. As is well known also,
the first steps in decomposition or the breaking down of organic
substances are due to bacterial agency. Ammonia and ammoni-
acal compounds are among the chief nitrogenous products of this
decomposition. The processes of disintegration and oxidation do
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not end with the production of such a relatively simple compound as
ammonia. Further oxidation of the ammonia to nitrites takes
place and the nitrites in turn are oxidized to nitrates. The for-
mation of nitrites and nitrates, like the formation of ammonia, is
due to bacterial activity; this process is known as niirification.
Special and peculiar varieties of bacteria are concerned in the proc-
ess of nitrification. One species is able to oxidize ammonia to
nitrite, but is unable to carry the process of oxidation any further.
At this stage of decomposition a second species takes up the work
and completes the process by oxidizing the nitrites to nitrates.

If we follow the fate of the nitrogen introduced into a sewage-
polluted river, we find that there occurs first a breaking down of
the albuminous compounds and a consequent increase in the
amount of ‘“‘free ammonia” in the water; further down, nitrites
begin to appear and eventually nitrates are found. A river water
in which the process of nitrification has occurred and which is
therefore rich in nitrates affords a peculiarly favorable medium
for the growth of plant life and often ‘“‘blooms’ with a myriad of
microscopic algae. The presence of a multitude of algae in-
fluences in its turn the life conditions of aquatic protozoa and of
higher animal organisms. At times when through the advent of
low temperature or other unfavorable conditions the algae die off,
the albuminous compounds constituting their dead bodies undergo
decomposition; ammonia, nitrites, and then nitrates are again
formed, and the nitrogen cycle begins anew. The food supply of
the whole plankton of fresh-water streams and ponds is therefore
dependent upon the activity of bacteria, and the share of these
organisms in producing or modifying the conditions under which
all aquatic life is possible can never be ignored.
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CHAPTER V

BLUE-GREEN ALGAE (CYANOPHYCEAE)
By EDGAR W. OLIVE

Curalor of the Brooklyn Boianic Garden

Tue blue-green algae are found principally in fresh waters,
although numerous forms occur also in the sea, and are almost
universally distributed over the whole earth. In moist climates
they are particularly abundant, growing in almost every conceiv-
able situation as gelatinous masses or strata on rocks, stones, the
trunks of trees, damp ground, etc. Many of them occur abun-
dantly in both marine and fresh-water plankton. The peculiar
phenomenon of “water-bloom” (or “working ” or “blooming” of
the lakes, “breaking of the meres,” “Flos aquae,” “ Wasserbliite )
is due to the sudden appearance in lakes and ponds of a surface
scum formed of vast quantities of certain plankton species of these
organisms. This frothy scum, forming the so-called ‘““water-
bloom,” is of common occurrence in midsummer in quiet waters,
especially after a protracted period of heat. Disagreeable “‘pig-
pen” odors and bad tastes are caused by such masses when decay
sets in, due, according to Jackson and Ellms, to the decay of highly
nitrogenous organic matter in which partially decomposed sulphur
and phosphorous compounds play a large part. The occurrence of
blue-green algae in public water supplies often thus becomes of
great economic importance; and Moore has found in this connec-
tion that such algal growths in reservoirs may be readily eradicated
or their growth prevented by the use of a dilute solution of copper
sulphate.

In addition to their importance as polluting organisms in water
reservoirs, some recent observations appear to indicate that cer-
tain plankton forms of blue-green algae are sometimes used as food
by fish fry. Their indirect importance in this respect may be
regarded as well established, since Birge has shown that the com-
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mon plankton Crustacea, which themselves form the basis of the
food of many small fishes, depend to a great extent upon A phani-
zomenon, Anabaena, and other blue-green algae for their own sus-
tenance.

Some species of Cyanophyceae have become adapted to living in
hot springs; these organisms, in fact, together with certain sulphur
bacteria, constituting the sole organic life of thermal springs.
According to the careful observations of Setchell, the blue-green
algae grow in some abundance in thermal waters up to 68° C.,
and scantily in springs showing a temperature as high as 75°-
71° C.

The varied colors — shades of yellow, orange red, pink, blue,
and blue green — shown by the siliceous deposits around certain
hot springs of the Yellowstone Park, are due in great part to the
presence of brilliantly colored blue-green algae within the deposit.
Weed has discussed the part played by these algae in the formation
of carbonaceous and siliceous rocks about hot springs.

Some of the Cyanophyceae, principally of the genera Scytonema,
Stigonema, and Nostoc, are found associated with certain fungi to
form lichens; while still others, notably Nesioc and Anabaena, occur
regularly endophytically in the roots of Cycads and in the leaves
of Azolla and other water plants.

Like the bacteria, with which these algae are supposed to show
close relationship, most of the Cyanophyceae possess cell walls
which become much swollen and mucilaginous in their outer layers.
Thus most of the filamentous forms become invested in either a
thin mucous sheath or a tough, lamellose sheathing tube. Many
of the colonial forms consist of masses of cells embedded in a thick,
jelly-like matrix, the external surface of which is often covered
with a thin cuticle.

Much dispute has arisen in recent years as to the nature of the
contents of the cells of these algae. On examination with the
compound microscope, one usually notes a number of granular
bodies, apparently of two kinds — numerous small granules and a
few larger, clear ones. In the shorter-celled species, the smaller
and more numerous granules frequently lie in regular double rows,
on either side of the cross walls which separate the cells. In the
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longer-celled forms, such as Nostoc and Tolypothrix, the small
granules generally occur abundantly in all parts of the peripheral
protoplasm. These minute granules are generally regarded as the
“cyanophycin granules” (Borzi), and they are probably albumi-
nous in their nature and serve as reserve food. The few larger
granules mentioned above are more hyaline and transparent than
the cyanophycin granules, and they appear to lie in or near the
center of the cell. These larger granules have been called by
Palla “slime globules”; by Zacharias “Centralkérner.” Their
function is in dispute.

~ The cells of favorable forms of the blue-green algae, e.g., Oscil-
latoria, show two more or less evident portions of the protoplasm —
a peripheral layer, to which the pigment is confined and in whieh
the cyanophycin granules lie, and a central colorless part, the
‘so-called ““‘central body.” The majority of recent studies on the
subject maintain that the central body is a nucleus, although this
conclusion has been several times disputed. Carefully stained,
thin sections show, however, that it is made up of both chromatic
and achromatic substances. Moreover, Macallum and others find
in the central body complex proteid substances containing phos-
phorus and “masked” iron to a marked degree, which they regard
as characteristic constituents of chromatin. Fischer claims, how-
ever, to have demonstrated by means of a tannin-safranin stain
that the central body is filled with certain carbohydrates, of the
nature of glycogen.

The central body divides according to some, by simple amitotic
division; while others believe that the division is mitotic. At any
rate, the division of this nucleus, or central body, precedes the
division of the cell, and, as in other lower plants, the two processes
appear to take place independently of each other. Cell division is
accomplished in these forms in the same manner as has been
described for many other filamentous Thallophytes, by constric-
tion: a ring-formed wall grows in from the outer wall, similarly to
the closing of an iris diaphragm, and finally cuts the cell in two.

The varying shades of color shown by these organisms are caused
by varying mixtures of the green chlorophyll and the reddish or
bluish phycocyanin, the pigments being apparently confined to



BLUE-GREEN ALGARE 103

the peripheral cytoplasm. The phycocyanin may readily be ex-
tracted by killing the plant, when the plasma membrane at once
- allows the dissolved pigment to pass out through the cell wall.
When plants are dried and pulverized, then soaked in water, a
solution of the bluish coloring matter is thus readily obtained. A
quicker method is to place the blue-green algae in chloroform water
(made by shaking up a small quantity of chloroform in water,
allowing it to settle, then decanting the water, which is then used
in the experiment), or in water containing a few drops of carbon
bisulphide, for a short time. Death of the plants at once ensues
and the dichroic phycocyanin passes out into the surrounding
water, leaving the filaments bright green from the remaining chlo-
rophyll pigment.

Sap vacuoles occur sometimes in.the cells of the Cyanophyceae,
particularly in the older elongated cells of such forms as Tolypo-
thrix and Calothriz. Another kind of vacuole, filled with gas, is
said by Klebahn and others to occur in certain free-floating blue-
green algae, such as Coelosphaerium, Anabaena, and Oscillatoria,
when they rise to the surface to form water-bloom. These authors
regard the so-called gas vacuoles as directly concerned with the
floating capacity of the algae which possess them; their contentions
have been disputed a number of times, however, and the gas
vacuole theory is regarded by many as untenable.

Sexual reproduction is unknown among the blue-green algae.
Asexual multiplication takes place in the simpler forms by cell
division and subsequent separation of the daughter cells. In the
higher, filamentous Hormogoneae, short one- to few-celled fila-
ments, known as hormogonia, are regularly set free and these frag-
ments form new plants. Spherical or cylindrical resting spores are
formed in some species by the growth in size of the vegetative cells
and by the thickening of the walls. '

Heterocysts are special cells developed in some forms from ordi-
nary vegetative cells, whose significance is not well understood.
Their protoplasmic contents apparently soon die and one or two
polar thickenings appear in the cell. Undoubtedly they are at
times connected with the breaking up of the filaments, but in some
cases they normally occur at the basal ends only of the filaments.
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A few of the Cyanophyceaé show remarkable oscillating, gliding,
or rotating movements, the cause of which has never been satisfac-
torily explained. In Oscillatoria and Spirulina, these movements
are particularly conspicuous. ‘

CYANOPHYCEAE
(MYXOPHVCEAE, PHYCOCHROMOPHYCEAE, SCHIZOPHYCEAE)

Algae possessing more or less of a blue-green color; free-floating or living in
gelatinous masses or strata; sexual reproduction unknown, reproducing asexu-
ally by means of cell division, the daughter cells either soon separating into
more or less independent cells, or remaining adherent to form filaments or
plates or solid colonies. The vegetative cells each made up of two more or
less easily distinguishable parts: a colored peripheral cytoplasm, which contains
the bluish or reddish phycocyanin, in addition to the chlorophyll pigment, and
also generally a number of minute granular bodies — the “cyanophycin gran-
ules”’; and the colorless “central body,” which is the nucleus of the cell.
Embedded in the central body, in addition to the chromatic and achromatic
substances, there usually occur a few large, globular, transparent bodies —
the so-called “slime globules.” Sap vacuoles sdmetimes occur in the cyto-
plasm. Thick-walled resting spores are formed in some species; heterocysts
are also found in certain forms, which are peculiar cells, whose protoplasmic
contents apparently soon die and whose significance is but little understood.

~1(25)  One-celled plants, living either free or united into colonies by
! being embedded in a common gelatinous matrix.
Order Coccogoneae Thuret . . 2
2 (24) Cells generally free-floating or forming a gelatinous stratum; not
differentiated into base and apex.

! Family CHROOCOCCACEAE . . 3
.~ 3(8,11) Cell division in one plane only. e 4
4 (7) With wide mucous covering. . . . . 5

5 (6) Cells elongate, each with a special mucous coat. Gloeothece Nigeli.

Cells oblong or cylindrical, with thick, sometimes lamel-
lose, gelatinous membrane; single or united into micro-
scopically small colonies, which are enclosed after the
manner of Gloeocapsa within the gelatinous membrane of
the mother cell. On wet rocks, rarely floating.

F16. 32. Gloeothece confluens Nageli. X 450. (After West.)

6(3) Cells little longer than broad, many adhering together to form
large, irregular colonies, enclosed by a common mucous
matrix. . . . . . . .. .. .. . .Aphanothece Nigeli.

Cells oblong, dividing only at right angles to the long
axis; forming irregular, gelatinous colonies which some-
times grow to be an inch or more in diameter. At
margins of lakes and on wet rocks. ’

F16.33. Aphanothece microscopica Nigeli. X 1000. (Original.)
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7 (4) Cells with thin cell walls. . Synechococcus Nigeli.

Cells comparatively large, cylindrical o ellipsoidal, living
usually singly or sometimes forming small families of two
to four united in a row or chain. Cell-contents blue-green,

sometimes yellowish, pinkish, or pale orange. Free-floating
in ponds and pools, or on rocks.

F16. 34. Synmechococcus aeruginosus Nageli. X375,  (After
Kirchner.)

8 (3, 11)  Cell-division in two planes. C. .. 9
o (10) Cells spherical or oblong, forming ﬂat plate-hke colomes.
Merismopedia Meyen.

Cells usually adhering in groups of four, and arranged in reg-
ular rows to form a flat, rectangular, plate-like colony. In
plankton, in ponds, and lakes.

F16. 35. Merismopedia elegans A. Braun. X 450. (After West.)

10 (9) Cells flat, quadrangular in outline, solitary, or forming small
colomes . . . Tetrapedia Reinsch.

Ceu(;ells with thin membrane, sohtary or united into flat colonies of 2 to 16

11 (3,8) Cell-division in three planes. . . . . ... 12
12 (23) Cells united into definite, often comparatlvely large colomes. 13
13 (16) Colonies more or less regularly spherical. . . . 14

14 (135) Colonies hollow; cells closely and regularly arranged at the surface
Coclosphaerium Nigeli.

Cells globose or oblong, forming on the surface of lakes and
ponds microscopically small, hollow, spherical colonies em-
bedded in 2 mass of mucus; reproduction by means of single
cells escaping from the colony as well as through the con-
striction of old colonies to form new ones. Common in fresh-
water plankton.

Fxc. 36. Coelosphaerium killzingianum Nageli. X 465. (Original.)

15 (14) Colonies sohd cells sparsely scattered through the jelly, pyriform
in shape e . . . Gomphosphaeric Kiitzing.

Cells enclosed by a colorless gelatinous matrix to form micro-
scopicallysmall, solid, globular, or ellipsoid colonies; the peripheral
cells grouped in pairs and egg-shaped or pynform, or (during
division) heart-shaped. In ponds, stagnant water, etc.

Fic. 37. Gomphosphaeria aponing Kiitzing. X 465. (Original.)

16 (x3) Colonies, when old, generally not spherical. . . . 17

17 (18, 19) Colonies microscopically small, solid, globular, or clustered

Microcystis Kiitzing.

(Probably should be united with Clathrocystis.) Cells spherical, or through

pressure somewhat angular; uniting in great numbers to form microscopic-
ally small solid colonies. Common in ponds and ditches.
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18 (17, 19) Colonies at first globular, later irregular in shape, and perforated
ornetted. . . . . . . .. . Clathrocystis Henfrey.

Cells spherical, united in great numbers to
form at first globular, later irregular colonies,
which often become clathrate, forming an open
meshwork. Common in lakes and ponds; C.
aeruginosa Henfr. is often thrown upon rocks
along shores to form, mixed with Coelosphaerium
kiitzingianum Nig., the so-called “green paint.”

Fre. 38. Clathrocystis acruginosa Henfrey. X 463.
(Original.)

19 (17, 18) Colonies irregular in shape, frequently forming films. . . . . 20
20 (21, 22) Individual mucous coats clearly evident for each daughter cell of
the colony. . . . . - . . . . .. . Gloeocapsa Kiitzing.

Cells spherical, with thick, often
lamellose, gelatinous membrane;
solitary or generally united into
microscopic colonies in which the
membranes of the daughter cells
remain enclosed for a long time
within that of the mother-cell.
Forming gelatinous substrata on
moist walls and wet and dripping
rocks.

F16. 39. Gloeocapsa polydermatica
Kiitzing, X 465. (Original.)

Cells enveloped in a common gelatinous matrix.
2 (20,22 d Aphanocapsa Nigeli.

Cells globose, forming irregular colonies enclosed
in a thick, homogeneous integument. Differing from
A phanothece only in its globose cells. In stagnant
water, on wet rocks, etc.

Fic. 40. Aphanocapss grevillei Rabenhorst. X 430.
4 ? (After West.) $

. 22 (20, 21) Cells globose, reddish purple, arranged in a thin gelatinous stra-
tum. . . . .. ... .. ... . Porphyridium Nigeli.

Common on damp ground and at the base of damp walls.
© 23 (12) Cells solitary or a few adhering together in a group, not forming a
' definite layer. . . . . . . .. . Chroococcus Nigeli.

Cells globose or somewhat angular, with firm, often thick,
lamellose or homogeneous membrane. Free-floating, or forming
a stratum on wet rocks.

F16. 43, Chroococcus gigantens West, X 300. (After West.)
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24 (2) Cells epiphytic; with a distinct base and apex.
Family CHAMAESIPHONACEAE.
Only one genus. . . Chamaesiphon A. Braun and Grunow.

Cells small, ovoid, pyriform, or cylindrical; attached
by their base and genemlly widening upwa.rds to their
free apex. Solitary or aggregated; sheaths present;
cell walls very thin; cell contents homogeneous, blue-
green, violet, or yellow; reproduction by one-celled,
non-motile cells which are successively cut off from
the upper portion of the plants, gradually escaping
from the open apex. Common on Oedogonium and
other algae in ponds.

F16. 42. Chamaesiphon incrustans Grunow. X 8oo.
(After West.)

25 (1) Plants filamentous; filaments simple or branched; consisting of
one or more rows of cells generally enclosed within a more
or less evident sheath. Asexual reproduction by means
of hormogonia, and more rarely by spores.

Order Hormogoneae Thuret. . 26

26 (64) Filaments cylindrical, sometimes narrowed at the extremities.
Suborder Psilonemateae . . 27

27 (53) Filaments not branched. . . . . . . . . . . .. ... .. 28

28 (43) Filaments consisting of a single row of cells, seldom (Spiruling)
one-celled; not branched; heterocysts absent; sheaths vari-
able, more or less gelatinous, and sometimes enclosing more
than one filament.. . . Family OSCILLATORIACEAE . . 29

29 (39) Never more than one filament W1thm a sheath.
 Subfamily LYNGBYEAE. . 30

30 (31) Filaments apparently one-celled, coiled into a regular spiral, often
showing rapid rotatory movements. . . Spirulina Turpin.

Filaments very narrow, consisting of a single
elongated cell, sometimes of great length, regularly
spirally coiled; sometimes showing rapid oscillat-
ing and rotatory movements. Common in stag-
nant water.

Fi6. 43. Spirulina quralliiitzing. X 1000. (Orig-
inal.

31 (30) Filaments many-celled. . . . . . . . .. . .. ... .. 32

32 (36) Filaments simple, generally showing oscillating and gliding move-
ments; sheaths thin, hyaline, sometimes not evident. . 33
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33 (34. 35) Filaments more or less confluent by their mucous sheaths.

Phormidium Kiitzing.

Filaments many-celled, straight or bent; en-
closed in hyaline sheaths which frequently become
adherent to form an expanded stratum on wet
rocks or moist earth, or entirely submerged.
Usually this stratum is soft and slimy, but it
sometimes becomes hard and leathery. A genus
intermediate in character between Lyngbya and
Oscillatoria.

F16. 44. Phormidium subfuscum Kiitzing.
(After Kirchner.)

X 575,

34 (33, 35) Filaments generally without conspicuous sheaths; free, straight, or

with curved extremities. .

Oscillatoria Vaucher.

Filaments composed of numerous
short cylindrical cells, the end cell some-
times much attenuated; without a
sheath or with an almost imperceptible
one; generally showing lively creeping

F16. 45. A, Oscillatoria prolifica Gomont.
limosa Agardh. X 46s.

B, Oscillatoria
(Original.)

and oscillating movements. Found in
great profusion in all kinds of wet situ-
ations; sometimes free-floating at the
surface of lakes and ponds, or forming
filmy growths on wet soil or rocks.
0. limosa is extremely abundant on the
soil, etc., in greenhouses, while O. pro-

lifica occurs in the plankton of some lakes in such quantities as to impart
a reddish or purplish color to the water and occasionally to form a “water-
bloom.” The latter species has been found in some instances to persist even
into the winter and to color the ice a reddish or pinkish color.

- 35 (33, 34) Filaments without sheaths, twisted into a regular spiral.

TSRS e

36 (32)

37 (38)
stratum.

.

Arthrospira Stizenberger.

Filaments commonly without a sheath, differing from
Oscillatoria in being regularly spirally coiled, and from
Spirulina in being many-celled. Living singly or form-
ing dark-green slimy strata in stagnant water.

Fi1c. 46. Arthrospira jenneri Stizenberger.

Filaments not showing oscillating movements; sheaths firm. .

.

X s00. (After

omont.)

37

Filaments free and simple, free-floating or forming an expanded

Lyngbya C. Agardh.

Filaments many-celled, straight or bent,
each enclosed in a firm, generally hyaline,
sometimes lamellose, membrane. Free-float-
ing, or forming densely intricate, floccose
masses, or an expanded stratum. Frequently
abundant in plankton.

F16. 47. Lymgbya major Meneghini.

X 465.
(Original.) 3
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38 (37) Filaments forming erect tufts, often branched. . Symploca Kiitzing.

Filaments densely interwoven to form a slimy substratum from
which arise erect tufts of variable height. Spmetimes more or less
procumbent.  False branches solitary; sheaths thin, colorless, firm
or somewhat mucous; apex of the filament straight, sometimes a little
tapering; outer membrane of the apical cell slightly thickened in
some species. In hot springs, on damp earth, walls, or trunks of trees.

F1c. 48. Symploca lucifuge Har'vay.ua,) X 250; b, natural size. (After
Folle.

. 39 (29) Several filaments in a common sheath which is frequently
branched. . . . . . . . Subfamily VAGINARIEAE. . 40

. 40 (41, 42) Sheaths often colored; lamellose; filaments few or many, loosely
aggregated within the common sheath. Schizothrixz Kiitzing.

Several filaments enclosed in a firm
lamellose sheath which is at first
colorless but later becomes yellowish,
brownish, or purplish; filaments simple
or variously branched. Forming cush~
jon-like masses, erect tufts, or a flat
stratum on moist substrata, rarely
free-floating. ,

F16. 49. Schizothrix rubella Nigeli.
X 430. (After Gomont.)

41 (40, 42) Sheaths hyaline, fused with adjoining sheaths. Hydrocoleum
Kiitzing.

Filaments composed each of
numberless short cells, the end
cell with thickened cap-like
membrane. Filaments two
to many in colorless, slimy
sheaths, which become fused
with those of adjoining fila-
ments. In brooks and water-
falls.

" Fi16. so. Hydrocolewm homoeotrich-
um Kiitzing. X 300. (After
Gomont.)

<" 42 (40, 41) Sheaths hyaline, not lamellose, containing a large numbgr of
filaments. . . . . . . . . . . Maicrocoleus Desmaziéres.

Filaments simple, consisting
generally of long cells; closely
aggregated in great numbers
in the center of a conspicuous,
hyaline, cylindrical sheath.
F16. s1. Microcoleus delicatulus

W. and G. S. West. X 350.
(After West.)
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43 (28) Filaments simple, unbranched; with heterocysts* living singly or in
gelatinous masses, often of definite form. Sheaths very
delicate, mostly confluent. Cells generally torulose, in a
single row . . . . . . . Family NOSTOCEAE . . 44

44 (47) Filaments enclosed within a gelatmous mass of definite form. 43

45 (46) Forming delicate, hollow, cylindrical colonies.
Wollea Bornet and Flahault.

Delicate colonies; filaments straight or
slightly bent, arranged in tolerably parallel
rows, with a common gelatinous envelope;
heterocysts intercalary; spores in chains,
bordering on one or both sides of the
heterocysts. W. saccata Bor. and Flah.
occurs in stagnant water.

F16. 52. Wollea saccate Bornet and Flahault.
a, X 250; b, natural size. (After Wolle.)

46 (43) Colonies spherical, or of varied form; with the enclosed filament
irregularly interwoven and contorted. . . Nostoc Vaucher.

Forming leathery or slimy gelatinous masses, at first spher-
ical or oblong, later of varied form, solid or hollow, and
attached or unattached; filaments contorted and curved in
all directions; the gelatinous sheath sometimes sharply
delimited, more often fused with the enveloping jelly.
Cells globular barrel-shaped, or cylindrical; heterocysts
intercalary, or (when young) sometimes terminal; spores
globular or oblong, formed in rows in varying number be-
tween the heterocysts. Forming free-floating or attached
masses, on damp ground, wet rocks, etc.

F1G6. 53. Nostoc commune Vaucher. a, natural size; b, X 465.
(Original.)

; ‘47 (44) Filaments more or less straight, free—ﬂoatmg or forming a thin
mucous stratum. . . . . .. e o . ... 48

48 (52) Heterocysts and spores mterca.la.ry R . .49

49 (30, s1) Filaments naked, or with a thin sheath; smgle or aggregated into
formless, flocculent masses, cells equal to or longer than
their diameter. . . . . . . . . . . . . Anabacna Bory.

Filaments straight or circinate, naked or enclosed
in a thin sheath, free floating as single filaments or
united to form a thin, slimy stratum; vegetative
cells as long or somewhat longer than thick; heter-
ocysts numerous and intercalary; spores vanously
disposed, borne singly or rarely in short chains.
A. flos-aguae Bréb. and 4. circinalis Rabenh. are
frequently abundant in fresh-water plankton.

Fie. s54. Ancbaens flos-oquae Brébisson. X 465.
Original.)
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50 (49, 51) Filaments short, straight, densely aggregated in parallel bundles to
form small, feathery, plate-like masses.

. Aphanizomenon Morren.
Filaments without sheath,
straight or somewhat taper-
ing at the end; united in
small, spindle-shaped or
plate-like, free-floating bun-
"dles; spores much elongated,
cylindrical, solitary, not bor-
dering on the intercalary
heterocyst.  A. flos-agquae
Ralfs is sometimes found floating in great abundance in the still waters of
ponds and lakes.

Fi6. 55. Aphanizomenon flos-aquae Ralfs. ¥ 465. (Original.)

51 (49, 50) F {laments free ; cells shorter than their diameter.
Nodularia Mertens.

Filaments enclosed in a thin, often evanescent sheath;
free-floating as single filaments or united into colonies of
indefinite form; heterocysts intercalary, depressed; spores
almost spherical, in rows, not bordering on the hetero-
cysts.

4

RO R T R
F16. 56. Nodularie sp. X 465. (Original)

52 (48) Heterocysts terminal and the spores always contiguous to them.
Cylindrospermum Kiitzing.

Filaments without sheath
relatively short, aggregated to
form an expanded film or
colony of indefinite shape;
vegetative cells cylindrical,
Fic. 57. Cylindrospermum stagnale Bornet and Flabault, longer than the diameter; het-

X 465. (Original.) erocyst terminal; spores gen-~
erally solitary, borne next to
the heterocyst. Common on damp earth and stones.

“53(27)  Filaments with true or false branches. . . . . . .. ... 54

54 (60) Filaments bearing false branches; sheaths firm, of more or less equal
thickness; filaments consisting of a single row of cells, with
heterocysts (except Plectonema).

Family SCYTONEMACEAE . . 55

55 (56, 50) Without heterocysts or spores. . . . . . . Plectonema Thuret.

Filaments  consisting
only of vegetative cells,
without heterocysts; false-
ly branched, branches
single or in pairs; borne
singly in a firm, colorless
or yellowish sheath. P.
wolle; Farl. occurs in
some abundance in
ponds, attached to stones,
ete.

Fi6. 58. Plectonema wollei

Farlow. X 260. (After

Kirchner.)

56 (55, 59) With intercalary heterocysts. Oge filament in each sheath. . 37

-
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57 (58)  Branches generally arising in pairs. . . . . . Scyfonema Agardh.

Filaments consisting of vegetative cells and
heterocysts; borne singly in a sheath; sheath
tough, lamellose, frequently yellowish or brownish
in color; false branches borne generally in pairs
between the heterocysts. Forming felt-like masses
on wet rocks, etc.

" FI1G. 59. Scytonema mirabile Thuret. X 465. (Original.)

58 (57) Branches arising as a rule singly. . . . . . Tolypothrix Kiitzing.

Filaments resembling closely
those of Scytomema, but false
branches arising singly as a rule
instead of in pairs, as outgrowths
in the region of the heterocysts;
the latter 1—5 in a row; spores (in
a few species) elliptical, borne
singly or in rows. Occurring
among various aquatic plants in
ponds and lakes.

Fi16. 6o.  Tolypothrix lanata Wart-
mann. X 465. (Original.)

59 (53, 56) With basal heterocysts. Two to several filaments enclosed in
each sheath. . . . . Desmonema Berkeley and Thwaites.

Filaments sometimes slightly branched;
heterocysts always basal. On stones, in brooks,
and waterfalls.

Fi1c. 61. Desmonema wrangelii Borzi. X 200.
(After Borzi.)

60 (34) Filaments usually stout, bearing true branches; cells rounded, dis-
posed generally in more than one row; heterocysts present.
Family STIGONEMACEAE . . 61

" 61 (62,63) Sheaths thick; firm. . . . . . . . . . . . . Stigonema Agardh.

Filaments free-floating or aggregated
iy 0D the substratum to form felt-like
~ masses; filaments composed partly of two
to several cell-rows, sometimes of a single
row, enclosed in a thick, lamellose, yellow-
ish or brownish sheath, which is often
of irregular thickness. Hormogonia
formed at the ends of the vegetative
Fic. 62. _a, Stigonema ocellatum Thuret; b, Stigo-  Dranches or in special short branches.

nema minutum Hassall. X 440. (After West.) Heterocysts commonly lateral, or less often
. intercalary. Vegetative cells rounded,
frequently showing protoplasmic continuity. Growing generally on damp or

wet rocks or moss; sometimes free-floating.
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62 (61, 63) Sheaths thin; branches commonly unilateral. Hapalosiphon Nigeli.

Filaments free-floating amongst other algae or subaerial.
Branches long and flexuose, slightly attenuated, generally
narrower than the main axis and borne unilaterally.
Primary axis consisting of a single row, rarely of 2 to 3
rows of cells, enclosed in a strong sheath of uniform
thickness. Spores and heterocysts intercalary. Among
water weeds, in hot springs, etc.

F1c. 63. Ha;balaszplzon hibernicus W. and G. S. West.
X 440. (After West.)

63 (61,62) Sheaths thick; fused to form an irregular gelatinous mass.

/ 67(66)

Nostochopsis Wood.

Forming rounded, Nostoc-like
masses, attached to water plants.
Filaments composed of but one cell-
row; profusely branched.

F16. 64. Nostockopsis lobata Wood.
X 330. (After Bornet.)

Filaments conspicuously attenuated towards one or both extrem-
ities, which are generally piliferous.
Suborder Trichophoreae . . 65

Filaments sheathed, simple or branched, attenuated from the base
to the apex, which is piliferous; heterocysts generally basal,
rarely absent. . . . . . Family RIVULARIACEAE . . 653

Filaments free or forming penicillate tufts or soft velvety expan-
3703 Y- P 1

Branches, when present, distinct and free. . . . Calothriz Agardh.

Filaments simple or
slightly branched, single
in a thick sheath; ‘hetero-
cysts basal or mtercalary
or, in a few species,
absent. Forming tufts
or soft velvety ezpan-
sions on wet or sub-
merged rocks.

F16. 65. Calothriz thermalis
Hal;;sgirg. X 465. (Origi-
nal.

Branches several (2 to 6) within a common sheath.
Dichothrix Zanardini.

Filaments more or less di-
chotomously branched; hetero-
cysts basal or intercalary. On
wet rocks, etc.

- 68 (65)

Fi16. 66. Dichothriz interrupta W.
and G. S. West. X 420. (After
West.)

Filaments forming a hemlsphencal or globular mass, closely united
by mucus. . . . . . P e



114 FRESH-WATER BIOLOGY

69 (70) Filaments radiately disposed in a globose or hemispherical, at-
tached mass. Spores unknown. . . . . Rivularia Agardh.

Forming hemispherical, globular, or hollow
spherical colonies attached to . submerged
plants, such as Chara, Myriophyllum, or to
stones in streams and cataracts. Colonies
composed of radiating filaments which are
repeatedly branched; filaments attenuated
and with piliferous extremities; beterocysts
basal; the whole enclosed in a tough, gelat-
inous matrix.

F16. 67. Rimuloria minutula Bornet and Flahault.
X 300. (After West.)

70 (6g) Filaments radiately disposed; colony often free-floating. Spores
regularly present. . . . . . . . . Gloeotrichia J. Agardh.

(Probably not sufficiently
distinguished from Rivularia to
justify its being made a sep-
arate genus.) Colony globose,
free-floating or attached to
F1c. 68. Gloeotrichia pisum Agardh. X 465. (Original.) submerged water plants; solid

when young, but inflated and

hollow when old; composed of radiating, branched, attenuated filaments.

Spores elongated, cylindrical, borne immediately above the basal heterocyst.

g. pzsu’m Ag. is a common plankton form and constituent of ‘‘water-
loom.”
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CHAPTER VI
THE FRESH-WATER ALGAE

(ExcrupiNG THE BLUE-GREEN ALGAE)

By JULIA W. SNOW
Associate Professor of Botany in Smith College, Northampion, Mass.

THE fresh-water algae are among the most widely distributed of
plants. They are found in all natural bodies of water, whether
these be rapidly-running streams, brooks, and rivers, or the more
quiet bodies, such as pools, ponds, and lakes. 'They abound where-
ever there is moisture. All low-growing vegetation in moist places,
the bark of trees, the earth itself, and even snow-covered moun-
tains, bear species, although they may be invisible to the naked
eye.

The forms of the fresh-water algae are most varied, and there are
all gradations from the most minute cell of primitive, spherical
shape to the large filamentous, richly-branched structure, or cell
complex. The difference between the simple unicellular forms and
many of the higher forms is less than would appear at first sight.
The larger forms often instead of being complex organisms with
many organs, each with its own special function, seem to be more
like aggregates of unicellular individuals, each capable of perform-
ing all the life functions, and each living independently of its
neighbors. This is manifested in forms where a single cell is sepa-
rated from all others and continues to live and to reproduce. An
example of this is seen in Stigeoclonium and Chaetophora, which
under certain conditions fall apart completely, and each cell exists
indefinitely as a unicellular organism undergoing division in three
directions. Such a state is known as the palmella condition.
Each cell in this aggregate, however, when in the right environment,
has the power to reproduce again the original plant, a fact which

would indicate that environment as well as heredity is a factor
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in the determination of form. It was formerly thought that such
a polymorphism was characteristic for the majority of the higher
algae, but though frequent it is by no means universal.

Certain of the genera of the unicellular algae must be closely
related to certain genera of the filamentous forms, such as Stichococcus
and Hormidium, Botrydiopsis and Conferva. The structure of
the cell, the color, size, and shape of the chromatophores, the repro-
duction, the chemica substances formed by the cells of the differ-
ent genera, are in each case identical, and practically the only
difference is that in the one case the cells are cylindrical and united
into a filament, while in the other case they may be somewhat
spherical and solitary.

The resemblance is so great between the Chloromonadaceae,
Conferva, Botrydiopsis, and other forms in reference to the light
color, the small chromatophores, the nature of the zoospores, and
several other points, that many modern writers classify them
together under the head of Heterokontae, in spite of the fact that
some are unicellular, some flagellate, and some filamentous forms.
Though this resemblance is fully recognized by the writer, in this
brief outline of the fresh-water algae the older classification of
Wille will be retained. ‘

The adult algal cell is a typical plant cell, bounded by a mem-
brane, usually of cellulose, but in the Diatomaceae of a siliceous
nature. Just within the membrane is a layer of protoplasm which
encloses one or more vacuoles and in which are imbedded one or
more chromatophores occupying either a parietal or a central
position. The nucleus usually Lies near the center. In by far the
larger number of species there is a single nucleus in a cell, but in
the Cladophoraceae and the non-septate Siphonales there are many
nuclei. The non-septate algae are called coenocytes.

The chromatophores of the algae are large in proportion to the
size of the cell, and may be disc-shaped, plate-like, star-shaped,
or spiral. They may be regular or irregular, perforated, netted,
or entire. Nowhere else in the plant kingdom do we find such a
variety of shapes and structures among chromatophores as among
the algae. Within the chromatophores of many species is a body
denser in structure and albuminous in character, the pyrenoid.
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This usually is surrounded by starch and is the center of reserve
material.

Davis regards the pyrenoid as the center of activity of the
chromatophore. Certain it is that the division of the pyrenoid is
the first visible stage in the division of the chromatophore and of
the entire cell, and takes place in some cases at least before the
division of the nucleus.

On the basis of the color of the chromatophore of the different
forms, together with the mode of reproduction, are formed the chief
divisions of the algae. The different classes are as follows and
each of them is treated separately in a synoptic key at the place
indicated:

Chlorophyceae, color green, page 134.

Cyanophyceae, color blue-green, page 1o0.

Phaeophyceae, color brown, page 174.

Rhodophyceae, color red or purplish green, page 175.

Bacillariaceae, color yellow, page 125.

In all cases where the color is other than green there is in the
chromatophore a coloring matter which screens the chlorophyll
and gives the characteristic hue to members of the group. In
the Cyanophyceae the coloring matter is phycocyan; in the Phaeo-
phyceae, phycophaein; in the Rhodophyceae, phycoerythrin; and
in the Bacillariaceae, diatomin.

Reproduction in the algae is either sexual or asexual.

Asexual reproduction may take place either by simple cell
division or by the formation of some cell specially modified for
that purpose. Cell division may occur in one of two ways: first,
by fission, where a membrane is formed across a cell, dividing the
original membrane and contents, as in Pleurococcus; second, by
internal division, where the contents are simply divided into two,
then four, and perhaps eight or more portions, as in Dactylococcus
and Chlorella. The membrane remains for a time unaltered, but
finally becomes ruptured when the daughter cells increase in size, .
thus setting free the new individuals. They germinate immedi-
ately and each produces a new plant.

Oblique divisions of cells, so frequently attributed to the algae,
rarely if ever occur. They appear to take place very frequently,



118 FRESH-WATER BIOLOGY

as in A nkistrodesmus, Dactylococcus, and Chlamydomonas, but obser-
vation proves that such divisions are always transverse or longi-
tudinal, and that the parts in growing slip by each other and
elongate, producing the diagonal line of demarcation between
them.

In reproduction by internal division, the new individuals are
called by Artari gonidia, by West autospores, and by Wille akin-
etes, with the akinete character but slightly developed. The
contents of such cells may become denser, and possibly be filled
with oil or starch; at the same time the membrane becomes thick-
ened and the whole cell more resistant to unfavorable conditions,
such as heat, cold, or drought. They may remain in this condi-
tion for long periods, and in this way maintain the life of the
organism over conditions which would threaten the existence of
an ordinary vegetative cell. Such cells or akinetes, according to
Wille, may be seen in the palmella condition of Stigeoclonium and
Chaetophora.

The modification of these cells may continue farther, and a
rejuvenescence occur. Each cell becomes invested with a new
membrane and the old membrane is cast off before germination.
These structures Wille would designate as aplanospores. He also
calls attention to the fact that there are many transitional stages
between the vegetative cells and akinetes, and also between the
akinetes and the aplanospores.

In many of the Confervales and Protococcales, instead of
autospores, there are formed motile spores or zoospores. These
are mostly oval in shape, without a membrane, with one, two, or
four cilia, a reddish pigment spot, one or two chromatophores,
and usually two contracting vacuoles in the anterior end. The
zoosporangium, or cell in which they are borne, is in the greater
number of cases developed from an ordinary vegetative cell, but
more rarely from a cell specialized for that purpose. The zoo-
spores originate by the repeated bipartition of the cell contents, by
which 2, 4, 8, 16, 32, 64, or even 128 spores are formed, as in the
production of autospores. More rarely a single spore is formed
from a cell. The zoospores are set free either by the entire cell
wall becoming gelatinous, or by its dissolving at a single point,
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through which the spores gradually press their way. In some
instances the membrane splits and the spores are thus liberated.
If the conditions be not favorable to the liberation of the spores,
however, they may move for a time within the mother membrane,
or may never come into motion at all, but may germinate immedi-
ately without being liberated, and become invested with membranes
of their own. They soon increase in size so that the zoosporangium
wall is broken, but they often remain adhering to each other for a
long time, thus forming a cluster of cells like the parent individual.

Sexual reproduction is always preceded by fertilization. This
process consists in a union of two cells which may be either alike
or unlike, and are known as gametes If the cells are alike they
are called isogametes, but if unlike, heterogametes. The simplest
form of fertilization is seen when two isogametes unite or conjugate
to form a zygospore. These gametes may be two motile cells
resembling zoospores, as n Profosiphon, or they may be non-
motile cells, either distinct individuals as in the Desmids, or as
parts of filaments, as in Spirogyra. Frequently a slight difference
in size may be detected between these two cells, and undoubtedly
this is a beginning of sex differentiation. In all of the higher
algae this differentiation has advanced much farther and a great
difference exists between the gametes: the female cell, the oosphere
or egg cell, being large and non-motile, while the male cell, the
antherozoid or spermatozoid, is endowed with independent motion.
Only in the Florideae does the male cell, the spermatium, lack
motion, and remain dependent upon the action of the water to
transfer it to the egg cell.

The female organ which bears the egg cell is called the oogo-
nium, the male organ which bears the antherozoid is the antherid-
ium. The result of fertilization of an egg by an antherozoid is an
oospore, which is resistant to unfavorable conditions and is usually
dormant for a period before germination. ‘

The female organ of the Florideae is called the procarp. It is
flask-shaped and made up of two parts, the enlarged basal por-
tion, the carpogonium, which contains the egg cell, and a projecting
neck, the trichogyne, for conducting the spermatium to the egg.
The influence of fertilization is manifested by a rapid production
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of spores from the base of the carpogonium, surrounded by sterile
filaments; these together form the cystocarp.

Just as in the study of the higher plants attention has been
turned largely from a purely systematic investigation to a physio-
logical study, so among the algae the most important work is done
along the line of physiology. The simplicity of their structure,
the ease with which many may be cultivated, the readiness with
which they respond to and adapt themselves to external condi-
tions make them a most valuable group with which to experiment.
It would seem that many of the physiological phenomena which
in the higher plants are rendered obscure, due to intricacy of
structure and complexity of environment, might be made plain in
these lower forms which lend themselves so readily to manipula-
tion.

Most valuable results in the physiology of reproduction have
already been attained by Klebs who has taken the chief elements
in the environment and studied their effect on the organism. Asa
result he has shown that reproduction, at least in the forms studied,
instead of being a phenomenon which, without any determining
cause, occurs simply as a stage of growth, is a phenomenon which is -
dependent upon external conditions; and that as these are altered,
the one or the other form of reproduction may be originated, per-
fected, or altogether checked, according to the will of the investi-
gator. He has shown most conclusively that the sexual form of
reproduction does not of necessity alternate with the asexual repro-
duction. If the corditions be maintained, it is possible in certain
cases to suppress either form of reproduction indefinitely, or if de-
sired, to call forth the one to the entire exclusion of the other. An
example of this is cited by Klebs in Vaucheria, Protosiphon, and a
number of other forms. These facts would go to prove that an alter-
nation of the sexual and asexual form of reproduction does not exist
in the green algae, though West and others hold that it occurs in
a large number of the Chlorophyceae. The sporophyte generation,
they believe, is represented by the sexual spore which produces
asexual zoospores; each of these in turn, on germinating, ushers in
a gametophyte generation.

In studying the algal flora of any region and the conditions under
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which it exists, one notes ecological relations among the algae
quite as much as among higher plants. The forms which may be
found are determined very largely by the nature of their environ-
ment, and many of them cannot be transferred from one set of
conditions to another. A large number of species which live sub-
merged in water soon perish if subjected to the atmosphere, while
others, such as the common Pleurococcus vulgaris, which normally
live exposed to the air, are never found in water. A few forms,
such as Chlorella, Stichococcus and Hormidium, may adapt them-
selves to either environment, and are very widely distributed
under the different conditions where algae are found.

As all forms are dependent on moisture, the geological formations
which determine the amount of moisture must determine the
algal flora of any region. In localities where there are large tracts
of level land without elevations and depressions, the algal flora is
extremely meager; while in a hilly country where the water accu-
mulates in depressions of the earth this flora is abundant, certain
forms such as Stigeoclonium, Draparnaldia, and Batrachospermum
preferring the rapidly-running water of streams, while the larger
number of species choose the quieter water of ponds and lakes.

From early spring to late fall the algae are most numerous, but
they are also found in winter, even in the vegetative condition, as
many are not injured by freezing. In these cases the chief effect
of cold upon them is simply a retarding of growth and of repro-
duction. But while some forms are found at all seasons, differ-
ent forms predominate at different times, some species being most
abundant at one period and others most abundant at another.
It does not follow, however, that the same date in successive
years will find the same form predominating. Within certain
limits the flora of a body of water is constantly changing, due
probably to changes in temperature, light, and nutrition, or pos-
sibly to other causes too obscure to detect.

Usually the littoral region supports a number of filamentous
algae. Cladophora is one of the most frequent and is especially
abundant in regions where wave action is strong and the current
great. On the other hand, if the water be shallow and exposed to
the direct rays of the sun, such forms as Spirogyra, Zygnema, Oedo-
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gonium, and Bulbochaete are found. Chara and Nitella are found in
huge beds at the bottom of lakes at a depth of from one to many feet.

Of the unicellular forms also, different species occur under different
conditions. An especially favorable position for this group is
among the leaves and on the surface of the higher aquatic plants.
Indeed unless higher algae or phanerogams exist in certain locali-
ties but few of the minute forms are ever found. There seem to be
certain preferences on the part of different species of unicellular
algae as to the forms of the higher plants with which they associate.
This may be simply that the shape, texture, and arrangement of
parts of certain of these plants afford a better shelter and protec-
tion for the single cells than do others, but it is more probable that
the plant itself exerts some chemical influence which is attractive
or repulsive to these forms. For instance, enormous numbers of
different species may be found growing among Chara, while in
connection with Ceralophyllum, the leaves of which are very finely
cut, but few species occur.

The endophytic forms, such as Endosphaera and Scotinosphaera,
live principally in the tissues of Potamogeton, Lemna, and other
water plants, though they may also be found outside of the tissues.
The discoid forms, such as Coleochaete and Ulvella, are found on the
surface of the broader-leaved types of submerged plants, especially
on Potamogeton; and the unicellular blue-green forms occur abun-
dantly among the Charas, though they are also numerous in most
stagnant water.

In the plankton are always found many species that exist in the
littoral region, but there are also many forms which are distinctively
plankton types. These are characterized by a great surface in
proportion to the mass of the cells, thus rendering them more
buoyant. This is provided for in several ways: by the presence
of long gelatinous or cellulose spines, as in Chodatella and Rich-
teriella; by the union of cells into ribbons or bands, as in Fragila-
ria; and by the production of a homogeneous gelatinous matrix in
which the cells are imbedded, as in Kirchneriella and Sphaerocystis.

In studying the life history of the algae, cultivation is absolutely
essential in order that development may be traced from step to
step without confusing the different phases of the form in ques-
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tion with other species which may be found in connection with it.
Aside from this, too, cultures are useful in determining what species,
especially of the unicellular forms, are present in any collection.
Many of these are so minute that they could easily be overlooked
unless they exist in great masses, which is rarely the case. So if
all forms of a locality are desired, it is well to put a small portion
of material gathered, bits of moss, earth, lichen, or washings from
higher aquatic plants into a culture medium and allow it to stand
3 to 4 weeks, when it may be examined; the chances are that
many forms will appear which could not be detected before-
hand. Indeed this is the only way in which certain species may
be obtained.

When a pure culture is desired bacteriological methods for pure
cultures are most useful, but one who is skillful in working under
the low power of a microscope can often, by means of a tiny capil-
lary pipette, isolate a single cell, or a cluster of cells, which he knows
to be all of one kind. If the medium in which the form was grow-
ing contained many other species, the chances are that the first
time that the cell or cluster is transferred, a cell of some other
minute form such as Chlorella or Stichococcus, too small to notice
under that power, may be transferred with the desired form; so
to prevent this impurity from being carried to the final culture, thus
making the culture worthless, the better way is to transfer the cell
first to a drop of distilled water on a slide, then sterilize the pipette
in boiling water and, allowing it to cool, transfer the cell again to
a drop of distilled water; the process should be repeated three or
four times, and the cell finally transferred to the receptacle in
which the culture is required. '

For this purpose small low glass preparation dishes with loosely
fitting covers are the best. A receptacle that will admit a little
air is better than one that excludes air entirely. These small
receptacles may then be placed directly on the stage of a micro-
scope and the forms studied from time to time without disturbing
the growth in the least.

The bacteriological method for obtaining pure cultures employs
gelatine or agar-agar plates. These plates are prepared by spread-
ing a thin layer of gelatine or agar-agar mixed with some good
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nutrient solution over the bottom of a petri dish or a small glass
culture dish. This must then be sterilized before the culture is
made. In preparing the culture a very minute portion of the me-
dium containing the desired form is mixed with a large drop of
distilled water and then this is scattered at intervals over the surface.
The material must be diluted with enough water so that each cell
will be by itself.

In the course of a few days the single cells will have increased,
and then, while the culture is on the stage of a microscope, the little
colony of cells may be transferred to a liquid medium by means of a
sterilized needle, the tip of a fine brush, or a very fine pipette.

To a very large extent the culture medium must be adapted to
the species to be cultivated. No one medium is favorable to.all
species of algae, and the form must be taken into consideration
before a medium is prepared. If the species be a new form, various
different media must often be tried before the right one is deter-
mined. If a quantity of different forms from any collection be
placed in one medium and a second quantity in another, the prob-
abilities are that in the course of three or four weeks but few of
the same species will be found in both cultures. Certain forms will
have died in one while perhaps those very forms have found in the
other medium the substances and conditions for their development.

The media to which the greatest number of forms are adapted
are Moore’s solution and Knop’s solution:

Moore’s solution:

Ammonium nitrate. .. ... ... oiiiiii i 0.5 gram.
Potassium phosphate. ................ oL, 0.2 gram.
Magnesium sulphate. . ........ ..o oo, 0.2 gram.
Calcium chloride. ......... ... ool 0.1 gram.
Ironsulphate.........ooooiiiiiii i trace.

These amounts should be dissolved in one liter of distilled water.
Knop’s solution:

Potassium nitrate. ... ..covviiiiniiiiiiii i I gram.
Potassium phosphate. .. ... ..ot I gram.
Magnesium sulphate........ooiiiiii it i Igram.
Calcium nitrate. . . ...t i 4 grams.
Chloride of fron. .. ... trace.

The first three substances are dissolved in the required amount of water to make from 1 to
s.per cent of the solution, then the calcium nitrate is added. This solution may then be
diluted as needed; usually a o.2 per cent or a o.4 per cent solution is favorable for ordinary
cultures.
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It should be borne in mind that among the plankton forms
there are many which will not develop in either. For these
the best solution has been found to be a.solution made from the
organisms in the plankton itself. In this a perfectly normal de-
velopment may be obtained for many forms, though even in this
some fail of development. Bouillon, earth decoctions, moist, finely
pulverized earth, bits of bark and cubes of sterilized peat, all form
good substances for the ordinary cultivation of the unicellular
algae. The filamentous algae are far more difficult to cultivate.
Before satisfying one’s self with the life history of any form, that
form -should be maintained in culture for an extended period,
when observation can be made from time to time and the effect of
different conditions determined.

An attempt has been made to give the principal genera of fresh-
water algae found in North America, but the list is by no means
complete. A very few genera of diatoms and desmids here cited
have not been found by the writer and no report of their occurrence
in North America could be obtained; but these groups are distrib-
uted so universally that they probably will be discovered in this
territory.

KEY TO NORTH AMERICAN FRESH-WATER ALGAE
Crass 1. Bacillariaceae (Diatoms)

Color yellow; plant a single cell, sometimes united into chains; membrane
silicified, with minute, definite markings.

These are unicellular algae but, by means of a gelatinous substance, are
frequently held together in bands or masses. The membrane is silicified,
making it hard and rigid. It is always composed of two parts, valves, which
may be separated from each other and which are often compared to a box and
its overlapping cover; the side where the edges overlap is spoken of as the
girdle side, while the outer surface is referred to as the valve side; this and,
more rarely, the girdle side also are sculptured with fine striations, dots,
dotted lines, and grooves. Many have extending lengthwise a conspicuous
line, the raphe, which frequently bears at its middle and both ends rounded
portions called nodules.

Reproduction is by auxospores, either sexual or asexual. The asexual
are formed by the contents of a cell collecting, throwing off the membrane,
and forming cither one or two spores. The sexual auxospores are formed by
the throwing off of the membrane and the copulation of two cells in one of the
following ways: (@) Two cells divide, making two pairs of daughter-cells; each
individual of one pair fuses with one from the other pair, thus making two
spores. (b)) Two cells unite to form one auxospore. (¢) Two cells come
together but do not copulate; two auxospores are formed.
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_ 1 (g, 10) Valves circular, raphe lacking, markings radial. . . . . . . . 2

2 (5) Cells cylindrical or ellipsoidal, united into filaments. Valve side circu-
lar, either convex or flat. . . Family MELOSIRACEAE . . 3

3 (4) Cells with no spines or teeth; valves either smooth or punctate, usually
convex; girdle side punctate. . . . . Melosira Agardh.

Melosira is very common ‘in ponds, rivers, lakes, and
reservoirs, and occurs in great quantities in the plankton.
‘The filaments are often very long.

Fi16. 69. Melosira vorions Agardh. X 60o. (Original.)

4 (3) Cells similar to those of Melosira, but with a circle of tooth-like pro-
jections between the valve and girdle sides.
Orthosira Thwaites.

4 Van Heurck and West include Orthosire under Melosira, while
many others make a separate genus. The Orthosira forms are
found in the same localities as Melosira but are much less
abundant.

B

F16. 70. Orthosira orichalces W. Smith. X 6oo. (Original.)

5 (2) Cells single, disc-shaped, not forming filaments; valves flat, convex, or
undulating, mosthy with radial rows of punctulations.
’ Family COSCINODISCACEAE . . 6

6 (7, 8) Valves circular or nearly so, with radiating rows of dots or areola-
tions, the disc with a distinct edge, usually bearing a circle
of inconspicuous submarginal spines.

Coscinodiscus Ehrenberg.

The number of species of Coscinodiscus is very large, mostly
marine, although some occur in fresh water with other similar
centric forms.

F16. 71.  Coscinodiscus apiculatus Ehrenberg. X 330. (After Wolle.)

7 (6, 8) Valves circular, showing a central smooth or punctate area, and an
outer margin of radiating striations. Girdle view with
undulatingends. . . . . . . . . . . Cydotella Kiitzing.

The cells are disc-shaped and are distinguished from other disc-
shaped forms principally by the smooth or punctate center and the
undulating ends. It is found commonly in the plankton.

Fi16. 72. Cyclotella compta Kiitzing var. effinis Grun, . Valve side; b.
girdle side. X 408. (After Schiitt and van Heurck-Grunow.)
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8 (6,7) Valves circular, with radial rows of dots, between which are clear
spaces; center either punctate or hyaline; on the margin

a circle of acute spines; girdle view with undulating ends.
Stephanodiscus Ebrenberg.

The length of the spines on the margins of
the cells varies greatly; in some species they
are short and acute, while in others they may
exceed the diameter of the cell many times.
Stephanodiscus occurs frequently in the plank-
ton, but usually not in great quantities.

Fic. 73. Siephanodiscus niagareoe Ehrenberg.
X 606. (Original.)

- 90 (1, 10) Valves more or less cylindrical, often in chains, ends greatly ex-
tended, usually forming long spines.
Family RHIZOSOLENIACEAE.

Onlyonegenus. . . . . . . . . .. . Rhizosolenia Ehrenberg.
,»—-—‘)I'S}" l]"]lll{{]‘h‘"m“l}l‘mw Fic. 74. Rbhizosolenia ”éecﬁigteﬁ-l) Smith. X xgo. (After

10 (1, 9) Valves not circular or cylindrical, of different shapes, symmetrical in
reference to a longitudinal or transverse axis; surface marked
by costae or punctate lines making definite angles with a
middle raphe or a median line. . . . . .. II
11 (34, 38) A middle nodule present on the raphe of both valves R
See also 40 and 63.
12 (32, 36) Girdle view symmetrical with reference to both a transverse and
a longitudinal axis. . . . . S X
13 (26) Valves not arched or keeled; usually symmetncal Wlth reference to a
straight or a sigmoid raphe. Family NAVICULACEAE. . 14

Valves symmetrical with reference to a straight or curved middle line; girdle symmetrical
with reference to both axes; a straight or curved raphe; a central and two end nodules present.

14 (15) Cells without inner partitions; raphe and valves straight. . . . 16
15 (14) Raphe and valves sigmoid. . . . . . . . . Pleurosigma W. Smith.

F16. 75. Pleurosigma atienuatum W.
Smith. X goo. (After Smith.)

16 (19) Cells linear, oblong, with rounded nodules, the two end ones turned
toward one side, the prominent costae not punctate.. . 17

17 (18) The costae interrupted by a plain band at the center.
Stauropiera Ehrenberg,
18 (z7) The costae not interrupted at the center. . Pinnularia Ehrenberg.

1/ //// //"1 g

\\

19 (16) Cells more Ia.nce—shaped the end nodules not turned toward one
side. Striations composed of lines of individual dots. . 20
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20 (23, 24, 25) Central nodule small, rounded, or slightly elongated. . . . 21
21 (22) No lateral longitudinal areas of transverse scpta. . . Navicula Bory.
A form which grows in gelatinous tubes is regarded by some

authors as a different genus Schisonema but others regard it as
a true Navicula.

F16. 77. Navicula rhynchocephala Kiitzing. X ss7. (Original.)

22 (21) Two lateral longitudinal areas of transverse septa. Mostly imbedded
in a gelatinous pseudothallus. . . . Mastogloic Thwaites.

In shape, Mastogloia resembles Navicula, but is distinguished from it by
the gelatinous envelope and the presence of lateral, transverse, siliceous septa
or plates which divide the lateral regions of the cells into small compart-
ments. There are transverse striations on the valves. It is not a very
common genus in America.

F16. 78. Mastogloia smithii Thwaites. X about 300. (After Smith.)"
4 B :

23 (20, 24, 25) Central nodule broad, extending to near the margin of the valves.
Stauroneis Ehrenberg.

Stauroneis occurs frequently in all
bodies of water and is a constituent of
the diatomaceous flora which forms large
siliceous deposits at the bottom of lakes.

F16. 79. Stauroneis anceps Ehrenberg.

6oo. (Original.)
24 (20, 23, 25) Central nodule elongated to a short rod. Borne on gelatinous
stalks. . . . . . . ... .. ... . Brebissoniac Grun.

F1c. 8c.  Brebissonia
sp. X 580. (Original.)

25 (20, 23, 24) Central and end nodules elongated, enclosed with the raphe
between two longitudinal, parallel, siliceous ribs. Frus-
tules sometimes borne in gelatinous tubes.

Vanheurckia Brébisson.

—_————— Fi6. 81. Vanheurckia rhomboides Ehrenberg. X 370.
(After West.)

26 (13) Valves asymmetrical with reference to the raphe or to a longitudinal
axis; raphe arched, or nearer one margin than the other.

Family CYMBELLACEAE. . 27
27 (28) Valves greatly convex; girdle side clliptical or oval.
Amphora Ehrenberg.

Van Heurck regards 4Amphora as one of the most difficult
genera of diatoms and notes that over 200 species have
been placed in this genus. It is believed that it origi-
nated from Cymbella.

F16. 82. Amphora ovalis Kittzing. a. Valve side; b. girdle
side. X 6oo. (Original.)

28 (27) Valves flat or only slightly convex. . . . . . . . ... ... 29
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29 (30, 31) Raphe straight or bent, endmg in the middle of the valve ends.
Cells free. . . .« . . . Cymbella Agardh.
Cymbella, varies in shape from that of a typical Navicula
to one strongly arched, and they have sometimes been styled
as asymmetrical Naviculas. Some authors include the genus
Cocconema under Cymbella, but the name Cocconema is the
older name and should be retained. Wolle reports 25 species
of Cymbella.

F16. 83. Cymbella cuspidata Kiitzing. X 60o. (Original.)
30 (29, 31) Cells much as in Cymbella, but usually larger and borne on
gelatinous stalks. . . Cocconema Ehrenberg.

Fi16. 84. Cocconema lanceolatuns Ehren-
. berg. X37s. (After West.)

31 (20, 30) Raphe straight, not ending in the middle of valve ends. Cells
living in gelatinous tubes. . . . . . Encyonema Kiitzing.

Fi1G. 85. Encyonema auerwoldii Rabenhorst. X 250.
(After Wolle.)

32 (12, 36) Girdle view asymmetrical with reference to a transverse axis,
the outline being wedge-shaped.
Family GOMPHONEMACEAE . . 33

33 (35) Girdle side straight. . . . . . . . . . . . Gomphonema Agardh.

Fic. 86. Gumphonema acuminatum Ehrenberg. a. Valve side;
girdle side. X 60o. (Original)

e 34 (11, 38) A middle nodule and a raphe present on but one valve. . . 33
35 (33) Girdle side curved; otherwise similar to Gomphonema.

Rhoicosphenia Grunow.

The two valves are unlike in shape and in the fact that the lower valve

possesses a raphe, a central and end nodules, while the upper valve possesses
only a pseudo-raphe and is without nodules.

F16. 87. Rhoicosphenia curvate Grunow. a. Valve side; b. girdle side. X 380.
(After Schonfeldt.)

36 (32, 37) Girdle view symmetrical with reference to a transverse, but not
to a longitudinal axis, the cells being arcuate and attached
to higher algae. . . . . . . . Family COCCONEIDACEAE.

Only one genus known. . . . . . . . . Cocconeis Ehrenberg.

Valves oval or elliptical, symmetrical with reference to both axes; raphe
straight, with middle nodules but without end nodules. Markings of faint
longitudinal punctate lines; girdle and end views both curved

F1G. 88. Cocconeis pediculus Ebrenberg. X 60o. (Original))
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37 (36) Girdle side geniculate. Valves straight, linear, or fusiform; frus-
tules either free or stalked. . . Family ACHNANTHACEAE.
Only one genus. . . . . v« . . . Achnanthes Bory.

Cells so curved that the two valves are not ahLe, the one concave with raphe, middle and
end nodules; the other convex, without a middle nodule, but with a pseudo-raphe.  Girdle view
symmetrical with reference to a transverse axis. Cells single or in bands,
mostly on gelatinous stalks.

The cells may be solitary, though they usually form long, sessile chains or
bands attached to the surface of green algae. The genus includes both marine
and fresh-water forms.

F1G. 89. Achnanthes exilis Kiitzing, X 6co. (Original.)

38 (11, 34) No middle nodule present on either valve, except in Cerafoneis,
or at most consisting of a slight, nng-hke elevation. . . 39

39 (40, 41,62) Valves asymmetrical with reference to a longitudinal axis, in
that on one margin there is a longitudinal row of bead-like
thickenings (keel pomts) while on the other margin they are
lacking. . . . . . . . . Family NITZSCHIACEAE.

Only one genus. . . . . .« . . . . Nitzschia Hassall.

Valves linear, sometimes curved, keeled w1th canal raphe. Cells rhomboidal incross sec-
tion.

v . F16. 9o. Nitzschia linearis Smith. X s7s.
™ (Original.)

40 (39, 62) Valves with median, 51gm01d keel, compressed, strongly arched,
bearing raphe. . . . . . . . . Family AMPHTPRORACEAE.
Onlyonegenus. . . . . . . . . . . .. Amphiprora Ehrenberg.

Valves fusiform, with central and two end nodules on raphe.

Girdle side sharply constricted at center.

F1c. 91. Amphiprora sp. X 400. (Original.)

41 (39, 62) Valves symmetrical with reference to a longitudinal axis . . 42

42 (47) Valves each with two wing-like keels, strongly costate, with pseudo-
raphe but no nodules. . . Family SURIRELLACEAE . . 43
Cells mostly large, ovate, or elliptical.

43 (44) Cells bent in saddle shape. . . . . . . Campylodiscus Ehrenberg.

Though the sha.pe of the cells seems more or less tri-
angular, they are in reality circular, and their seeming
a.ngulanty is due to the curvature of the frustules. It
is a very large genus, some 92 specxes having been
recorded; the species are mostly marine, though a number
are found in fresh water. Their large size makes them
among the most conspicuous of the diatoms.

Fic. 92, Campylodiscus cribrosus W. Smith. X about 300.
(After Smith.)

44 (43) Cellsnot bentorspirally twisted. . . . ... . ... ... 45
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45 (46) Valves showing a wave-like margin in girdle view.
Cymaioplenra W. Smith.

This is a large diatom which is
easily recognized by the undulat-
ing outline of the girdle side.

The genus is rather small, and
Wolle reports but seven species.

F16. 93. Cymaloplenra apiculata
W. Smith. a. Valve side. b. girdle
side. X 60o. (Original.)

46 (45) Girdle view without wave-like margins. . . . . . Swurirella Turpin.

(9QQK\\KK\§\R\(\\“’\UO[J Oﬂ/]ﬁ//ﬁﬂﬂf/g 4 §h1§ fgenus is widely dlstr:bltlxted
ZZ t e in all re-
(/J /”(/ (/{/ vy 6\5\33\\Q\\® zz)nsowh:g‘:ﬁ;togxgggﬁg%nd. Some

species are very large and conspicu-
ous, especially in the plankton.

U Uy
F S lla Smith.
— 4 B Val}lrg s?cie f"z:r espsule mlt)( 582
R e R
47 (42) Valves withoutkeels. . . . . . . . .. . ... ... ... 48

48 (59) Cells without deep inner partitions sometimes with imperfect septa. 49

49 (35) Valves with transverse costae. . . . . . . . . .

so (54) Valves symmetrical with reference to a transverse axis.
: Family DIATOMACEAE . . 5T

Cells symmetrical with reference to both axes, borne in long chains; transverse striations

distinct and uninterrupted except in some cases by a longitudinal plain band.

51 (52, 53) Valve side oval or linear, transverse markings uninterrupted,
girdle side rectangular cells mostly in zig-zag chains, some-
times in short filament. . . . . . Diafoma de Candolle.

4 ap
{‘; Q) F16. 95. Diatoma elongatum Agardh. a. Valve
g{? @%%Q} sxde b girdle side. X aboutg?oo (After W
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52 (51, 33) Characteristics similar to those of Dialoma except that the cells
are borne in ribbons. . . . . . . . . Denticula Kiitzing.

The valves are marked by heavy ribs which are in reality shallow
septa, between which are delicate striae.

Denticula occurs on wet rocks and in fresh water; sometimes also in
brackish water.
4 B

F16. 96. Denticula inflafc Smith. a. Valve side. b. girdle side.
X 6oo. (Original.)

53 (51, 52) Characteristics as in Denticula except that the striations are in-
. terrupted in the middle. . . . . . . Odontidium Kiitzing.

Many place the members of this genus with Diafoma, while
others regard the interrupted striae and the formation of short fila-

-
B
%:F ments instead of zig-zag chains, sufficient differences to place them

in a separate genus.

F16. 97. a, b. Odontidium mulabile Smith. c¢. Odontidium tadellaria
Smith. X s70. (Original.)

54 (50) Valves asymmetrical with reference to a transverse axis.
Family MERIDIONACEAE.
Onlyonegenus. . . . . . .. .. ... .. Meridion Agardh.

Both valve and girdle sides wedge-shaped, forming ring-
like or fan-shaped bands; striations uninterrupted.

There are imperfect transverse septa which are con-
spicuous on the valve side but show only laterally on
the girdle side. Between these on the valve side are fine
punctate striae. .

Van Heurck thinks this genus ought to be suppressed.
It lv:liﬁers from Diatoma only in the cuneate shape of the
valves.

F16. 08. Meridion consirictum Ralfs. X 300. (After
Smith.)

o

: B
. 55 (49) Valves without transverse costae. . Family FRAGILARTACEAE . . 56

Cells of much the same structure as Diafoma. Transverse striations composed of separate
dots; with or without raphe and end nodules.

56 (57, 58) Cells very slender, not united in bands, either free or attached at
: one end, forming clusters on higher algae.
Synedra Ehrenberg.

F16. 99. Synedra salina W. Smith.
X §88. (Original.)

T onie &
i i ———

57 (56, 58) Cells forming bands or zig-zag chains. . . Fragilaria Lyngbye.

P oot e Fragilaria is a common genus oc-

curring in ponds, reservoirs, and lakes.
% F. crotonensis has been known to occur
4 in such quantitics as to form water

e priren
;% o bloom, producing a thick brown scum
; T on the surface of a lake.
. F16. 100.  Fragilaria crotonensis Kitton.
W p o Valve side. 5. girdle side. X 225.
(Original.)
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58 (56, 57) Cells arranged in the form of a star. . . . Asterionella Hassall.

The radial arrangement of the cells is due to the
presence at the inner ends of small mucous cushions
which unite the cells in this manner. The cells are
linear, unequally enlarged at the ends, capitate in the
valve view and truncate in the girdle view. The
valves are marked with delicate striations.

Asterionella is common in ponds, lakes, and water

© reservoirs. It is especially frequent in the plankton,
probably on account of the radial arrangement of the
cells, which would make it easily buoyed up by the
water.

F16.101. Asterionello gracillima Heiberg. X 188.
{After Schréter.)

59 (48) Cells with interrupted inner partitions.
Family TABELLARIACEAE. . 6o

Valves linear, oblong, or elliptical, inflated at the center. Girdle side rectangular, with two
or more longitudinal partitions perforated at the center.

60 (61) Cells slender, valves with only punctate striations.
Tabellariac Ehrenberg.

The inner partitions appear in the girdle view
as distinct lines which are not always equally
developed or opposite each other at the two ends
of the cell. At the interruption of the partitions
at the center the valve sides show an inflation.

The zig-zag chains of T'abellaria are conspicu-
ous in almost all collections of algae.

F16. 102. Tabellaria fenestrato Kiitzing. a. Valve
side. b. girdle side. X 6oo. c. showing characteristic
/ : arrangement of cell. X about 150. (Original.)

61 (60) Cells broader, with distinct transverse costae. . . Teiracyclus Ralfs.

Aside from the interrupted inner par-
titions there are also transverse septa
which appear on the valve sides as costae,
between which are very faint striae. The
septa are more numerous, and the cells
more cruciform than in Tabellaria; they
occur also in bands instead of in zig-zag
chains.

F16. 103. Tetracyclus lacustris Ralfs. a.

Valve side. &. girdle side. X 300. (After
Smith.)

62 (39, 41) Valves asymmetrical with reference to a longitudinal axis, the
cells being more or less arcuate.

Family EPITHEMIACEAE. . 63

Valves curved, usually with dotted transverse striations, sometimes also with transverse
costae.
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63 (64, 65) ‘Transverse costae coarse, converging, projecting inward, often
with lines of dots between. . . Epithemia Brébisson.

Fi1c. 104. Epithemia turgida Kiitzing.
X 380. (Original.)

64 (63, 65) Transverse striations punctate; end nodules present, but raphe
wanting. . . . . . . .. .. ... Eunotic Ehrenberg.

Fi6. 105. Eunotia pectinalis Dillwyn. X 625. (Original.)

65 (63, 64) Valves crescent-shaped, the raphe very near the concave margin,
with end and middle nodules. . . . Cerafoneis Efirenberg.

There is but a single species.

F1G. 106. Ceraloneis arcus Kiitzing. X 6co. (Original.)

Crass II. Chlorophyceae

Color, a chlorophyll-green.

This group includes by far the greater number of forms of algae in fresh
water. It is so large and the characteristics of the different members so
varied that no characterization of the group as a whole will be attempted.

1 (253) DPlants fine, relatively small. . . . . . .. ... ... ... 2

In regard to the Characeae the uncertainty of their nature and systematic position is fully
understood, but for convenience they will be considered at the end of the Chlorophyceae.

2 (67) Plants of unbranched, septate filaments, slippery to the touch; or
plants of single cells of two exactly symmetrical parts, some-
times united into filaments. Chlorophyll in spiral bands,
central plates, or star-shaped bodies.

Order Conjugales . . 3

Filamentous or unicellular algae whose reproduction consists only in conjugation, that is
where the contents of two cells which are exactly alike, or at most differing only slightly in
reference to size, unite to form a single cell, the zygospore.

Some authors would place the Bacillariaceae under this group on account of the union which
takes place before the formation of the spore, but as they differ in many respects from the dis-
tinctive members of this group they have been placed in a group by themselves,

" 3(59) Plants unicellular, occasionally united into filaments; cells constricted
at the middle or not; one-half of each cell exactly symmet-
rical with the other half; 2, 4, or 8 individuals from a germi-
nating zygospore. . . . . Family DESMIDIACEAE . . 4

The membrane mostly furnished with tiny protuberances and pores, both with a definite
arrangement; chromatophore radiating from or including one or more pyrenoids. Asexual
reproduction by the separation of the halves of the cell, between which two new halves are
formed, each attached to and identical with one of the older halves. In sexual reproduction
two cells come together, throw off their membranes, and their contents unite to form a
zygospore. This is usually furnished with conspicuous colorless spines.

. 4 (22) Cells after division united into filaments. . . . .. ... ... 3
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5 (11) Cells cylindrical, with no constriction, or at most a very shallow and
broad constriction, giving a slightly undulating outline. 6

6 (7,8) Cells not longer than broad, sometimes with a very shallow, broad
constriction; chromatophore central, with 6 to 10 rays about
apyrenoid. . . . . . .. . .. . Hyalotheca Ehrenberg.

Filaments long, often twisted, and slippery to the touch.
The different diameters of the cells nearly equal, varying
from 20 to 35 «. The median constriction often very slight.
Chromatophore in each cell-half of radiating plates placed
about a pyrenoid.

A broad gelatinous envelop is always present but it is in-
visible without reagents.

Hyalotheca is frequent among filamentous forms of the
B " Congugales.

Fi1c. 107. Hyalotheca dissiliens Brébisson. a. side view. b. end
view. X 575. (Original)

.7 (6,8) Cells but little longer than broad, attenuated at the end.
Lepiozosma Turner.

Filaments long, cateniform; not twisted, or
but slightly so. Joints united by a strongly
marked suture; near to Bambuscina Kiitzing,
but differing therefrom in the suture.

F16. 108, Leplozosma calenulats Turner. X 300.
(After Turner.)

8 (6,7) Cells muchlongerthanbroad. . . . .. ... . ... ... ¢

o (10) Chromatophore a central plate containing a row of pyrenoids.
Gonatozygon de Bary.

Length of cells 100 to 200 u; breadth 1oto 202,
much like a cell of Mougeotia except that the
membrane is covered with minute projections;

F16. 109. Gonatozygon ralfsii_de Bary. cells sometimes slightly swollen at the ends.
X about 230, ~ (After de Bary.)

10 (9) Chromatophores consisting of several parietal spiral bands.
Genicularia de Bary.

Diameter of cells 17 to 22.5 p; length
10 to 20 times as great. Membrane cov=-

Ty

[ < Frodd S

A PRI ered with fine projections as in Gonatozygon.

F16. 110. Genicularia spirolzenia Brébisson. X 265. Spiral chromatophores with many pyrenoids.
(After de Bary.) i

11 (8) Cellsnot cylindrical. . . . . . . . ... . ... ... 12

12 (19) End view of cells circular, oval, or elliptical, rarely triangular. . 13
13 (16) Cells not deeply constricted at themiddle. . . . . . . . . .. 14

14 (15) Cells cask-shaped, placed end to end, with a shallow narrow con-
striction at the middle; end view circular, with two oppo-
sitely placed projections. . . . . . . . . . . Gymnozyga.

The membrane frequently shows longitudinal stripes.

Chromatophores in each cell-half composed of a number

of radially-placed plates arranged about a pyrenoid at
the center.

Fi16. 111. Gymmozyga brébissonii Nordstedt. X 568. (Original.)
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15 (14) Cells not cask-shaped, with a narrow, shallow, central constriction;

end view elliptical or triangular, ends tapering or round.
Spondylosium Archer.

Cells 10 to 12 u broad: 8 to ou long. cells tapering towards
the ends. Membrane smooth or with slight prominences.
A pyrenoid in each cell-half, about which radiate from 4 to 6
chlorophyll plates.

The cells of the filaments are united by the close adher-
ence of the apices of the cells. The filaments are frequently
twisted and enveloped in mucus.

Fi1G. 112 Spondylosium paﬁillatym W. and G. West. X 6co.
(Original.)

16 (13) Cells deeply constricted in the middle. . . . . . . . . ... 17

17 (18) Cell-halves acutely pointed or oval; upper and lower surface of each
end furnished with a spine which meets a similar one on the
adjoining cell; end view fusiform. . . Onychonema Wallich.

Narrow spines frequently present. In each cell-half a single axial
chromatophore, composed of radiating plates about a central pyrenoid.

Onychonema occurs in swamps and ponds but is not of very fre-
quent occurrence in America.

F16.113. Onychonema loeve Nordstedt. X 6oo. (Original.)

18 (17) Cell-halves oval in outline, with a deep central constriction; cells
united into filaments by small tubercles.
Sphaerozosma Archer.

Cells 22 to 334 broad and about half as long, end view elliptical;
membrane smooth or with tiny warts near the ends of the cells.

Sphaerozosma is distinguished from Spondylosium by the cells
being united by tubercles instead of by their apices directly.

S. pulchrum var. inflatum Wolle is” reported by Wolle as occur-
ring in such quantities as to color the water green.

F16. 114. Sphaerozosma vertebratum Ralfs. X about 300. (After de Bary.)
S 19 (12) End view of cells triangular or quadrangular, seldom oval. . . 20

20 (21) No space at the center between the transverse septa; cells slightly
and narrowly constricted. . . . . . Desmidium Agardh.

Filaments long, twisted. Cells flat at the
ends, 3 to } aslong as broad, so constricted
at the center as to give a scalloped lateral
outline to each cell. End view with as many
pyrenoids as there are angles, from each of
which radiate two chlorophyll plates.

F16. 115. Desmidium schwartzii Agardh. a. side
view. b.end view. X s50. (Original.)
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21 (20) An oval opening at the center between the transverse septa.
e A plogonum Ralfs.

4 . B Filaments often twisted, cells slightly
longer than broad, with three or four
projections on each end which exactly
meet others on the adjoining cells, some-
times slightly constricted. Several py-
renoids in each cell, from which radiate
the plate-like chromatophores. ,

The genus Apiogonum is included by
many under Desmidium, but the space
at the center between two adjoining cells,
the lack of the narrow central construc-
tion, and the greater length of the cells
would seem to distinguish it from Des-
midium.

FiG. 116. A ptogonum baileyi Ralfs. g. side
view. b.end view. c.optical section. X 425.
(Original.)

22 (4) Cells not united into filaments. . . . . . . . ... ... .. 23

23 (33) Cells not constricted at the center, or at the most only very slightly
SO. . L. . 24

24 (25) Cells crescent-shaped; tapering toward both ends.
Closterium Nitzsch.

Cells varying from short, thick cells swollen in the
middle to very slender cells sometimes bent in the
shape of an S. Membrane smooth, or longitudinally
striated, rarely with a yellow hue. Chromatophores
in each cell-half of several radially-placed plates,
including one or more rows of pyrenoids; at each
end a large vacuole containing moving granules.

F1G. 117. Closterium moniliferum var. wmawm
Ehrenberg. X about 200, (Original.)

25 (24) Cells cylindrical or fusiform. . . . . . . . . . . ... ... 26

26 (27, 28) Chromatophore one or more parietal, spiral bands.
Spirotaenia Brébisson.

Cells straight, oblong, cylindrical, or fusiform, bxzvith rounded ends. Chroma-
tophores one or several parietal bands with pyrenoids,

F16. 118. Spirotaenic minuta Thuret. X 365. (After West.)

27 (26, 28) Chromatophore star-shaped, one in each cell-half.
Cylindrocystis de Bary.

Cells with rounded ends, often oval in outline. Chroma-
tophores two, star-shaped, many rayed, each enclosing a
pyrenoid at the center.

Fi6. 119. Cylindrocystis diplospora Lundell. % 375. (Original.)

28 (26, 27) Chromatophore straight, simple, or multiple . . . . .. ., .20
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29 (30) Chromatophore a single axial plate with one or more pyrenoids.
Mesotaenium Nigeli.

Cells cylindrical, with rounded engls, resembling in structure
cells of Mougeotia but smaller, sometimes adhering to each other
after division but not forming distinct filaments.

Fic. 12e. Mesotaenium endlicherianum Nigeli. X 625. a. showing
the surface of the chlorophyll plate. . showing the edge of the chloro-
phyll plate. (Original.)

30 (29) In each cell-half several chlorophyll plates. . . . . . . . . . 3I

31 (32) Margins of radial plates entire; pyrenoids central in each cell-half.
Penium de Bary.

Cells sometimes slightly constricted at the middle, rounded or trun-
cated at the ends; length 3 to o times the breadth; membrane smooth,
punctate, or longitudinally striated; chromatophores radially placed
about a large pyrenoid in each cell-half.

FIG. 121. Penium cucurbitinum Biss. X 295. (After West.)

32 (31) Margins of the radial plates of the chromatophore scalloped; pyrcnoiqs
several and scattered. e Netrium Nigeli.

Cells shaped much as in Penium. The scallops of the outer margin of the chromatophores
conspicuous; pyrenoids not large and forming a center about which the chlorophyll plates
radiate, as in Penium, but small and scattered.

Fi16. 122. Nelrium lamellosum Brébisson. X 200. (After Kirchner.)

33 (23) Cells constricted at thecenter. . . . . . . . . . ... ... 34
34 (42) Constriction at the sides slight and usually gradual. . . . . . 33
35 (38) Length of cells usually not more than six times the breadth. . . 36

36 (37) Central constriction very gradual and shallow; a slight incision at
theends. . . . .. ... .. Tetmemorus Ralfs.

Cells straight, fusiform, or cylindrical, slightly and broadly
constricted at the middle; ends rounded, each with a slight
linear incision; length 4 to 6 times the diameter.  Chroma-
tophore axial with a single row of pyrenoids.

F16. 123. Tetmemorus granulotus Ralfs. X 465. (Original.)

37 (36) Cells short, ends truncate, constriction rather abrupt, but not deep;
chromatophore of longitudinal bands; pyrenoids many,
scattered. . . . . . . . . .. Pleurotaeniopsis Lundell.

This is regarded by Brébisson as a Calocylindrus, by de Bary
as a Pleurotaenium and by West as a Cosmarium. Formerly
Wille recognized the genus, Pleuretagniopsis, but now includes it
under Cosmarium.

FIG. 124. Pleurolaeniopsis turgidus Lund. X 130. (After de Bary.)
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38 (37) Length of cells many times the breadth. . .. .. ... .. 390

39 (40, 41)  Cells before the middle constriction swollen, but without longitu-
dinal flutings; chromatophore of radially-placed plates, with
pyrenoids. . . . -+ « « . . Pleurotaenium Lundell.

Cells straight, cylindrical, somewhat taper-
ing toward the truncate ends. Membrane
smooth or with small warts; at each end a

F16. 125. Pleurotaenium nodulosum Rabenhorst colorless vacuole with dancing particles as in
X 175. (Original.) Closterium.

- 40 (39, 41) Cells before middle constriction swollen and with longitudinal
flutings; chromatophores of longitudinal radial plates.
Docidium Lundell.

Cells tapering somewhat towards the ends; no vacuoles with moving granules; membrane
either smooth or thh minute protuberances and even with spines in certain regions.

F16. 126. Docidium baculum Brébisson. X s45. (Original.)

. 41 (30, 40) Shape of cells much as in Pleurotaenium, but apices broadly cleft
or with bidentate processes. . . . . . Triploceras Bailey.

Cells large, walls covered with rings of furcate processes or small, perpendicular longitudi-
nally-placed plates. Sometimes_confused with Docidium.

F16. 127. Triploceras gracile Bailey. One-half of a cell. (After Cushman.)
42 (34) Constrictions at the sides deepand abrupt. . . . . . . . . . 43

43 (44) End views of cells 3 to several angled or rayed.
Staurastrum Lundell.

Side view hour-glass shaped; membrane smooth or with
warts or spines; chromatophores in each cell-half consisting
of radially-placed plates about a central pyrenoid, two
plates extending into each arm or angle.

F1c. 128. Staurastrum crenulaium Nigeli. X 6oo. (Original.)

. 44 (43) End views of cells compressed or elhptxcal often enlarged at the
center. . . . e e e e w . . 45

45 (48) Cells at end with notches or linear incisions. . . . . . . . .. 46
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46 (47) Cells disc-shaped, each cell-half with three or five lobes, the lateral
onesof which are more or lessdeeply cut . Micrasterias Agardh.

Cells broadly oval or rounded in out-
line. Middle constriction deep, some-
times furnished with spines; lateral lobes
often one or more times dichotomously
divided, the last divisions usually fur-
nished with spines. Chromatophore the
form of the cell, in which are scattered
several pyrenoids.

F1G. 129. Micrasterias papillifera Brébisson.
One half of a cell. X 365. (Original.)

- 47 (46) Cells at ends with an incision or undulation, end view elliptical with
one or two prominences on the sides. . . Euastrum Ralfs.

Cells oblong or elliptical, with deep, middle constriction, and
variously incised, concave, or undulating margins. End view
oval, with one or more rounded projections. Membrane some-
times with warts or spines. Chromatophore axial.

F16. 130. Euastrum elegans Kiitzing. X 588. (Original.)

i 48 (45) Cells at ends without notches or linear incisions . . . . . . . 40
49 (54) Cells without spines . . . . . . .. .. ... 50
5o (s1) Cells free. . Cosmarium Corda.

Cells elliptical or circular, sometimes with more or less
undulating or tapering margins; middle constriction deep and
linear; end view oval or circular, often with rounded projec-
tions. Chromatophore in each cell-half, usually of radiating
plates about one or more pyrenoids; membrane often punc-
tate or with minute warts. :

Fic. 131.  Cosmarium boirytis Meneghini. X 575. (Original.)

. 51 (50) Cells united by branched gelatinous stalks, forming colonies . . 32
- 52 (53) Colonies loose, not encrusted with lime . . . Cosmocladium Nigeli.

Cells as in Cosmarium, but borne

by dichotomously or trichotomously
branched gelatinous stalks, which are
united to form free-swimming or
sessile colonies.
. The colonies are invested in an
indistinct gelatinous mass, less dense
than the filaments which connect
the cells. It is sometimes found in
large numbers in rivers and lakes.

FiG. 132. Cosmacladium saxonicums de
Bary. X 2s0. (After Schrider.)
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53 (52) Colony a compact cushion; stalks encrusted with lime.
Oocardium Nageli.

Cells broad, middle constriction slight, chromatophores two,
pyrenoid in each. Stalks closely placed so that the enveloping
cylindrical lime sheaths make a honeycomb-like structure.

They are sometimes branched and imbedded in the free end
of each is a single cell, placed transversely. It occurs where
water trickles over limestone rocks, and is also reported as
being found in mountain streams.

F16. 133. Qocardium stratum Nigeli. X 483. Portion of figure.
After Senn.)

‘54 (40) Cells with spines . e e e . ... 53

55 (56) Two or four spines on each cell-half . . . Arthrodesmus Ehrenberg.

General characteristics as in Cosmarium, except that each cell-half is fur-
nished with two or four long spines, and the end view shows no lateral
rounded prominences.

The spines in Arthrodesmus are all arranged in one plane, while in Xanthid-
tum they may be arranged in two planes.

F16. 134. Arthrodesmus convergens Ehrenberg. X about 250. (Original.)

- 56 (55) Two rows of strong spineson each cell-half . . . . . . . . . 357

57 (58) Spinessimple . . . ... ... ... . Xanthidiun Ehrenberg.

Cells oval or nearly round, with deep, narrow, central constriction; end view
elliptical, often with protruding sides; membrane with two rows of strong,
horn-like spines; chromatophore parietal, more or less divided, with several
pyrenoids.

As in Arthrodesmus the presence and the nature of the spines distin-
guish the genus from certain species of Cosmarium.

F16. 133. Xanthidium fasciculatum Ehrenberg. X about zo0. (Original.)

58 (57) Spines branched. . . . . . . . . . . . . Schizocanthum Lundell.

Characteristics similar to those of Xanthidinm, except that the
spines are thick, short, and branched at the ends.

West believes that Schizocanthum should be included under
Xanthidium as the only difference is in the spines, and there is too
much variation in these, he thinks, to make separate genera.

F16. 136. Schizocanthum armatum Lundell. X 106. (After Wood.)

59 (3) Plant filamentous, cylindrical, only one individual originating from
a germinating zygospore . . Family ZYGNEMACEAE .

Cells cylindrical, united into filaments, usually found near the surface of the water. Chro-
matophores different in different genera, but all with several pyrenoids. Reproduction sexual,
occurring by the conjugation of cells in two parallel filaments, ladder-like, or lateral, between two
neighboring cells of the same filament. Parthenogenesis may occur. =~
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60 (64) In conjugating the whole of the contents of the conjugating cells
passes into the zygospore.  Subfamily ZYGNEMEAE . . 61

61 (62, 63) Chromatophores two, axial, star-shaped; a pyrenoid in the center
ofeach. . . . . . ... ... ... ZygnemadeBary.

Conjugation either ladder-like or lateral: Zygospore within one of the conjugating cells,
orin the conjugating tube. According to Collins aplanospores may take the place of zygo-
spores, also resting akinetes with granular contents and thickened membrane may be found.

F16. 137. Zygnema sp. X 6oo. (Original.)

62 (61, 63) Chromatophore one to several parietal, spiral bands, with many
pyrenoids. . . . . . . . .. .. ... Spirogyre Link.

Conjugation ladder-like or lateral. Zygosporeinone of the conjugating cells. Parthenospores
may be formed.

N

F16. 138. Spirogyre crassa Kiitzing. a. conjugation of filaments. 3. zygospores X 100. (Original.)

.63 (61, 62) Chromatophore an axial plate, with several pyrenoids.
Debarya Wittrock.
Cells long; conjugation ladder-like; zygospore between the con-

jugating cells; the middle layer of the spore membrane yellow, with
three parallel longitudinal grooves, connected by radial striations.

F16. 139. Debarya glypiosperma Wittrock, showing two zygospores. X 95.
(After de Bary.)

- 64 (60) In conjugation only a portion of the contents of the conjugating cells
passes into the zygospore.
Subfamily MESOCARPEAE . . 65
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65 (66) Chromatophore an axial plate, with several pyrenoids. Zygospore
. lens-shaped or flattened and angled, in the conjugating tube.
) Mougeotia Wittrock.

Conjugation ladder-like or between two adjoining cells of the same filament. Zygospore in

theuinﬁated conjugating tube, separated from the conjugating cells by two or more transverse
walls.

e

F16. 140. Mougeotia sp. a. showing the surface of the chlorophyll plate. b. showing the edge of the
e S orophyll plate. 5 about so0.  (Original) § the edg
66 (65) Vegetative portion as in Mougeotia but zygospore not known.

Gonatonema Wittrock.

Aplanospores produced between two transverse mem-

branes near the center of an elongated cell. Spore
membrane double.

F16. 141.  Gonatonema ventricosum Wittrock. X 250.
(Afrer West.)

67 (2) Plants unicellular or of few cells. Chromatophore one or more
parietal bodies, rarely central. . . . . . . ... . . 68

68 (190, 249) Plants unicellular, or of few cells united into minute families;
frequently imbedded in gelatinous substance.
Order Protococcales . . 69

Each cell carries on all functions independently, and complexes may be regarded as an aggre-
gate of individuals.

Three forms of reproduction may occur: 1, purely vegetative; 2, by asexual zoospores;
3, by isogametes. More than one method frequently occurs in one species; the vegetative
reproduction may be by simple fission or internal division.

' 69 (89) Vegetative cells or colonies for a portion or the whole of their exist-
encemotile. . . . . . . . Family VorvocacEaE . . 70

70 (77) Cells single or in clusters, not forming a definite colony. . . ., . 71

71 (72)  Cells spindle-shaped; chromatophores several, indefinite, with two or
more pyrenoids and a pigment spot. )
Chlorogonium Ehrenberg,

Cells with two cilia; membrane very thin, pigment spot in
anterior part. Numerous vacuoles and several pyrenoids present.
Division transverse. Reproduction by isogametes. Wille makes
this genus a section under Chlamydomonas.

F16. 142.  Chlorogonium euchlorum Ehrenberg. a. a cluster of cells.
X about 300. (After Ehrenberg.) b. single cell. (After Stein.)
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72 (71) Cells ellipsoidal or nearly spherical. . . . . . . . . . .. .. %3

73 (74) Membrane widely separated from the chromatophore but connected
with it by protoplasmic strands. Two cilia present.
Sphaerella Sommerfeldt.

Chromatophore netted, with two or more pyrenoids and a pigment spot.
Asexual reproduction by longitudinal division, sexual by isogametes. A
palmella condition may occur.

Sphaerella often assumes a red color, due to the presence of hemato-
chrome, and is reported in a few cases as being the organism causing “red
rain.” It was also supposed that S. nivalis caused the phenomenon of “red
snow,” but the form described by Chodat shows the chloroplast as lying
close to the membrane, so this is probably a Chlamydomonas.

Fi16. 143. Sphaerella pluvialis Flotow. X about 60o. (After Schmidle.)

74 (73) Membrane not separated from the chromatophore. . . . . . . 73

75 (76) Two cilia and a pyrenoid present. Color rarely red.
: Chlamydomonas Ehrenberg.

Cells ellipsoidal or spherical; chromatophore single, hollow, parietal; a pigment
spot and two cilia at the anterior end. Reproduction by vegetative division, also
by copulation of gametes which are either alike or slightly unlike as to size. Zygo-
spore green or red. The products of the vegetative division may pass at once into
a motile state with cilia, or may be non-motile, according to conditions in the sur-
rounding medium.

F1G. 141. Chlamydomonas ohioensis Snow. X 1000. (Original.)

76 (75) Structure as in Chlamydomonas but with 4 cilia. Some include this
genus under Chlamydomonas. . . . . . . Carteria Diesing.

The shape of the cells in the different species differ rather morc
than in Chlamydomonas; the structure of the cells, however, is
identical, except for the cilia. Species also occur in much the same
localities as Chlamydomonas but are less frequent.

F16. 145. Carleria obtuse Dill. X about 475. (After Dill.) '

& 77 (70) Cells united to form a colony of definite shape which is constantly
inmotion. . . . . . . .. ... .. ... 78

v "78 (79) Colony not surrounded by a gelatinous envelop.
Spondylomorum Ehrenberg.

Colony of 16 cells loosely united, their anterior ends all pointing
toward one point. The cells are obovate, with 4 cilia at their
anterior ends, a pyrenoid, and a pigment spot. A new colony of 16
originates by successive division from a vegetative cell.

F1G. 146. Spondylomorum qualernarium Ehrenbgrg. (After Stein.)

279 (78)  Colony surrounded by a gelatinousenvelop. . . . . . . . .. 8o
i 8o (83, 88) Colony not spherical or spheroidal. . . . . . ... ... 8t
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81 (82) Colony a plate of 4 or 16 spherical cells in a single layer, each with
2 cilia. Boundary of gelatinous envelop not distinct.
Gonguwm Miiller.

Cells oval, with two cilia and a pigment spot. Chroma-
tophore single, parietal, hollow, with one pyrenoid. Re-
production by successive divisions of each cell, forming a
new colony; also, according to West, by isogametes.

Gonium is one of the commonest of the Volvocaceae,
occurring in almost all ponds and lakes. It is also one
of the most beautiful of the group, as the colonies are ex-
ceedingly regular and as they move they revolve, showing
first the surface and then the edge.

F16. 147. Gonium pectorale Mitller. X 370. (After West.)

82 (81) Colony flattened, anterior portion rounded, posterior portion with
three wart-like projections. . . . .  Platydorina Kofoid.

“The two faces compressed so that the cells of the two
sides intercalate; flagella upon both faces on alternate cells.
Anterior and posterior poles of major axis are differentiated
by the arrangement of the cells and by the structure of the
envelope; long and short transverse axes differentiated by
the flattening of the colony. Cells .similar, bi-flagellate,
each with stigma, chromatophore, and pyrenoid. Asexual
reproduction by repeated division of all the cells, each
forming a daughter colony.”

F16. 148. Platydorinag caudate Kofoid. X 628. (After Kofoid.)

'83 (80, 88) Colony spherical or spheroidal, but small. Cells not numerous. 84

84 (85, 86,87) Colony of 4 or 8 elongated cells with irregular, pseudopodia-like
processes, arranged in a zone around the center of a firm
gelatinous sphere. . . . . . . . . Stephanosphaera Cohn.

Cells elongated, each with cilia at the anterior pole which
penetrate the gelatinous substance. Chromatophores irregular,
with one or several pyrenoids. Each cell gives rise to a new
colony by division; isogametes are also found.

F16. 149. Stephanosphaera pluvialis Cohn. X 425. (After Hieronymus.)

. 85 (84, 86, 87) Colony spheroidal, or slightly elongated, of 8 or 16 cells closely
packed at the center of the indistinct gelatinous envelop.
Pandorina Bory.

Cells heart-shaped, with two cilia at larger end, a pigment spot,
and a pyrenoid, the latter in the posterior end of the hollow
parietal chloroplast. Reproduction by successive division in
each cell whereby as many new colonies are formed as there are
cells; reproduction also by the copulation of gametes either alike
or slightly unlike as to size; zygospore red.

Fic. x50. Pandoring morum Miiller. X about 385. (Original.)
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86 (84, 85,87) Colony spherical or ellipsoidal; cells of two types, vegetative and
gonidial, which lie in the anterior and posterior parts of
the colony respectively. . . . . . . . . Pleodorina Shaw.

Colony consists of a spherical or elliptical coenobium of
greenish, bi-flagellate cells of two types, vegetative and
gonidial, in the anterior and posterior parts of the colony
respectively which lie in the periphery of a hyaline gelatinous
matrix and are surrounded by a common hyaline envelop.
Cells each with one reddish stigma which is more prominent
in the anterior part of the colony. No connecting filaments
between the cells; nonsexual reproduction by gonidia which
are formed by increase in size of a part of the cells of a colony.
Daughters escape from parent as small colonies of bi-flagellate
cells which at this stage are all similar. Sexual reproduction
not known.

F16. 151.  Pleodorina illinoisensis Kofoid. X 335. (After Kofoid.) 7

87 (84, 85, 86) Colony spherical, of 8 or 16, 32 or 64 cells evenly scattered near
the surface of a gelatinous sphere. . . Eudoring Ehrenberg.

Cells spherical or oval, with two cilia and a pigment
spot. Chromatophore single, parietal. Vegetative re-
production by repeated division, forming at first a
plate-like daughter colony, which later becomes spher-
jcal. Sezual reproduction by a pear-shaped anthero-
zoid and a spherical oosphere.

The cells lie at the surface of the gelatinous sphere
and the cilia project at right angles to the surface. All
of the vegetative cells may become transformed into
oogonia and antheridia; in each of the latter 64 anther-
ozoids are formed. The ripe oospores are brownish
with a smooth external membrane. The habitats of
Eudorina are ponds, ditches, and lakes.

F16. 152. Eudoring elegans Ehrenberg. (After Stein.)

* 88 (80, 83) Colony a larger gelatinous sphere with a very large number of
minute cells at the surface. . . . . . . . Volvox Linnaeus.

Cells very small, round or pear-shaped, connected by protoplasmic filaments, each with a
pair of cilia, a single chromatophore and two or more contractile vacuoles; reproduction sexual
and asexual; in the latter certain cells (parthenogonidia) within the sphere enlarge and through
divisions give rise to a new colony. Sexual reproduction occurs by the union of a fusiform
antherozoid and oosphere; oospore spherical, with red contents and a spiny membrane.

89 (60) Colonies not motile in the vegetative condition. . . . . . . . go

0o (95, 131, 175) Cells in colonies, generally sessile and enclosed in a definite
gelatinous envelop, or borne on gelatinous stalks.
Reproduction asexual by zoospores, or sexual by
isogametes. . . . Family TETRASPORACEAE . . g1

.0 (94) Cells biciliate, at the surface of an inflated, attached colony. Cilia
externalandfree. . . . . . . . ... ... ... . 92
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02 (93) Colonies macroscoplc or microscopic, expanded or intestiform, cells
arranged in fours.. . . . . . . . Tetraspora Link.

Reproductxon by division in two dlrectlons, zoospores
may originate directly from the vegetative cells, and by divi-
sion give rise to a new colony; isogametes with two cilia may
be formed, also resting spores with heavy brown walls.

F16. 153. Tetraspora explanaia Kiitzing. X 250. (After Nigeli.)

03 (92) Colonies pear-shaped, attached, cells 1rregular1y placed near the
surface. . . . . . . Apiocystis Nageli.

Chromatophore single, parietal with a pyrencid. Division in
three directions. A spherical zoospore with two cilia may originate
from each cell and escape from the gelatinous vesicle.

F16. 154. Apiocystis brauniana Nigeli. X 78. (After Nigeli.)

94 (91) Cells spindle-shaped, clystered on the ends of gelatinous .stalks.
Chlorangium Stein.

Chromatophore one or two longitudinal bands; the cells may
detach themselves and become zoospores with two cilia and 2
pigment spot. Large numbers of motile individuals may be
formed in each cell, though copulation is not known.

F16. 155. Chlorangium sientorum Stein. a. X about 200. (After
Cienkowski.) b. (After Stein.)

95 (9o, 131, 175) Cells with a thick, often indistinct gelatinous covering,
uniting several together into greater or smaller free swim-
ming, rarely attached colonies. Reproduction by fission or
internal division; in a few instances by zoospores and
isogametes. . . . . . . Family PALMELLACEAE . . g6

06 (102, 107) Cells embedded in more or less cylindrical and definite gelat-
inous tubes, strands, or stalks which are broader than the
cells. . . . . L L. e a7

97 (100, 1o1) Cells scattered throughout a gelatinous tube or strand. . . 98
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08 (go) Cells at the ends of, or distributed along rather firm, often 1amellat.e
gelatinous strands. . . . . . . . .. .. Hormotila Borzi.

Chromatophore single, granular, without a pyrenoid. Re-
production by cell division, also by bi-ciliate zoospores, eight

of which are formed in a single zoosporangium. The zoospo-
rangia are much larger than the vegetative cells.

F1G. 156. Hormotila mucigena Borzi. X 268. (After West.)

00 (98) Cells distributed throughout a structureless, cylindrical, branched
J gelatinous colony. . . . . . . . . Palmodactylon Nigeli.

Cells spherical; gelatinous tubes branched or
unbranched, single or in clusters. Division of
cells first in one, later in three directions.
Chromatophore parietal and often lobed.

The elongated shape of these colonies is
thought by West to be due to divisions occur-
ring more frequently in one direction than in
others. The plant occurs in swamps and quiet
waters.

F16. 157.  Palmodactylon sp. Portion of young
colony. X about 60o. (Original.)

100 (97) Cells two or four in series, at the ends of attached, dichotomously
branched stalks; chromatophores several.
Mischococcus Nigeli.

Chromatophores one to four, without pyrenoids. ~Reproduction by
zoospores and isogametes which may or may not unite hefore germina-
tion.

F16. 158. Mischococcus confervicola Nigeli. X about 180. (After Rabenhorst.)

101 (97, 100) Cells in radiating series, often branched, held together by
gelatinous strands. . Dictyocystis Lagerheim.

Chromatophore single, central, and radial. Reproduction probably by division.
Though Dictyoecystis is reported by several botanists, it seems a somewhat doubtful genus.

102 (96, 107) Cells at the surface of an invisible gelatinous mass and
borne on fine, radiating gelatinous strands. . . . . . 104

103 (104, 105, 106) Cells reniform, four on a stalk, two borne near the adjoin-
ing ends of the other two. . . Dimorophococcus A. Braun.

Chromatophore single and parietal, each group of
ceﬁs formed by the internal division of a single mother
cell.

The filaments which bear the cells are thought by some
to be formed from the remnants of the mother membrane,
but this needs further investigation. Large colonies may
become fragmented into smaller colonies. This alga is
not very frequent, and occurs in larger lakes rather than
in stagnant water.

F16. 159. Dimorphococcus lunatus A. Braun, X 600,
(Original.)
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104 (103, 103, 106) Cells single, spherical, or oval. Dictyosphaerinm Nageli.

- Chromatophore single, parietal. Reproduction by internal division.

F16. 160. Dictyosphaerium pulchellum Wood. X s70. (Original.)

105 (103, 104, 106) Colonies much as in Dictyosphaerium except that the cells
are in clusters of four which are held together by the rem-
nants of the mother-membrane. . . . . Tefracoccus West.

Some regard this as a young stage in Dictyosphacrium.

106 (103, 104, 105) Cells clustered, grape-like, imbedded in the rather firm,
often yellow gelatinous strands. . . Bofryococcus Kiitzing.

West’s genus Ineffigiata is probably a Botryococcus where the gelati-
nous envelop is somewhat contracted.

In old cultures of Botryococcus, and often in nature, an orange
or reddish oil is produced which gives the cells that color.

The alga is found very frequently in pools, ponds, and lakes; it
has been known to form the water bloom on lakes of small
dimensions.

Fi16. 161. Bolryococcus braunii Kiitzing. X about 3oo. (Original.)

107 (96, 102) Cells not at the surface of a gelatinous mass but distributed
throughit. . . . . . . . . .. ... ... ... 108

1

108 (109) Colonies cylindrical, branching; gelatinous envelop somewhat
rigid and often lamellate. . . . . . Palmodictyon Nageli.

Cells in groups of two and four, the groups sur-
rounded by gelatinous vesicles which are united to
form the cylindrical colony, and give a more or less
netted appearance to the gelatinous portion. Repro-
duction by means of resting spores with brown walls;
these spores germinate and produce a new colony.
West states that the outer coat often becomes very
tough and of a brown color. Palmodictyon is a
very rare alga in America, but Collins reports it

. from Massachusetts.
F16. 162. Palmodictyon viridis Kiitzing. X 2710.
(After West.)

109 (108) Colonies of no definite shape, of the shape of the individual cells, or
more or less angled and showing a dark gelatinous layer be-

tween the cells. Cells often isolated. . . . . . . . 110
1710 (127, 128) Colonies irregular. . . . . . . . . . . ... .. .. III
111 (120) Cellsnotinclusters. . . . . . . . . . . . . ... ... 1I2

112 (115) Gelatinous envelop containing concentric lamellae about the
cells. . . . . . . . . . ... 113
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113 (x34) Cellsspherical. . . . . . . . . .. .. . . Gloeocystis Nigeli.

The enveloping gelatinous substance showing a concentric lamellate structure.

Reproduction by repeated cell division, several generations of cells often re-
maining enclosed in the original mother-membrane. According to some
authors reproduction also occurs by bicilliate zoospores.

The authenticity of this genus is doubtful as the non-motile stage of certain
species of Chlamydomonas answers this description.

F1c. 163. Gloeocystis vesiculosus Nigeli. X 130. (After Nigeli.)

114 (113) Cellselongated. . . . . . . . . . . . Dactylothece Lagerheim.

Chromatophore a parietal plate lying only on one side of the cell; no pyrenoids.
Gelatinous substance often lamellate. )

F16. 164. Dactylothece braunii Lagerheim. X about 370. (After Lagerheim.)

115 (112) Gelatinous envelop not containing concentric lamellae about the
cells. . . .. .. ... ... ... .. 116

116 (117) Gelatinous mass contam.mg segments of the antecedent mother
cell. . . . . ... .. ... . Schizochlamys A. Braun.

Cells spherical, scattered in a gelatinous mass together
with the visible remnants of the old membranes which
are split into distinct segments.

West believes that it is the formation of the large amount
of gelatinous material that causes the firmer portion of
the membrane to become ruptured, and that this takes
place previous to the formation of the two or four daughter
cells.  S. gelatinose is the only species reported in
America, and this occurs as a pale green irregular mass
either free or adhering to water plants.

Fi16. 165. Schizochlamys gelatinosa A. Braun. X 6oo.
(Original.)

117 (116) Gelatinous mass not containing segments of the antecedent mother-
membrane. . . . . . .. . . ... ... ... 118

118 (119) Cells throughout -the gelatinous mass formed by the outer layers
of the cell walls. . . . . . . . . Palmella Lyngbye.

Chromatophore parietal, with a pyrenoid. _ Reproductlon by division in three directions,
and according to Wille, by macrozoospores, microzoospores, and isogametes.

119 (118) . Cells at the surface of the gelatinous mass.
Dictyosphaeropsis Schmidle.

Cells free or attached, round or elongated. One or two disc-shaped,
parietal chromatophores present. Reproduction not well known.

F16. 166. Dictyosphaeropsis palatina Schmidle. X 375. (After Schmidle.)

120 (111) Cellsin clusters, usually of eight, sometimes four or sixteen; colonies,
mostly floating. . . . . . ... ... ... ... 121
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121 (124) Cellsspherical. . . . . . . . .. ... ... .... 122

122 (123) Chromatophoresingle. . . . . . . . . . Sphaerocystis Chodat.

T

Colonies large; clusters widely separated frgm
each other. Gelatinous envelop invisible without
reagents. Chromatophore thin, parietal, with a
pyrenoid on one side and an openiag- on the other.
Reproduction by internal division.

Sphaerocystis is almost universally found in the
plankton and is one of the most conspicuous and
beautiful of all the plankton forms. Sometimes the
colonies are very large, consisting of many clusters.

F16. 167. Sphacerocystis schraeteri Chodat. X s520.
riginal.)

123 (122) Chromatophores many, parietal. . . . . . . Chlorobofrys Bohlin.

Cells spherical, in a gelatinous matrix, as in Sphaerocystis, but the
chlorophyll in many parietal discs.

Fic. 168. Chlorobotrys regularis Bohlin. X z00. (After West.)

124 (121) Cells not spherical. . . . . . . . ... .. ... ... 12§
125 (126) Cells crescent-shaped. . . . . . . . . . Kirchneriella Schmidle.

Cells in' clusters, as in Sphaerocystis, but strongly
crescent-shaped.

In reproduction internal division takes place trans-
versely and the four or eight daughter cells are set
free by the breaking of the cell wall.

Several species occur in the plankton. They also
occur in ponds among water plants.

Fic. 169. Kirchneriella obesa Schmidle. X 6oo,
(Original.)

126 (125) Cells oval or bluntly pointed. . . . . . . . . . Oocystis Nigeli.

Cells oblong, single, or two, four, or eight in a gelatinous
envelop; in some cases many clusters in a colorless gelatinous
matrix. Chromatophore single, parietal, with an opening on
one side, or of many small discs. Pyrenoids present in some
species. Cells single or in clusters, as in Sphaerocystis, but
ellipsoidal in shape.

Oocystis is frequently found in the plankton where it is
usually in large gelatinous colonies similar to Sphaerocystis
and Kirchneriella. In other localities the cells are generally
solitary.

F16. 170. Qocystis solitaria Wittrock. X 60o. (Original.)
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127 (110, 128) Colonies somewhat cubical, showing a dark, gelatinous layer
between the cells. . . . . . . . Gloeotaenium Hansgirg.

Cells globose or flattened, colonies of two, four, or eight cells, with
wide lamellate walls. Reproduction by aplanospores.

Fi1c. 171. Gloeotaenium loitelsbergerianum Hansgirg. X 220. (After Transeau.)

128 (110, 127) Colonies the shape of the individual cells. . . . . . . 129

129 (130) Cells reniform, colony of the same shape or oval.
Nephrocytium Nageli.

Cells single or in clusters, as in Sphaerocystis, but reniform in
ape.
. _ Nephrocytinm resembles Oocystis except that the cells are curved.
It is widely distributed but not very abundant.

Fic. 172. Nephrocytium agardhionum Nigeli. X s8o0. (Original.)

« -+« . . « .. . Elakaiothrix Wille.

B Cells elongated, fusiform, gelatinous sub-
stance dense, often lamellate.

"

Fi16. 173. Elskatoihriz viridis Wille. X 575.
(Original.)

131 (9o, 05, 175) Cells without a thick gelatinous envelop holding them
together; sometimes adhering to each other after di-
vision. . . . . . . 132

. 132 (137, 153, 174) Reproductlon by ﬁssmn only, or rarely by ﬁssmn and

internal division. . . Family PLEUROCOCCACEAE . . 133

133 (134, 135, 136) Reproduction by fission in one direction only, forming
equal cylindrical cells, the length being one and one-half to

three times the breadth. . . . . . . . Stichococcus Nigeli.
&=
ﬂ%ﬂ & Chromatophore a parietal plate lying only on one side of the cell,
8 with no pyrenoid. Reproduction by simple fission, the cells sometimes
KN = = adhering to each other after the division, but not forming perfect
x = filaments.
g =
g a F16. 174. Stickococcus bacilieris Nigeli. X about g00. (Original.)

<

134 (133, 135, 136) Reproductgon by division in three directions. Cells
spherical or, if in small complexes, somewhat angled.
Pleurococcus Meneghini.
Cells either single or in small clusters of two, four, or more cells which later
fall apart. Chromatophore a thin lining to the membrane with an opening on
one side, and with or without a pyrenoid.

Pleurococcus is the chief constituent of the green coating on the bark of trees,
old wood, and stones.

F1G. 175. Pleurococcus vulgaris Meneghini. X s60. (Original.)




THE FRESH-WATER ALGAE 153

135 (133, 134, 136) Characteristics as in Pleurococcus, but sometimes forming
ort filaments. . . . . . . . Pseudo-pleurococcus Snow.

This form may remain indefinitely in either
a filamentous or unicellular state according
to the conditions in the environment. In
the filamentous state it resembles a small
form of Stigeoclonium, but is distinguished
from it by the absence of zoospores.

Chodat regards a form similar to this as
a true Plenrococcus and believes that short
filaments are characteristic of that genus.

F1c. 176. Pscuda-pleumcoccus vulgaris Smow.
X 600. (Original.)

. 136 (133, 134, 133) Reproductron by fission in three directions and by inter-
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