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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
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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 chiefly with such features 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 reference 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



PREFACE vil

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 each 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 texthooks 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. It was felt












CHAPTER I
INTRODUCTION

By HENRY B. WARD
Prafessor of Zoology in the University of Ilinois

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 wvariably 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.
1



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 stream.
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 wvaries 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 sea
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.
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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 wviolent 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-
trarily at 25u. 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 o.04 to
o0.05 mm. square. The nannoplankton is composed chiefly of
flagellates and alge; although bacteria are constantly present they

apparently form but a minor con-
I\

stituent in bulk and weight. The
o6

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
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far recorded is from Lake Men-
dota, Wis., where Cyclotella has
been found to the number of over
30,000,000 per liter of water.
Ruttner also calculates the vol-
ume of the nannoplankton in the
Lunzer lakes as three times that
of net plankton. According to
Birge and Juday the weight of its

Fic, 1. A piece of bolting cloth No. 20 with
plankton organismsz drawn between the meshes
to show relative size.  Above, Riizaselenin alata.
Upper row, left mesh: Gymnodimium, beneath
Amphidinium rofundaliom and Exuviaclic baltica,
right Pouchetia parva; middle mesh: Prorocen=
frigig weicans and R&ym:.tramaﬂm maring; tight
mesh: Nilsekio sigmatella, Achrading p.ln‘:.frrd
Halteria rubra, Nilschia closterinm.  Middle row,
left mesh: Tmlmmpﬂf pama, Tinfimmis sieen-
.mnp; D.tyrrﬁu fa cocvsticols; middle mesh:
chain of small Cheeloceras specics, above it on
thc leit Thalassiosira nana and satwrnd, on the
"ill Carferia; right mesh: chain of 1.uge
Chaetoceras species (Chaet., didymum), Tintinmop-
sts berosdea,  Lower row, left mesh: Rhodomonas
balifea, DHsiephanus speculum;  middle mesh:
Strombidinm candatum (7), Meringos phaera medi-

ferramen, Amoeba; right mesh: Coceolithophora
unm'.l!u:.ln, beneath on the left Pontos phaera kuxleyr,
on the right Coccolithe plora leplopora. above on
the right Chrysomonadine without shell, at the
VP ttom Rhabdosphaera cloviger. X 1100
(After Lobhmann.)

dry organic matter varies in three
Wisconsin lakes from slightly
less (rarely) to 15 or 20 times
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. 25 is identical with No. 2o 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 features 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 single 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
fresh-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 from
waters at 65° C., Oscillaria and nostocs from places that are
recorded at 70° to 93° C.



10 FRESH-WATER BIOLOGY

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 p’ankton 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, Towa, 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 especial 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

B Kacinnia 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 oo.

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
115,
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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 1%8.

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 series can show
that relationship. The phyla are indicated by full-faced type.

Protozoa Characteristic water-living forms with numerous
:;nselgﬁlﬁj i 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.

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

INFUSORIA Ciliate Protozoa include 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.
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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 301.

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
in the latter generally insignificant in size. A few
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 X1V, 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.






INSECTA

Tentaculata

Brvozoa
or Moss
ANIMALCULES

INTRODUCTION 17

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 Chaptér XXI, page 661.
For Cladocera see Chapter XXII, page 676.
For Copepoda see Chapter XXIII, page 741.
For Ostracoda see Chapter XXIV, page 79o0.
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 adapta-
tions to aquatic life.
See Chapter XXVII, page 876.
Of two classes, one, the Brachiopoda, is exclusively
marine. The other follows:
Sessile animals, nearly always colonial; exclu-
sively free-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 g57.

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 1021.
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CHAPTER II
CONDITIONS OF EXISTENCE

By VICTOR E. SHELFORD

Assistant Praofessor of Zoolagy, University of Ilinois, Biolagist Hlineis State Labaratory
of Natural History

Coxprrions 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
scientific 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 setting 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 dons and a very small proportion
of pure water is in the form of H* (the cation bearing a positive
electric charge) and OH~ (the anion bearing a negative electric
charge). These ions are known respectively as hydrogen and
hydroxyl ions. At 25° C. 1ooo 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 ilonized. For 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.

PHVYSICAL AND CHEMICAL 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 streams should be determined by physiographic age and
physiographic conditions.

Conditions of existence 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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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 Heptagenine. 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 A). The wind indicated by the
arrow (W) tends to pile the water up on one side. To compensate

Fic. 3.

e 1 amnnes e "nection ot the wndy £, ‘epilmaton 1 thertmocines ‘.- hypolmaion.
(After 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 (/) is stagnant. In the autumn as the water
gradually cools the thermocline gradually migrates to the bottom
and the earlier, complete circulation (Fig. 4 4) 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. Fishes
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 2z 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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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 500 meters, one-hali 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 alge 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 Tem- | 1em-
at depth in Depth Date | ynisssttea | S¥  [perature T
°C. | °F. | Meters | Feet : T TR
18.3 | 64.0 | 5.66 | 18.6 | Aug. 16 4:05 Clear 16.7 | 18.3
16.7 | 62.0 | 11.32 37.1 | Aug. 18 g:oo A.M. | Cloudy 18.9 | 17.2
7.2 | 44.9 | 22.63 74.1 | Aug. 15| 1z:25 Clearing 6.7 | 17.8
7.5 | 45.5 | 32.06 | 105.2 | Aug. 16 5:10 Clear 16,7 | 18.3
7.2 | 44.0 | 43-38 | 142.3 | Aug. 25 S L | R R 20.0 | 10.4
g2 |l 4r.3 | 55.03 | 183.5 | Aug. 16 | 1208 Clear 15.6 | 18.3
5.1 | 41.1 |ro8.22 | 355.0 | Aug. 11 | 10:30 A.M. | Hazy 18.9
4.2 | 30.8 |t12.00 | 367.5 | Aug. 16 1:50 Clear 16.7 | 18.3
4.2 | 30.5 [132.66 | 436.0 | Aug. 18 4:30 Scaltteaecl 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.
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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 o.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 i 5 3 10 20

Depth in meters............. Im.g.zﬂ 20.6 | 30.9 ‘ 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 6oo 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 4oo atmospheres but
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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 been
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
o” 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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SHOWING THE SOLUBILITY AND DISTRIBUTION OF ATMOSPHERIC (GASES

Gas values in cubic centi-
meters per liter at o° C, and
7060 MM, Mercury
Composi- o .
: : : 2ot . | Maxi Kind of water having gas
Gas iﬂnplzrow‘et:t- At w?ﬁl;pmifn. an:;TnuLT content gn;;in in preceding
ages found in T
natural fish
Water Water waters,
absorbs| absorbs springs
from air| pure gas excepted
Nitrogen, argon,
SO L 79.02 [12.32 | 15.00 19.00 | Lakes .
OXYygen.....cusvas0a| 20.05 | 6.28 25,38 24.00 Streams, lakes in
winter, or with
I8 E green algz
Carbon dioxide. . .. -:-.::is 0.27 | go1.00 30.00 | Ponds
MMONIA. .. cvuenns Small Very 14.00 | Sewage contami-
traces large nated
locally quanti-
ties
Methane........... 4 34.00 10.00 | Bottom of lake
Hydrogen sulphide. . 2000 .00 o.55 | Lakes, and sewage
contaminated
I

The oxygen content of water varies from o cc. per liter to 25 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,



38 FRESH-WATER BIOLOGY

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:

C.H;OH + O, = CH;COOH + H:0.
In the absence of oxygen and the presence of levulose

C.H;0H + H.0 = CH;COOH + 2 H>
2 Hy 4+ 2 CH 1205 = 2 CeH 4O

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 anaérobic respiration. The respiratory quotient is
Ll B8 i pﬁf. In aérobic animals this value is less than 1
Vol. (O, absorbed
because oxides other than COs 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 (Suberiles) 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
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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 be increased. 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 C;H;) 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 neu-
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 (Lepomis 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-
line 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
T0 PHENOLPHTHALEIN (AFTER WELLS)

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

Alkalinity in cc. liter Neu- Acidity in ce. af O
. of Dyt maks notzal’ | trality ol C0y
Name of animal

3-2 I.5-1 0.5-0.25 o 0.25-0.5 | 0.75-1 | 1-I.5
Pleosoma........... R...| 3025 o o o o o o
Asplanchna......... R...| 11,320 400 o o o o o
Diaphanosoma...... C...] 2885| a,75¢ | n.c. 260 o o o
Diaptomus........ Co...| 7.850| 6,600 |17,350] 2,220 | 1,440 390 100
ANUraea. ... ...iuis P...| 4000| 1,250 200 30 20 20 20
1 R o s e Co...| 13,775 | 7.620 | 7,620 25 10 o 5
otholea. ... ....... B .. G2s 685 65 o] 65 (-} (=}
Daphiia, . ocviiin C...| 1,200 (T3] 400 130 | 1,145 25 o
Ceratiom. .......... 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
Al oy T 110 B g b e B o I o|n.c.| 1,080 1,110 2,425

R = Rotifer, C-Clldm:P:PmTLﬁbun, Co = Capepod, n. ¢. = 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

+ : + 10—
v redat 2o N L L

and remains yellow at Phenolphthalein is color-

OH-10"10N OH-10—N "
H+ 104 N H+ 10 N S e e s
less at =15 N and turns red at OH- 105N Rosalic acid is rose at OH- o= N

which is true neutrality. In the table above true neutrality probably falls in the first
column to the right of the center. COy 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 H+ and OH~— ions.
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are necessary. This is believed to be due to the neutralization of
the toxicity of the NaCl by the other salts; thisis 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
ions 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 CaCl; 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,S0O; for instance in slightly
acid water were made positive to this salt by running the experiment
in strongly acid water (i.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 (Conveluta 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 fresh-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 arca
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
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amounts are not usually accompanied by lack of oxygen. Thus
the amount of carbon dioxide may be taken as an index of the
suilability of the walter. Excessive acidity due to carbon dioxide
probably favors the germination of the Saprolegnias, fungi which
are very destructive of fish eggs and fishes.

Foop anp Bilorocicar 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 Closiridium, an
anaérobe, 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, Nilrobacler, 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., Baclerium aclinopelte), which reduce
nitrogen compounds to free nitrogen. Their work is greatly influ-
enced by temperature. Baur placed nitrate inoculated with Bacle-
rium aclinopelle 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. Itis
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 (see 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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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

Pond numbers — age-series
No. of
collections

2 14 28
Total carbonates in parts per million. | 138.800 | 160.200 | 160.300 I
COy, cc. per liter at bottom..........| o.0 3.4 g% 2
Oxygen, cc. per liter at bottom....... 6.28 3.47 2.78 4
Bacteria perce. i el st 770 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 alge 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 (Ranmatra). Eggs are attached to plants by
the electric light bug (Belostomid®), 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
Dytiscide (adults and larve), the Hydrophilide (adults and larva),
the back swimmers, Zaitha, Belostoma, Donacia, snails, Ranalra,
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; (2) 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 wvegetation; (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 Clara, only fair.

ANIMAL 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 general 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 HYDROPSYCGHE OR RAPIDS COMMUNITY
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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 to
level at which the animals live. These results were obtained H placing the animals under experimental
conditions in which they had a choice between different kinds ol bottom, different strengths of light, and
in which their behavior in a water current was noted.  In the case of water current the pencentage of ani-
mals headed upstream is given. When headed upstream animals are said to be positive to carrent. In
the case of the other stimuli the percentage of animals in the kind of conditions ava 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 (Elieosioma) was Bo 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 ,mr cent positive to the various stimuli the
entire 400 unite would be occupied in the diasgram. This could be true only if there were no other factors
entering into the reactions ol the ammals. The common names of the animals are as follows: Eikeo-
sloma, darter, Combarus, crayfish; Gomiobasis, snail; Hydropsyche, caddice worm; Argia, damsel fly;
Ferla, stone fy; Heptagenime, may-fly sub-family; Frephenns, water peony.

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 wvertical 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 role. 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
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Fic. 6.
Food relations of aguatic 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 foo{l relations ui 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 equilibraled 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 réle 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 sirata, 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 Tazonomic 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).

Consocies 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.

Strata 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

~arigid classification is undesirable.

Associations are groups of strata uniform over a considerable
area. The majority of mores, consocies, and strata 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 streams. 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 account 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 :
€. Silt or sluggish stream communities
(1) Sluggish-stream sub-formations
(2) Pelagic formations
(3) Bare bottom formations
(4) Vegetation formations
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ITI. Large Lake Communities (Shelford; Wh]pple)

. 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. Streams
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
current and an abundance of vegetation.

Fic. 8.
Dingrammatic representation of a

lake in surfnce wview. Horizontal
dashes mark the region of erozion and
sandy bottom. Vertical dashes indi-
cate the region of emerging vegeta-
tion. rosses indicate the region of
submergoed vegetation. St:ipg:rﬁn: in-
dicates the region of deep wateror the
hypolimnion. The region of plank-
ton occupies the entire lake except
the area of emerging vegetation and
that immediately above the bottom.
i Original.)

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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MEeTHODS OF 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-
(]
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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 between 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.

(¢) 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 boat
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

! 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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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 is used chiefly for smaller
fish, crayfish, or Necturus. It may be set anywhere but is espe-
cially useful where water is obstructed by wvegetation, 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. Twurtles. 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

1. By dip nets. The dip net (Fig. 10) is here of greatest use. It
consists 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
73 Iﬂgﬁ, ﬂ-ﬂ.t StﬂﬂEﬁ, bﬂ-l’ll’.E, Etl:':, }5 8 I::l'.. 1o. Two forms of :i'lp net. For den-
shown (Fig. 10). It has a semi-circular serption ses ext. - (From photostaphs
rim and a shallow bag of canvas with
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

Fic. 11. Picters' plant
grapple. (After
Pieters.)

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
back the free ends to make hooks. The pipe was
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 cone of brass wire netting of about

twenty rrfeshl:s to the inch fits over the bail. ﬁgmgmtﬁf"&dgft‘:ﬁ“ﬁ
Its base is soldered to the body and its apex gﬁ;ﬂ;’f,g""%‘*ﬂ, ,m
to the eye of the bail which projects through  Hin

it. Two flat loops of wire soldered to the

outside of the body serve for the attachment of cords.
C. The net 1s 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 serew lip 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 (1go1), 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 collection
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 y 3
the form of a rake, or be other- ooz o M -
A g 5 Fic. 13. Townet on Fra. 14, Triangle dredge
wise irregular, so that it stirs up runners, designed as used by the writer.

by the writer. For For description see

the ooze and drives animals from dsxcription w=  fot (o nons
it to be caught in the net. For ins!photograph.)

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

i o \

\.
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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 Water 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
iy g e two nets twelve inches in diameter from a yard

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

rings for draw lines. dl,

draw lines, ' hp, beal The cloth has been doubled lengthwise (with the

r. net ing. uh weght 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 r (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 c
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 i/ and tie into it a

b

screw tip like that described below for the 2

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

- : 5 bl Fic, 16. Showing method of
used in place of the screw tip. Provided with lavingout a patter for cut-

ting two townels from a

e 1 y T yvard of cloth forty inches
a bucket the net is identical with the plankton  yau of cloth forty inches

: cloth is to be cut. o, the
net except that it lacks the canvas cone. et e M e

The townet may be dragged behind a boat [%{ish thepottom of the

either at the surface or submerged to any depth  fieof sttachmens of bicket.
by means of a weight attached to the weight %Liiﬂfiﬁ&%‘ﬁu?fﬂﬂ"&é’:
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. Plankton 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. Quantitative Methods in Open Waler

1. The Quantitative Planklon 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 described with the permission of Professor Birge. The

ring which supports the net is about

i, D T seven inches in diameter and from this
~ measurement the other dimensions of
| 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,
Fio, 17. Wisconsin plankton net, 8I€ i this case cut from one piece of
e e e o™i st 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. 20 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 i
transportation is not important [ ||
the cone may be better made \
of sheet brass. -
The original feature of this P15 Dy of s ok . T
net is the bucket (Figs. 18 and Mﬁﬁ,ﬁ‘“{ﬂgﬁ'gﬂ “;ﬁ*g;mﬁggd*
19), which is made of telescope
tubing of two sizes. The smaller size (two inches in internal
diameter) is used to make the headpiece shown attached to the net
~in Fig. 17. This (Fig. 19, a) is one
| 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-
porting ring of the canvas cone and
: P T, die carry the weight of the bucket.
%E“h e el i e The bucket (Fig. 18) is made of tele-
il o i S tubing of a size which fits over
S Ebmnaltm Y scope tubing i
fext. (Evom original phiotosraph of apps-  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, #) 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 (18¢8) 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 the sides 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
i e e per linear inch answers very well for these win-

tion. &, conical bottomm.,

dp.drippoint. rr’,wire dows. The bottom of the bucket i1s a cone of
rings soldered to top of

% ; : : s : s : : W & #
bucket, . sring by copper with a central opening which continues

thette packet perwee into a short, obliquely-pointed tube .  The open-
jubeat centerofbotiom ing is closed by a rubber stopper with a wire
S e e indons handle which extends above the top of the bucket
ﬁ*&%ﬁﬁﬁtfﬁﬁﬁk and is bent into a loop.
%&:-;&35' bucket. (Atter  The et is constructed like the townet, except
that the tip is cut off at the point i (Fig. 16)
and the silk slit along the dotted lines between gh and ij 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,
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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,
1804).

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,
il 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
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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,
18¢5; Marsh, 18¢7) 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 “is practically a force pump. . . . The cylinder

v : S Fic. 22. Fordyee's pump in sec-
Fro. 21. Fﬂd?ml:::pt"“%“grﬂi‘m“ém}r'm‘I:"c"mm"at tions. For Hcrimil:-nr;ﬁ text.

(After Fordyce.)

of the pump is eleven by three and one-half inches and has a capacity
3473 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, 19o4). 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. 2o bolting cloth.

Fio. 23. Thresher tang-pump in use. Uhe water reaches the pump through the hose at ﬂu left and is
deliversd to the net through the hose at the right. The net cone i ssen supported by a rectangular
wooden float.  (Alter Kofoid.)

(¢) The thresher lank-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 Bottle. 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. Quaniitative Study of the Net Plankion

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

i : Fis. 24, Meyer's
times, but it removes from the water filtered only bottie. Giter
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
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-

FiG. z5. Piston i
a8 Cfﬂ!i.ll]lﬁl by
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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. Quaniitative Study of the Nannoplankion*

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 firmly 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 prepared 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 6ooo 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, 1t 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 Imvertebrales

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 larvae 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.
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UNDER-WATER PHOTOGRAPHY

If the water is clear and the surface unruffled, near objects may
be seen almost as clearly in natural waters 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 is as 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

Fic. 26. The acreen 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.

Ii the surface of the water is rough the photograph may be
made through the bottom of a water gla.ss (Fig. 27) The glass
(F:lg. 28) is a frame of galvanized | — S
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

F1G. 27. Water glass rh:da 1 used
the camera beneath that surface. in:uugh Sl oWl l-nnllle;:ﬁ:t?unm

= ; (From an original nhomgmph.:
For this purpose a reflecting camera

is to be preferred, since it permits focusing with the sensitive plate
uncovered. Any dealer in photographicgoodscan supplycatalogues
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. 29), 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.

Fio. 28. Floating water glass. For description Fic. 20 Waﬁr-ﬁght metal box with plate-glass
see text.  (From an onginal photograph.) front for encloging a reflecting camera when |
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
Prafessar of Bacteriology in the Unfrersity of Chicage

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 6ou in length and from 4u to 5u in width. On the
other hand the bacillus of influenza averages about o.su in
length and o.2u 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 microérganisms 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, among which may be mentioned Heinemann (1911)
and Frost (1g9o5). 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

oo
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minute in size and the observable differences in structure are so
slight, any classification grounded on morphological characters,
such as that of Migula (1897), 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

and spirochazte) (Fig. 30). Closely resembling these are certain
filamentous organisms known as Trichemycetes, 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

Fio. 3o. Forms of Bacteria,
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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
ends 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 ebligatory 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 facultative anaér-
obes, that can multiply either in the presence or absence of free
oxygen. The anaérobic 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 anaérobes, 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 anaérobic 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 ot
ponds and streams is peculiarly the home of such anaérobic decom-
pcsitions.

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 to 1,500,000
Rivers not highly polluted. . ............. 1,000 to 10,000
Lakes and ponds not highly polluted...... .. 100 to 1,000
T 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
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-
Fic. 11.— Photograph of “ plate culture,” showing produr:ing or chmmugenic

different kinds of bacterial colonies.  (Original.) fﬂnns:_ 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. liguefaciens and non-liguefaciens (the green water
bacillus), B. subtilis (the hay bacillus), B. meseniericus (the potato
bacillus), B. proteus and B. cleacae (commonly associated with the
decomposition of vegetable and animal matter), B. liguefaciens,
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. proteus 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

L]
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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. 1In 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 455 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 abundance 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 nilrification.
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.






CHAPTER V

BLUE-GREEN ALGAE (CYANOPHYCEAE)

By EDGAE W. OLIVE
Curaior of the Brooklyn Botanic Garden

THE 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-
100



BLUE-GREEN ALGAE 101

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°-
77° 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 Seytonema,
Stigonema, and Nostoc, are found associated with certain fungi to
form lichens; while still others, notably Nestoc and 4nabaena, occur
regularly endophytically in the roots of Cycads and in the leaves
of Asolla 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 Nestoc 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 which
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
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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 Calothrix. 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 Cyanophyceae 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.

CYANOFPHYCEAE
(MYXOPHYCEAE, PHYCOCHROMOPHYCEAE, SCHIZOPHYCEAE)

Algae possessing more or less of a blue-green color; free-floating or living in
gelatinous masses or strata; sexual reproduction unknown, rep ucing asexu-
ally by means of cell dwnsmn the daughter cells either soon separating into
more or less independent cr:lls or remaining adherent to form filaments or
plates or solid colonies. The vcgctatwc 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 sometimes 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 oaly. . . 0 L . . SR 4

4 (7) With wide mucons covering. . . . . . . . ... ... .. 5

5 [ﬁ} Cells elongate, each with a special mucous coat. Glocothece Niigeli.

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

Fic. 32. Glocothece confluens Nigeli. ¥ g50.  (After West.)

6 (35) Cells little longer than broad, many adhering together to form
large, irregular culﬂmea enclosed by a common mucous
matmE = [0 R e R R A phanothece 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.

Fi1G. 33. Aphanothece micrarcopica Nigeli. X 1o00. (Original.)
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7 (4) Cells with thincell walls. . . . . . . . . Symechococcus Niigeli.

Cells comparatively large, cylindrical or 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.

Fio. 34. Symechococcus um:u‘m.;fi; Négeli. X575, (After

8 (3, 11) Cell-division in two planes. . . . A
9 (10) Cells spherical or oblong, forming ﬂat platc l1k¢ c:}]omes
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.

Fro. 35. Merismopedia elegans A. Braun. 4500 (After West.)

10 (g) Cells flat, quadrangular in outline, solitary, or forming small

t:ﬂlnrue& o . Tetrapedia Reinsch.
“{';“ells with thin mm:nhmne suht.a:y or united into flat co of 2 to 16

ce
11 (3,8) Cell-division in three planes. . . . . ST 13
12 (23) Cells united into definite, often mmpa.ratwel}r large culumes, 13
13 (16) Colonies more or less regularly spherical. . . . 14

34 (28) Colonies hollow; cells closely and regularly an'anged at the surface
Coelosphaerium Nigeli.

Cells globose or oblong, forming on the surface of lakes and
ds microscopically small, hollow, spherical colonies em-
%ﬂﬂ] in & 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.

Fic. 36. Coelosphoerium killzingionum Nigeli. 3 465.  (Original.)

15 (14) Cc-lames suhd cells sparsely scattered through the jelly, pyriform
2 . . . Gomphosphaeria Kiitzing.

Cellz enclosed by a colorless gelatinous matrix to form micro-
|ca]I3-$mall solid, globular, or ellipsoid colonies; the peripheral
cdﬁ ﬁul in pairs and egg-shaped or p],.lnfarm, or (during

division) rt-shaped. In ponds, stagnant water, etc.

Fra. a7. Gomphosphaeria aponing Elteing. ¥ 465. (Original.)

16 (13) Colonies, when old, generally not spherical. . . . . LT

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, 190) Colonies at first gl-::-bu!ar, later :rrem:]a.r in shape, and perfumted
or netted. . . . . Clathrocystis Henfrey.

Cells sEhem:aL united in great numbers to
form at first globular, later irregular colonies,
which often become clathrate, forming an npen
meshwork. Common in lakes and ponds; C

aeruginose Henfr, is often thrown upon rocks
along shores to form, mixed with Coelosphaerium
kidtzingianum Nig., the so-called “green paint."”

Fic. 38. Clatbrocystis aeruginosa Henfrey, % 405
(Original.}

19 (17, 18) Colonies irregular in shape, frequently forming films. . . . 20

20 (21, 22) Individual mucous coats c]earl_v evident for each daughter te].l of
thecolony. . . . . . . . . . . . . Gloeocapsa Kiitzing.

Cells spherical, with thick, often
lamelloze, gr;lutmuus memhrl.m:
solitary or generally united into
microscopic colonies in which the
membranes of the ter cells
remain enclosed for a long time
within that of the mother-cell.
Forming gelatinous substrata on
moist walls and wet and dripping

“Ridhe 5 3. Ol

21 (20, 22) Cells enveloped in a common gelatinous matrix.

Aphanocapsa Nigeli.
’il"§"'i:§h.\ Cells globose, forming irregular colonies enclosed
_\ f ﬁ ﬂqﬁ in a thick, homogeneous integument. Differing from
"“?P:*,- _‘..'. 'Iﬁ;;gl AN Apk.-;nul-!m:s only in its globosze cells. In stagnamt
el o, SRR ‘." iy water, on wet rocks, etc.
(S8 5. 3 a0
D . " w " G/ ant revillei Ra :
::’ & 8 ' ® ﬁ e i e T
R, Kbl B
22 (20, 21) Cells globose, reddish purple, arranged in a thin gelatinous stra-
tum. . . . . . Porphyridium Nigeli.

Common on d,n.m.p g'mund and at the base of damp walls.
23 (12) Cells solitary or a few adhering tugether in a group, not forming a
definite layer. . . . . . . . . . . . Chroococous Niigeli.

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

F1c. 41, Chroococcns gigamiens West, X zoo.  (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 evlindrical; attached
by their base and generally widening upwards 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.

Fio. 42. Chamaesiphon fmerusfans Grunow, 3 Soo,
(After West.)

25 (1) Plants filamentous; filameénts 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) I R B DR I, 0o aih wha e & o s We e al . W 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

20 (30) Never more than one filament within a sheath.
Subfamily LyNGeYEAE. . 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 zingle
elongated cell, sometimes of great length, regularly
_ apirally coiled; sometimes showing rapid oscillat-
ing and rotatory movements. Common in stag-
nant water.
FIG. 33. Spirulina major Ii:.;ming. # roeo. (Orig-
inal,

31 (30) Wilamentamany-celled. . . cvin o 0 vn v v e . 33

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, st t 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 stratom is soft and slimy, but it
sometimes becomes hard and leathe?' A genus

intermediate in character between wgbya and
Oscillatoria.
Fic. 34. Phormidium wicwm Kitzing, 3 575.

{After Kirchner.)

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

with curved extremities. . . . . . . ﬂ.mﬂd#m*m Vaucher.
EErner Filaments com of numerous
A short cylindrical cells, the end cell some-
times much attenuated; without a
sheath or with an almost 'im ible

one; generally showing lively
BEEH: and oscillating movements. F in
o e T great profusion in all kinds of wet situ-
B ations; sometimes i're:-ﬂmhng at t.he

surface of lakes and

Fra, 45. A, ucillateria prolifica Gomont. B, Oscillatoria  filmy growths on wet qr m-cksu
fimosa Agardh. X 465 (Original ) ). limosa is extremely abundant on the

i soil, ete, in greenhouses, while Q. 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.
Arthrospira Stizenberger.

Filaments commonly without a sheath, diﬁtﬁ.:ﬁ
Oscillatoria in being regular pll.‘ﬂlb' from

T Eap ey S bis srelel, ke isr o

Fic. 46. Arihrospire jemneri Stizenberger. X soo.  (After
Gomont. )

36 (32) Filaments not showing oscillating movements; sheaths firm. . 37

37 (38) Filaments free and Slmp]i: free- ﬂaatmg or forming an expanded
ghEtume .« ... 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, flocoose
masses, or an expanded stratum. Frequently
abundant in plankton.

Fic. s7. Lynghva m_mr Meneghini. 3 g63.
(Original.)

e ——

R
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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. Sometimes more or less
procumbent. False branches solitary; sheaths thin, colorless, firm
or somewhat mucous; apex of the flament 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.

Fio, a8, Symploca lucifuga H‘wﬁrﬁun'} ¥ ago; b, oatural size. (After
|

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. Schizothrix 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.

Fic. 49. Schisethriz rubells Nigeli.
¥ 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.

Fic. so. Hydrocolenm homocolrich-
um Kiitzing. > 3zp0. (After
Gomont. )

42 (40, 41) Sheaths hyaline, not lamel]me, containing a large number of
v 1 TR RS- e Ma-ﬁm.:m'm Desmaziéres.

Filaments simple, consisting
generally of long cells; closely
appregated in great ngmhers
in the center of a conspicuous,
hyaline, cylindrical sheath.

Fro., si. Micrecolens delicatnlus
W. and G. 5. West. X 3s0
(Adter 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 (a7) Filaments enclosed w1th.1n a gtlatmnus mass of definite form. 45

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

Deelicate colonies; fAlaments straight or

slightly bent, arranged in tolerably parallel
rows, with a common gelatinous an?elnpe

heterocysta imtercalary; spores chains,
bordering on one or both mdes of the
heterocysts. W. saccala Bor. and Flah.
oCCurs in stagnant water.

Fic. 52. Wollea saccala Bornet and Flahault.,

W a, % 250; b, natural size. (After Wolle.)
b

46 (45) 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 varfed form, solid or hollow, and
attached or unattached; filaments contorted and curved in
all directions; the gelatinous sheath sometimes y
delimited, more often fused with the envelopi jelly.
Cells globular, barrel- shaped, or cylindrical; I'D-C}'Etﬁ
intercalary, or (when young) sometimes tenninal. spores
globular or oblong, formed in rows in varying number be-
tween the heterocysts. Forming free-floating or at
masses, on damp ground, wet rocks, etc.

Fio. 53. Nostoc communs Vaucher. o, natural size; b, X s6s5.
Q: =
-

47 (44)  Filaments more or less stralght free- E-un.tmg or forming a thin

mucous stratum. . . . i b iR AR
48 (52) Heterocysts and spores mterca]ar}r Bt : 40

49 (50, 51) Filaments naked, or with a thin sheath; single, or aggregated into
formless, flocculent masses; cells ﬂqual to or longer than
their diameter. . . . . . . Anabaena 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 s=omewhat lon tl:mn I:]u-':k heter-
ocysts nummus and inte ; spores vaml.ul:,r
disposed, borne singly or :arey in short chains.
A. flos ¢ Bréb. and A. circinalis Rabenh. are
frequently abundant in fresh-water plankton.

FiG. 54. JAncboena &mﬂ; Brébisson. X 465.
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50 (49, 51) Filaments short, straight, densely aggregated in parallel bundles to
form small, feathery, plate-like masses.

A phanizomenon Morren.

Filaments without sheath,

s R e s, Straight or somewhat taper-

. ing at the end; united in

e R s small, spindle- shaped or

w E{:e-likﬁ free-floating bun-

FRSEAl Ly s o

i cylindrical, solitary, not bor-

(Original.) dering on the rrmr.ercalary

heterocyst.  A. flos-aguae

Ralfs is sometimes found floating in great abundance in the still waters of
ponds and lakes.

51 (49, 50) Filaments 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.

F1g. 56. Nedularizg sp. X 465. (Original.}

Fic. 55. Aphanizomenon fos-aquae Ralls. 3 465.

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

Filamentz without sheath
relatively short, aggregated to
form an expanded Glm or
colony of indefinite shape;
vegetative cells  cylindrical,
Fie. 57. Cylindrospermum stagnale Bornet and Flahault. longer than the diameter; het-

® 465, (Original.) erocyst terminal; spores gen-
erally solitary, borme next to
the heterocyst. Common on damp carth 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
ung of wegetative cells,
without heterocysts; false-
ly branched, branches
gsingle or in pairs; borne
gingly in a firm, colorless
or yellowish sheath. F.
wollei Farl. ocours in
some abundance in
ponds, attached to stones,

efc.

Fi1c. g8, Plectonema wolles
Farlow. 3 260. (After
Kirchner.)

56 (55, 50) With intercalary heterocysts. One filainent in each sheath. . 57
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z7 (58)  Branches generally arising in pairs. . . . . . Scylonema Agardh.

F"Ia.mnnts consisting of uegetauw: cells and
sts; bome singly in sheath
, frequently yelluwmh or i:mwm.ah
in u:rlur, false branches borne gene r&}ﬁem pairs
between the heterocysts. Forming felt masses
on wet rocks, etc.

F16. 59. Scylonema mirabile Thuret, ¥ 465. (Original.)

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

Filmmm'trr memblinﬁq
those S t false

h:a.n:hta arising ﬂnu!:.r as a rule
mstmd of in pairs, as
in the region of the heterocysts;

the latter 1-5 in a row; s (in
a few species) ellipﬁu.fwl:er!ume
singly or in rows. Occurring
among various aguatic plants in
ponds and lakes.

Fig. 6o.  Tolypothrix lomatc Wart-
mann. X 465. (Original)

50 (55, 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 b:mks
and waterfalls.

Fra. 61. Desmonema wupd:i Borei. X 200,
(After Borz,

6o (54)  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; irm. . . . . . . . . . . . . Stigonema Agardh.

Filamentzs free-floating or aggregated
on the substratum to form felt-like
maszes; filaments composed partly of two
to several cell-ro spmetimes of a single
row, enclosed in a thick, lamellose, yellow-
c;l“@h or brownish shﬂth whi_tlch is often

irregular thickness. ormogonia
Lt:_:@mdﬁ at the ends .-iut' Lhe v;g:ctatwu
Fio. 62. a, Stigomema ocellatum Thuret; b, Stigo- DL or in special short branches.
nema minuiuns Hassall, X 430, (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 Niigeli.

Filaments free-floating amongst other algac or subaerial.
Branches long and flexuose, slightly attenuated, generally
narrower than the mnm axis and borne unilaterally.
ana.r;.r axis Ennﬂstag‘gi 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.

Fic. 63, Hapalosi kibernicus W. and G. 5. West.
e Mx ﬂ:" {After West.)

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

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

F1e. 64. Noslochopsis lobata Wood.
X 330. (After Bornet.)

64 (26) 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 . . 63
65 (68)  Filaments free or forming penicillate tufts or soft velvety expan-
66 (67)  Branches, when present, distinct and free. . . {Z'ulﬂfhri:cﬁgardh

Filaments simple or
slightly branched, single
in a thick sheath; hetero-
cysts basal or mlr:n:nlnrjr
Oof, in a few species,
ahsent. Forming tufts
of soft wvelvety expan-
sions on wet or sub-
merged rocks.

Fic, 65. Calothrix thermalis
lﬁn&mm- # 465. (Origi-
nal.)

67 (66)  Branches several (2 to 6) within a common sheath.
Dichothriz Zanardini.

— Filaments ‘more or less di-
/;‘ﬁ’.\\%; dlDt'ﬂﬂ:I.Dl.l."iI}" bmnchcd; hg[em.
M cysts basal or intercalary. On
ﬂw- wet rocks, etc.
Fio. 66. Dichotlrix imferrupta W.
and G. 5. West. » 420 [After
West.)

68 (65) Filaments forming a hcmwphencal or glﬂhuia.r mass, cl-::-se[y united
by mucus. . . . g 60
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69 (70) Filaments radiately disposed in a globose or hemispherical, at-

tached mass. Spores unknown. . . . . Rivularia ﬂgardh
Fntmmg h.emmph.enml globular, or hollow
erical at to su

sud:l. as Ckara, Myriophyllum, or to
st-:-nts in streams and cataracts. Colonies
composed of radiating filaments which are
repeatedly branched; filaments attenuated
and with piliferous extremities; heterocysts
baszal; the whole enclosed in a tough, gelat-
inous matrix.

Fic. 67. Rimnlaria minuinls Bornet and Flahault.
% 300, (After West.)

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

[Pmbnhl.:.r nut sufficiently
s distinguished from Rivulariz to
et justify its :mu:la a sep-
n:ﬂ.tegm}m.} lony globose,
i ting or atta to
Fio. 68. Glocofrichic pisum Agardh. X 465. (Original.) submerged water plants; solid
when voung, but inflated and
hollow when old: com of radiating, branched, attenuated flaments.
Spores elongated, cylindrical, borne immediately above the basal heterocyst.
- pisum Ag. is a common plankton form and constituent of “water-
oom.
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CHAPTER VI
THE FRESH-WATER ALGAE

(ExcLupIiNG THE BLUE-GREEN ALGAE)

By JULIA W. SNOW
Azsociate Professor of Botany in Smith College, Northamplon, 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 Chaelophora, 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

IL§
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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, Bolrydiopsis 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 100.

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,
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as in A nkistrodesmus, Dactylococeus, 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 Prolosiphon, 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 conditions 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 irom 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 Bairachospermum
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, Zyvgnema, 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 Cerafophyllum, 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 Celeochaete 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 Chodatelle 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 Sphaerocysiis.

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:

Ammoniam nitrabe. ..o TSR L T 0.5 gram.
Potassium phosphabts. .. . pneh s anlt et 20 e i 0.2 gram.
Magnesium sulphate. . . ... ... . . i ire s i ©.2 gram.
Calcium chlonde. . oo it i e S At ©.1 gram.
Ivon sulphabe. . .o coamen cs bl ot IR s e trace.

These amounts should be dissolved in one liter of distilled water.

Knop's solution:

Potassium DIETRLE: & . . o e in sine s nla s nnn a4 I I gram.
Fotasginm phogphate, | o0 L S e I gram.
Magnesium sulphate. ... iiii i i it s I gram.
Calcium nitrate. . . . .. e R e 4 grams.
Chloride of drom. . i o e e AR trace.

The first three substances are dissolved in the required amount of water to make from 1 to
5 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 0.4 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 either 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: (a) 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, markingsradial. . . . . . . . 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 pllrnktmi
The flaments are often very long.

Frc. 69. Melosira varians Agardh. X 6oo. (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.

Van Heurck and West include Orthesire under Melosira, while

many others make a separate genus. The Orthosira forms are
found in the same localities as Melosire but are much less
abundant.

Fio. 70.  Orikosira oricholces W. Smith. 3 6oo. (Original.)

5 (2) Cells single, disc-shaped, not forming filaments; wvalves flat, convex, or
undulating, mostly 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 wrls: large, mostly
marine, although some occur in fresh water other similar

centric forms.

Frc. 71. Coscinodisens apiculaius Ehrenberg. 3 330.  (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. . . . . . . . . . . Cydolela 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.

Fio. 72. Cyelotella complo Ktz e . & Valve sides &
1 e s R e A i G
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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 Ehrenberg.

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  Stephamodiscus niogarese Ehrenberg.
X 606. (Original.)

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

Family RHIZOSOLENIACEAE.

Onlyonegenus. . . . . . . .. .+ . Rhizosolenia Ehrenberg.

==L ——
~UlmP

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

raphe or a median line. . . . TGS TE

11 (34, 38) A middle nodule present on the raphe of lmth values EAeL) 13

See also 40 and 65.

12 (32, 36) Girdle view symmetrical with reference to both a transverse and

a longitudinal axis. . . . . ot I

13 (26) Valves not arched or keeled; usually 3mm::tnml -.-m;h re]'emnce to a

straight or a mgmmd raphe. Family NAVICULACEAE . . 14

Valves symmetrical with reference to a stra mlfht 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) R&phﬂ a.m:lw.l\rf:a s;lgmmd .« « « « + + Plewrosigma W. Smith,

Fi. 74. Rhizosolenia eriensis H. Smith. ¥ 1g0. [After
Schriiter.)

Frc. 75. FPlearosigma allennalum W,
Smith. » 300, (After Smith.)

16 (1g9) 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.
Stauroplera Ehrenberg.
18 (17) The costae not interrupted at the center. . Pinnularia Ehrenberg.

!/

Fic. 76. Pinnularia viridis
Smith. X Geo. (Original.)

19 (16) Cells more lance- aha.[:u::d the end nodules not turned toward one
side. Striations composed of lines of individual dots. . 20
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29 (30, 31) Raphe stmlght or bent, endmg in the middle of the valve ends.

ree. i « o v o« o Cymbella Agardh.

Cyﬂ&dlr:- varies in shape imm that of a typical Navicula
to one strongly arched, and they have sometimes been styled
a5 asymmetrical 'Tawﬂm 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.

Fio. 83. Cymbella cuspidate Kitzing. 3 6oo. (Original.)
30 (20, 31) Cells much as in Cymbella, but usually larger and borne on
gelatinous stalks. . . . . . . . . Cocconema Ehrenberg.

Fic. 853. Cocconema lanceclafum Ehren-
berg. X 375.  (After West.)

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

Fre. 85,  Encyonema ouwervaldii Rabenhorst. X z2s0.
{After Wolle.)

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

33 (35) Girdlegidestraight. . ., . . . . . . . . . Gomphonema Agardh.

Fre. 86, Gomphonema acwmirndaium Ehrenh:rg d. Valve side;
. girdle side. X 6eo. (Original.)

a2 ST L LT

Lo AR M R A TV (T PO

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 peudo-raphe and is without nodules.

Fio. 87. Rhoico, fa G Val ide; b g side. ¢ 380,
o sphenia carva l:mmgﬂhﬁfllrjdtrcm girdle side 3

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 refercnce to both axes; raphe
s-umgh mlh middle nodules but without end nodules.  Markings of faint
punctate lines; girdle and end views both curved.

Fic. 88. Coccomeis pedicnlus Ehrenberg. X 6oo.  (Original )
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37 (36) Girdle side geniculate. Valves straight, linear, or fusiform; frus-

tules either free or stalked. . . Family ACHNANTHACEAE.
Onlyonegenus. . . . . . . R Achnanthes Bory.
Cells so curved that the two valves are not alike, ﬂ:-r: one concave with , middle and

end nodules; the other convex, without a middle nodule, but with a pseudo-ra Girdk view
symmetrical with reference to a transverse axis. Cells single or in bands,
T e e iaaally ¢ seselle chaina
e cells may be solitary, though they T or
bands attached to the surface of green algae. The genus includes both marine
and fresh-water forms.

Fic. 85, Achnanthes exilis Kiitzing. X 600, (Original.)

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

30 (40, 41,62) Valves asymmetrical with reference to a longitudinal axis, in
that on one margin there is a longjtudmal oW of bead-like
thickenings (keei pumts] while on the other margin they are
lacking. . . . « « + . . Family NIT25CHIACEAE.

Only one genus. . . . . ais 4 ot . Nitzschia Hassall.

Valves linear, sometimes curved, keeled, mt.'h canal raphe. Cells rhu:nbmthl in cross sec-
tion.

e TS TR TETE T T TR P TR T T URIELELE LISEEE L abiian ). T Fic. 0o, thh:hm_ “. smiu]- K 5751
e A I e (Original.)

40 (30, 62) Valves with median, slgmmd km‘:! mmprcssed strongly arched,
bearing raphe. . . . . : Family AMPHIPRORACEAE.
Only one genu. . . ah i G e Amﬁklfrmm Ehrenberg.

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

Girdle side sharply constricted at center.

e Fic. 1. Amphiprora sp. % 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. . . . . . . Campyiodiscus Ehrenberg.

Though the shape of the cells seems more or less tri-
angular, they are in reality circular, and their seeming
angularity is due to the curvature of the frustules. It
is a very large genus, some g2 species 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. gz. & iscus eribro, W. Smith. X about 3oo.
0. 93, Compyindioons (e
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52 (51, 53) Characteristics similar to those of Diafoma except that the cells
are bornein ribbons. . . . . . . . . Denticula Kiitzing.

The valves are marked hﬁc;thfvf_ ribs which are in reality shallow
striae.

septa, between which are de
% % Dentdicuda occurs on wet rocks and in fresh water; sometimes also in
A B

brackish water.
Fic. 9. Denficula infata Smith. a. Valve side. b, girdle side.
# 600, (Original.)

83 (51, 52) Characteristics as in Denticula except that the striations are in-
: terrupted in the middle. . . . . . . Odontidium Kiitzing.

-t Many place the members of this genus with Diafoma, while
b others regard the interrupted striae and the formation of short fila-
ZI]; ments instead of zig-zag chains, sufficient differences to place them

in a separate genus.

Fic. u7. &, b Odontidium mutabile Smith. ¢ Odentidium tabellaria
Smith, X s7o. (Original.)

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

Both valve and girdle sides wedge-shaped, forming ring-
like ar fan-shapﬁd%;mﬂs; 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.
I:ﬂdﬂlm from IMatema only in the cuneate shape of the
valves.

Onlyonegenus. . . . . . . = .

Fi16. ¢3. Meridion constricium Ralls. X 3o0. (After
Smith. )

55 (40) Valves without transverse costae. . Family FRAGILARIACEAE . . 356

Cells of much the same structure as Diatoma. 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.
* 588. (Original.)

57 (56, 58) Cells forming bands or zig-zag chains. . . Fragiaria Lyngbye.
e e ne e Fragilaria 158 a common us oc-
! curring in ponds, reservoirs, f:ﬂ lakes.
F. crolonensis has been known to occur
e 4 in such quantitics as to form water
- bloom, producing a thick brown scum

R e on the surface of a lake.

W F{lrﬁa.] Im&i.ll.c Fm; ' Emﬁmih e
a. Valve o b ogindle side. X 235,

s o S e i
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63 (64, 65) Transverse costae coarse, converging, projecting inward, often
with lines of dots between. . . Epithemia Brébisson.

Fio. 104. Epithemia turgida Eitzi
Moo O

64 (63, 65) Transverse striations punctate; end nodules present, but raphe
WENEINE. . o a0 ke e T : EmﬂaEhrenberg

F16. 105. Eumotia pectinalis Dillwyn. 3 625. (Original.)
65 (63, 64) Valves crescent-shaped, the raphe very near the concave margin,
with end and middle nodules. . . . Cerafoneis Eh:enb-erg.

There is but a single species.
Fic. 1o6. Ceratomeis arcus Klitsing. ¥ oo, (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) Plants fine, relatively-small, o 2

In regard to the Characese 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. Ch.lomphyll in spiral bands,

central plates, or star-shaped bodi
'Drder Conjugales . . 3

Filamentous or unicellular algne 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 manr resliects from the dis-
tinctive members of this group they have been placed in a group by

3 (50) 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. . . . . . . . . . . . 5
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5 (x1) 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; n:hmmatuphure central, with 6 to 1o rays about
apyrenoid. . . . . . . . . . . . Hyadotheca Ehrenberg.

Filaments long, often twisted, and slippery to the touch.
The different diameters of the cells nen.rly equal, varving
from 2o to 35 u. The median constriction often very simht
A Chmmatui:ﬁﬁrt 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. .
F1o, 107. Hyalotheca dissiliens Brébisson. ..: side view. b. end
view, X 575. (Original

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

Filaments long, cateniform; not twisted, or
biit slightly so. Joints united by a strongly
e:?suturc: near to Bombuscing Eiitzing,
but differing therefrom in the suture.
F1o. 108. Leplozosma catenulata Turner. % ioo.
(After Turner.)

816, 7" Cells muchlongerthanbroad. . . . . . .. ........ 0

0 (10) Chromatophore a central plate containing a row of pyrenoids.
Gonatosygon de Bary,

Length of cells 100 to 200 u; breadth 1o to 204,
much like a cell of Mougeotia except that the
rolfsis. de B ' membrane is m;erﬁi with Ltlﬂim.ﬂ:r: ﬂfm;uﬁzwns;
F1c. 104, sii_de Bary. cells sometimes slightly swollen at the ends.

* about 230, ﬁ'f de Bary.)

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

Diiameter of cells 17 to 22.5 p; length
10 to 20 times as great. Membrane cov-
ered with fine projections as in Genafesvgos.
Spiral chromatophores with many pyrenoids.

S It e TOAL & s - - s s s as e e e w e s I2
12 (19) End view of cells circular, oval, or elliptical, rarely triangular. . 13
13 (16) Cells not deeply constricted at the middle. . . . . . . . . . . 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-
ﬂtd}r placed pm]ectmns et T Cemnosyia.

The membrane frequently shows longitudinal stripes.
eyl Chromatophores in each cell-half composed of a number
W "';-z.\ i of radially-placed plates arranged about a pyrenoid at
Ceveheovod  the center,

Fio. 111. Gymmosyga bréfissondi Nordstedt. (563, (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 gu 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.

Fic. 112, Spondylosium papillefum W. and G. West. X 6oo.
{Original.)

16 (13) Cells deeply constricted in themiddle. . . . . . . . . . . . 1I7

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 radim.ing plates about a central pyrenoid.

Onychonema oceurs in swamps and ponds but is not of very fre-
quent occurrence in America.

F1c. 113, Onyckonema locve Nordstedt. X foo.  (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 33 g broad and about half as long, end view elliptical;
membrane smooth or with tiny warts near the ends of the cells.
Sphaerozosma iz distinguizshed from Spondvlosium by the cells
being united by tubercles instead of hy their apices directly.
pulchram var. snfatem Wolle is repurtu'l]m by Wolle as occur-
ring in such guantities as to color the water green.

F1c. 114 Sphaerozosma verfebratum Ralfs. % about 3oo. (Alter de Bary.)

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, § to § aslong as bread, so constricted
at the center as to give a scalloped lateral

¢5‘ outline to each cell. End view with as many
pyrenoids as there are angles, from each of
which radiate two chlorophyll plates.

Fro. 115, Desmidium schwarszii Agardh. a. side
view. b.end view. X 550. (Original)
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21 (20) An oval opening at the center between the transverse septa.
A ptogonum Ralfs.

: | : 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-
rencids in each cell, from which radiate
the plate-like cllmmatnphom

The genus A ptogenum is included by
many under Desmddinm, 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-
mEdisem.

Fis. :lt'E A i b Ralis. a. side
view. b. e 'ﬁws npu;.!mmn 425,

ot c Okginal

28 Le) el oot united into Blaments, . . . . L . ... L. L. 23

23 (33) Cells not constricted at the center, or at the most ﬂn.'!],r very slightly
A0E L : T R R T

24 (25) Cells c:escent—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 5. Membrane smuuth, or longitudinally
Et.natﬁﬂ rarely with a yvellow hue. Chl‘umd,t{lphﬂl‘ﬁ
in EM'h cell-half of several radially-placed plates,
including one or more rows of pyrenoids; at each
end a large vacuole containing moving granules.

Fic. 117. Closterium moniliferum var. concarum

Ehrenberg. X about z00. (Original.)

gsi2q) Cells eylindrieal or fusiform. . . . . . . . . . . ... ... 26

26 (27, 28) Chromatophore one or more parietal, spiral bands.
Spirotaenia Brébisson.

Cells straight, oblong, cylindrical, or fusiform, with rounded ends. Chroma-
tnpbarﬂ one or several parietal bands with pyrenoids.

Fic. 118, Spirolaenia mimuts Thuret. = 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.

Fic. 119, Cylindrocystis diplospora Lundell. 3¢ 375. (Original.)

28 (26, 27) Chromatophore straight, simple, or multiple . . . . . . . 29
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29 (30) Chromatophore a single axial plate with one or more pyrenoids.
Mesotaenium Niigeli.

i Cells cylindrical, with rounded ends, resembling in structure
onad) A cells of Meugeotia but smaller, sometimes adhering to each other
alter division but not forming distinet filaments.

T, - Fm.ﬂ:zn. I.l:'hm:m'lnh;.ﬁdﬁcbniﬂ?m Nigeli. J{ﬁ:s.ﬂtm showing
the surface of the chlorop late. b.showing the edge of the chloro-
e T e Y

30 (20) In each cell-half several chlorophyll plates. . . . . . . . . . 3r

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 i; to ¢ times the breadth; membrane smooth,
punctate, or longitudinally striated; chromatophores radially placed
about a large pyrencid in each cell-half.

Fro. 121,  Penium cucurbitinum Biss. > 205, (After West.)

32 (31) Margins of the radial plates of the chromatophore scalloped; pyrenoids
several and scattered. . . . . . . . . . Netrium Nigeli.

Cells shaped much as in Pendwm. 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 Pendum, but small and scattered.

P ais Wb R Briviuen. iraeran e RO
33 (23) Cells constricted at the center. . . . . e ay
34 (42) Constriction at the sides slight and usually gradual. . . . . . 35
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. .. . . ... ... ... Teimemorus Ralfs.
constiac o th A Socl A ek i & Bl

linear incision; length 4 to 6 times the diameter. Chroma-
tophore axial with a single row of pyrenoids.

F1c. 123. Tetmemorus gramulatus Ralls. % 465. (Original.)

37 (36) Cells short, ends truncate, constriction rather abrupt, but not deep;
chromatophore of longitudinal bands; pyrenocids many,
fenbbered .y, ol u o hte et Pleurotaeniopsis Lundelz.’l'.

This is regarded by Brébisson as a Calecyindrus. by de Bary
as a Pleurotaenivm and by West as a Cosmariimn.  Formerly
Wille recognized the genus, Plewretaeniopsis, but now includes it
under Cosmarium,

F1G. 124.  Plenrolaeniopsis lurgidus Lund. X 130. (After de Bary.)
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38 (37) Length of cells many times the breadth. . . . . ., ., ... . 30

30 (40, 41) Cells before the middle constriction swollen, but without longitu-
dinal flutings; chmma.tﬂphnr& of radially-placed plates, with
pyrenoids. . . . . Pleurotaenium Lundell,

Cells straight, cylindrical, somewhat taper-

ing toward the truncate ends., Membrane

: : T Al  smooth or with small warts; at each end a

Fic. 125. Pbﬂnﬂuﬂn Mubmkahnhm colorless vacuole with dancing particles as in
* 175. (Original.) Closterium.

40 (30, 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 with minute protuberances and even with spines in certain regions.

Fic. 126. Docidium boculum Brébisson. X s45. (Original))

41 (30, 40) Shape of cells much as in Plenrotaenium, but apices broadly cleft
or with bidentate processes. . . . . . Triploceras Bailey.

Cells walls covered with rings of furcate processes or small, perpendicular longitudi-
nally- plates. Sometimes confused with Docidinm.

g Hﬁhr"'yr-"\-.-r."-l-"“-ﬂ_d—u _,_;
B i e P A e O S 3

Frc. 127. Triplocerar grocile Bailey. One-half of a cell.  {After Cushman.)
42 (34) Constrictions at the sides deep and abrupt. . . . . . . . . . 43

43 (44) End views of cells 3 to several angled or rayed.
Stawrasirum 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 cach arm or angle

Fic. 128. Stowrasirum crenndafum Nigeli, X 6oo  (Original.)

44 (43) End views of cells mmprcssﬁd or E:lllptln:al oftau enlarged at the
CENEET. o L D R S ]

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
el i o, Gl i
ni with spines,
fﬂrmu-ithgﬂpem in which are scattered
several pyrenoids.

Fig. 129. Hi:mmrm&u wB:ﬂn-m
; One half of a cell, 365,

47 (46) Cells at ends with an incision or undulation, end view elliptical with
one or two prominences on the sides. . . Euastrum Rallfs.

Cells oblong or clliptical, 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.

F1c. 130. Euastrum elegans Kiltzing. 3 588, (Original.)

48 (45) Cells at ends without notches or linear incisions . . . . . copral

40 (54) Cellswithoutspines . . . . . . . o o ERE e
so (s1) Cells free ....... e R . Cosmarium Corda.

Celif, 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 proj
tions. Chromatophore in each cell-half, usually of radiating
plates about one or more pyrenoids; membrane oftenr punc-
tate or with minute warts.

Fio. 131. Cosmarinm bolrytis Meneghini. 3 575.  (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
bmlﬂmd gegtmn%s stalks, which are
uni to form free-swimming or
sessile colomies.

The colonies are invested in an
indistinect gelatinous mass, less denze
than the flaments which conmect
the cells. It is sometimes found in
large numbers in rivers and lakes.

Fic. 132. Cosmocladinm saxonicum de
Bary. X 250, (After Schrider.)
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53 (52) Colony a compact cushion; stalks encrusted with lime.
Oocardium Nigeli.

Cells broad, middle constriction slight, chromatophores two,
pyrenoid in each. Stalks closely placed so that the enveloping
cylindrical lime sheaths make a honeyeomb-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,

Fro. 133. Ovcardicm ’”’?ﬁ'ﬁﬂ i.llxaﬁs. Portion of figure.
T R T 1
55 (56) Two or four spines on each cell-half . . . Arthrodesmus Ehrenberg.

General characteristics as in Cosmarinm, 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-
sum they may be arranged in two planes.

F16. 134. Arthrodesmus convergens Ehrenberg, ¢ about 250,  (Original.)

56 (55) Two rows of strong spines oneach cell-half . . . . . . . . . 37

57(58) Spinessimple . . . ... ... ... . Xanthidium 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.

Fro. 135. Xantkidium fasciculatwn Ehrenberg. ¢ about 300. (Omiginal.)

58 (57) Spines branched. . . . . . . . . . . . . Schizsocanthum Lundell.

Characteristics similar to those of Xanthidium, except that the
gpines are thick, short, and branched at the ends.

West believes that Schizocamthum 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.

Fie. 136. Schisocamifum garmaium Lundell.  x 1of.  (After Wood.)

50 (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 ;:é'mnui.ds. 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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6o (64) In conjugating the whole of the contents of the conjugating cells
passes into the zygospore.,  Subfamily ZyeNEMEAE . . 61

61 (62, 63) Chromatophores two, axial, star-shaped; a pyrenoid in the center
of eaich,” 73 o Tt I S R Zygnema de Bary.

Conjugation either ladder-like or lateral: Zygospore within one of t.ha conjuga cells,
or in the conjugating tube. According to Collins aplanospores may u t]u fau:ydp
spores, also resting akinetes with granular contents and thickened membrane

Fic. 137. Zygmema sp. X 6oo.  (Original.)

62 (61, 63) Chromatophore one to several pancta[ spiral bands, with many
pyrenoids. . . . . Ny Spuagjmli.-mk

Conjugation ladder-likeor lateral. Zygospore inone of the conjugating cells. Parthenospores
may be formed.

Fic. 138. Spirogyra crasse Kitzing. o. conjugation of filaments. b. zvgospores X 1oo. (Original.)

63 (61, 62) Chromatophore an axial plate, with several pyrenoids.
Debarya Wittrock.
Cells long; conjugation ladder-like; zvgospore between the con-

jugating cells; the middle layer of the spore membrane yellow, with
three parallel longitudinal grooves, connected by radial striations.

Fra. Dieba Wittrock, two
134 m#rﬁm#ﬂmm o Bu;ITm: zypospores. X g5,

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.

jugation lm:'lder-hke or between two adjoining cells of the same filament. Z re in
the intlated conjugating tube, separated from themfan\}ugaung cells by two or :m:rré.r ﬁggvem

: : the surface of the chl Il plate. &. showi of the

Frc. 140. Mougeotia sp. a - pa:“u mx sm%_} ng the edge

66 (65) Vegetative portion as in Mougeotia but zygospore not known.
Gonatonema Wittrock.

Aplanospores produced between two transverse mem-

brancs near the center of an elongated cell. Spore
membrane double.

Fic. 141. Gonglonema venivicosum Wittrock, 3 250.
(Afver West.)

67 (2) Plants unicellular or of few cells. Chromatophore one or more
parietal bodies, rarely central. . . . . . . . .. .. 068

68 (190, 240) 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.

forms of reproduction may occur: 1, purely vegetative; 2, by asexual zoospores;

by isogametes. More than one method frequr:ntly occurs in one species; the vegetative

ro:pmdu-:tmn may be by simple fission or internal division.

60 (8g) Vegetative cells or colonies for a portion or the whole of their exist-
ence motile. . . . . . . . Family VOLVOCACEAE . . 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 pyrenocids present.
Division transverse. Reproduction by isogametes. Wille makes
this genus 4 section under Chlanydomonas.

Fic. r42. Chlorogenium euchloram Ehren!kr? a. a cluster of cells.
% about 300, (After Ehrenberg.) b. single cell, ({After Stein.)
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72 (y1) Cells ellipsoidal or nearly spherical. . . . . . . . . . . . . . 73

73 (74) Membrane widely separated from the dimmahphnre but connected
with it by protoplasmic strands. Two cilia present.
Sphaerella Sommerfeldt,

Chromatophore netted, with two or more pyrenoids and a pigment spot.
Azexual reproduction by longitudinal division, sexual by isogametes. A
palmella condition may occur.

Sphaerella often assumes a red color, due to the presence of hunn:o-
chrome, and is reported in a few cases as being the organism m\lﬂ.ﬁ
rain.” It was also supposed that 5. mivalis caused the p "rui
snow,” but the form described by Chodat shows the ch]mnplmt
close to the membrane, so this is probably a Chlamydomonas.

FiG. 143. Sphaerclla pluvialis Flotow. X about 6co. (After Schmidle.)
74 (73) Membrane not separated from the chromatophore. . . . . . . 75

6) Two cilia and a pyrenoid present. Color rarely red.
75A70) Chlamydomonas Ehrenberg.

Cells ellipsoidal or spherical; chromatophore single, hollow, parietal; a pigment
spot and two cilia at the anterior end. Reproduction by v tivc division, also
h}' mpulﬂ.tmn of gametes which are either alike or slightly unlike as to size. Zygo-

reen or red.  The products of the v tive division may pass at once into
amuesmb\:mlhulmnrmn}rbenmmu e, according to conditions in the sur-
rounding medium.

Fi6. 143. Cllamydomonas ohioensis Snow. X 1ooa.  (Original.)

76 (75) Structure as in Chlamydomonas but with 4 cilia. Some include this
genus under Chlamydomenas. . . . . . . Carteria Diesing.

The shape of the cells in the different species differ rather more
than in Cllamydomonas; the structure of the cells, however, is
identical, except for the cilia. Species also occur in much the same
localities az Cligmydomeonas but are less frequent.

Fi6. 145. Carderia obfuza Dill. 3 about 475.  (After Dill.)

78 (79) Colony not surrounded by a gelatinous envelop.
Spondylomorum Ehrenberg.

Colony of 16 cells loosely united, their amtennr ends all pointing
t.cw.ard one point. The cells are obovate, with 4 clia at their
anterior ends, a pyrenoid, and a pigment spot. A new colony of 16
originates by successive divigion from a vegetative cell.

Fic. 146. Spondylomorum quaternarium Ehrenberg.  (After Stein.)

79 (78) Colony surrounded by a gelatinous envelop. . . . . . . . . . 8o
8o (83, 88) Colony not spherical or spheroidal. . . . . . . . . . .. 81

i e sl o, sl il
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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.
Goniwm Miiller.

Cells oval, with two cilia and a pigment spot. Chroma-
tophore single, parietal, hollow, with one pyrencid. 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 t.hcﬁ'cmwe: they revolve, showing
first the surface and then t

Frc. 147. Gominm peclorale Miller., » 370, (After West.)

82 (81) Colony flattened, anterior portion rounded, posterior portion with
three wart-like projections. . . . . Plaivdorina Kofoid.

“The two faces compressed so that the cells of the two
sides intercalate; ﬂaﬁella upon both faces on alternate cells.
Anterior and pmu:nar poles of major axis are differentiated
by the arrangement of the cells and by the structure of the
envelope; long amnd short transverse axes differentiated by
the Aattening of the colony. Cells similar, hi-flagellate,
each with stigma, chromatophore, and pyrenocid.  Asexual
reproduction by repeated division of all the cells, each
forming a daughter colony.”

Fic. 148. Platydoring coudata Kofoid. X 628. (After Kofoid.)

83 (80, 88) Colony spherical nr-sphemiﬂal, but small. Cells not numerous. 84
84 (83, 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, cach with cilia at the anterior pole which
penetrate the gelatinous substance, Chmmatu:ﬂmm irregular,
with one or several pyrencids. Each cell gives rise to a new
colony by division; isogametes are also found.,

Fi16. 139. Stephanosphacrs Muriclis Cohn. X g25. (After Hicronymus.)

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, thﬁ: latter in the posterior end of the hollow
parietal chloroplas Reproduction by successive division in
each cell wherehy as many new colonies are formed as there are
cells; reproduction also by the copulation of gametes cither alike
or slightly unlike as to size; zyvgospore red.

Fio. 150. Pondoring morwm Miller. 3 about 385. (Original.)




146 FRESH-WATER BIOLOGY

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. . . . . . . . . Pleodoring Shaw.

Colony consists of a spherical or elliptical coenobium of
greenish, bi-fagellate 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.
Cellz each with one reddish stigma which is more prominent
in the anterior ﬁmrt 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 of a colony.
Daughters escape from parent as small colonies of h;ﬁ:allm
u:llskwhi-:h at t.gics stage are all similar. Sexual re uction
not known.

Fi6. 151.  Pleodoring illinoisensis Eofoid. % 335, (After Eofoid.)

87 (84, 85, 86) Colony spherical, of 8 or 16, 32 or 64 cells evenly scattered near
the surface of a gelatinous sphere. . . Eudorina Ehrenberg.

Cells sﬁheri-:nl 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-
ical, Sexual 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
Eundorina are ponds, ditches, and lakes.

Fic. 152. Eudorina elegons 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 flaments. each with a
pairof cilia, a single chromatophore and two or more contractile vacuoles; roduction 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 cosphere; oospore spherical, with red contents and a spiny membrane.

89 (6g) Colonies not motile in the vegetative condition. . . . . . . . 9o

9o (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 . . o1

o1 (04) Cells biciliate, at the surface of an inflated, attached colony. Cilia
external and free... . . . . . . WL G 02
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02 (03) Colonies macroscopic or microscopic, expanded or intestiform, cells
arranged infours.. . . . . . .. . . . Telraspora Link.

®® Reproduction by division in two directions; 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.

Fig. 153. Tefrosporo explonata Klitzing. X 250, (Alter Nigeli.)

03 (02) Colonies pear—sha.ped, attached, cells 1rregularl,jr placed near the
surface. . . ¢ . . Apiocystis Niigeli.

Chromatophore single, parietal with a pyrenoid. Division in
three directions. A spherical zoospore with two cilia may originate
i  from each cell and escape from the gelatinous vesicle.

e na e B, =5

F1c. 154. Apioeysiis braunians Nigeli. X 78, (After Nigeli.)

04 (gI] Cells spindle-shaped, clustered on the ends of gelatinous stalks.

Chioranginm Stein.

Chromatophore one or two longitudinal bands; the cells may
detach themselves and become zoospores with two cilia and a
Egment gpot. Large numbers of motile individuals may be

rmed in each cell, though copulation is not known.

0

Fie. 155. O ium slenforum Stein. o, X about 200, (After
ienkowski.) b (After Stein.)

(s

4 B

05 (0o, 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 . . 906

g6 (102, 107) Cells embedded in more or less cylindrical and definite gelat-
inous tubes, strands, or stalks which are broader than the

97 (100, 101) Cells scattered throughout a gelatinous tube or strand. . . ¢8
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08 (gg) Cells at the ends of, or distributed alnng rather firm, often lamellate
gelatinous strands. . . . . .'. . . . Hormotila Borzi.

Chromatophore single, granular, without a pyrenoid. Re-
pruductmn by cell division, nhﬂ by bi-ciliate res, eight
of which are formed in a single zoosporangium. %e
rangia are much larger than the vegetative cells.

Fro. 156. Hoermolils mucigena Borzi, 3 268,  (After West.)

00 (08) Cells distributed throughout a structureless, cylindrical, branched
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 clongated 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.

Fio. 157.  FPalmedactylon sp. Portion of
smhn:f ¥ about foo.  (Oniginal.) iy

100 (g7) Cells two or four in series, at the ends of attached, dichotomously
branched stalks; chromatophores several.

Mischococcus Niigeli.

Chromatophores one to four, without pyrencids. Reproduction by

zoospores and isogametes which may or may not unite before germina-
tion.

Fic. 158. Mischococcus confervicola Nigeli. % about 180, (After Rabenhorst.)

101 (97, 100) Cells in radiating series, often branched, held together by
gelatinous strands. . . . . . . . Dl-csjmﬂjrﬂr&s Lagerheim.

Chromatophore single, central, and radial, chruducmn probably by division.
Though Dictyocystis is reported by several botanists, it seems a somewhat doubtful genus,

102 (g6, 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. . . ﬂsmompﬁwwms A. Braun.

Chmmatﬂphm‘& single and parietal, each up of
cells formed by the internal division of a si muthu-
cell.

The filaments which bear the cells are thought by some
to bé formed from the remnants of the mother mcz%cmnc,
but this needs further investigation. Large colonies
become [ragmented into smaller colonies. This alga
not very frequent, and cccurs in larger lakes rather than
in stagnant water.

Fic. 159. Dimerphococcus Iungius A. Braun. X Goo.
(Original.}
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104 (103, 105, 106) ~ Cells single, spherical, or oval. Dictyosphaerium Nigeli.

Chromatophore single, parietal. Reproduction by internal division.

Fic. 160, Diciyosphaerium pulchellum Wood. » 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 Dictyosphaerium.

106 (103, 104, 105) Cells clustered, grape-like, imbedded in the rather firm,
often yellow gelatinous strands. . . Betryecoceus Kiitzing.

West's genus Tuefigiata is probably a Belryecoccus where the gelati-
nOuS en is somewhat contracted.
In old cultures of Bolryococcus, and often in nature, an orange
anil jis paudumdfwhich giivcs the clells lﬁﬁt culcrr.l
¢ is found very frequently in pools, ponds, and lakes; it
has been known to form the water bloom on lakes of small

Fic. 161. Bolryococcus brgumii Kitzing. ¥ about joo.  (Original.)

107 (06, 102) Cells not at the surface of a gelatinous mass but distributed

DU e e ke N VUL IR TR
108 (109) Colonies cylindrical, branching; gelatinous envelop somewhat
rigid and often lamellate. . . . . . Palmodiciyon Niigeli.

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. Palmodiclyon is a
very rare alga in America, but Celling reports it
from Massachusetts.

Fi1g. 162, Palmodict rirsdis Kiitzing. X 210,
(Alter 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
SrodIapy )t Colopiestrregular. . < « o 2ae v @ e v o e W III
SerivoeimCellynotinelusters. . . . . . 0. - . cl e . . e s II2

112 (115) Gelatinous envelop containing concentric lamellae about the
e T TR e S T T T 5 £
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113:(114) Cells sphexical. & o s dniis IENAS . Gloeocystis Négeli.

The e anehpmgbgelatmuussuhstam 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 re roduction also occurs by bicilliate zoospores.
The aut Ehhl:il;}' of this genus is doubtful as the non-motile stage of certain
species of Chlamydomenas answers this description, :

Fig. 165. Glococysfis vesiculosus Nigeli. X 150,  (After Nigeli.)

114 [1:3} Cells elongated. . . . . . . . . . . . Dactylothece Lagerheim.

# Chromatophore a parietal plate lying only on one side of the cell; no pyrencids.
@ ﬁ Gelatinous substance often lamellate,
B

gt Fic. 16y, Dactylothece braumii Lagerheim, 3 about 370. (After Lagerheim.)

115 (112) Gelatinous enveiup not contammg concentric lamellae about the

eells. o .. N 116
116 (117) Gelatinous mass cunta:mng segments of the antecedent mother
........ Schizocklamys 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 mwnws to the formation of the two or four daughter
cells. S, geladinosa is the only species reported in
A_.mtrma,mdthts occurs as a pale green irregular mass
either free or adhering to water plants.

Fio. 165. Sehizocklam imoza A, Braun. X Goo.
{Original )

117 (116) Gelatinous mass not containing segmemts of the antecedent mother-
membrane. . . . Wi oo ot e S nel

118 (119) Cells throughout the gclaunnus mass fnrmed b}; the outer la
of the cell walls. B almella L :,re.

Chromatophore parietal, with a pyrenoid. Reprﬂdu:xim dwimml 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.

FiG. 166. Diciyosphaeropsis palating Schmidle. X 375. (After Schmidle.)

120 (111) Cells in clusters, usually of eight, sometimes four or sixteen; colonies,
moStly HoatDE. .- .0 o aeimr waraeabiah NSRRI 121
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R Bl e e L e e s e e e . 123
122 (123) Ch.rumatnphore gingle. . . . ... ... Sphaerocystis Chodat.

e
)
r
i
=5 gy
ik 1

Colonies large; clusters widely separated from
each other. Gelatinous envelop invisible without
reagents. Chromatophore thin, parietal, with a
Eyrenmd on one side and an opening on the other.

gpmductmn by internal division.

phaerocystis iz almost universally found in the
ton and is one of the most conspicuous and
utiful of all the plankton forms. Sometimes the
colonies are very large, consisting of many clusters.

Frc. 167. Sphaerocystis schroeleri Chodat. % zzo.
(Original.) :

123 (122) Chromatophores many, parietal. . . . . . . Chlorobotrys Bohlin.
Cells spherical, in a gelatinous matrix, as in Sphacrocystis, but the
% chlnmpl’fypﬁ in many parietal discs.

j@/ Fic. 168. Chlorobotrys regularis Boblin, X 3oo. (After West.)

EayiGezrimCellsnntapherical. .0 . - .. . vmeie v s ow e e e . 128
125 (126) Cells crescent-shaped. . . . . . . . . . Kirchneriella Schmidle.

Cells in' clusters, as in Sphaoerocysiis, 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.

Fio. 169. Kirchneriells obesa Schmidle.  doe.
(Driginal.)

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

ies. Cells'single or in clusters, as in Sphacrocysiis, but
ellipsoidal in shape. 2 :
yitis is frequently found in the plankton where it is
usually in large gelatinous colonies similar to Sphaerocystis
‘“‘i‘.i Kirchneriella. In other localities the cells are generally
golitary.

Fic. 170. Qocystis solifaria Wittrock., X foo. (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.

Fio. ry1.  Gloeotaenium loifelshergerianum Hansgirg. 3 220, (After Transean.)

128 (110, 127) Colonies the shape of the individual cells. . . . . . . 120
129 (130) Cells reniform, colony of the same shape or oval.
Nephrocytium Nigeli.

Cells single or in clusters, as in Sphaeracystis, but reniform in

pe.
i Nephrocviium resembles Ooevstis except that the cells are curved.
; It is widely distributed but not very abundant.

Fio. 192. Nephrocybium agardhismum Nigeli. % s8¢, (Original )

Cells elongated, fusiform, gelatinous sub-
stance dense, often lamellate.

Fic. 173. Elakatothriz wiridis Wille. X s75.
{Original.}

137 (9o, 05, 175) Cells without a thick gelatinous envelop hntdin% them
afte

together; sometimes adhering to each other r di-
VISION. . . s oourans v e ORI R P
132 (137, 155, 174) Reproduction by fission only, or rarely by fission 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.

=
B%E & Chromatophore a parietal plate lying only on one side of the cell,
a with no pyrencid. Reproduction by simple fission, the cells sometimes
W= e adhering to each other after the division, but not forming perfect
e s filaments,
T |
| [S Fio. 174. Stichococeus bacillaris Nigeli. X about 4oe, (Original.)

2

134 (133, 135, 136) Reproduction by division in three directions. Cells
spherical or, if in small complexes, somewhat angled.

Pleurococeus 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.

old wood, and stones,
Fio. 175. Plewrococous vulgaris Meoeghini. X sbo. (Original.)

Plenrococcus is the chief constituent of the green coating on the bark of trees, .

T SR
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135 (133, 134, 136) Characteristics as in Plenrococcus, but sometimes forming
short filaments. . . . . . . . Pseudo-pleurococcus Snow.

This form may remain indefinitely in either
a filamentouz or unicellular state according
to the conditions in the environment. In
the filamentous state it resembles a small
form of Stigeoclonsnms, but is distinguished
from it by the absence of zoospores.

Chodat regards a form similar to this as
a true Plewrococcus and believes that short

filaments are characteristic of that genus.
Fic. 176. P;cud'ﬂ-ﬂcurcxwm wlgﬂﬂ; Snow.

(Original.)
136 (133, 134, 135) Reproduction by fission in three directions and by inter-
nal division. . . . . « . . Palmellococeus Chodat.

Chromatophore a parietal plate, without apyrcnmd In nddﬂh:m to reproduction by fission
and internal division, a rejuvenescence of the cell contents may occur, accompanied by a cast-
ing off of the mother-membrane. An orange-red oil is sometimes present.

137 (132, 155, 174) Reproduction by internal division only.

Family CHLORELLACEAE . . 138
138 (142, 151) Cells spherical, ellipsoidal, or irregular. Membrane
T e N S PR L L R S L T,

130 (140, 141) Cells spherical; n:hroma,tophure a single, hollow sphere with
one pyrenoid. . . . . .+ . Chiorella Beyerinck.

Cells spherical or somewhat -cll:mf chromatophore lining the mem-
brane, open on one side, with a single pymnmd
The name Em-;kiar.:ﬂu Brandt has been given to this same genus and ante-
dates the name of Chiorella by some years, but the name Chiorella seems
more appropriate.
Fic. 177. Chlorella sp. X 6oo. (Original.)

140 (130, 141) Cells spherical, chrﬁmatuphﬂre of many parietal discs, each
withapyrenoid. . . . . . . . . Eremosphaera de Bary.

Size relatively large; chromatophores many, parietal; nucleus
prominent. ciprodul:tlun by internal division.

The cells are arge, spherical, and conspicuous. The nucleus is
distinct, suspended in the middle of the cell by strands of proto-
plasm. Two or-four daughter individuals may originate by succes-
sive division of the contents and are liberated by the rupturing of
the mother membrane. Eremosphaera is almost mnstant[y found
among Desmids in Sphagnum swamps.

Fic. 178. Eremosphaera miridis de Bary. 125, (Original.)

141 (139, 140) Cells spherical or irregular; chromatophores many, angular,
radially arranged; many pyrenoids in each.
Excentrosphaera Moore.,

Plant consisting of a single cell, in mature condition varying
in outline from spherical and elliptical to irregular and eccentric
forms. Chromatophores large, angular, usually radiately ar-
ranged, closely lining the wall. Pyrenoids minute, numerous in
each chromatophore.  Multiplication by non-motile spores
{aplanospores) which escape by the dissolution of a part of
the cell wall. Reaction to all external stimuli negative.

Fie. 170. Excentrosphaera viridis Moore. 3 160,  (After Moore.)

142 (138, 151) Cells spherical or elungated membrane with hzurs, spmcs, or
reticulate markings. . ax 143
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143 (147) Cells spherical. 0o i v & slasa S aei o e R

144 (145, 146) Cells solitary, membrane with short spines or network.
Trochiscia Kiitz.

y Caﬂls pﬁ-ertl};ctly spherical, the spines or reticulate markings project-
ing but little.

Chromatophores usually several. Reproduction by internal division.
West also reports reproduction rarely by fission and by zoospores. The
genus needs further investigation.

Fio. t8a. Trockiscia vestitur Reinsch. 3 about 260. (After Reinsch.)

145 (144, 146) Cells solitary, bristles l{mg, ngu:l scattered over the entire
surface. . . . .« «+ .« . Golenkinia Chodat.

Repmduchnn orcurs by division in one or two directions and
by autospores. Chodat also reports the formation of zoogonidia
with four cilia. s

Golenkinia has been known to occur in great quantities almost
pure in large tanks of water; it also occurs in the plankton,
though not very abundantly. Chromatophore parietal, with one

rrenoid.
sHﬂir Ray Lancaster helieves that his Archerinta boltoni de-
scribed in 1885 and referred to the Protozoa is identical with
Golenkinia radiata described by Chodat in 1894, and witl:
Richieriella botryoides described by Lemmermann in 1808.
this be true the name Archerindie claims precedence over the

other two generic names.
Fic. 181, Golenbinia radisle Chodat. 3 625. (Original)

146 (144, 145) Cells in colonies of eight, sixteen, thirty-two, sixty-four, or
more cells; bristles long, only on the outer surface of a col-
ony. . . . « « +« « « « « « « Richteriella Lemmermann.

Bristles comparatively coarse and in length many
times the diameter of the cells. Chromatophore ﬂn.gtt
parictal, with a single p}rr-::nuul

The cells are usually clustered in groups of four which
are aggregated into larger colonies. But little is known
of its reproduction except that vegetative divizion has
been known to occur.

It is found in the plankton of large lakes.

Fic. 182. Richleriella ‘{:Eﬂm meﬂium X 556, (After

147 (143) Cells somewhatelongated. . . . . . . . v+ o v v 4w » . I48

148 (140, 150) Bristles four, two at each end or one at each end and two at
the center, each with a basal swelling. . Lagerheimia Chodat.

Cells ellipsoidal, with four spines on short pedicels. Chromatophore

3I1nglr.~, parietal, with a single pyrenoid. Reproduction by internal
division,

Chodat and West r-:cﬂp,mae the genus Lagerheimia but it is very doubtful
whether the presence of only four s *ipmﬁ with basal swellings is sufficient to
remove it from the genus Chodaielle where the spines are more numerous
and have not the basal swellings.

Fic. 183, Lagerheimia gencvensis Chodat. X a7s.  (After Chodat.)
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149 (148, 150) Bristles varying in number, without a basal swelling. Cells
single. . ... ........ Chodatells Lemmermann.

Cells solitary, ellipsoidal; spines evenly distributed over the
surface or in circles about the ends. Chromatophore parietal,
with or without pyreneids.

iz occasionally found in the plankton of larger lakes.

Fig. 184. Chodalella cilriformis Snow. ¥ 00, (Original.)

150 (148, 149) Bristles numerous, on the outside of the colony only., Cells
y united into a small cluster by a gelatinous substance,
Franceio Lemmermann.

Chmmatuphcrrm two, each with a pyrenoid.

This genus in its general characteristics resembles Richteriella
hut it is distinguished from it by the larger size and oval shape
of the cells, the shorter spines and the two chromatophores.

_Reproduction takes place by division in a single longitudinal

.

Fio. 185. Franceia sp. X about fea. (Original.)

151 (138, 142) Cells of some other shapc than spherlcal or eI]tptlcal with

pointsor angles. . . . . . . S et 152
152 (153, 154) Cells needle-like or fusiform, often variously curved, the length
often many times the diameter. . . Ankistrodesmus Corda.

Ankistrodesmus is found in all ponds,
lakes, and rivers. It is one of the most

common and one of the hardiest of the
S, unicellular algae.

B Frc. 186. duk;ﬁ;adcmm Various species.

Cri inal)

153 (152, 154) Cells short, hzs:furm length two to four times the diameter.
Dactylococcus Nigeli.

Cells free, short, nine to ecighteen u long. Chromatophore with a pyrenoid,
opposite to which there is an opening. In reproduction two to eight cells are
formed by transverse internal division.

Fic. 187. Dacivlococens infusionum Nigeli. 3 6oo.  (Original.)

154 (152, 153) Cells distinctly three, to many-angled, angles all in one plane or
not; at the ends often one or more simple or divided spines.
Tetraedron Kiitzing.

Chromatophore single, parietal, usually with a pyrenoid.

In this genus there is the greatest variety in regard to the shape
i of the cells, number of points, and size; the most common one 18,
i ::z' however, a minute form with but few pumts

Fic. 188. Teirgedron enormesde Bary. X 6oo. (Origmal.)
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155 (132, 137, 174) Reproduction by the formation of zoospores only, or by
isogametes. . . . . . Family PROTOCOCCACEAE . . 156

156 (161, 168) Cellsspherical: . . .« & .0 . o s L AT 157
157 (158) Chromatophores many, parietal. . . . . . . Botrydiopsis Borzi.

Chromatophores without pyrenoids; zoospores amoeboid, with
a single cilium, a pigment spot, and one (sometimes two) chroma-
tophores; frequently they germinate within the mother-membrane
without a motile period.

Fic. 180. Botrydiopsis wi;{mi: Snow. a. vegetative cell; b. zoospores.

sBe. (Original.)
158 (157) Chromatophoresingle. . . . . . . . . .. ... .... 150
150 (160) Chromatophore parietal. . . . . . . . . . Chlorococcum Fries.
Y Chromatophore with a circular opening and a pyrenoid; zoospores
" oval, with two cilia, a noid, and a pigment spot. A res
\r may form from non-liberated zoospores. An undescribed form
which greatly resembles Chlorococcum has isogametes. It should be

)ﬁ \s placed in a different genus.
Fic. 100.  Chierecoccum infusionum Rabenhorst. a. vegetative cell.
B . b. zoospores. X G25.  (Original.)

160 (159) Chromatophore central with radiating strands.

Radiesphaera Snow. |

Emet for the nature of the chromatophore this genus
resembles Chlorococeum, but at the center is a pyrenoid
from which the chmm&tophlmt radiates. Zoospores
with two cilia and a pigment spot are formed.

Fis. 1g1. Radissphaera sp. Snow. a. tive cell;
b. zoospotes. X 5Bo. ‘.[(}ngmﬁ',lia

161 (156, 168) Cells more or less irregular, elongated, or tubular. . . . 162

162 (163) Cells free, more or less inflated or tubular, usually with a long,
colorless cylindrical portion. . . . . . Protosiphon Klebs.

Chromatophore a parietal, net-like layver, with pyrenoids. Under conditions threateni
drought, red resting spores are formed. In absence of light or increase of water bi-cilia
zoozpores are formed which on coming to rest produce spherical cells, or they may copulate and
prodduce star-shaped zyvzospores.

Fic. 102. Proiosiphon boiryoides Elebs. 3 75. (After Elebs.)

163 (162) Cells endophytic, rarely free, irregular, often with cellulose pro-
jectionB.. . i s N R ow N e Tpe X4,

s sl
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164 (165) Reproduction by zoospores: chromatophore of many radially-
placed rods or segments united beneath the surface.

Scotinosphaera Klebs,
Zoospores fusiform; their Enxluctmn preceded by a
contraction of the chromatophore to the center, about
which there is a granular substance; zoospores penetrate
some water plant or germinate in the water,
. Resting cells occur which have one or more thicken-
lnﬁa of the membrane.

t was first found in the dead leaves and branches of
Hypnum, and its normal habitat is probably in the
tizsues of some higher water plant, but it occurs fre-
quently in the water and may be cultivated with easze.

Fic. Seol rad) Kle
193. Iuiph?gll.z:]{hﬂh?} bs. 3 about 26s.

165 (164) Reproduction by mpu]auun of Lsugnmﬁtﬂs and in some cases by
200Spores. . . . T T

166 (167) Chromatophore a parietal layer with many pyrenoids, later show-
ing a network. Membrane with cellulose projections.
Chlorochytrium Cohn.

Cells spherical or slightly irregular; chromatophore
with many mwardl:r projecting portions containing
many pyrenoids. The zoospores are liberated singly:
the gametes escape together while still enveloped by the
inner lining to the membrane in which they copulate.

Ilorochytrinm occurs in the intercellular spaces of
Lemna. In some species a celluloze projection extends
to the surface of the epidermis at the point of penetra-
tion of the zoospores, but is not found in all.

Fic. 104. Chlorochytriam lemnae Elebs. Cells in the tizsues
of Lemna, 3 soo.  (After Klebs.)

167 (166) Chruma.tnphore deuse, with many starch grains: membrane lamel-
late

i e -« « . . Endosphaera Klebs,
Cells sphmcnl or 1rr|:gular. found in the tissue of water plants,
In uction internal divisions occur, giving ris¢ to eight or sixteen

oval isogametes with two cilia and a pyrencid. The zygospore pene-
trates into the intercellular spaces of Palamogelon if it is present, but

C dies if it cannot be Eounri
In the spring time it i found as large resting cells in the tissues

of the dead leaves.

Fic. 10s. Endosphaera biennis Elebs, a. young cell; b. gametes; ¢. union
of gametes. a. X about 190; &, €. X about 400. (After Klebs.)

168 (156, 161) Cells with a thin stalk-like pmj&ct:lun on one or both ends,

either free or attached. . . . . . ¥ e 100
169 (170) Cells free, linear, curved, or Epll‘.E.l ends with a spine or stalk-like
projection. . . . . . . . . . . . . Ophiocytium Nigeli.

Chromatophore single, parietal, with no pyrencid. Reproduction by
means of zoospores, eight of which are formed in a single cell and are
liberated by the end of the cell being thrown off like a cap.

Though the habitat of Ophiocytium is the same as for a number of
other Protococcaceae, it is not so frequently found. When it does
occur, however, in a body of water it may be abundant.

. F1o. 196, Ophrocyitum cochleare A, Braun. X Go0. (Original.)
170 (169) Cells similar, but shorter and attached. . . . . . . . . . 171
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171 (172, 173) Cells single, attached; oval, cylindrical, fusiform, or curved
in shape. Chromatophore single and parietal.
. Characium A. Braun.

Cells oval, pointed, or rounded at the ends, straight or curved,
sessile or stalked; attached to a substratum with or without a disc.
A pyrenoid usually present. Reproduction by zoospores which have
two cilia, a pyrenoid, and a pigment spot.

Characiun is very common on filamentous algae in all localities. The
ghape is greatly influenced by the direction of the rays of light.

Fic. 1a7. Characium longipes Rabenhorat. 3 6oo. (Original.)

172 (171, 173) Cells as in Characium, but the chlorophyll in many small,
pariefal dises. . . .0 . o el Characiopsis Borzi.

The color iz pale green. The zoospores are liberated by the wall of the
upper portion of the cell becoming dissolved. According to West, aplano-
spores may be formed, each of which becomes a gametanginm pro-

uces two or four gametes. Characiopsis 1s less frequent than Characium
but i5 found under the same conditions.

Fic. 198. Choraciepsis sp. X 600, (Onginal.)

173 (171, 172) Cells attached, the new generation clustered at the free tip of
the empty mothercell. . . . . . . . Sciadium A. Braun.

Thallus of six to eight cylindrical cells, radiating from the tip of
a sessile, empty, ovlindrical membrane; reproduction by six to eight
zoospores with two cilia each, which attach themselves at the tip of
the mother-membrane after the removal of a cap which liberates the
SpeOTes.

Lemmermann unites Sciadinum with O phiocytinm because rarely in
Ophiecvtinm the new generation develops from one end of the parent
cell, but the sessile characteristic the basal disc of 5 "
would seem to 5?3.:'3[& it from O phiocytium where these characteris-

nd.

tics are not fou

Fic. 109, Sciodium arbusculs A. Braun. X 6oo. (After Rabenhorst.)

174 (132, 137, 155) Reproduction by fission and by zoospores.
Family CHLOROSPHAERACEAE,
Only one genus known. . . . . . Chlorosphaera Klebs.

Cells usually in small cell complexes, originating by fission in
three directions.  Chromatophore parietal, with a pyrencid. Zoo-
gpores usually eight in number, originating by succeszive internal
divisions. These have two cilia and a pigment spot. Each vegeta-
tive cell may become a resting spore.

In itz vegetative state Chiorosphasra resembles tly Pleuro-
coccus vudparis, but it is aquatic, rather than aerial. It is a common
form in ponds and lakes, though rarely found in such quantities as
to be noticed, unlesz developed in culture.

FiG. zo00.  Chlorosphaere lacusiris Snow. X 585, (Original.)

175 (9o, g5, 131) Cells without a gelatinous envelop or stalks; closely united
to form structures of definite shape (coenobia). . . . 176

176 (187) Coenobium usually a cluster of definite shape and structure, formed
by the union of four, eight, sixteen, or thirty-two non-
motile cells arising from internal division.

Family COELASTRACEAE. . ., 177

177 (182, 186) Cells radially placed or forming close clusters. . . . . . 178
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178 (Ifg, 180, 181) Cellsspherical. . . . . . . . . . Coelastrum Niigeli.

Cells spherical or slightly angled; chromatophore a hollow sphere, open
at one side, with a pyrenoid opposite the opening.

Coelastrum occurs in all bodies of water, and is found in the plankton.
It is very resistant to unfavorable conditions, persisting long alfter most

ather algae have perished.
Fie. 201. Coeelastrum sphoerioum Nigeli. X ozo. (Original.)

179 (178, 180, 181) Cells cordate or reniform. . . . . Sorastrum Kiitzing.

Chloroplast parietal, with a single pyrenoid. Cells on short stalks
radiating from a gelatinous center, but both center and stalks usually
hidden by the cells. A new coenobium from each cell.

Serasirum is of less frequent occurrence than most of the other
members of the Coelastraceae, but is found in most localities where
they are found, e_ﬂ.pema. in the sediment at the bottom of ponds,
aﬂmﬂly in the plankton.

Fio. 202, Sorastrum spimulosum Nigeli. > 6oo. (Original.)

180 (178, 179, 181) Cells crescent-shaped, points turned outward.
Selenastrum Reinsch.

Cells acutely pointed. Chromatophore parietal, with no gymnmd By many
this is placed near to Askistrodesmus rather than with the Coelasiraceae.
Fio. 203, Selemastrune gracile Reinsch, 3 565, (Original.)

181 (178, 170, 180) Cells club-shaped or elongated, forming a star.
Actinastrum Lagerheim.,

Rays pointed, each ray composed of a single cell, all of which unite at the center.
Chromatophore single, parietal, often not extending to the ends,

Fic. 204. Actinasirum kantsichii Lagerheim. X sso0. (Original.)

s inmeaSl Cellsimoneplane. . . . . . « . « 0 o 0 o vo0 . . . I83

183 (184, 185) Cells four, elght or sixteen in one or two parallel or zigzag
. i e w e eowie ocenedesmus Meven:

The cells oval or pointed, the membrane either smooth or
furnizhed with distinct spines at the ends. Chromatophore
single, parietal, with an opening at one side and a pyrenoid,

This iz one of the most common and the best known of
all of the lower algae, it being found in almost all localities
where algae are ever found. Its adaptation to various
environments, and to conditions unfavorable to most othe.
algae, accounts for its wide distribution.

Fio. se5. Scemedesmns quodricanda Bréb. % 585, (Original.)

134 (183, 185) Cells grouped in fours, f-:bnmng a rectangular plate of sixteen
ormorecells. . . . . .. . . . Crucigenia Morren.

Cells spherical or elongated. Chmmntnphurc thin, parietal, with a eircular
opening and one pyrencid. This is regarded by Schmidle as Sfswropenio.

Fi16. 206. Crucigenia apiculata Chodat. X rece. (Original.)
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185 (183, 184) Cells four together, never forming larger plates. From two to
five spines on the external margin of each cell

. Tetrastrum Chodat.
Schmidle regards those forms with spines simply as different species of Stowregenia.
186 (182, 1-;?] Cells four, lying in two planes. . . . . Telradesmus Smith.

This coenobium resembles a Scenedesmss rnllad up, and in the size, shape,
and structure of the cells they are the same.

Fi1o. 207. Tetradesmus wisconsiensis Smith. X 1500, (After Smith.)

187 {1?6] Cuennhmm a coarse net or a concentrically-arranged circular disc of
cells, formed by the joining together of zoospores while within
the mother-membrane, or still within the liberated inner

lining of the same. . . Family HYDRODICTYACEAE . . 188
188 (189) Coenobium a free-swimming circular plate of cells, one layer in
thickneas, .. . L e P&dmﬂmmh{e}*en.

The cells arran either with intercellular spaces or not; marginal
cells with one or &eg pointed projections; inner cells angled or concave;
chromatophore parietal, with one pyrenoid, and perforated at one side.
Reproduction by means of zoospores which are cast out together with
the inner lining of the mother-membrane, and within which they form
a new coenobium.

An alga which greatly resembles a two-celled Pediastrum was formerly
described as E-zummm by Schmidle, but Lagerheim places it in a_new
genus Enastrepiis. The mode of reproduction is tl:n: same as for Feds-
astrum; the zoospores, however, arrange themselves in pairs instead of
in a single plate, and form a number of new individ which are set
free while within the inner layer of the mother-membrane.

Fro. 208, Pediastrum borvasum Meneghini. > 6oo. (Original.)

189 (188) Coenobium a coarsenet. . . . . . . . . . Hydrodictyon Roth.

Nets large, each mesh bounded by five or six
cylindrical cells; the chromatophore reticulate,
parietal, with numerous pyrenoids; asexual re-

uction by mp-um. those from each aelt
orming a new net; e rn:pl'oduf.‘l:t’.rigg by
many 1sogametes. UCEs
two to five large zoospores EEiﬂt‘ﬂmSﬂ"ﬁ
rise to a new net when they germinate,

In the early stages the nucleus is single, but
later -:Iwu&ta ra ¥ 50 that the cell is multi-
nucleate. nets are formed within the

lindrical muther -membrane are cylin-

rical in shape for some time, but later become
tnma.ndlrrmdnr. The nets occur as a very
thick scum on the surface of ponds
tq)o&egm the direct rays of the sun. The dif-
ferent modes of reproduction have been proved
by Klebs to depend largely on the condition in
environment, and that by varying these condi-

ditions the different phases to development can
be produced.

Fic. 209. H:.'-:Irpdm reficulatum Lagerheim,
1ee.  (Original.)

1go (68, 249) Plant of septate filaments, or of clﬂsely-a,rranged cells, forming
plates or cylinders, one or more layers thick; attached or
free-swimming. . . . . . . . Order Confervales . . 19r

Reproduction asexual, sexual, or both in the same species.

191 (196, 246) Plant in adult form a macroscopic, free-swimming plate or
hollow cylinder of cells; in early stages often tous
At R Ear: I Family ULvAceEaE. . 102
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192 (193) Plant cylindrical, flattened, or branched, of a simple layer of cells,
uction by zoospores and isogametes.
. Enteromorpha Link.

Frequently branched and variable in shape; chromatophore
parietal, with one pyrenoid. Zoospores with four cilia and a

igment spot. Gametes with two cilia.

th zoospores and gametes are formed in the vegetative
cells except thosze at the base.

The greater number of species of Enleromorpha are marine,
though E. imfestinalis is found in the fresh water. Many of
the salt-water forms are very variable so that the species are
difficult to determine.

Fi6. 210.  Enteromor fnfestinalis L. (Link). . one-hall natural
size. (After West.) b. X 360. (Original.)

193 (192) Plant in the adult stage a thin, membranaceous plate. . . . 104
194 (195) Chromatophore a thin, parietal lining to the membrane, with one
pyrenoid. . . . .« « .+ . Monostroma Wittrock.

The plant in early stages & hollow =ack or cylinder, becoming
torn later, forming a membranaceous plate, near the base of
which certain cells elongate, grow downward and form strength-
ening supports. Reproduction by meanz of zoospores with four
cilia and smaller gametes with two cilia. These may germinate
without copulation.

The membrane is at first very thin, but later becomes gelati-
nous so that the cells are more or less separated from each other.
Growth iz not localized but iz intercalary and the cells are often
clustered in groups of four.

Menostroma bullosum occurs in shallow ditches, partially sub-
merged and partially swimming on the surface.

Fi16. 211. Monostroma bullesum Thuret. » 350. (After Reinke.)

195 (104) Chloroplast star-shaped, radiating from the center, with one pyre-
oA L L L . . . oae e« Prosiola Meneghini.

Plant at first filamentous, but later a plate of cells grouped in
small areas. Rhizoids frequent at the base. Reproduction, ac-
cording to Lagerheim, in three ways: by isolated portions of the
plant, akinetes, and aplanospores. No zoospores known.

Kiitzing has established a genus Sehizogosinm which greatly re-
semhbles Prasiolas.  The chromatophore is stellate and the flaments
divide longitudinally to form two or more rows. The chief differ-
ence between this and Prasiola is that in the latter genus the
longitudinal divisions continue, while in the former they cease
after the first few times. : :

Wille makes Schizogonium a subsection under Prasiola and is
followed in this by West.

Fic. 212. Prasiola crispa Meneghini. 3 about so. (After Oltmann
3 : -+ and Meneghini.)

106 (191, 246) Plant filamentous. . . . . . e e R RIS, {1
197 (219) Filaments fine, mostly unbranched 3 3 108

108 (217, 218) Filaments generally unbranched. Chromatophore a single,
parietal curved plate or cylinder, rarely axial, or of several
small, distinct discs, rarely more or less united into a network.

Family ULOTHRICHACEAE . . 199
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Flant in carly stages like Ulothrix. later forming
a slender, solid parenchymatous filament: reproduc-
tion by zoospores, one from each cell.

Quantities of the zoospores are liberated from a
filament at a time, the walls becoming partially gelat-
inous, but showing a parenchymatous structure alter
the liberation.

By some European writers the genus is regarded as
the same as Ulothriz, but forms such as are found in
America must establish it as a separate genus. The

res have four cilia and a pi t spot, as in
Ulathriz; the vegetative cells may change into resting
spores,

Sehizomeris has been found growing on river banks
and in quiet fresh water.

FIG. 215. Schisemeris leibleinii Kiitzing. a. portion of
filament. X about 625. b. portion of filament showing
division in all directions. X joo. ¢ zoospores. 3 Gzs.
{Original.}

205 (200) Filament with gelatinousenvelop. . . . . . . . .. .. . 206
206 1200) 0 Cells not iIndistinctpairs. - . . . + « v v v o« o o. s 207

207 (208) Cells oval, gelatinous envelop homogenous.
Hormospora Brébisson.

This is regarded by many as being but a
phase in the development of Ulathriz, but the
very gelatinous membrane, the rounded ends
of the cells, and the fact that this form is not

. 2 known to reproduce by zoospores would indi-
Fig. 216. Emﬂ“m“”nﬁfhmm X about  cate that it is an independent genus.

208 (207) Cells rounded. Gelatinous sheath showing radial fibrillar struc-
thee. ... . . . . . .. . o . . Rodigfilum Schmidle,

Chromatophore single, parietal. with one pyrencid.
Cells spherical, cllipsoidal, or lenticular, in some
species united by short necks. Filaments unbranched.
Reproduction by simple division. Wille includes
Fio. 217.  Radiofilum favescens West. Hormos pore and Rmfiﬂﬁ-fm with Geminella, a genus

X goo. (After West.) not known to occur in America.

e el sy AN PAiTS. i - - 5 s s s s e w210
210 (211) Cells rounded, gelatinous substance lamellate, invested by the
antecedent mother-membrane. . . . Binuclearia Wittrock.
Filaments attached when young; each cell pair
omiginates from the contents of a single cell, and is
surrounded by a more or less lamellate substance,
about which the original membrane is still visible.
Chromatophore parictal, reproduction by division
and akinetes.

F1c. 218. Binuclearia tetrama Wittrock. 3 about 450.

inal.}
211 (100, 212, 213) Chromatophore axial, with rounded clear spaces at each
end: . . . .+ « . . Planktonema Schmidle.

Filaments short, free-swimming. Cells cylindrical, rounded at the ends, mostly in pairs,
each pair separated from the next by an apparently emptyt;‘:nwe. Reproduction by division
within the membrane after which the parts become separated, probably by a gelatinous sub-
stance.
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Plankionema resembles in many respects the form described by Wittrock as Binuclearia but
Schmidle makes it a new genus. The two genera should be made the subject for further in-
vestigation.

Fra. 219. Plankionema lauler-
Bbornii Schmidle. X about 1000,
(After Schmidle.)

212 (199, 211, 213) Chromatophore a parietal network. Microspora Lagerheim.
Chromatophores band-like or netted and thickened at intervals;

membrane often becoming fragmented into H-shaped pieces. Repro-

duction by macrozoospores and microzoospores.

i I"ilan&::r":Jt{s free, uﬁl:-ranclllcd; sumchmesd - ml}rb]mfde Cmfmt_ = Mem-

; rang thick, somewhat gelatinous, and distinctly made up o
ams 2 Piertubor  pieces, the ends of the H either just meeting or overlapping. Reprodu
% 345. (After West.) tion by macrozoospores with four cilia, and microzoospores with two cilia.

213 (190, 211, 212) Chromatophores many, parietal, disc-shaped. Filaments
fine, unbranched, rarely (Aecronemum) branched. Repro-

duction by mono-ciliate zoospores. . . . . . . . . . 214
214 (215, 216) Filaments unbranched, at first attached: no pyrenoids.
Tribonema Derbes and Solier.

Filaments light green, soft to the touch. Length of cells one to several times the
breadth, sometimes slightly swollen at the middle. Chromatophores from two to many, small
parictal. Reproduction by zoospores, one or two o

lliwhi(:lll:Lr are ti?imed in :1 ?lcl;énd liberated Euutgmlhﬂ
membrane ing into H-shaj pieces. res
obovate, asymmetrical, with two chromatophores in
Fic. 2z1. Tribomema minor Flehs, the anterior part, one cilium, and no pigment spot.

¥ Boo. (Original.) Resting cells may occur.

215 (214, 216) Structure of cells and zoospores as in Tribonema; filaments
composed of segments of 4 to 8 cells; each formed from the
contents of a single vegetative cell, the ruptured wall of
which is visible at the end of the segment. Division rarely
longitudinal. . . . . .. . . . . . . Bumileria Borz.

Filaments usually short. Zoospores the same as in Tribonema, but liberated through a dis-
solved portion of the membrane, instead of through a circular split dividing the membrane into
two portions. Resting cells may be formed.

Fic. 222, Bumilleria
sicula Borzi, > about
330. (After Borzi.)
216 (214, 215) Structure of cells and zoospores as in Tribonema. Filaments

minute, richly branched, easily passing into a unicellular

Qndition: ot i N v v o .. Aeronemum Snow,

\

Chromatophores pale, sev-
eral in a cell, without pyrenoids
and clozely applied to the mem-
brane. R uction b¥ Z00-
spores which have a single dli-
um, a small chromatophore, and
a pigment | R move
with an idd motion. This
may be the same as Monocilia
Gerneck, though the branching
is much more abundant than
is described in that form.

Fio. 223, Aeronemum -
Mﬁxw. X 235, I[Cﬁ?-ﬂ]
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217 (198, 218) Plants of unbranched, free-swimming, more or less gelatinous
filaments, the cells very long; chlorophyll parietal and sur-
rounding a number of large conspicuous vacuoles which
show as a row of lighter areas; pyrenoids numerous. Re-
production by heterogametes.

Family SPHAEROPLEACEAE.
Only one genus known. . . . . . . Sphaeroplea Agardh.

Cells cylindrical, tapering; length
eight to twenty times the breadth,
several nuclei present. Oogonia and
antheridia formed from vegetative cells,
the oogonia containing many oospheres,
and the antheridia a very large number
of antherozoids with two cilia; these are
liberated through holes in the mem-
brane and enter the oogonia through
similar holes; the oospores are red and
have a thick, rough membrane. On
germination mch produces one to eight
goospores with a pigment spot and
two cilia. Spores may be produced
parthenogenctically.

218 (198, 217) Plants of unbranched, more or less gelatinous, filaments,
attached in early stages; cells short, cylindrical, or swollen;
chromatophore single, parietal, with one pyrenoid. Repro-
duction by means of zoospores with two cilia and by hetero-
gametes. . . . . . Family CYLINDROCAPSACEAE.

Only one genus i it o S Cylindrocapsa Reinsch.

Reproduction asexual and sexual; asex-
ual, by zoospores and akinetes: sexual, by
means of cogonia, each with one re,
and antheridia, each with two anthero-
zoids; oospore red in color.

This is a very rare alga though it is
reported by Collins as occurring in Massa-

chusetts and by Wolle as occurring from
New York to Florida.

Fro. 2a5. Cowlindrocapsa invalula Reinach.
. Utmtalwe filament; b. formation of anthero-
zoids; e. minmum with antherozoids. X 575,
(Alter Cienkowski.)

219 (197) Filaments coarser, mostly branched. . . . . . . . . . . . 220
220 (233) Chromatophore with irregular, linear, or net-like perforations. 221

221 (230) Zoospores biciliate. . . . . Family CLADOPHORACEAE . . 222

Filaments mostly branched, harsh to the touch, generally attached; chromatophore parietal,
with irregular, net-like perforations; contents granular; numerous pyrenoids. Nuclei many.

222 (223) Filaments never branched except at the attachment.
Chaetomorpha Kiitzing.

Filaments attached by a branched, rhizoid-like organ. Reproduction by means of zoospores.
The species of this genus are mostly marine.

223 (222) Filaments usually branched. . . . . . . . . . ... . . 224
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234 (227) Branches abundant. .. . . . e s il el e SRR IR
225 (226) Plantslarge, tufted; repmducunnbymnspurﬁ C’Iudaﬁhm‘aﬁﬂmng

Plant frequently very large: diameter of the filaments
much greater at the base than at the ends; the length of the
cells one to twenty times the diameter; reproduction by
zoospores, many being formed fmmn.vmhtmr.cell, these
with two or four cilia.

The number of species of Cladophora is very large, a.nd
they are found in fresh, brackish, and salt wut-ur, b-ul:
ably in the greatest abundance alm:lg the shores of
where they are constantly washed by the waves. Some
specics are believed to be annual and some

F1g. 226, Cladophora glomerala Kiitzing. > 85. (Original.}

226 (225) Plant forming pulwrmte matmgs, cells of two kinds, one light and
one dark. . . . il EHnm.r‘-}'Imm Kiitzing.

Plant of erect, branching, parallel ﬁlam-ents., fnrmmg I'|.r|:n. densze tufis imbedded in a gelatinous

MALSS, In each filament several cells with dense chlo 1l alternate with longer ones contain-
. k , ing less chloro iy thus giving a concentric arrange-

== ment of light and
o R IHL"thmmatuphum bzn*.dﬁmpulhm:uﬂ mpmducthnhéhrt

Fig. z27. Chlorotvlinm calaractarsm ciliate zoospores which are formed in L mum
hR:h:u;hnrit. » :sgf (After Raben-  in each zoosporagium. Akinetes are also gtnad.

rst.

227 (224) Branches not frequent, rarely wanting. . . . . . . . . . . 228

228 (229) Branches long, scattered; reproduction by resting spores.
Pithophora Wittrock.

by the e Sl b e R
¥ end of a ce BEpd a
membrane, the contents becoming much
thicker and darker, while the membrane
increases in thickness and the whole be-
comes swollen in the middle.

Frc. 228. ﬁﬁ:ﬁu{hrr imnﬁﬂ:fm a.
l.lh'l't N ED!III.I m
ﬁl‘!. X 14o.  (After W:lltmuk}

229 (228) Branches short, attenuated, infrequent. sometimes rhizoid-like,
sometimes lacking altogether. . . Rhizoclonium Kiitzing.

Filamentz attached, often curved
and matted, usually with short infre-
quent branches which consist of one
or more cells, sometimes resembling
rhizoids. Cell walls lamellose.

Chroma re netted, with sev-
eral pyrenoids. Nuclei several Re-
production by  biciliate zoospores
and by akinetes. Sometimes occur-
F16. azq. M“.{mﬂm Elitzing. X joo. nng on damp gmund‘




THE FRESH-WATER ALGAE 167

230 (221) Zoospores with a circle of cilia near the smaller end.
Family OEDOGONIACEAE . . 237

Flants of branched or unbranched filaments, attached in early stages; chromatophore with
irregular, linear, or net-like perforations and several pyrencids; membrane often with transverse
striations at one end of a cell. Reproduction by means of zoospores with a circle of cilia near
the smaller end and by heterogametes.

231 (232) Plantnotbranched. . . . . . . . . . . . . Oedogonium Link.

Plants either monoccious or dicecious: in the
latter case the filaments bearing antheridia ma
be normal filaments, or tiny filaments of single
cells ealled dwarf males, attached near the cogonia.
These originate from special small zoospores called
androspores. But one oosphere in an oogonium;
the spermatozoid enters through a perforation
in the wall or through an opening caused by the
throwing off of a cap; antheridia single or many
together, each containing one or two antherozoids;
oospore brown or red.  Asexual reproduction by
zoospores borne singly in vegetative cells; they
have a crown of cilia about a colorless spot at the
anterior end.

(edogonium occurs in almost all bodies of
water and several species are usually found

together.

Fic. 330, Oedogomivm cremulolo-cosiatum Wiltrock.
a. omspore. X about Goo. b Oedogominm sp., v_:dg:-
tative filament. ¢ division. d. formation of antheridia.
b, ¢, d. X about 520. (Ooginal.)

Most of the cellz bear-
ing & long colorless hair,
swollen at the base,
Reproduction as in Oedo-
gomfrn; the dwari males
very frequent.

Though not so com-
mon as Cedogomimm it
is found all over the
world and sometimes
oCccurs In great quanti-
ties, completely cover-
ing submerged higher
plants with a feathery
coating.

Small branches which
have been detached are
alzo often found among

other algae.

Fi6. 231,  Bulbockacle
mirabilis  Wittrock., a.
Plant with cospore. b.
dwarf male on oospore.
€. zoospores. X 200

(Original.)
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233 (220) Chromatophore a single equatorial band, with one pyrenoid. Fila-
ments branched, attached, frequently with a gelatinous cov-
ering. Reproduction by zoospores and isogametes.

Family CHAETOPHORACEAE . . 234

234 (242) The zoosporangia of the same form as the vegetative cells; the
larger species usually bearing long hairs.
Subfamily CHAETOPHOREAE . . 235

235 (230) Plant attached, differentiated into base and apex. . . . . . 236

236 (237, 238) Filaments imbedded in a firm, gelatinous matrix, forming a
spherical or an irregularly branched, ribbon-like thallus
attached at the base. ', . . ..ol 0 Chaetephora Shrank.

Filaments radiating from a common center, usually terminating in a colorless hair; micro-
zoospores with two cilia and a pigment spot near the anterior end; macrozoospores also formed.

Fio. z32. Chastophora pisiformis Agardh. X goo. (Original.)

237 (236, 238) Filaments not imbedded in a firm gelatinous matrix, the
branches irregularly placed, of the same size as the principal
BEEB. .« 4o b e e e ot e RIS BT

Plant either several centimeters long, at-
tached, or very minute and free, often passing
into a palmella condition. Sexual reproduc-
tion by means of isogametes with two cilia
and a pigment spot; asexual, by zoospores
with four cilia, and by akinetes.

Myxonema is widely distributed, the mi-
croscopical forms occurring almost univer-
gally on mosses and liverworts in damp local-
ities, while the larger forms are frequent in
running water. They have been known to
completely cover the beds of streams. The
smaller forms are microscopical, and can be
detected only after portions of the mosses
and liverworts are placed in culture and the
Myxonema allowed to develop.

i‘t will then sometimes cover the top of a
culture with a thin film of minute plants.

Fie. i'P.bm J:hm:m lubricum Kiltzing. a.
o 0 nch. a Wﬂﬂ.ﬂ. i ZPOSEOTes.
ﬁrﬁs. (Original.)
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245 (243, 244) Structure as in Trenlepohlia but many of the cells having
Fon R . Nylandera Hariot.

There is but one species of this genus described, and the only
point of distinction between this and Trenfepollia is the rather
coarse and unsegmented setae,

FI16. 230. Nylandera tentaculals Hariot. 3 140. (After Hariot.)

246 (101, 106) Plant an attacheddisc. . . . . . ... ... .. . 247

247 (248) Plant a small, attached disc or cushion of cells, made up of radiating
rows of cells either separate or grown together, bearing on
the surface long sheathed hairs. Reproduction by means
of zoospores and by heterogametes.

Family COLEOCHAETACEAE.
DR OnE AR . e e . Coleochaete Brébisson.

Cells with a single, large, parietal chromatophore and a pyrenoid. Any vegetative cell may
give rlsetoancﬁﬂ—sgamd zoospore. Plants cither monoecious or dioecious; oogonia flask-shaped,
t the ﬁﬂg:;l I.f s ch urlulgw of cells; utheﬁdin.gﬂnar the cogonia, each bearing a single anthero-
zoid; a of cells develop about the oospore. germination the cospore divides, producing a
number of cells, in each one of which a zoospore is formed; these reproduce the parent plant.

I
=t ".‘-‘%‘ﬁ

Fic. 250, Coleockaete seutfs Brébisson. Portion of a disc. ¢ about 215,

248 (247) Plant a disc, of one or more layers in thickness, adhering through-
out to a substratum, often bearing gelatinous hairs. Repro-
duction by means of zoospores, and in some instances by

........... Family MYCOIDEACEAE.
Only one genus recorded here. . . . . . . .. Ulvella Crouan.

Plant a disc of radiating rows of cells, a single
layer in thickness on the margin and several in the
middle; chromatophore single, but thickened so as
to give the appearance of many; pyrenocid single.

Appearance much as in Coleochaete except that mem-
brane and hairs are more gelatinous and the hairs
have no sheaths. Reproduction by zoospores only.
These have cilia, and arise first at the center of the
elisc and later toward the margin. On the surface of
water plants. Mr. F. 5. Collins believes this to Le
Chaelopeltis but sexual reproduction characteristic for
Chaefopeliis has not been observed in this form.
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249 (68, 190) Plants of non-septate, branched filaments, forming felt-like
masses on water or earth; or plants minute, growing on the
surface of moist earth or in the tissues of higher plants;
nuclei, many. Reproduction lgrdmpnm, isogametes, or
heterogametes. . . . . . . . er Siphonales . . 250

Many marine forms; fresh water forms few, differing greatly in appearance and reproduction.

250 (251, 252) Plant a felt-like mass of branched filaments which contain no

septa except when reproductive bodies are formed.

Vaucheria de Candolle.

Plant branched; chroma Fes n-
merous, parietal, disc- i  asexual
reproduction either by res or by

akinetes, the former borne ly in tuh
minal :murmsm the latter occurri
sphenca.l on short, lateral bra
pogoni aa.damntammgnuemhete,and
thtri%ua. each with many antherozoids
are borne side by side either laterally or
on the ends of short branches.,

Fic. 242. Vasucherio repens Hassall. X jo00.
# (Original.)

251 (250, 252) Plant growing on moist earth, about 1 mm. broad, erect, green,
ba.]loun-shaped, with bra.nched colorless rhlzmds at smaller
end. o R s e . . . . Botrydium Wallroth.

Chromato dphorl:a numerous, minute, parietal, each with a pyre-

nuu.i re uction by zoospores; under dry conditions resting spores
?DI."II‘II.‘I;I in the branched rhizoid-like organ of attachment.

Fio. 243. Botrydium granulatum Greville. X 15. (After Goebel and
a3 £ W':mln.l %

252 {259 351} Plants growing on the tissues of higher plants.
Phyllosiphon Kuhn.

Plants parasitic in the leaves and stems of aquatic
plants. e lower end is inflated, green, the u part
colorless. In the wegetative part the chroma rés are
indistinct. Reproduction by intemal division or aplano-
spores which are liberated hy the rupturing of the cell wall.
In these the chromatophore is distinet.

Fic. 244 Phyllosiphon arissri Kithn. Cells of host pot shown.
M g0, (After Just.)

253 (1) Plant coarse, at least several centimeters long, with a linear, cylin-
drical, occasionally branched axis, showing nodes and inter-
nodes; at the nodes, whorls of cylindrical leaves which in
turn bear leaflets; sometimes encrusted with lime. Growth
e e e . . Order Charales.

Onlyooe family. . . .~ .. o B, 'CHARACEAE . . 254
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" Leaflets and internodes of both axis and leaf are each of but a single cell, the
walls of which are lined with chloroplasts and in the center of which is a large
sap cavity. In Chara the internodal cell is more or less completely covered by
a layer of cortical cells of the same structure. A swamp-like odor is usually
present. Reproduction sexual only; plants either dioecious or monoecious, but
in the latter case the antheridia mature before the oogonia. The antheridium
is spherical, its wall composed of eight ““shields” which contain red chromo-
plasts on their inner surfaces. Attached to the middle of each shield and pro-
jecting inward is a club-shaped cell, the manubrium, which in turn bears a
short cell, the capitulum. To the capitula are attached secondary capitula
bearing four long, slender filaments made up of many cells, each containing
an antherozoid; the antherozoids are spiral in form and have two cilia at their
anterior ends; the oogonia ‘are egg-shaped and are covered by five spiral
cells, the tips of which are divided, once in Chara and twice in Nitella, to form
the “crown.” The term sporophydium has been suggested for the structure
including the oospore, its basal cell, and enveloping cells. Below the crown
cells the antherozoids penetrate to effect fertilization. QOospores are brown or
yellowish; on germination they produce first a simple row of cells, the pro-
embryo, on which the new individual arises.

254 (257) Points of the crown of the oogonium two-celled.
S hfamily NITELLEAE . . 255

255 (256) Leaflets projecting beyond the tips of the leaves, giving the appear-
ance of forked leaves, . . . . . . .. .. Niutella Agardh.

Axis and leaves never with a cortical covering and seldom encrusted
with lime. Leaves with but one whorl of leaflets, but these in tumn
may bear whorls of leaflets, those of the last order always projecting
beyond the leaves, giving them a divided appearance. The antheridium
always terminal on the middle leaf or leaflet. Oogonia either single or
several together, in the place of lateral leaflets.

Fic. 245. Nitella sp. Natural size. (Original.)

256 (255) Leaflets not projecting beyond the tips of the leaves, or not present.
Tat Tolypella A. Braun.

Stem and leaves never with a cortical covering. Leaves with one to
three whorls of leaflets, which in turn may bear other whorls of leaflets,
much smaller than the first. Antheridia single or several together, which
arise from the basal or the first node of a leaf. Oogonia several, sur-
rounding the antheridia. Plants usually monoecious.

. 246. Tolypella nidifica v. Leonh. Three-fourths natural size. (Portion
ok - ljmu[ figure after Wille.)







THE FRESH-WATER ALGAE 175

Only one genus listed here. Plant upright, many centimeters long, differ-
entiated into a pscudu-ﬂamnchjrmatuus principal axis and branches, covered
with short, unbranched hairs. Color an olive brown. . . . . Thorea Bory.

Reproduction asexuzl only, con-
sisting in the formation of sporangia
on the outer surface of the axis,
each containing but a single spore,
without cilia and without membrane.
The position of this alga in the sys-
tem of classification is very doubtful,
but for convenience it is placed with

the Phaecophyceae.

F1c. 248. Thorea ramosessima Bory.
Portion of a longitudinal radial section.
¥ about 1s50. (Alter Hedgecock &
Hunter.)

Crass IV. Rhodophyceae

Color red, or a dull, purplish green; plant sometimes complex in structure;
reproduction sexual and in most cases asexual also.

PO E R S L L L L L L s A .o Plorideae.

Plants mostly inhabitants of salt water, but represented in fresh water by several genera.
The structure of the different fresh-water genera varies, but the sexual form of reproduction is
essentially the same in all. The male reproductive organs are borne on the ends of filamentous
branches, the contents of each of which produce a single spermatium. The female organ is
flask-shaped, in the larger portion of w!ii . the carpogonium, lies the oosphere; through the
long neck, the trichogyne, the spermatium is conducted to the vosphere at the base, it having
been previously carried by the water to the projecting tip of the trichogyne. As a result of
fertilization, densely branched filaments arise from the base of the carpogonium, on the ends
of which are borne carpospores; these spore-bearing branches, and the sterile branches which
usually surround them, together form the eystocarp. In Chanframsioc and in many salt-
water species tetraspores are also formed.

O DRI T Y e . s s o s e i e 2

z(s) "Branchessimpleand notinwhorls. . . . . . . .. ... ... 3

3 (4) Plants coarse, of simple or occasionally branched, hollow, tapering
bristles with node-like swellings; brownish or dark bluish-
greenincolor. . . . . . . ... .. .. Lemanes Bory.

Bristles attached to a fine, filamentous structure which is furnished
with rhizoids. Bristles hollow, with a single row of cells through the
center, supported at intervals by transversely placed cells. Anther-
idia borne in great numbers on the surface of the node-like swellings,
a single spermatium in each. Carpogonia imbedded in the outer
wall of the bristles, the tip of the trichogyne only projecting. Chains
of carpospores project toward the center.

Fic. z40. Lemanes torulosa Agardh. One-hall natural size.  (After
Kirchner.)
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4 (3) Plant a steel blue, brownish or red, consisting of a single, branched
row of cells, the branches of the same structure as the
principal axis, irrégularly placed and not in whorls.

Chantransia Fries.
Sexual reproduction resembling that of Bafracho-
spermum; carpogonia on lateral branches; tetra-
res rﬁmhﬁgg carpospores on the tips of cells.
lants dioecious.
Fic. z250. E‘hmﬁa Mﬂdﬁﬁiﬂu X I'W-.

g(2) Branchesinwhorls. . . . ... . @ & 0 Ciais R 6

6 (7) Plant purplish or bluish, beaded in appearance, due to whorls of dichot-
omous, accessory branches, composed of a single chain of
cells on a pseudo-parenchymatous axis.

Balrachospermum Roth.

Plant several centimeters long: occasionally dioecious, the antheridia at the ends of acces-
sory branches, the carpogonia frequently near the axis; the carpospores give rise to a proto-
nema on which the adult form may originate as a branch. The protonema may also give rise
to asexual spores which again may uce protonema.

Fic. 251. PBairachospermum prabussomiense Sirodot. 4. portion of plant. 3 about 25. B. branches.
® 235. C.procarp. X 580. (Original.)

7 (6) ‘Thallus erect, richly branched, several centimeters high; beaded
throughout, due to whorls of branches which are so closely
packed and grown together as to form a continuous outer
sheath, the diameter of which is greater opposite these
branchesa "¢ 131, SRt .+ . Tuomeya Harvey.

Antheridia at the ends of branches, mostly at the nodes; carpo-
%::mia in the axils of branches. This genus is synonymous with
aileya of Kiitzing.

Fio. 252. Tuemeya fuviaiolis Harvey. 3 a75. (After Setchell.)
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8 (1) Plant an unbranched filament of one or more rows or cells.
Bangia Lyngbye.

at one end. Found usually in rapidly-flowing water on wood and

g Structure simple, hair-like; color of different shades of red; attached
! stones.

F1o. 253. Bomgia airo-purpures Agardh. % 225.  (After Eiltzing.)
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CHAPTER VII

THE LARGER AQUATIC VEGETATION

By RAYMOND H. POND
Laie Professor of Boiany, Texas Agricultural College

NEeARLY all of the larger plants which have distinct roots, stems,
and leaves grow attached to the muddy substratum. This habit
of the larger plants to grow as attached organisms is so universal
that it can hardly be regarded as an accident and it is reasonable
to suppose that such attachment offers some advantage to the
organism. Even the simple filamentous algae are often attached.

When a plant is floating free any portion of it may be exposed
to the surface light, or to the air, because the water movements
may turn its body in any direction and such a plant is better off
without specialized organs which would be destroyed by exposure.
It is common to see drifting plants which are dying rapidly be-
cause, among other reasons, the roots are exposed to the intense
light at the surface of the water. The small, free-floating forms
are simple in structure because no portion of the organism has a
distinct environment of its own and changes in position are so
frequent that all parts of the body are equally exposed. The
common duckweed, Lemna, moves with the changing currents and
shows a marked differentiation into an upper and a lower side.
Notable, however, is the fact that its movement is always in a
horizontal direction so that the upper side is uniformly up while
the lower side is down, with its roots in the water, and shaded by
the cap-like upper side. Thus it is that Ceratophyllum, which is
usually regarded as a dicotyledon and which certainly occupies a
much higher station in the natural system than Lemna, shows less
differentiation in outer structure than the latter. In the case of
Ceratophyllum attachment is purely accidental so far as special
organs for the purpose are concerned. Well-developed roots have

never been found on this plant although the rudiment of a root is
178
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present in the embryo. The rigid segments of the forked leaves
frequently catch on the bottom so that a portion of the stem may
become buried and secure the plant to the soil. Just as often,
however, the plants float free in the water at the mercy of any
influence that may arise to change their relative position. Exam-
ination shows the entire surface of this plant to be so uniform in
structure that it makes no difference what part of the plant body
is vertical or horizontal in the water.

Attachment, therefore, favors and necessitates differentiation
into specialized organs.

In land plants the roots are organs of absorption as well as of
attachment, but until recently the general understanding has been
that the roots of aquatic plants serve for anchoring only. In-
vestigations of the writer have proved that the roots act as organs
for the absorption of mineral matter from the substratum and in
this respect are perfectly analogous to the roots of land plants.

Root-hairs are present on the roots of terrestrial plants with but
comparatively few exceptions. These delicate structures are uni-
cellular with thin walls and are formed by the enlarging and pro-
truding of the ordinary peripheral cells of the root. Their presence
greatly increases the absorbing surface exposed to the soil and thus
the passage of mineral matter into the plants is provided for with
a minimum expenditure of tissue. Several authors have stated
that root-hairs are absent in the case of submerged aquatics. This
does not seem to be the case, however, as the writer has found them
present on 17 out of the 2o species common in Lake Erie. Even
without experimental evidence it would be reasonable to suppose
that the presence of root-hairs indicates that the roots act as organs
for the passage of mineral matter into the plant. Such delicate
structures can hardly be regarded as lingering rudiments of more
active organs present when perhaps the species was terrestrial.

Land plants have developed a highly specialized tissue system
adapted to the transfer of water from the roots to stem, branches,
and leaves. This conductive tissue is usually called the vascular
system and the necessity for it in land plants is very apparent when
the rapidity with which water passes from the plant is taken into
account. That water plants likewise have conductive tissue has
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been known for a long time and a great deal of attention has been
given to a study of its structure. The vascular system of aquatics
is much simpler than that of land plants and seems to represent a
degenerate type of the latter. This general fact has thus far been
interpreted uniformly as indicating that a conductive tissue is
useless in water plants. By logical inference such plants were once
terrestrial but degeneration of the vascular system has accom-
panied adaptation to the aquatic habit. A very different interpre-
tation may, however, easily be made. The significant fact is,
that even those plants which live wholly submerged and are with-
out organs of attachment show at least the rudiments of a con-
ducting system. But why should such plants have any vascular
tissue at all? The epidermis is thin and permeable to solutions of
mineral matter, the tissues are usually only a few cells in thickness,
and in plants without roots, as Ceratophyllum, absorption must take
place in such a large number of the cells that a special tissue system
for the conduction of water is unnecessary.

An aquatic environment does not favor the great differentiation
of tissue characteristic of terrestrial plants. When in water plants
very simple imitations of the land plant structure are found, this
condition does not represent the extreme that has been developed
through a long succession of aquatic ancestors, but is to be re-
garded as indicating the tendency toward simplification made
necessary by increasing adaptation to the water life. From this
point of view the conductive tissue is becoming, rather than has
become, unnecessary. So it seems probable from anatomical study
that a simplification of the vascular system is in progress which, if
continued, will eventually lead to a suppression or total disappear-
ance of special conductive tissue. At present, however, it may
safely be said that the majority of our larger water plants have
need of vascular tissue.

The leaves of water plants may be either floating or submerged.
Some plants have only the floating or only the submerged, while
several species have both kinds on the same plant at the same time.
~ The floating leaves do not show a great variety of form and tend to
be elliptical, oval, or round, while some are shield-shaped. Since
an aquatic environment is more uniform one cannot expect as
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great variety in leaf form as is noticeable in land plants. The
floating leaves are usually borne on a stalk which in most cases is
flexible, so that the leaf blade may rise or fall with the fluctuating
level of the water. The exposed surface of the floating leaf is
usually waterproof. This is provided for in a variety of ways.
In some cases a waxy coating renders the skin nearly impermeable,
This is true with some of the Polamo- _ u. Rkt
getons. In some cases a coating of o a——
very delicate hairs so abundant as to o
enclose an envelope of air prevents
the water from actually touching the o
epidermis proper. This is to be ob- -- ; =
served in the case of Nelumbo. Some-
times one may see drops of water
standing on the surface of such leaves
and when the leaf is submerged and
then allowed to emerge the water rolls
off leaving the leaf apparently dry.
In striking contrast to the floating
leaves the submerged ones seldom B by
have a distinct blade and stalk. This
is consistent with the general tendency
to uniformity of structure under a g
uniform environment. Vallisneria
(Fig. 254) may be regarded as show- =N —
ing a typical ribbon form whichiswell ~ ————— ——
adapted to life under water, because Fic. 25s. Vallisneria spiralis. Staminate

T _ . and pistillate plants, showing the long rib-
it is so flexible and is thus able to bon leaves which are all blade and have

no apparent stalk. (After Kerner and
‘endure swiftly flowing currents or  Oliver)
wave movements. In some species, as that of Potamogeton per-
foliatus, the submerged leaves are expanded into blades but are
sessile on the stem, that is, are without a leaf stalk. The latter
would be of no advantage to leaves which are not intended
to reach the surface. They would tend to make the plant top-
heavy and easily uprooted by a sudden rush of water. Moreover,
it is quite probable that a greater exposure of leaf surface is nec-

essary because of the diminished light under water. Linear or
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thread-like leaves are very common and may be the only kind occur-
ring on the plant, as in Potamogeton pectinatus, or they may occur
on the same plant together with floating
leaves, as in Polamogeton natans (Fig. 255).
It is to be noticed that most of the monocoty-
ledons conform to some one of the types
mentioned, while the dicotyledons seem to
favor another habit, such as is seen in the
finely dissected leaves of Ranunculus aquatilis,
Myriophyllum spicatum, Bidens beckii (Fig.
2506), and Ceratophyllum. Among the dicoty-
Frc. asa.m Potamogeton natans.  ledons in which both ﬂﬂﬂ.ﬁﬂg and submerged

One ting leal and three .
submerged leaves, representing  leaves are present, as in Ra-

Imonocotledonous typeof - nunculus and Cabomba (Fig
merged leaf.  (After Gobel.) : R
257), the tendency to finely =

dissected leaves is conspicuous, while in the monocot-
yledons, having both floating and submerged leaves
on the same plant, the latter tend to assume the
ribbon-like or the long linear outline, as in Fig. 255.
Some of the true water plants, as Bidens beckii and

Myriophyllum s pi-

s (35
A

} catum, support a
l
L)

1 ‘:-!!::" 'i_' -3 . =
& _:_:{_"{ 5 '_'-I_’_ £y f vﬂl’ﬂﬂ&l I}Ort-lﬂﬂ Df
: - \\__“_, the main stem con-
S oy X
= R siderably above the
7 }f ) water surface and
i d tire or slightly ser-

on this emersed rate. One whorl

& 4 showsthe transition
portion ordinary stage from the sub-
: merged to the
aerial leaves are emersed form,

i natural size.

. borne. It is some- (After Gobel)
™ Sibmenced Teaves oasth ety ieeieq times possible in the case of such
blades typical of Dicotyledons. {After Gobel. ) plants to find leaves which seem
to be midway in form between the finely cut submerged leaves and
the bladed emersed ones, so it seems probable that the submerged
leaves are to be regarded as exposed leaves which have changed in
form because life under water requires such modification. Such a

modification has been produced experimentally., Some plants in
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nature seem to be able to bring forth either floating or submerged
leaves or both as the conditions imposed seem to require. If grow-
ing shoots of Ranunculus aquatilis are not allowed to reach the
surface of the water only the segmented leaves develop. If speci-
mens of Polamogeion heterophyllus are suddenly left stranded by
g@ receding water the floating leaves may persist and
be succeeded by more floating leaves, thus enabling
the plant to live for a considerable time, often
persisting until the rising water returns. In sucha
case the submerged leaves soon die from exposure,
but the floating leaves have, on the upper surface,
stomata which, in cooperation with the thick
cuticle, are able to regulate the loss of water.
Some of the amphibious species, such as Sagit-
taria natans, are especially variable in leaf form.
The early seedling leaves are bladeless and ribbon-
like, while the later leaves which rise above the
surface have a distinct blade and stalk (Figs. 258
and 259). From the evident plasticity of these

plants it may be supposed that the form of leaf to
be produced is not predetermined but depends
upon conditions. Wichter has experimented with
Sagiltaria nalans and
finds that plants hav-
ing the ribbon-like @
leaves may be pre- @
vented from later pro-
ducing bladed leaves
P, Segitteria either by reducing the ™y, fufieris hineus, Trosiion
Mhoviie to badel intensity of light or I Tmds et AL sruns
i) by partial starvation, Ve
Plants which have already formed bladed leaves may be induced
in like manner to bring forth the ribbon form. In view of such
results it is not unreasonable to suppose that both the floating
and the submerged leaves may easily have developed during the
past from aerial leaves and that both kinds are useful to many
species.
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Many of the delicate submerged plants will wither rapidly when
taken from the water and exposed to the air. This occurs be-
‘cause the outer layer of tissue or epidermis, as it is called, is thin
and allows the water contained in the plant rapidly to pass into
the air as vapor. If a plant which bears both floating and sub-
merged leaves is exposed it will be noticed that the latter wilt and
dry out much more rapidly than the former. Examination will
show the cuticle of the floating leaves to be thicker and much less
permeable to water, if at all so, than that of the submerged leaves,
while special openings may be discovered through which water
vapor escapes instead of passing ofi all over the surface as in the
submerged leaves. These special openings are called stomata and
are the same in structure as those which occur on the leaves of
land plants. The size of these openings may vary from time to
time according to the needs of the plant. Each opening is sur-
rounded by two cells, called guard cells, which also vary in size
and shape according to the amount of water they contain. When
turgid they become somewhat kidney-shaped, curving away from
the opening and thus making it larger. When flaccid because
there is little water in the plant they tend to straighten out and
thus make the opening smaller. Thus, by the activity of these
stomata whose action depends upon the amount of water in the
plant, the amount of water passing from the plant by transpiration
is regulated. ,

The number of stomata occurring on the exposed surface of a
floating leaf may be quite large. One author counted the number
of stomata present in the area of 1 sq. mm. at five different loca-
tions on the upper surface of the floating leaves of one of the Pota-
mogetons. He found a minimum of 216 and a maximum of 276
with an average of 255 per sq. mm.

It is evident that stomata are intended for leaves which must
endure exposure to the air, but they do occur, though rarely, on
the submerged leaves also (Fig. 260). Sometimes only one or
two submerged leaves of a given plant will have them and
again several specimens of the same species may be examined
without finding any at all. The only explanation for the occur-
rence of such structures on submerged leaves is, that the ancestors
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of the plants bearing them were adapted to life on land or
at least lived under exposure to loss of water by transpiration.

Other openings in the leaf have also been found in
some species. These occur at the apex of the leaf
more frequently in the submerged leaves than in
the floating ones. The opening does not show any
special structure, as is true of stomata, and is formed
by the decay and falling away of the tissue at the
apex, so that the conductive vessels in the veins of
the leaf become exposed to, and in direct communi- .
cation with, the water. In some cases this disin- Fio.260. Zannickdlic

repens. Submerged
tegration of tissue at the apex may go so far as to af showing stom-

L 1oo.
change to a marked degree the shape of the apex, (After Sauvasean)
making it rounded instead of pointed (Figs. 261 and 262).

The formation of the opening seems to occur before the leaf
matures but is seldom found on the young leaves. 1Inaddition to the
species already known as bearing these
openings the writer may mention that
of Vallisneria spiralis on whose hali-
grown leaves he has observed them.
Some authors have suggested that the
: passage of water through the conduc-
F10. 261 Seslers nawo, Apicalportion of  tive tissue is facilitated and that the

ﬁ"iﬁ'ﬁnf oxm Ak e apee d 4o (After excretion is aided. This is really a

Ean] supposition and has never been proved.

The presence of an earthy coating on the leaves and stems of
some water plants may be commonly ob-
served. This mineral incrustation appears
like a coating of mud on the leaf in many
cases, while in others it is not so conspicuous
and is only noticeable when the plant is
handled. Only the submerged organs seem ._

3 g Fi16. 262, Potamogelon densus, Leal in
to bear the incrustation, even the lower Ionsitudinalsection. The decayed

tissue has fallen away, leaving the

surface 'f'f ﬂuatingﬁleaves beang lesaiiawne. (el cpaedioo thesimgendig
able to its formation and much less fre- Stovaseau)
quently bearing it. Potamogeton pectinatus is seldom, if ever,

incrusted, while other species of this genus usually are. Chara is
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seldom found without an incrustation, while Vallisneria is never
found with it, although the two plants frequently grow side by side
and essentially under the same conditions. The leaves of Vallisneria
are very flexible and almost always bending with the current,
hence, a deposit of solid matter is prevented. It seems probable,
however, that the physiological processes going on in the plant
determine largely whether or not an incrustation is to be formed.
The coatings are not firmly fastened to the leaf and may be easily
scaled off or loosened by bending the leaf. The presence of the
coatings seems to make little difference to the plant as the tissue
beneath appears of a healthy green color though frequently of
more delicate tint than the unincrusted areas of the leaf.

In all cases known the substance of the incrustation has been
found chemically to be the neutral carbonate of lime, which, of
course, is insoluble. Microscopic examination by polarized light
has revealed the presence of minute crystals in the incrustation
formed on Chara and the same may possibly prove to be the case
with plants of other families. The chemistry of the formation of
this incrustation is not known. There is usually present in the
water the soluble bicarbonate of lime which by loss of carbon
dioxid is changed to the neutral or insoluble carbonate. Some
have supposed that as the plants withdraw carbon dioxid from the
water to use in the process of starch manufacture, this insoluble
neutral carbonate is formed and deposited on the leaf. This proc-
ess may be expressed chemically thus:

Soluble Insoluble
CaH, (COy); = CaCOy + CO, + H;O

Another explanation may be that the oxygen liberated by the plant
in starch making acts catalytically upon the bicarbonate to change
it to the neutral carbonate. The former process would more
likely occur in water containing a larger amount of the carbonate
in solution which would be precipitated except for the solvent
action of the carbon dioxid in the water. The latter process
would be more probable in water containing very small amounts
of the bicarbonate which would remain in solution in the absence
of the carbon dioxid.
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Since the escape of oxygen and withdrawal of carbon dioxid are
simultaneously in progress during the time the plant is making
starch, both processes may operate to precipitate the neutral
carbonate. If the plants secrete an alkaline carbonate this would
immediately upon its escape from the plant decompose the soluble
bicarbonate in the water with the formation of the neutral insol-
uble carbonate. It is uncertain, however, that such an alkaline
carbonate is secreted by the plant and not much emphasis can be
placed upon this hypothesis. The most recent explanation rests
upon the discovery that a soluble calcium salt of succinic acid is
present in the cell sap of Chara. The occurrence of this salt in
the sap of other plants has not been determined, but as succinic
acid is a very probable by-product in the ordinary processes of
plant physiology, its wide distribution may reasonably be expected.
As the calcium salt escapes from Chara by osmosis it is most likely
decomposed with the formation of the insoluble carbonate.

Possibly the incrustation offers protection to the plant in some
way, but this seems hardly probable, and at present one can only
say that its formation is a consequence of processes in the plant
and that its presence is of little benefit or of harm to the plant.

Various plant organs are often found to be covered with a gelati-
nous coating. This may occur on the lower surface of floating
leaves as in species of Nymphaea. Young leaves and growing tips
are often encased with it. In the axils of leaves arising in a
rosette around a shortened stem it is likely to occur. Seed coats
are often slimy and in some fruits the seeds at maturity are em-
bedded in a mass of gelatinous substance which on swelling rup-
tures the ovary walls and allows the seeds an exit. Some plants, as
Brasenia peltata, have special glands to furnish the slime, but often,
as in leaf axils, there are no distinct structures for furnishing this
substance. Many of the algae are embedded in a mass of slime
just as the eggs of frogs are. Amphibious plants and those sub-
ject to temporary exposure, as in the case of plants which grow in
tide-water, are doubtless protected from too rapid loss of water by
such covering. It may also serve as a protection for young buds
and leaves against devouring animals. It is quite possible that
the gelatinous masses in which seeds are found embedded are of
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very different composition from the slime which occurs on the lower
surface of a floating leaf. The occurrence of the latter may be
accidental so far as the plant is concerned and have little im-
portance in its welfare. In the algae and even with delicate parts
of higher plants such a coating
may serve to retard the ex-
change of liquids, thus pre-
venting plasmolysis, or in like
manner it may enable the
plant to maintain a cell sap
of much greater density than
B 0 e b e o iame of aime, that of the surrounding water

(After Giibel.) (Fig. 263).

Quite a number of terrestrial species are especially adapted for
retaining and digesting as food small animals which are so unfor-
tunate as to wander into the traps borne by the plant. Few
aquatic species have acquired this habit but there are some mem-
bers of the genus Ulricu-
laria remarkable for the
special organs developed to
secure animal food. The
bladders are generally re-
garded as modified leaves, .,
and structures resembling "3
stomata have been found
on them in some cases.

The bladders have small
F Fio. 264, Utricularia miner. Numerous bladders on the leaves.
openings guarded by hairs #enlarged bladders. L, flower-stalk rising above the water.

main leal axis or stem is to be |mnmn=r1 as horizontal
and closed by a sort of trap- in the water. (Alfter Glack.)
door which permits small animals in the water to enter but which
prevents any escape for the victims (Fig. 264).

These plants may float free, so far as roots are concerned, but, as
with Ceratophyllum, accidental attachment or rather anchorage fre-
quently occurs through entanglement with other plants or by being
partly buried in the mud.

All of the species raise the inflorescence above the water and
Utricularia inflata sends out whorls of leaves with inflated petioles
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from the flower-stalk to serve as floaters. As there are land species
of Utricularia which also have bladders, it seems quite probable that
the aquatic forms have been derived from the land species.

Some authors have suggested that, being without roots and re-
quiring more nitrogenous food than can be obtained from sub-
stances in solution in the water, these bladders have been developed
to secure animal food. It is just as probable that the aquatic
forms are merely using structures that were characteristic of their
ancestors, which were land plants. Why the land species have
developed such structures has never been demonstrated.

Few, if any, of the flowering water plants depend upon seed repro-
duction. Vegetative reproduction by runners, tubers, buds, stem
A{ragments, etc., is particularly prominent among these aquatics.
Seed reproduction is, however, :
common and many are the con-
trivances utilized for securing
the transfer of pollen and cross
pollination. Insome few cases,
as Ceralophyllum, Naias, and
Zannichellia, pollination occurs
under water and the pollen
is transferred by the water.
The wind is an important agent
in the transfer of pollen espe-
ciall}r for many of the Potamo- Fro. 26s. Pntfln:-uaﬁ:it:ﬁ_cri:_ “i:r I?:::i:.?iﬂﬁhuﬁm by
getons (Fig. 2053).

The stamens and pistils of Polamogeton crispus do not mature
on the same plant at the same time. As the pistils mature first
they must receive pollen from some other plant and by the time
the stamens of their own plant are ready to shed pollen, they
have been pollinated and are no longer receptive to pollen. The
pollination of Vallisneria spiralis has become a classic illustra-
tion of the remarkable capacity for adaptation possessed by some
plants. The individuals of this plant are of two kinds—- one
bearing stamens and the other bearing pistils only. The staminate
flower cluster is enclosed in a sac which finally ruptures and the
staminate flowers immediately rise to the water surface. After a
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short exposure to the air the flowers reflex the sepals to form a
little boat which floats about with the dehiscing stamens exposed
to the air, so that whenever the boat lodges by a pistillate flower
some pollen is deposited upon the
~ receptive stigma. The pistillate
). flower is solitary upon a long stalk,
which, rising from the leaf axils,
elongates very rapidly until the
flower floats on the water surface,
when the stigma is soon exposed
to receive the pollen from the
passing boats of staminate flowers
(Fig. 254, page 181, and Fig. 266).

Sometimes where Vallisneria is abundant the water surface is
completely covered by the staminate flowers, just as Lemna, the
duckweed, often covers certain areas. As soon as the pistillate
flower is fertilized the stalk contracts to a spiral, thus drawing the
flower under water to mature the fruit.

To what extent Vallisneria is propagated by seed is not known.
It has been necessary for the writer to take hundreds of these
plants from the lake for experimental pur-
poses and a seedling has not as yet been
found. The plants growing in water 2.5 to
3.5 meters deep frequently do not flower at
all but readily propagate by runners.

As previously mentioned, Zannichellia
palustris conducts its pollination under
water (Fig. 267). The staminate and pis- _.
tillate flowers stand in the same axil. The Fic. 267. Zannickellia s

0 : Pollination occurs under water.
filament of the solitary staminate flower Anthers are the

above
elongates to raise the anthers above the Xabout § %Lﬁg‘ﬂm
stigmas of the pistillate flowers. The pollen is heavy enough to
slowly sink after escaping from the stamens and in still water
may pollinate the flower of its own plant, but in running water is
usually carried to a neighboring plant.

The pollen grains of aquatic plants differ in one particular from

those of land forms in that they have only one coat. Perhaps this

Fic. 266. Vallisneria spiralis.
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is because they are little exposed and do not need protection against
a rapid loss of water.

Very few species develop a showy corolla under water, but Heter-
anthera graminea is one which has a fairly conspicuous flower under
water.

Most of the attached flowering plants are perennial, and vegeta-
tive propagation is very common. Naias flexilis is an annual.

There is a period of rest for water plants just as for land plants
and as in the latter so in the former this period occurs during the
cold season. Not all of our perennial aquatics make special prep-
aration for passing the winter, and some, as Ranunculus aquatilis,
Ruppia, and Zannichellia, may be found in normal condition even
during the winter. The drifting fragments of Ceratophyllum often
become attached by accidental lodgment and pass the winter in
the vegetative condition.

Some Potamogetons, Ranunculus agquatilis, and others will con-
tinue to grow uninterruptedly all winter if planted in aquaria and
kept at favorable temperature in the greenhouse.

Vegetative reproduction is the conspicuous method of propa-
gation among the larger aquatics, and although many of the species
produce seed there are few which could not easily persist if seed
production were to be discontinued. In some cases fruit formation
has been abandoned. Elodea and Potamogeton robbinsii rarely fruit.

The rhizomes of most of the water plants are well developed and
represent a considerable portion of the vegetation. Insome cases,
as in Potamogeton perfoliatus, if a plant be taken carefully from the
soil fully one-half the fresh weight of the pla,nt will be found to
consist of roots and rhizomes. With - ;
the approach of cold weather the
stems and leaves gradually disin-
tegrate but the rhizomes remain °
alive and pass the winter buried in
the mud and in the spring send UP o .« pyumeceion petimatus. Rujsomesin
shoots from the buds pI‘EViDUSl}" November with winter buds. (After Irmisch,)
formed (Fig. 268). Helteranthera graminea has long black rhizomes
that are cord-like and often quite tough. The young plants seem
in some cases to rise from the runners adventitiously. Among
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the Nymphaeaceae large tubers are common and young plants of
Nymphaea alba may sometimes be found floating about attached
to a tuber.

The swamp plants, such as Typha and Scirpus, also have exten-
sive thizome systems which are important means of wintering and
acquiring new territory.

Some plants have winter buds or hibernacula which form in
autumn, separate from the parent plant, often drift to a new
locality, and finally sink to pass the winter
in a dormant condition only to commence a
new generation the following spring (Fig. 269).
Such winter buds are commonly formed by
Utricularia, Polamogeton crispus, P. zosterifo-
lius, P. pusillus, P. frasii, and possibly others.
The sinking of those winter buds may be ac-
complished by the intercellular spaces becom-
Fro. 260, Polamogeton crispus, 1D injected with water, as is the case with

Winter bud germinating in g H
triter, bud germinating " the autumn plants of Lemna minor.

roots and two new shoots has

Hevetoned | (Aftes Trevitn.  Aside from special organs of propagation

nus.) quite a few plants acquire new stations by
means of the fragments of vegetative parts accidentally set adrift.
It is common to find floating stems of Eledea, from the nodes
of which adventitious roots have risen. These roots grow straight
downward and the stem makes little growth in length while the
roots are seeking the soil. A fragment of Elodea was found floating
in Lake Erie which had an adventitious unbranched root 45 cms.
in length. The roots do not branch in some species until the soil
is penetrated and then a system of lateral branches develops to
anchor the plant.

In Potamogeton perfoliatus the adventitious roots usually arise
from the nodes of new rhizomes which develop in the leaf axils of
the cutting.

With land plants the development of roots on the seedling is as
marked as the growth of stem and leaves, but in several water
plants the root development is subordinated to that of the stem
and leaves, while in some species a genuine functional root is not
developed. The rudiment of a root may be present as a part of
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the embryo in the seed, but in germination this rudiment is sup-
pressed in its development and never gets to be a real root.

The seeds of Ranunculus aquatilis will germinate
e:ther on land or in water but the development of the

seedling is not alike in each case
(Fig. 270). The seed leaves are
similar, except that those of the
land seedling are a little wider in
b proportion. The true leaves of

Fm 1o, Runumﬂmm the land plants have broad, seg- Fie.2r1. Pofamogeton

lucens, Sccdling

minating in gatey. "B, mented blades, while the water »ih \onrpiery

et Foirrs AL R only a few thread-like EE';“&“,’%E ooj- -

. arming. )
branches with little indication of a distinct blade.

Potamogeton lucens and Naias major send out a primary root
from the seed upon which a cluster of root-hairs soon develops to
help anchor the plant. But this primary root is not lasting and is
soon succeeded by adventitious roots which spring
from the joints of the runners which developed in the
meantime (Figs. 271 and 272).

Ceratophyllum furnishes a very interesting instance
of suppressed root development. There is present
in the embryo of the seed a rudimentary root, but
it never develops into an organ of attachment or
serves for the entrance of mineral salts. When the
seed germinates this rudiment of a root pushes out
far enough to let the plumule rise
from between the emerging cotyle-
dons and then its growth practically

stops (Fig. 273). So far as known,

Fio. 272. Naias Hmar

fng, with ten adventitious roots never appear on F1g.273. Cerato) tﬁj{%ﬂ;
i with cotyled

beripe, S o this plant. | G and e e

Irmisch.) In Nuphar and Brasenia the seed- ‘>

ling escapes from the seed by pushing out a plug which before
germination occupies the passage intended for the exit of the
young plant.

The seeds of Utricularia commence to germinate in the muddy
substratum, but as the embryo emerges the newly formed tissues
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are so buoyant that the seedling rises to the water surface often
carrying with it the remains of the old seed.

By vertical distribution is understood that which exists in a
plane more or less perpendicular to the earth’s surface and may be
illustrated by the distribution one may observe in passing from
valley to mountain-top or by comparison of species found at vari-
ous depths in lake or ocean. Horizontal distribution is, of course,
in a plane more or less conformable to the earth’s surface and is
such as one notices in passing from east to west or north to south,
etc. Now the factors which determine the horizontal distribu-
tion of water plants are: first, the chemical composition of the
water, a factor which gives the two large divisions of fresh and salt
water plants; second, temperature which gives zones of plant life
such as arctic, temperate, tropical, etc.; third, competition among
the plants themselves, a factor which is likewise influential in
vertical distribution though perhaps to a less degree; and fourth,
the nature of the substratum, which is, of course, most influential in
the distribution of species which grow rooted to the bottom.

To what extent chemical composition of the water is a factor in
the distribution of fresh-water plants cannot at present be stated.
Sulphur springs and waters having unusual composition are not, of
course, fresh water. By the latter term is understood such as
occurs in the rivers and lakes and such as may be used as drink by
the animals, so far as chemical composition is concerned. Such
waters differ, of course, in the quantity and quality of constituents;
but whether such differences are in themselves independent of
other factors, sufficient to determine distribution, cannot at present
be stated.

Suppose we should find that the water of some lake in Wisconsin
is considerably different in chemical composition from that of a
lake in New York and a species of Potamogeton, for example, which
is abundant in the Wisconsin lake but unknown to the waters of
the New York lake, be taken to the New York lake and planted
there. If this plant grows well in the New York lake we would
say that, other conditions being equal, the difference in chemical
composition of the water in the two lakes is not a determining
factor in the horizontal distribution and that the absence of the
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Wisconsin species in the New York lake must be attributed to
some other cause or causes. Experimental evidence is lacking for
stating to what extent the chemical composition of the water
becomes a determining factor in fresh water.

~ The important influence of temperature on distribution is at
once apparent, although the influence exerted by it is much farther
reaching than is at first supposed. Of course, the forms of the
arctic waters would be “*cooked” by the heat of the tropical waters.
It has recently been ascertained that the colder waters support a
more abundant plankton than the tropical waters, and one writer
has explained this fact upon the basis that the colder waters are
richer in nitrates and nitrites because the decomposition of organic
matter proceeds much more slowly and the organisms causing decay
are not so numerous and less active. Such considerations offer a
glimpse of how indirectly, yet effectively, the various factors may
operate to determine distribution.

The competition of species for space may be considered a factor
in horizontal distribution, although it operates quite locally and
does not work to modify the flora of large areas. Chara is infre-
quent on the alluvial bottoms where other species are present in
abundance, but this is not because it prefers poorer soils but because
it is prevented from occupying the soil of its choice by the other
species.

The character of the substratum is an important factor; in fact,
it is possible to predict the nature of the bottom from the species
that are found growing in it. Among the islands of western Lake
Erie Potamogelon heterophyllus is common on the reefs and pebbly
shores but is not noticeable in the coves with a good soil substra-
tum and so prominent is it in the former places that its presence
may be considered characteristic of the flora.

Light cannot be counted a factor in horizontal distribution be-
cause there is always sufficient illumination within the limits estab-
lished by other factors. In vertical distribution light is probably
the most important factor. The amount of illuminating power
lost in passing to a given depth is quite variable in different waters.
Fol and Sarasin found in Lake Geneva, in September, light at
170 meters, and at 120 meters a photographic plate was darkened.
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In April they were able to detect light at 250 meters. Of course
the clearness of the water has much to do with the penetration of
light rays. One can see deeper into the water of Lake Superior or
of Lake Huron than into that of Lake Erie. The latter is shal-
lower with much of the bottom clay, so that the water always holds
minute particles in suspension which greatly interfere with the
penetration of light. The red and yellow rays contained in the
beams of sunlight are more readily absorbed than those of higher
refrangibility, as the blue and violet, but whether this is of any
importance in determining the vertical distribution cannot be
stated.

Schimper gives 6 meters as the maximum depth for phanerogams,
although the lower forms, such as Chara and Nilella, are said to
have been found as deep as 30 meters. Temperature is of little
importance because the variations are so slight within the limits
established by light. This is not so much the case with the free-
swimming, lower forms, but only the larger plants are considered
here.

It is impracticable to attempt an elaborate classification of water
plants according to their habitat or adaptation to environment.
In some localities distinct zones of vegetation may be observed
which are apparently determined by the depth of water. Magnin
was able to distinguish four zones in the lakes of the Jura. First
is the littoral, with a maximum depth of 3 meters, which may be
divided into Phragmitetum with Phragmiies communis as typical
and Scirpetum with Scirpus lacustris, sedges, Equiselum, etc., as
representative. A second zone, the Nupharetum, extending to 3 or
4 meters, is composed of plants with large floating leaves such as are
common among the Nymphaeaceae. The third zone, the Pota-
mogetonetum, in water 4 to 6 meters deep, is characterized by
presence of several species of Polamogelon, especially perfoliatus,
crispus, lucens, and others. The fourth zone, Characetum, occupies
deep water, 8 to 12 meters, where Chara, Naias, and some mosses
cover the bottom.

The flora of almost any lake may be regarded as composed of
zones and even rivers and small streams show plant societies, but
a grouping for one locality is frequently inapplicable to some other,
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and the depth of water for a species varies much according to
clearness and other factors which may be incidental to a particular
region.

It is possible to make a general grouping which will indicate the

- important conditions and varieties of environment. To some one

of the groups thus established any aquatic plant may be assigned.

I. Plants without attachment.

(¢) Plankton, free swimming, microscopic.

(b) Macroscopic, possibility of attachment by accidental
lodgment, as Lemna, Ceratophyllum, filamentous algae
common on plants in coves.

II. Plants attached to substratum.

(@) Submerged, algae as Chara and Cladophora, and phan-
erogams as Vallisneria, Elodea.

(b) Partially submerged, usually with floating or emersed
leaves, as Nymphaea, Bidens beckii.

III. Swamp plants or marsh forms with roots and rhizomes under
water but leaves usually emersed though able to
endure inundation and temporary submersion.

Sometimes representatives of each of these three classes mav be
found in one small lake, especially if the water gradually deepens
from a marsh or low shore as in Lake St. Clair where the wholly
submerged species become so abundant as to form an aquatic
meadow. Potamogelon perfoliatus, P. foliosus, P. zosteracfolius, Val-
lisneria, Naias, Chara, Nitella, Elodea, and Myriophyllum may be
found in dense patches covering the bottom. In such formations
the struggle for space must be severe and from observations during
three summers on Lake Erie I should say that Vallisneria is a con-
queror. Naias flexilis may be found in distinct formations in
which other species are very infrequent but being an annual the
creeping rootstocks of Vallisneria may easily invade its territory.,

In many of the small inland lakes the water plants are important
agents as soil collectors. The aquatic meadows tend to filter the
water so that suspended matter sinks to the bottom. As the lake
gradually becomes filled and the water grows more shallow a suc-
cession of plant societies occurs. The aquatic meadows yield to the
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Potamogetons with floating leaves and especially the Nymphaea-
ceae which are followed by amphibious species until finally the
bog vegetation appears which may later support the ordinary
terrestrial plants.

It may be supposed that aquatic phanerogams have descended
from aquatic or from land species. The former supposition im-
plies that the plants, as they are now, represent the maximum of
complexity in structure that has thus far developed. The latter
supposition implies that the simpler vascular system is not to be
considered as foreshadowing a more elaborate structure to be
evolved in the future but is a reduced form of more highly developed
structure present in the terrestrial ancestors. Perhaps some spe-
cies have had land ancestors, while others have descended from
aquatic forms. :

Considering the whole list of fresh-water plants, it is noteworthy
that the abundant groups are algae and phanerogams. Bryophytes
and pteridophytes do occur, but infrequently in comparison with
the former groups, the thallophytes and spermatophytes, which
include a large percentage of aquatic vegetation.

Would the great plant groups be represented in this proportion
if the evolution of aquatic forms had proceeded as in the case of
land plants? Does not a water environment insure greater uni-
formity of conditions and would not the evolution proceed more
slowly and the intermediate forms more likely persist in such en-
vironment? How could the great groups of monocotyledons and
dicotyledons ever become differentiated from ancestors living
wholly submerged? How could the seed habit so essentially like
that of land plants ever be acquired by the descendants of sub-
merged forms? On the other hand if water forms have been
derived from land forms, why are not the bryophytes and pterido-
phytes which are frequent in moist localities better represented
in the aquatic flora? The change from aquatic structure to ter-
restrial must be much more difficult than from terrestrial to aquatic.
When a water plant is suddenly exposed, the loss of water by drying
is so rapid that the plant must die, while a land plant may endure
submersion for a considerable period. In one case the change of
environment causes a sudden demand for a complex vascular system
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that the plant is unable to supply. In the other case the land
plant may persist and gradually reduce in complexity structures
already present. Thus it is that the reduction of the vascular
system has proceeded in the same manner in both the dicotyle-
dons and monocotyledons, so that the simplest stem structure is
alike for members of either group. In Ceratophylium the vascular
system has become so simplified that its dicotyledonous relation-
ship cannot be established by the stem structure.

How is the presence of stomata on submerged leaves to be ac-
counted for? It can hardly be supposed that they are developing
in anticipation of the time when the species is to have a transpiring
surface. More likely is it that these stomata are reminders of
the time when the species had an exposed surface.

In the genus Ulricularia there are land as well as water species
and the presence of bladders characterizes both varieties. It is
hardly probable that submerged plants accustomed to the food
supplied in solution by the surrounding water should acquire an
appetite for animal food and develop such elaborate and unique
organs for securing nitrogenous nourishment.

In some cases, as in Lemna, the ancestry is not so obvious and
convincing evidence is difficult to obtain.

The pollination of Zannichellia under water has been previously
mentioned (Fig. 267). In such cases the evolution of stamens and
pistils cannot be regarded as having occurred in wholly submerged
plants. Much less difficult it is to understand how land plants
with stamens and pistils already developed could gradually be-
come adapted to an aquatic habit before these organs would dis-
appear by reduction.

It is now known that the roots of several of our genuine aquatic
species bear root-hairs whose presence certainly testifies to the
absorbing activity of the roots and the lingering terrestrial habits
necessitating such organs.

It must be noted that the foregoing discussion is purely theo-
retical and the intention has been to awaken interest in the study
of the aquatic flora rather than to offer a theory of origin for which
any originality could be claimed.

Experimental evidence may be obtained that roots are organs
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for absorption.! It is possible by means of very simple apparatus
to actually measure the water which a root absorbs in a given time.
In one experiment of the writer's a small cutting 20 centimeters
long bearing a root 14 centimeters long was used and this un-
branched single root absorbed 5 cubic centimeters of water in
24 hours.

Another method can be used to demonstrate that roots are
organs of absorption. A certain substance, namely, lithium nitrate,
which is soluble in water, is offered in solution to the roots. The
lithium in this compound burns with a rose red flame and very
small traces of this substance in plant tissue may be detected by
burning portions of the tissue and observing the color given to the
flame, and by using the spectroscope the test becomes very delicate,
In this method it is only necessary to enclose the root in a bottle
containing the lithium nitrate solution by means of a flexible
stopper made by saturating cotton in melted vaselin. After a
time portions of the stem which could not possibly contain lithium,
unless it had passed to it from the roots, are burned and the flame
observed with the spectroscope. Such tests have been made re-
peatedly and the presence of the lithium may always be traced
through the plant to whatever distance the tissue used in the
test allowed it to travel in the plant. There can be no doubt
then but that the roots are organs for absorption and that sub-
stances absorbed by them are conducted upward into the stem and

Jleaves. The distance that the lithium travels in a given tissue
probably does not represent exactly the rate of ascent of the up-
ward current but indicates a rate of ascent which is less than that
of the water passage through the plant; that is, water travels
upward a little faster than the lithium which it holds in solution.

Mention has been made of the fact that when cuttings of Ranun-
culus aquatilis are left to drift in the water, new roots arise from
the stem at the nodes. These roots grow directly downward and do
not branch until after penetrating the soil, when they thencommence
to branch repeatedly, and as the main root pushes through the soil

I Tt is not strictly correct to speak of roots as organs for absorption. The struc-
ture of roots is such that solutions can pass into them. However, the term is so
commonly employed as to make it impracticable to use other phraseology here.
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more branches are formed in succession. The following experi-
ment seems to strongly indicate that light inhibits the formation
of lateral branches of the roots and that the roots of drifting plants
do not branch because of the exposure to the light. Five cuttings
of equal length were mounted in bottles so that about 3 nodes of
the stem were inside the bottle. Five similar cuttings were like-
wise mounted in bottles which were wrapped with black cloth so
that the roots which developed from the nodes of the cutting
inside the bottle were protected from the light. The darkened
plants developed in all 22 roots having a total length of 1048 centi-
meters and bearing in all 73 branches. The plants exposed to
light developed 28 roots, having a total length of 4359 centimeters
and bearing not one single branch. The influence of light is very
evident.

There are two possible reasons why soil may be necessary for
good growth. First, as a source of food and, second, as a substratum
into which the roots can penetrate to anchor the plant. If the
soil is not necessary as a source of food the ordinary water in which
the plant grows should furnish sufficient food. If the soil is neces-
sary only as a substratum to anchor the plant a clean washed
sand substratum ought to do equally as well. Experiments along
this line have been completed by the author and it has been found
that soil is necessary for the good growth of every one of the plants
tested. Clean washed sand cannot be substituted for soil without
sacrifice of growth to the plant. It is reasonably certain that not
one of our common water plants which naturally grows well rooted
in a good soil bottom could live through an entire growing season
if clean washed sand should be substituted for its ordinary soil
substratum.

The behavior of Ranunculus aquatilis is interesting as indicating
(figuratively speaking) an effort on the part of the plant to secure
a soil attachment. This species lives wholly submerged in shallow,
slowly flowing water. The leaves are finely divided and collapse
when the plant is taken from the water. The stem branches
freely, any branch being able to continue the growth of the plant
if the main stem be removed. Roots may arise at any exposed
node, except, perhaps, the terminal one. If a fragment a few inter-
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nodes in length be detached and left floating, roots will spring
forth from the nodes or joints of the stem in from 6 to 10 days.
While the roots are lengthening toward the bottom the stem does
not increase in length but quickly resumes its growth after the
root has penetrated the soil. More roots then arise from the newer
nodes of the stem and as they also enter the soil the plant is drawn
farther down and finally becomes firmly anchored. The roots of
such fragments do not branch before reaching the soil but do
so very shortly after the substratum is penetrated. Numerous
lateral roots then arise and form in succession as the main root
advances.

The roots are well supplied with hairs; those arising from the
floating fragments are often covered almost their entire length
with root-hairs. In one instance a root was found to be clothed
with root-hairs for a distance of 45 centimeters, which was practi-
cally its entire length. Since this plant ordinarily grows rooted
in the soil whatever growth it makes under natural conditions
must be regarded as the normal growth and there is no escape
from the conclusion that the growth becomes abnormal when
sand is substituted for soil.

How is the superior growth of plants rooted in the soil to be
accounted for? Is it possible that the soil furnishes plants rooted
in it with food materials that are not available to plants suspended
in the water standing over it? In 1850 it was discovered that
liquid manure loses its color if drained through a layer of soil
sufficiently thick. Not only does the solution lose color but the
organic and inorganic matter originally in it is considerably re-
duced after filtering through the soil. This property or capacity
of soil to withdraw salts from solution is now well established
although not well understood. For a time authors were not
agreed as to whether the retention or fixation of salts by the soil
is a chemical or a physical process. Now it is generally under-
stood that both chemical and physical processes operate to this
end. Some substances seem to be held much more firmly by the
soil than others. Various investigations go to show that most
soils absorb the oxids, salts of the alkalis and alkaline earths of
potassium, ammonium, magnesium, sodium, and calcium in the
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order given. It must be remembered, however, that this reten-
tion of dissolved substance by the soil is neither absolute nor per-
manent. We may suppose that in the case of a lake there are two
opposing processes operating in which the soil on the one hand
tends to withdraw salts from the water and retain them, while the
water on the other hand tends to bring salts from the soil into
solution. As a consequence of those two processes the lake water
contains certain salts in much greater proportion than others
which seem to be firmly held by the soil. Just how such condi-
tions influence the plant is only partially known.

It seems as though the substances needed by the plant are the
ones most firmly retained by the soil, — especially the nitrogen,
phosphorous, and potassium compounds, — and yet it is hardly
possible to say that the water does not contain enough of those
substances in solution for the larger plants. While plants cannot
select certain substances and reject others they can to a certain
extent regulate the amount of a substance which they absorb.
It is evident that all of the substances absolutely necessary for
the growth of plants must be present in the water in solution
because there are so many forms which live as freely swimming
objects and depend wholly upon the water in which they live for
food. Lemmna, the so-called duckweed, lives in the water and de-
pends upon the water only for food (mineral), but Lemna has
been analyzed and found to contain substances in much greater
proportion than does the water in which it grows. One investi-
gator found the ash of this plant to contain 13.16 per cent of potas-
sium, and 8.73 per cent of phosphoric acid, while the mineral resi-
due obtained by evaporating some of the water in which the Lemna
was growing contained those substances in the respective propor-
tions of 3.97 per cent and 2.619 per cent. However, the fact that
Lemna can obtain all the food necessary from the water alone and
that some other plants must be rooted in the soil to thrive is no
more remarkable than the fact that some animals are herbivorous
while others are carnivorous.

Water plants may be found growing in clayey, sandy, gravelly,
or loamy soil. From field observation one would say that the
loamy soil supports the greatest variety of species. Wherever the
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soil is very sandy the species may be abundant and likewise where
the substratum is distinctively clay or gravel. From field observa-
tion alone it would hardly be possible to say that the quality of
the soil is the determining factor, because sand and gravel are more
common where other factors come in to influence growth and
species selection. The loamy soil is most abundant in the coves
and bayous where the water is quiet and it is in just such places
that plants make good growth and wealth of species abounds.
Plants which would perish in exposed situations make excellent
growth in the protected coves and we cannot be certain from field
observation whether the difference is to be attributed to the soil
or to the more favorable locality. By direct experiment, however,
it is not difficult to ascertain what quality of substratum favors
growth. In such experiments it is very desirable to have condi-
tions as nearly like those in nature as possible. Three types of
soil were selected, clayey, sandy, and loamy. A large rectangular
glass aquarium was used to contain a substratum of each one of
the given soil types. Then the three aquaria were placed upon a
submerged platform so that the aquaria themselves were also sub-
merged. This arrangement made the aquaria similar in all condi-
tions except as to the quality of soil, and differences in the growth
of plants in each aquarium could be very easily referred to the
varying quality of soil. Two types of plants were tested in
this way — one was Vallisneria, a typical water plant of the phan-
erogams, and Chara, one of the higher algae. The latter does not
have roots but simple structure called rhizoids which help to secure
attachment. With both of these plants the best growth was
made in the loamy soil and the poorest in the clay soil, while the
sandy soil which of course contained some organic débris supported
a medium growth. In the case of Chara an equal number of plants
of equal size were planted so that the dry weight of the total
growth in each aquarium might be compared. If the poorest
growth in clay be taken as one, then that in sand would be about
2.06, while that in the loamy soil would be about 3.33. The total
dry weight is of course a fair indication of the relative amount of
growth made and there can now be no doubt but that the quality
of soil is much concerned with the plant growth upon it and that
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of these three types of soil the loamy one is capable of supporting
the best growth.

That soil is necessary for good growth has been previously men-
tioned and explained. The interesting question arises — why is it
that plants artificially anchored but not allowed to root in the soil
are unable to make a good growth? It surely must be a matter
of nutrition, because the soil could hardly be so potent an influence
in any other way. When the plants are artificially anchored all
other conditions are the same as with plants rooted in the soil
except that the roots of the suspended plants are exposed to light
and are unable to absorb nourishment from the soil. That light
in some measure retards root development and thus diminishes the
absorbing capacity of the plant is certain, but this factor is entirely
too small to account for the stunted growth of plants denied a soil
substratum.

Chemical analysis has been employed for the purpose of securing
if possible some clue to the reason why these plants cannot make
normal growth unless rooted in the soil. Vallisneria spiralis, the
eel-grass, whose elaborate arrangement for pollination has been
described, was selected as a typical water plant of wide distribu-
tion.. The history of the material to be analyzed must, of course,
be known, and in this case a large number of small plants of
uniform size were carefully taken from the lake bottom and trans-
ferred to submerged boxes which were alike, except that one con-
tained soil and the other did not. The roots of the plants arti-
ficially anchored in the box without soil were not permitted to
touch the box, but dangled in the water, and thus from the water
only could nourishment be taken. After a certain time the plants
were gathered and carefully washed, only the living specimens, of
course, being saved. In order to establish a basis for comparison
the volume of each group of plants was obtained by immersion in
water and measuring the displacement. The volume of the plants
rooted in soil was taken to be just twice the volume of the plants
artificially anchored. This material was then dried out and the
dry weight taken, which, for the plants rooted in soil, was 52.7
grams and for those suspended 37.2 grams. These figures show at
once that the suspended plants are relatively much heavier than
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the others. Further analysis discloses the reason for this. The
suspended plants were found to contain relatively twice as much
starch as the others. This means that the suspended plants, though
dwarfed to one-half the normal size, still contained the same weight
of starch that they would have contained if allowed to grow as the
others did in the soil. Ewidently the retarded growth cannot be
because of any scarcity of starch. Since this process of starch-
making is one of the very vital processes of the plant it is im-
portant to know that being artificially anchored does not disturb
this fundamental function of the plant. However, as a conse-
quence of this fact, it is evident that the suspended plants must
soon become overcrowded with stored starch and this result in
itself may be a reason for further disturbance of vital processes
with eventually fatal consequences.

The proteid content of the suspended plants was found to be
smaller, suggesting that sufficient supply of nitrogenous food was
not available for them. This shows that the suspended plants
must have very soon fallen into an abnormal condition in which
the two very fundamental functions of starch-making and of pro-
teid synthesis were not properly balanced.

The analysis showed further that the suspended plants contained
a relatively smaller proportion of mineral matter, which of course
indicates that they were unable to secure and use as much mineral
food as they needed. The elements most deficient in the suspended
plants were potassium and phosphorus, two of the most essen-
tial substances which are no doubt much concerned with the man-
ufacture of food materials.

So far, then, as present knowledge is concerned we can say that
the plants are dependent upon the soil for a sufficient supply of
certain substances, especially nitrogen, potash, and phosphorus.
When the plants are compelled to take all their nourishment from
the water an abnormal condition soon arises by reason of a dis-
proportion between proteid synthesis and starch manufacture which
is manifested by a retarded growth and final death.

That such statements are not conclusively proven must not be
overlooked and just why they cannot be regarded as beyond doubt
would be tedious to explain here.
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The natural conditions of our lakes and rivers are undoubtedly
changing from decade to decade. The extensive destruction of
forests that has occurred in the lake region and along tributary
streams has certainly indirectly affected the plant and animal life
in the lakes, although at present it cannot be stated in any detail
how such influences have operated. The same may be said in
regard to the vast volume of organic matter that constantly comes
to the lakes and rivers as sewage from the cities. The influences
which operate to regulate or determine the food supply of the
water are numerous. Adequate knowledge is only possible by a
thorough study of the food relations among the animals themselves,
between the animals and plants and between the plants and the
soil.

Cycle of maitter. — Animals cannot organize food from inorganic
substances but must use, as food, matter that is already organized,
either as vegetable or animal substance. Plants, however, can
and do organize food, using both the mineral salts occurring in the
soil or water, and the gaseous carbon dioxid which occurs in the
air and in the water. The dependence of the animals upon the
plants is at once apparent and the dependence of the plants upon
the earth and air is also apparent. The most important influence
exerted by plants in fresh-water biology is undoubtedly concerned
with their nutrition but they are also important in other ways.

As geological agents in the formation of marl. — The formation of
lime incrustations by water plants has already been considered, so
that it is only necessary to state here that considerable evidence has
been brought forward to show that the large marl deposits in the
marl lakes have accumulated as already described through the ac-
tivity of plants, especially Chara.

As aerating agents. — Both animals and plants must have air to
breathe, and in running water or open lakes there is usually sufh-
cient oxygen dissolved in the water to support the respiration of
the organisms. present. In the still waters of coves and bayous,
however, conditions are different. It isinsuch places that organic
débris tends to accumulate, and, in decay, overcharges the water
with the gases of decomposition, especially that of carbon dioxid.
Of course, whatever animal life is present under such conditions
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still further reduces the oxygen supply and increases the carbon
dioxid. The green plants on the other hand during sunlight are
constantly using the carbon dioxid for making starch and giving
off oxygen as a waste product of the process. In this process the
volume of oxygen released equals the volume of carbon dioxid
used, so that an aquatic meadow, growing vigorously in a still-
water cove, would be very efficient in keeping the water well aerated
and much to the advantage of all the animal life finding food and
shelter there.

As affording shelter and refuge for small animals.— In these
aquatic meadows many kinds of young fish spend their early life
during the period when they require protection from enemies.
Here, too, many of the smaller animals pursued by enemies find
temporary refuge or are able to evade their pursuers.

As a base of attachment for algae. — Wherever the larger plants
occur may be found also many smaller and more lowly organized
forms which use the larger plants as supports. The simple forms,
which are usually algae, would be unable to live as free swimming
individuals, and since many of them are used as food by the animals
it is important that they should be allowed to develop abundantly.
The dead as well as the living larger plants may be useful in this
way and only direct observation will reveal to one how much of
importance the larger plants are in this one particular.

As organizers of matter and distribulors of nourishment for the
plankton. — If, as formerly supposed, water plants take their min-
eral food from the surrounding water and not from the soil at all,
then it is evident that during the growing season these rooting
aquatics would be continually diminishing the food supply of the
free swimming plants, or the plant plankton, and this would, of
course, result in a decreasing food supply for the animals dependent
upon the plant plankton for nourishment. In view of the evidence
now at hand it is certain that these larger plants rooting in the
bottom absorb inorganic matter from the soil and organize this
material into plant tissue which can be used as food by the animals
and also by parasitic and saprophytic plants which can also be used
as food by the animals. This, then, is perhaps the most important
role of the larger aquatic plants, in that their life work results in an
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actual contribution of organic matter to the food supply of the
animal life. There is no doubt but that in a body of water like
Lake Erie this contribution of organic matter made from soil and
air constituents that would otherwise remain unused could be meas-
ured in tons even in a single growing season.

In the marshes and shallow places immense quantities of plant
débris are constantly occurring and with changing wind these
masses of organic matter are carried far out into the lake, where,
during the period of slow decay, they furnish food to hosts of small
animals and in the decay yield valuable mineral salts, thus enrich-
ing the water to the advantage of the free swimming forms.
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CHAPTER VIII

AMOEBOID PROTOZOA (Sarcodina)

By C. H. EDMONDSON
Assistani Professor of Zoclogy, University af Oregon

THE minute animals consisting of but a single cell throughout
their existence are commonly called Protozoa. They are world-
wide in their distribution, swarming the seas from the surface to
great depths and being found abundantly under almost all condi-
tions of moisture in fresh water as well as in the fluids and tissues
of other animals where many exist as parasites.

The Protozoa may be grouped under the following subphyla:

Subphylum I. Sarcodina. — Moving by means of temporary
extensions of the protoplasm, called pseudopodia.

Subphylum II. Mastigophora. — Provided with one or more
whip-like processes, called flagella, as organs of locomotion or for
securing food. :

Subphylum III. Infusoria. — Locomotor organs in the form of
fine hair-like structures, called cilia, present during the entire ex-
istence or during the embryonic stage only.

Subphylum IV. Sporozoa.— Without true organs of locomo-
tion; usually reproducing by spores. Parasitic. No free living
lorms.

It will be observed that the above grouping is based upon the
organs of locomotion. This basis has been found a convenient
one for classification and study, little difficulty arising except in
unusual cases where species are found to possess more than one
kind of motile organs or where species pass through distinct phases
during their life cycle. Of all the Protozoa those representing the
highest degree of simplicity of structure and the greatest general-
ization of life processes, if not the oldest in point of time, are to be
found in the group possessing pseudopodia. These form the sub-
ject of the present chapter, the flagellate and ciliate forms are

considered in the next, and the parasitic Sporozoa do not properly
call for attention in this work.
210
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Previously unknown on account of their diminutive size, these
organisms at once attracted the early workers with the microscope.
Although Leeuwenhoek as early as 1675 initiated the study of
Protozoa by his discovery of Vorticella, an infusorian, without
doubt, Risel’s description of Amoeba proteus under the name ** Der
kleine Proteus,” in 1755, represents the first recorded observa-
tion of a fresh-water protozoon of the group Sarcodina.

In 1835 Dujardin called the viscid, transparent substance com-
posing the bodies of marine Protozoa, which he then had under
observation, sarcode, but it was not until 1883 that Biitschli first
employed the term Sarcodina and included under it all forms of
Protozoa which move by means of protrusions of protoplasm from
the body proper, called pseudopodia.

Most of the Sarcodina are very minute in size. Very few of
them can be seen by the unaided eye and none can be studied
with any degree of satisfaction without the aid of a compound
microscope. These forms wvary greatly in general appearance.
Many of them are naked masses of protoplasm tending to be
globular when first placed under the microscope but soon assum-
ing variable shapes, protruding from the body, with more or less
rapidity, blunt, lobe-like, or filiform pseudopodia, often branching
and sometimes anastomosing. Others are provided with envelopes
or shells, very diverse in form and composition, sometimes secreted
by the animal itself, sometimes consisting of picked-up fragments
firmly cemented together. These envelopes may be compact and
rigid, or flexible, and are provided with one or more apertures
through which the pseudopodia are extended.- Still other forms,
commonly known as the Heliozoa or “sun animalcules,”” are typi-
cally spherical, sometimes with shells of delicate structure and
always with fine ray-like pseudopodia, usually rendered somewhat
rigid by the presence o! stiffened axial filaments.

Fresh-water Sarcodina may be found in very diverse habitats
and within wide ranges of temperature. They occur from the
level of the sea to the tops of very high mountains. Perhaps no
other animals have such a vast altitudinal range as certain com-
mon species of Sarcodina. Roadside pools and also ponds, lakes
and rivers are habitats of myriads of these low organisms. In
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most of the Sarcodina there is a marked differentiation between
the endoplasm and ectoplasm, the difference consisting in the
greater density and opaqueness of the inner region. This dis-
tinction between endoplasm and ectoplasm reaches a high degree in
certain marine forms, the Radiolaria, where a distinct perforated
membrane, the ** central capsule,” separates the two regions. None
of the fresh-water forms possess a ** central capsule.” The greater
density of the endoplasm is accounted for by the character of the
inclusions suspended in it and by the size of the vesicles which
make up its structure. :

The inclusions consist of various elements: food which is to
be built into body protoplasm, products which may enter into the
composition of the shell, waste material on the way to the exterior,
or foreign elements which have no part in the physiology of the
animal. In some Sarcodina algae or bacteria are constant features
of the endoplasm, this symbiotic relationship being apparently
essential to the life of the protozoon.

The nucleus is confined to the endoplasm. In a few Sarcodina
condensed nuclear elements have not been observed, but in these
cases the chromatin is without doubt diffused throughout the cell
and has the same functional value as a centralized body.

Usually a single nucleus is present, often two is the normal num-
ber, but in some forms several hundred or even several thousand
have been counted in certain stages.

Commonly the nucleus is spherical, but may be modified in
form, due to the shape of the body and to the flexibility of the
nuclear membrane which sometimes permits considerable deformity.

In most Sarcodina the chromatin within the nuclear membrane
is arranged in one or more masses, but in some of the Heliozoa it
is arranged in a network not unlike that of the cell of a metazoon.

Contractile vacuoles, the function of which is the extraction of
waste fluids and gases, are not found in all Sarcodina. These are
absent in many of the marine forms and in some fresh-water genera.
When present, the number varies from one to many. Habitually
the contractile vacuole is spherical but in some species it assumes a
characteristic lobed form. The position of the contractile vacuole
is not always fixed but may frequently be shifted about by the
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flowing protoplasm. In some forms its general position is fixed
and it reappears, after contraction, in the same place. As the
vacuole becomes inflated by waste fluids and gases it rises toward
the periphery and collapses, pouring its contents through the open-
ing formed in the body wall. In some of the Heliozoa are seen
very large contractile vacuoles which rise to the surface and push
the peripheral film outward like a bubble before the collapse takes
place.

Many of the shell-bearing forms are capable of raising or lower-
ing themselves in the water. This is believed to be brought about
by the presence of distinct gas vacuoles. The animals seem to be
able to alter the supply of carbon dioxide in these vacuoles and
thereby change their specific gravity.

The ectoplasm, when distinct from the endoplasm, usually ap-
pears as a clear hyaline zone, of greater or less width, at the periph-
ery of the body. In most forms the vesicles of the ectoplasm
are very minute but in some of the Heliozoa they exceed those of
the endoplasm in size and may be arranged in a regular manner
about the periphery, as in Actinosphaerium eichhornii.

The protrusion of the ectoplasm is the initial movement in the
formation of a pseudopodium after which there may be a flow of
the granular endoplasm into the axis of the finger-like extension of
the ectoplasm. At times pseudopodia are but broad extensions
of the ectoplasm with no appearance of endoplasm taking any part
in their formation.

Great variation is seen in the pseudopodia which are character-
istic features of the Sarcodina. Among the fresh-water forms
several general types may be observed. The naked and many of
the shell-bearing Sarcodina produce broad, blunt, finger-hke, or
more slender, filiform, pseudopodia; the latter may be delicate,
pointed and finely branched, but neither of these fuse or anastomose
when in contact. Another variety is represented by delicate thread-
like pseudopodia which tend to run together and mingle, forming a
great network of flowing protoplasm. This is the anastomosing
type and is seen in a few fresh-water genera, but is characteristic
of many marine forms. :

In the Heliozoa is seen another variety. Here the ray-like
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pseudopodia are usually supported by ‘“axial filaments’’ which con-
sist of stiffened protoplasmic supports forming the axes of the
pseudopodia along which the soft protoplasm flows. These axial
supports enter the body, the inner ends apparently resting on or
near the nuclear membrane. The supports permit the flexing of
the rays and at times they may become soft and be absorbed by
the protoplasm of the body.

Shells, which are characteristic of many Sarcodina, may be com-
posed of materials secreted by the protoplasm of the animal itself,
such as chitin, silica, and calcium carbonate; or may be constructed
of picked-up foreign materials such as sand grains, diatom shells,
dirt, etc.

Shells of chitin are common among fresh-water forms. This
material is deposited about the body as a membrane with one or
more openings for the pseudopodia. It may or may not be applied
closely to the body and is variable in thickness in different species
as well as with age. In young individuals the envelop is usually
thin and transparent; with age it may become thicker and more
opaque. In many forms the envelop is always thin and flexible,
permitting changes in shape of the body from the flowing of the
enclosed protoplasm. When the deposit is in sufficient quantity
a firm, rigid shell is produced. If the body does not completely
fill the shell the former is united to the inner surface of the latter
by protoplasmic threads and is capable of considerable amoeboid
movements within the envelop. Some chitinous shells are very
delicate, transparent and apparently without separate elements,
while others are composed of distinct plates arranged with more
or less regularity.

Species of Difflugia and other related forms are provided with
shells composed of foreign materials including grains of sand,
diatom shells, and particles of dirt. These materials are attached
to a thin chitinous layer and cemented together into a compact,
rigid shell with one aperture through which the pseudopodia
extend.

Shells may be composed primarily of silica. In many fresh-
water forms these siliceous elements are laid down in the form of
regular plates which build up a firm shell. Others, as some fresh-
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water Heliozoa and the marine Radiolaria, secrete spicules which
may be loosely connected, forming an envelop, or cemented to-
gether, building up skeletons of most delicate and beautiful designs.
Sometimes spicules are developed for temporary purposes as the
formation of envelopes during encystment. Calcium carbonate is
the chief constituent of the shells of marine Foraminifera but is not
an element of importance in the shells of fresh-water Sarcodina.

In a one-celled animal the vital processes of the body, though not
different, except in degree, from those of a metazoon, must neces-
sarily be simpler. Here all of the life-forces have their origin and
all of the metabolic changes take place within the confines of a
single cell.

The entrance of food into the body in the Sarcodina is a simple
process. No mouth being present, material may, in general, enter
at any point on the surface. In naked forms of the Amoeba type
the pseudopodia flow around the particle to be ingested and in this
way it is enclosed. The pseudopodia of shell-bearing forms draw
in the food through the apertures of the shells where it is engulfed
by the protoplasm.

Most of the Sarcodina are herbivorous, their chief food being
unicellular plants, as bacteria, diatoms, algae, etc. The plant cells
are usually entirely ingested and the soft parts absorbed, after
which the indigestible parts are excreted from the body. However,
in case of Vampyrella, the parasite penetrates the cells of algae and
absorbs their contents.

Some Sarcodina are known to be carnivorous, feeding upon
closely related species. Penard believes that species of Nebela
may make use of the plates of Quadrulella, Euglypha, Trinema, etc.,
upon which they feed, in building up their own shells.

Digestion in all of the Protozoa is intracellular. After the ma-
terial enters the body surrounded by a film of water forming a food
vacuole, digestive fluids and enzymes act upon it converting it into
suitable elements for the life of the cell. Excretion in the Sarco-
dina consists, as elsewhere, in the release of waste products. Waste
solids may leave the body at any point of the surface. The
process is the reverse of ingestion, often consisting in the mere flow-
ing away from the material to be discarded.
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Waste fluids resulting from the metabolism of the cell are col-
lected in contractile vacuoles in most of the fresh-water Sarcodina
and thereby removed. Surplus water which has been ingested is
eliminated at the same time and possibly carbon dioxid may also
be extracted by the contractile vacuole. In those forms, however,
which do not possess contractile vacuoles, the waste fluids and gases
escape from the general surface of the body.

Respiration in the Sarcodina is performed by an interchange of
gases through the body wall. Oxygen is received from the sur-
rounding water and carbon dioxid transmitted to it by osmosis.
The symbiotic relationship between algae and some forms of Sar-
codina, without doubt, has an important respiratory as well as
nutritive function, the plants furnishing oxygen and carbohydrates
to the animals, while the latter supply carbon dioxid and nitroge-
nous waste for the algae.

Reproduction in the Sarcodina takes place either by the division
of the body into two parts, a process commonly called fission; by
the separation from the parent of one or more small masses of
protoplasm known as buds; or by the production of swarm spores.

In fission, or simple cell division, which is common among fresh-
water forms, the nucleus divides first and this is followed by the
separation of the cytoplasm into two parts, each of which encloses
a portion of the original nucleus. Growth proceeds until maturity
is reached, when the process of division is repeated.

When an envelop is present the enclosed body may divide by
fission after which one portion creeps out at the aperture and con-
structs a new shell about itself. If the envelop be chitin and with-
out distinct elements it is gradually developed at the periphery
of the newly separated individual, but if it be of regular chitinous
or siliceous plates, these elements, in some cases at least, are de-
veloped in the cytoplasm of the parent and pushed out to form the
new envelop of the separating bud.

That the nucleus is concerned with cell division has long been
known. Recent observations, however, have thrown light upon
the presence of extranuclear material scattered throughout the
cytoplasm in many Sarcodina as well as other protozoa. This
material has the form of minute granules termed “idiochromidia”
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and results from the transfusion of part of the chromatin through
the nuclear membrane or from the breaking up of the nucleus into
small granular bodies which become difiused through the cyto-
plasm.

In some Sarcodina a number of buds may separate from the
parent, each enclosing a quantity of idiochromidia which is built
into a nucleus. This extranuclear material apparently has a
functional value in reproduction and may be compared to the
micronuclei of Infusoria. During the quiescent state of encyst-
ment the bodies of many Sarcodina break into swarm spores.
These are minute organisms each with a portion of the parent
nucleus and provided with flagella or pseudopodia as motile organs.
The swarm spores may fuse with each other and develop into an
adult form or, in some cases, they may develop without fusion.

Conjugation, in the form of a temporary union or a permanent
fusion of the bodies of two individuals of the same species, has
been observed in some Sarcodina. After temporary union and
separation, in a few cases, swarm spores have been observed to be
developed from both conjugants.

In most of the instances of permanent conjugation reported
there is no clear evidence that the fusion resulted in a union of the
nuclei of the individuals, as is the case in true conjugation. Actual
fusion of the nuclei, however, has been observed in the common
“sun animalcule,” Actinophrys sol. Here two individuals come
together, fuse, and become encysted. Nuclear changes take place
which follow in a general way the processes of maturation and
fertilization after which mitotic division results in the formation of
daughter cells.

Many kinds of Sarcodina are exceedingly abundant and collect-
ing them is not a difficult matter. Other forms are rare and only
occasionally obtained. Everywhere among wet mosses and in
sphagnous swamps many fine examples of shell-bearing species
will be found, some inhabiting no other localities. Some prefer
clear, fresh water, while others thrive in stagnant ponds and ditches.

By carefully collecting submerged decaying vegetation from shal-
low water and allowing it to stand in the laboratory for a few days
many of the Amoeba and Difflugia types are usually found.
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The ooze at the bottom of ponds or lakes is the habitat of nu-
merous shell-bearing as well as naked forms. Others, like the
Heliozoa, are commonly found among algae, diatoms, or mosses and
may be collected with these plants. Inactive or encysted forms
gathered during cold seasons of the year wil become active on
being placed in a warm laboratory. Shallow aquaria are best
adapted for preserving quantities of living Sarcodina. For those
species which require it, the water may be kept fresh by algae or
other aquatic plants, but for many forms the water may be allowed
to become stagnant, replenishing it only as evaporation takes place.
The Sarcodina may be studied with a considerable degree of satis-
faction, as it is possible to keep them under observation for an in-
definite time, owing to their slow movements. For detailed study
a good compound microscope including an oil immersion lens is
necessary. Concave microscopic slides on which living forms may
be isolated and retained for extended observation are useful.
Methylenblue, used as an infravilam stain, is successful in render-
ing the nuclear elements visible, especially in species without shells
or with transparent envelopes.

When permanent mounts are desired the following method, rec-
ommended by Benedict in the Journal of Applied Microscopy,
Vol. VI, p. 2647, may be employed: ‘“Smear a glass slide with
albumen fixative, as in preparing for the mounting of paraffin sec-
tions. Then place on the surface of the film of fixative a drop or
two of water containing the forms which it is desired to stain.
Let nearly all the water evaporate by exposure to the air of the
room until only the film of fixative remains moist. The slide can
now be immersed in Gilson’s or any other fixing reagent and then
passed through the alcohols, stains, etc., in the same way that
mounted sections are handled.”

The above method is recommended for other Protozoa as well as
for Sarcodina. As a rapid fixing agent, the fumes of osmic acid
have been found satisfactory. By careful manipulation of fine
dissecting needles under the microscope, the shells of many forms
may be isolated, arranged as desired and, when dried on the slide,
permanently mounted in balsam.
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EEY TO NORTH AMERICAN FRESH-WATER SARCODINA

1 (161) Pseudopodia without axial filaments. . . Class Rhizopoda . . 2
2 (144) Pseudopodia lobose, sometimes pointed but never anastomosing.
Subclass Amoebea . . 3
3 (21) Withoutshells. . . . . . . . . . . Order Gymnamoebida . 4
4 One family recognized. Characteristics of the order.
Family Amoebidae . . 5
5 (6) Body and pseudopodia bristling with minute spicules.
Dinamoeba Leidy.
Representative species. . . . . . . Dinamoeba mirabilis Leidy 1874.

Very changeable in shape with many tapering udo-
podia. Papillae-like projections often appearing at the pos-
terior extremity. Entire body sometimes surrounded by a
jelly-like envelop. A contractile vacuole and two nuclei
m Habitat standing water. Size may reach 200 4,

ing

pseudopodia.
Fic. 274. Dinamoebs mirabilis, » 1oo. (After Leidy.)
6 (5) Body smooth, without spicules. . . . . . i

7 (8) Body usually enclosing symbiotic bacteria. Large size. Nuden many.
Pelomyxa Greeff.
Representative species. . . . . . . . Pelomyxa palustris Greeff 1870,

A wvervy large form moving slowly by broad extensions
of the ectoplasm. Endoplasm enclosing sand. brilliant
corpuscles and bactena; with numerous vacuoles in the ecto-
plasm. Nuclei may number 1eoo or more. Habitat ooze
of ponds and sphagnous swamps. Maximum length 2000 4.
P. carolinensis Wilson, described in American Naturalist,
Vol. 34, p. 535, is apparently without symbiotic bacteria.

Fic. 275. Pelomyxa palustris. ¥ a5, (After Penard.)
8 (7) Body not enclosing symbiotic bacteria. . . . . . . . . . ... 9

9 (10) Ectoplasmic membranes produced between the pseudopodia.
Hyalodiscus Hertwig and Lesser.
Representative species. . . . Hyalodiscus rubicundus H. and L. 1874.
Body discoidal, moving by extending thin sheets of ecto-
plazm which are penctrated by ray-like pseudopodia.  En-
doplasm reddish-vellow in color enclosing numerous vacuoles

and one or more nuclei. Habitat ooze of ponds, not commaon.
Size 40 to 6o g,

Fig. 296. Hyoelediscus rubicundus. X% 315,  (Alter Penard.)

10 (g) Ectoplasmic membranes not produced between the pseudopodia.
Amoeba Ehrenberg . . 11

11 (14) Pseudopodia sharply distinguished from the body. . . . . . . 12
12 (13) Pseudopodia lobellike. . . . . . . . . Amoeba proteus Leidy 1878,

Very changeable in form, usually with numerous pseudo-
podia. The nucleus is always single, oval and of large size.
Contractile vacuoles one or more. Habitat both stagnant
and clear water.  Size, one of the largest species of the genus;
may reach 300 g or more when extended. -

F1c. 277. Amoeba protess. X 1oo. (Driginal from a preparation.]) ,
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13 (12) Pseudopodia ray-like. . . . . . . Amoeba radiosa Ehrenberg 1830.
Body spherical. with pseudopodia more or less rigid. not withdrawn
P and mfurmnd rapidly. Nucleus spherical. Habitat, very common

among algae; widely distributed. Slu- usually less than 100 u with
paeudo extended

Fic, 278. Amoebo radrwosa. v, contractile vacuole. X 100, (Alter Leidy.)

14 (11) Pseudopodia not sharply distinguished from the body. . . . . 15
15 (20) Contractile vacuole spherical. . . . RSNG|
16 (17) Posterior extremity villous. . . . . Amaeba Imm: Du]a,rdm 1341

Slug-like, vsually moving with the broad end forward.
plasm filled with brilliant granules. Contractile vacuole ulually
single. Nucleus changeable in form. Habitat ooze of ponds.
Size, large individuals usually less than 100 .

Fic. 279. Amoeha limiax. ¥ 235. (Alter Penard.)
17 (16) Posterior extremity not villous. . . . s IO

18 (10) Surfac-: wrinkled, large size. . Ama.-,ba TErFUCOSa Ehrenberg 1838.

A sluggish species, moving by a slow rolling motion. Pseudo-
podia short, broad lobes. ody proper enc nToud by a delicate
membrane. Surface marked by lines H.rh nther re-
sulting in a wrinkled appearance. Habitat sp

Large individuals may reach 3oo u in length '-hm l‘-‘ltﬂl

Fic. 280. Amoeha verrucosg. = 100 (After Leidy.)

19 (18) Surface not wrinkled, small size. . . Amoeba guitula Dujardin 1841.
Body usually oval in outline, moving with the broad end forward.
Pseudopodia short, broad lobes produced by sudden expansions of the
protoplasm.  Nucleus single and one large contractile vacuole, Habitat
£y stagnant water. Size 30 u.
Fic. 231. Amoeba gulivla., X goo. (After Penard.)
2o (15) Contractile vacuole not spherical. . . . Amoeba sfriafa Penard 18go.

Moving rapidly by broad extensions of ect but not changing
form rapidly. Usually from two to four longitudinal lines on the surface.
Two contractile vacuoles often present, the anterior one changeable in
shape. Habitat among algae; not abundant. Size, from 30 to 6o u.

Fic. 282, Amoeba sfiriafa. ¥ 250. (After Penard.)

21 (3) Withshells. . . . . . .+ . Order Testacea . . 22
22 (103) Pseudopodia thick, ﬁng{:r-llkt: I'E].'EI‘_',F filiform.
Family ARCELLIDAE . . 23
23 (96) Pseudopodia thick, sometimespointed. . . . . . . . . . . . 24
24 (35) Shell membranous, more or less flexible. . . . . . . . . . . . 25
25 (32) Membrane covered with organic or foreign particles. . . . . 26
26 (29) Shell membrane double. . . . . . . . Diplochlamys Greeff. 27
27 (28) Hemispherical to cup-shaped, loosely coated with organic and sﬂuzmus
particles. . . . . . . Diplochiamys fragilis Penard 1900.

Color gray, spotted with black. Inner membrane ve:a_ fragile
but capable of distention. Nuclei usually from 3o to acuoles
numerous. Pgeudopodia short and thick. Dnamgter 70 to 12 n
Ié[:hilat mosses.  Not common. Reported from Ontario by

NAard.

Fic. 283. Diplocklamys fragilis. % 150. (After Penard.)
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28 [2:,-] Hemispherical to cup-shaped, densely coated with organic particles.
Diplochlamys timida Penard 1g9og.
Yellowish-gray or brown. Inner membrane very delicate, flexible
but resistant. Nucleus single. Vacuoles numerous. Pseudopodia

large at the base, pointed, rarely extended. Diameter 45 2. Habitat
mosses. Reported from Ontario by Dr, Penard.

Frc. 284, Diplochklamys limide. x 275. (After Penard )

29 (26) Shell membranesingle. . . . . . . . . . . .. . . .... 30
30 (31) Hemispherical; slightly or not at all flexible. . . Parmulina Penard.
Reprmntatwe species. . . . . . Parmulina cyathus Penard 1902.

In this species the shell is rigid but in P. obfecia Gruber it i3 flexible

about the aperture. Shell is coated with fine particles of sand, dirt. ete.

ia are broad, rounded lobes extending from the aperture.

Nucleus and contractile vacuole each single.  Habitat among mosses.
Diameter 45 o

Fic, 285, Parmuling cyathus. > 275. (After Penard.)

31 (30) Commonly ovoid or hemispherical, but very changeable.
Corycia Dujardin.
Representative species. . . . . . . . . Corycia flava Greeff 1866.
The membranous covering is dome-shaped but very changeable in
form. Pseudopodia very short and thick. Vacuoles numerous,

Nucleus single, usually concealed by the granules of the endoplasm.
Habitat among mosses. D:iamett'._r 8o to 100 k.

Fio. 286. Corveia flava. X 210,  (After Penard.)

32 (25) Membrane without foreign particles; regularly punctate. . . . 33

33 (34) Patelliform; slightly flexible. . . . . . . . Microchlamys Cockerell.
Representatwe species.
Microchlamys patella C]apﬂrﬁdﬂ and Lachmann 1860.

Shell cirenlar from dorsal or ventral view; convex above with a
very large aperture beneath. Pseudopodium single.  Contractile
vacunles numerous., Nucleus single. Habitat among mosses in
swamps. Diameter 40 u.

Fic. 287. Microchlamys patella. 3 310, (After Penard.)

34 (33) Commonly dome-shaped, but exceedingly flexible and changeable.
Cochliopodinm Hertwig and Lesser.
Representative species. . Cochliopodium bilimbosum Auerbach 1856,

The membranous covering is capable of great expansion, especially at
the aparture. Psendopodia pointed, usually numerows. Nucleus and
contractile vacuole each single and large. Common among algae.
Diameter of envelop 25 to 50 4.

F1o. 288. Cochliopodium bilimbosum, n, nucleus. » goo.  (After Leidy.)

35 (24) Shell membranous, rigid. . . . .. ... ... ...... 36
36 (45) Shell discoidal. . . . . . . . . . ) o T
37 (44) Shell with reg*ular ma.rlungs more or lesa dlstmct Nu foreign par-

ticles attached. Aperturecentral. . . . . . . . . . 38

38 (43) Shell with regular, distinct punctae. Aperture small
Arcella Ehrenberg . . 30

30 (42) Periphery of shell without projecting points. . . . . . . . . . 40









224 FRESH-WATER BIOLOGY

59 (72) Shell without internal partition or diaphragm.
- Difflugia Leclerc . . 6o

6o (61) Aperture not central. . . . . Diflugia consiricta Ehrenberg 1841.

Shells of various forms from nearly spherical to oval and elon-
gate. Aperture always eccentric. E’aeudﬂ podium single, ﬂﬁ?’
obzerved. Spines sometimes developed from the fundus. 5
spemﬂs is closely related to Cenfropyris acwlesta. A common
Fm:w:.u g, it species, vﬁ{:-:ldy dustrémad Large nrlllns may reach 200 p in

e 3 ﬂ:ﬂ.ﬂuﬂl
¥ 1o, (After Leidy.) s Lo gl

61 (60) Aperture central. . . . . . o oon G e e S
62 (69) Shell typically spherical, . . . . . G G e
63 (66) Margm of aperture smooth. . . . .50 U Ly
64 (65) Neck deeply constricted; aperture small, with margin always re-

curved. . . -y a}ﬁugm wrceolata Carter 1864.

This species is without spines, but a variety, . srceolala var.
olla, may possess a few short stubby spines developed from the
fundus. The protoplasm does not fill the shell. Pseudopodia
numerous; nuclei many. Found in the ooze of pond water. Large
forms reach a length of 350 .

Fic. zor. Diflugia wrceslats. » 75. (After Leidy.)

65 (64) Neck, when present, not deeply constricted; aperture wide, with
margin seldom recurved. . . . Difflugia lebes Penard 18g3.

In many respects this species resembles the preceding one.
The thin, recurved collar is sometimes present but the aperture
is much larger. The shell is very fragile. Nuclei sometimes more
than 100, Found in ooze at the bottom of ponds, lakes, etc
Very large, some reaching 400 g in length.

FiG. z02. Bl}ﬂuﬁr{ lebes. 2 6o, (After Penard.)

66 (63) Margin of aperturenotsmooth. . . . . . . . L. oL 67

67 (68) Margin with numerous teeth. . . . Difflugia corona Wallich 1864.

Shell composed of large sand ns but very smooth and lar
in outline. Teeth usuﬁi; mure%rm han twelve Et:ynumb-er, vcryr:sv:n.ly
:lrr.'mged MNucleus single. Pseudopodia numerous and large.
From six to nine spines usually developed t‘mm the fundus. A very
common species in coze of ponds.  Length, with spines, 200 to 250 a.

Fic. jo3. Diffugia corema. Oral view. X po. (After Leidy.)

68 (67) Margm with few blunt lobes. . . . Difflugia lobostoma Leidy 1874.

Shell ovoid or nearly spherical, usually with a guadrilobate aper-
ture. However, the lobes are somewhat |rrigu] a trilobate aperture
sometimes appearing,  Psendopodia fﬂ'i'h amnng algae and in
the ooze of ponds; common. Average length 150 u.

Fic. j0q. Difilugia lobosioms. Oral view. x 105. (After Edmondson.)
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70 (71) Pyriform, with posterior border usually rounded.
Difftugia pyriformis Perty 1852,
This very common species is exceedingly variable in form and
gize. Penard recognizes six varieties, var. claviformis sometimes

a length of 450 . The posterior border is usually
ro but some forms may approach the acuminate type.

Yo aoe iiormis. Found everywhere in the ooze of ponds and lakes.
';:u%o. Eﬁm ﬁﬂ.}

71 (70) Elongate, cylindrical, with posterior border acuminate.
Difflugia acuminata Ehrenberg 1830.
Shell cylindrical, the slightly broader posterior extremity taper-
ing to an acute point ending in a knob-like process.  Very wmy

distributed with other species of the genus. Large forms may reach
a length of 275 a.
Fic. 3o6. Diffugia acuminata. > 125. (After Leidy.)

72 (50) Shell with internal partition or diaphragm. . . . . . . i
73 (74) Shell with deeply constricted neck and transverse, perfurated parti-

tion at the point of constriction. . Panhguiusm Rhumbler.
Representative species. . . . Pontigulasia spectabilis Penard 1goz.

Resembling Difffugia pyriformis in a rance, except for the
deeply mnstm:t neck. WThe internal partition has one round
npening one or two other apertures, the latter being closed by

t apercula Paeudopodia few, long, and move rapidly.
Fu'l.md with species of Diflugia. Avera.ge length 150 .

Fio. 3o07. Pontigulasia spectabilis. > 100. (After Penard.)

74 (73) Shell with a short neck; aperture partially closed by a transverse
diaphragm. . . . .« . Cucurbitella Penard.
Representative species. . . Cucurbitella mespiliformis Penard rgoz.

The neck is quadrilobate with an undulating margin. On the inside
of the neck is a transverse peristome covered with sand grains, resulting
in the rounded aperture being much smaller than the diameter of the
neck itself.  Pseudopodia numerous, straight.  Found at the bottom of
ponds and lakes. Length from 125 to 140 &

F16. 308. Cucurbitella mespiliformis. » 125. (After Penard.)

75 (58) Shell primarily of formed elements. . . . . . . . . . .. .. %6

76 (81) Shell not compressed, of small siliceous particles, apﬂrturc lunate
with inferior and superior lips. . . . . . . . . . . . 77

77 (78) Shell hemispherical or elliptical, superior lip with pores. Large size.
Bullinula Penard.
Representative species. . . . . . . Bullinula indica Penard 1907.

Shell brownish, of small siliceous plates, closely cemented to-
gether. Eupenﬂ-r lip slightly overlapping the inferior lip.
Nuclei numerous, Diameter 190 to 200 4. Habitat mosses.

Fic. 309. Bullinule indica. % 130, (After Penard.)

78 (77) Shell hemispherical, superior lip without pores. Small size.
Plagiopyxis Penard . . 79
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9o (80) Shell ovoid; border of aperture crenulate.
PRt Nebela dentistoma Penard 1500,

The shell is very clear with round or oval plates, the arrangement of
}hl: plates at the margin of the amrtuf;'-e fﬂ{Tning the rounded crenu-
ations. Pseudopodia wery active. Found in sphagnous swam
Length 66 to 130 . b

' Fic. 316. Nebela dentisioms. x 160. (After Penard.)

ot (84) Shell ovoid, compressed with round, oval, or irregular plates. . . 092

92 (93) Aperture oval, terminating a short tube formed by the thickened
oral membrane. Plates irregular.

Awerinzewia Schouteden.

Representative species. . Awerinzewia cyclostomala Schouteden 1902,

Shell a chitinous envelop covered by siliceous plates, some large, scatter-
ing, others small, filling in between the large ones.  Sand grains often at-
tached to the pesterior border. Color usually violet. Nucleus single.
Closely allied to the genus Heleopera. Length 135 to 178 . Habitat mosses,

Fio. 317. Awerinsawia cyclostomalta. 3 1oo.  (After Penard.)

03 (92) Aperture elliptical or linear, not terminating a tube.
Heleopera Leidy . . o4

04 (95) Chlorophyl always present. . . . . . Heleopera picta Leidy 1874.

The shell is very regular in outline, of a vellowish tint,
usually with little foreign material attached, The presence
of chlorophyl seems to be necessary to the life of the animal.
Peeudopodia numerous.  Found in sphagnous swamps,

Length 100 to 110 .
Fic. 318. Heleopera picta. 3 150. (After Leidy.)

95 (04) Wineredincolor. . . . . . . . . Heleopera rosea Penard 1890,

B This species may be known by its color, the tint being of variable
; depths. Sand grains and other foreign elements cover the fundus of
the shell. A thin, yellowish lip borders the aperture. Found among
mosses in swamps. Length oo to 100 .

Fi1G. 319. Heleopera rosea. % 150.  (After Penard.)

06 (23) Pseudopodia sometimes thick, sometimes linear. . . . . . . . o7
g7 (100) Shell chitinous, densely covered with sand grains, diatom shells, and
other foreign elements. . . . Phryganella Penard . . 98

) Large size; foreign elements large, rough.
98 (90 & Phryganella nidulus Penard 1902,

The shell is hemispherical and usually of rough contour.
Aperture large. Pseudopodia slender but often accompanied
by broad lobes of protoplasm. Found in the ooze of ponds
and lakes. Large forms are 200 g in dinmeter.

F16. 330. Phryganella midulus. X go. (After Penard.)
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90 (08) Small size; foreign elements small.
Phryganella hemisphaerica Penard 18g0.

ght'll :I-.mmsphencal, cc&ﬂlpmnd of small diatom shells
and sand grains. PBBI.] de.'II. l.I.Bl.'Il.l.hF ﬂﬂldﬁl’ s0me-
times thick. Found in the ooze of ponds and lakes.
Diameter 40 to 55 u.

= - g Fic. 321. Phryganella hemisphaerica. » 250. (After Penard.)
100 (97) Shell chitinous, without or sparsel}r covered with fure:gn ele-

ments. . . . - PILCIE

101 (10z) Shell occasionally with furejgn elements attached. Aperture ter-
minal. . . ‘ . . . Crypiodifflugia Penard.

Representative spﬂcu;s F Cryp:ad:j‘!ugm oviformis Penard 1800.

This species has a transparent, yellowish or brownish shell without foreign
elements attached. Owoid in form. The protoplasm does not fill the shell and
pseudopodia are seldom extended. Found in marshes. Length 16 to 20 .

Fic. 323. Cryplodiflugia oviformis. ¥ 450, (After Penard.)

102 (101) Shell without foreign elements. Aperture terminal or subterminal.
Platoum F. E. Schultze.

In 1875 Schultze described a form under the name PW.
Owvoid with smooth envelop without structure, slightly c, aper-
ture terminal or subterminal. Penard, more recently,
numerous empty shells and inactive organisms which he provision-
ally refers to this genus.  Some had undulating envelopes with
apertures tem'!i.nal or dire::':tlﬂd obliguely. N:ddgux and contractile
F;"f”' {i"f'f;"i,g:;ﬂ' vaﬂnmil:r;nﬁmrf:f lj"mm ﬁi?axﬂ.t,o(}. H. ;ﬁ"ailm il:u;%l?:r::;.

G : which he considers within this genus, probably P. parewm. Thus
far this is the only record of the genus in North America.

103 (22) Pseudopodia delicate, filiform, usually branched, and pointed.
Family EUGLYPHIDAE . . 104

104 (107) Shell flexible, transparent. . . . . . Pamphagus Bailey . . 105

105 (106) Shell spherical. . . . . . Pamphagus hyalinus Ehrenberg 1838,

The aperture of the shell is very large and capable of great
dilation. Pmm?taam is clear, colorless. Nucleus spherical;
contractile vacuole single.  Pseudopodia numerous, straight, and
pointed. Found in clear water. © Diameter of shell 30 to 48 u.

Frc. 324. FPamphaopus kyvalimus. ¢p, contractile vacuole. ¢ 260,
(After Leidy.)

106 (105) Shell ovoid or elongate. . . . Pamphagus mulabilis Bailey 1853.

Body wvery changeable in form. Protoplasm enclosing brilliant
granules. Nucleus large, spherical. Contractile vacuoles, one or
two. Foundin clear water. Length of shell 5o to 70 u.

F1a. 325. Pamphagus mutabilisz. % 165. (After Penard.)

1o7 [xog) ~Shell Agld. . . . o o @ i e e e e e R 108
108 (r13) Shell retort-shaped. . . . . . . . . ¢« . « & PRI o
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109 (110) Plates small, round, more or less covered by foreign particles.
Campascus Leidy.
Representative species. . . . . . Campascus cornutus Leidy 1877.

This species has lateral processes developed from the fundus.
In common with other species of the genus, a delicate, transpar-
ent collar surrounds the aperture, extending pr.-rpendtcuin: to it.
In common with the genus Cyphoderia, the bodies of all species
of this genus enclose minute yellow or brown granules very re-
sistant to reagents. Apparently a very rare species. Leidy re-
ports it from but one locality, China Lake, Wyoming, at an
altitude of 10,000 fect. Length 112 to 140 o
Frc. zab. Cam M5 cormufus, ¢v, contractile v 150,

4 e e kly el G

110 (109) Plates small, regular, not covered by foreign particles.
Cyphoderia Schlumberger . . 111

111 (112) Fundus rounded or mamillate.
Cyphoderia ampulla Ehrenberg 1840,
Plates round or oval, cemented tuql_ther in diagonal rows,
]:rwtmg a hexagonal appearance he plates do not over-
Minute perforations exizt between the plates, appeari
fine punctae. Pseudopodia few but very long. Foun
a.mong mosses, ooze of ponds and lakes. Length 61 to 105 a.
Several varieties of this species are known.,

Fic. 327. Cyphoderia empulla.  cp, contractile vacuole. » 16o.
(After Leidy.)

112 (111) Fundus tapering. . Cyphoderia ampulla var. papillata Wailes 1911,
This variety resembles the type speciez except in the shape of the

fundus. The plates are sometimes set very close together in this

e variety but do not overlap. Found in coze of lakes. ngth 113 to
e B L

Fic. 328, Cyphoderia ampulls var. Papillata. ¥ 130, (From a prepared mount. )

S e e e T A S S S S 1 ¢
114 (115) Shell without distinct platea chitinous, covered with sand, dirt,
etc. . . . . . . . Pseudodifflugia Ef:h]umberger

Representative spmm
Pseudodifflugia gracilis Schlumberger 1845.
Shell ovoid, elongate, usually yellowish or brownish. Pseudo-

ia numerous, very long and delicate. Found in the ocoze of
ponds, lakes, etc. Length 2o to 05 p.

Fic. 320. Psendodifiugio grocilis. =, nucleus. ¥ 250.  (After Leidy.)

31t (131)" Dhell with distinct plates. . . . . . . . . .. . <%, . 116
116 (119) Shell not compressed, with a short flattened neck. Plates round or

oval. . . . . . . . Sphenoderia Schlumberger . . 117
117 (118) Margin of neck dentate. . . . Sphenoderia dentata Penard 18go.

‘This species may be known by the e[angate-u'.rﬂl form of the shell and
the presence of the teeth. The plates overlap, giving the appearance of a
:h hexagonal design. Found among sphagnum. Length 35 to 50 a

Fic. 33o. Sphenoderis demiata. ¥ 31o.  (After Penarnd.)
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131 (:Isi] Spines lateral. . . . . . . . . Euglypha brachiala Leidy 1878,

This species be known by the straight shell, elongate
and q’]indﬂml.maﬁrlatm oval, imbricating in a regular mn.nf::r.
From four to six large, long spines are developed, representing

tions of some of the lateral plates. IHabitat among
sphagnum. Length 1o4 to 128 u.
Fio. 336. Euglyphs brachiols. % 18o0. (After Leidy )

132 (131) Spines usually absent, scattered when present.
Euglvpha alveolata Dujardin 1841,

Shell ovoid, elongated, very slightly compressed if any.  Plates
round or mra.i, imbricating, presenting a regular hexagonal design.
Nucleus large, spherical; contractile vacuoles two in  number,
Pseudopoedia numerous, long and straight. A common species in the
coze of ponds, among algae and mosses. Length 45 to 100 u.

Fio. 337. Euglypha aleeolata. 3 375. (Original, from a prepared mount. )

Isl.j.{li-ﬁ:l ST TR L L e e e U T 1.7 |

134 (135) Plates bordering aperture denticulate.
Euglvpha ciliala Ehrenberg 1848.
Shell compreszed, elongate-oval. Plates oval or round, imbricated.

Meedle-like spines are produced from the entire surface or in a line
around the lateral border of the shell. Habitat sphagnum. Length

40 10 00 u.
Fic. 338. Euglypha ciliole. = 250. (After Penard.)

135 (134) Plates bordering aperture lobed.  Euglypha compressa Carter 1864.

Shell greatly compreszed, formed of elliptical plates, imbricating
and presenting a hexagonal design. Numerous spines, fusiform in
shape, are produced from the lateral border of the shell, Habitat

sphagnum. Length 7o to 132 u.
FiG. 339. Euglyphe compressa. % 225, (After Leidy.)

136 (121) Margin of aperture not dentate. Shell oval, compressed.
Placocista Leidy.
Representative species. . . . . . Placocista spinosa Leidy 1874.

This species may be known by the long, awl-shaped spines
which are movably articulated in a line about the lateral border
of the shell. Plates oval, imbricating in a regular manner. Habi-
tat sphagnum. Length 100 to 136 .

Fio, 330, Plococists spinosa. ¥ 170. (Alter Leidy.)

R lasolE e ot etmanal. . . oo 0 e e il . 4o ao . .o . X3B
138 (143) Shell elongate-oval, usually compressed; aperture subterminal.

lates rounded. . . . . . . Trimema Duyjardin . . 130
130 (140) Oral extremity broad. . . . Trinema camplanatum Penard 1890,

This species is short and broad, the anterior end usually as broad
as the posterior extremity. Aperture oval. Habitat mosses. Length
30 O 40 u.

Fic. 341. Trinemoe complomaium. 3 soo. (After Penard.)

2oi(130) 0 Oral EXtremity DATTOW. .+ = 20 o s+ s « 4+ o o+ & » I41
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141 (142) Plates distinct, large size. . . . Trinema enchelys Ehrenberg 1836.
The aperture is circular in this species and surrounded by a num-
bﬂ nf rows u[ ve minute chitinous plates. Pseudopodia very fine
long, usually few in number.  This is the most common s
n‘.r' th: Eenus an is found everywhere among mosses. Length 40 to
100 g

Fi1G. 342. Trinema enchelys. » 3ro. (Alfter Penard.)
142 (141) Plates indistinct, small size. . . . Trinema lineare Penard 18g0.

The plates of this small form are indistinct except about the edges,
where they may appear as minute undulations, The aperture is round.
Habitat as other species.  Length 16 to 20 p.

Fio. 343. Trinema lincare. % soo. (After Penard.)

143 (138) Shell shaped as Trinema; aperture subterminal; plates elongate.
Corythion Taranek.
Representative species. . . . . . Corythion dubium Taranek 1882,

In this species the shape of the aperture is characteristic, its border rep-

% resenting two unequal arcs placed together, the anterior one the longer.
The plates are close together but not overlapping. Habitat mosses.

Length 35 to 40 a.
Fic. 344. Corvthion dubiwm. X 375 (After Penard.)

144 (2) Pseudopodia usually anastomosing. . . . . . e R S ¢ 1

145 (158) Pseudopodia very delicate, usually finely hrnnched
Subclass Foraminifera . . 146
146 (147) Body without a covering; psr:udopodla formed from any part of
the surface. . . : . . . Biomyza Leidy.
Representative species. . . . . . mey:ca vagans Leidy 1875.

The body moves slowly but continuously, no l;ll!»tinl:t:lm

between ectoplasm and endoplasm served.
up:isa. lungﬂbmn:?:lmg angﬂn:lasmbmng, always 1:]1

ing. A granular nucleus and a number of wnt

vacuoles are present.  Habitat sphagnous swam Lug
individuals may measure 480 u between l:hn: i:lps of

paeudopodia.
Fic. 345. Biomyza vagans. ¥ 65. (After Penard.)

147 (146) Body with a distinct covering. . . . . . . . . SN a8
148 (153) Pseudopodia extending from more than one aperture. . . . 149
149 (152) Envelop elongate, compressed. . . Amphitrema Archer . . 150

150 (151) Envelop transparent, with no foreign particles attached.
Amphitrema flavum Archer 1878,

Pseudopodia straight, unbranched, extending from the nppnmte

poles of the envelop. Protoplasm alwavs enclosi
Nucleus single. One or more contractile nﬁm HAEI:IJ;’H

mosses.  Length 45 to 55 .
Fic. 346. Amphitrema fovwm. % 255, (After Penard.)

151 (150) Envelop with foreign particles attached.
Amphitrema wrightianum Archer 1870,
In this species the apertures at opposite poles are sur-
rounded by short collars. Chlorophyl alwu}:s:m pmnﬁ

Pseudopodia often branched. Nucleus single.
vacucles one or more. Habitat mosses. Length 65 to 70 .

F1G. 347. Amphitreme wrightionum. 3 215, (After Pepard.)




AMOEBOID PROTOZOA (SARCODINA) 233

152 (149) Envelop spherical. . . . . . . . . Diplophrys Barker.
Representative species. . . . . szfnpkrys archeri Barker 1868.

In this species the pcs:udopo-dm which are long and branched, extend
from nppumte poles of the envelop. The protoplasm always encloses
a large spherical globule usually vellow or brown in color. A nucleus

and one or more contractile vacu are present. Hahitat sphagnum.
Diameter 8 to 20 4.

Fic. 348. Diplophrys archeri. % 12300, (After Penard.)

153 (148) Pseudopodia extending from a single aperture. . . . . . . 1354

154 (155) Envelop very flexible, changeable in shape.
Lieberkiihnia Claparéde and Lachmann.
Representative species. . . Lieberkiihnia wageneri C. and L. 18358.

The envelop is normally iform but changeable in shape.
Pseudopodia long, anutomwpgtf extending from a protoplasmic
peduncle at the aperture. Nuclei as many as z00. Contractile
vacuoles numerous. Habitat mosses. Length b u.

Fic. 349. Licherkihnia wagemeri, x 130. (After Penard.)

155 (154) Envelop rigid or slightly flexible. . . . . . . . . . .. . 156
156 (157) Body filling the envelop. . . . . . Gromia Dujardin.
Representative species. . . . . Gromia ﬁuvmmu Dujardin 1841.

Envel g\l'rencal or ovoid, seldom changing shape. The outer
surface of t nnwr}ﬂp is covered by a delicate sheath of proto-
plasm in which minute granules circulate. Pseudopodia numerous,
anastomosing. Habitat among aquatic plants. Diameter go to
250 u. This species is identical with Gromia lerricola Leidy.

Fic. 350. Gromio furiatilis.  » 25. (After Leidy.)

157 (156) Body not filling the envelop. . . . . . Microgromia R. Hertwig.
ntative species. . . Microgromia socialis R. Hertwig 1874.

Envelop rigid with a short neck. Pseudopodia long, anastomosing, aris-
ing from a peduncle at the aperture. Sometimes colonies are formed.
Habitat standing water. Length 2o0u.  Conn rts a form from Con-
necticut which he refers to this species with some doubt as to its identity.

Fic. 351. Microgromia socializ. v, contractile vacuole; », nucleus. % 545,
{Alter Hertwig.)

158 (145) Pseudopodia ray-like, soft, and anastomosing when touching.

Subclass Proteomyxa . . 150
159 (160) Body amoeboid; endoplasm colorless. . . Nuclearia Cienkowsky.
Representative species. . . . Nuclearia simplex Cienkowsky 1863.

Body normally spherical but capable of changing shape. Pseudopodia
arising from all parts of the body. Nucleus central, contractile vacuoles
more than one. Diameter 20 to 50 5. Reported by Conn from Connecti-
cut.

F16. 353. Nuclearis simplex., ¥ as0. (After Conn.)
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174 (173) Spicules siliceous, in the form of plates and delicate radiating

spines. . . i . . . Acanthocystis Carter.
Representative sp-ccms : Acan!.lm::ysm #ﬁaﬂaﬁﬁw& Leidy 1874.
~ '|1 \ 'rill J .u

N Lt 8 /H The skeletal plates are oval, arranged tangentially. The

< W “-'(_' et 5 inous rays are of twolengl‘.hs the long ones acutely forked,

o e short ones widely forked at the distal extremities. Nucleus

o A Inrgn, usually no contractile vacuole, Endoplasm green in

= =7 color from enclosed chlorophyl. Habitat among aquatic
- =—. plants. Diameter of body 50 to 6o

\;'- = Fio. 360, Acanthocystis chaclophora, % aso. (After Leidy.)
AR
+ 0 III ':"l.l"l
175 (168) With a solid nnvelup, perfnrated for the pseudopodia. Sometimes
stalked. . . .+ . Order Desmothoraca.
One genus reported in North America. . . . Clathrulina Cienkowsky.
Envelop with a stalk,
Representative species. . . . . . Clathrulina elegans Cienkowsky 1867.

Envelop more or less chitinous, orated by numerous large, irreg-
ular openings.  Protoplasm not filling the envelop. Nucleus :ﬂm
One or more contractile vacuoles. Pseudopodia very delicate, appar-
ently without axial filaments. Habitat sphagnous swamps and among

aquatic plants; very common in some localities. Diameter of envelop
6o o 9o A,

Fic. 36y, Clothruling elegans, ¥ 130, (After Leidy.)
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CHAPTER IX
FLAGELLATE AND CILIATE PROTOZOA

(MASTIGOPHORA ET INFUSORIA)

By H. W. CONN AND C. H. EDMONDSON
Frafeszor of Bialogy, Wesleyan] Ll niversily Assistant Professor of Zoology, University of Oregon

By early observers the term Infusoria was applied to all minute
organisms found in water, including not only unicellular animals
but many minute plants and not a few multicellular animals, as
rotifiers, sponges, etc. Later the term was restricted to those one-
celled animals which are commonly found in standing water and
which move by means of long whip-like processes called flagella
or by shorter, hair-like structures called cilia.

At the present time the flagellated forms are included under the
subphylum Mastigophora and those possessing cilia, throughout
their entire existence or during their embryonic stage only, are
grouped under the subphylum Infusoria. Mastigophora and
Infusoria are of almost universal distribution, occurring in fresh
and salt water, abundant in clear pools and streams as well as
in stagnant bodies of water and also in infusions of plant or animal
macerations. Some are parasitic, living upon or within the bodies
of other animals. :

In the Mastigophora flagella are the characteristic structural
features. These structures are slender, flexible, whip-like processes
drawn out from the body, commonly at one end. The flagellum
when single is usually directed forward, and by a lashing movement,
a corkscrew twisting, or a mere vibration of its free distal end
draws the body forward. Flagella may be numerous and often
one or more are directed backward or trail at the side in addition
to those extended in advance.

That a close relationship exists between flagella and pseudopodia

is easily observed in a number of forms. Some low flagellates
238
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possess well-defined pseudopodia, and the flagella of these forms have
the appearance of permanent, specialized pseudopodia endowed
with the power of vibration. The interchanging of pseudopodia
and flagella has been referred to in the case of Vampyrella under
Sarcodina. The origin of the flagellum has been traced in some
forms to the region of the nucleus, which may be considered as
evidence in favor of its homology with the axial supports of
pseudopodia.

Cilia, which are the conspicuous and for diagnosis the special struc-
tural feature of the ciliates, as contrasted with flagella, are short,
hair-like processes. They arise from the ectoplasm, not origina-
ting from the deeper regions of the body as do flagella. Cilia may
be evenly distributed over the surface of the animal or restricted
to certain regions or zones. Often fusion of cilia takes place form-
ing vibrating membranelles or large bristle-like cirri or setae. By
tufts of cilia certain forms may be temporarily attached to supports.
Suctoria, in transition from the embryonic stages to the adult, lose
the covering of cilia which is replaced by hollow tentacles, capable
of extension and retraction. The tentacles may be pointed or dis-
tinctly capitate, the prey being pierced by them and its protoplasm
drawn through the hollow tubules into the body of the suctorian.

In Mastigophora and Infusoria the protoplasm is similar in
structure to that of lower Protozoa, being alveolar in character.
However, in these groups, the protoplasmic contents of the body
are not arranged in zones to the extent found in Sarcodina. Great
variation exists in the consistency of the body both in flagellates
and in ciliates. In some the body is soft and flexible, the ectoplasm
permitting rapid changes in shape or even the formation of pseud-
opodia; others are enclosed by inflexible membranes, sheaths, or
well-defined plates. Cup-like loricae are sometimes developed,
- to the inner surface of which the animal may be fixed, from which
it may project, and into which it may retract. In a few of the
flagellates a delicate collar is formed about the base of the flagellum.
The collar is very transparent, variable in size, and capable of being
retracted into the body protoplasm like a pseudopodium. '

Many flagellates and ciliates are free swimming, while some may
be temporarily fixed by cilia or flagella or by the adherence of a
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suriace to some support. Others are attached by stalks or pedicels
which may be rigid, flexible or, in some forms, as Vorticella, may
contract spirally. Special organs of defense are provided in a few
flagellates and many ciliates in the form of trichocysts or stinging,
thread-like structures. In at least one genus of flagellates, Poly-
krikos, the stinging threads are highly specialized, resembling
nematocysts of Coelenterata. As in Sarcodina, one or more con-
tractile vacuoles are usually present in the flagellates and ciliates,
their function being similar in all Protozoa.

Nuclei are present in all Mastigophora and Infusoria but con-
siderable structural variation exists with respect to them in these
two groups. In some flagellates the nucleus consists of scattered
or grouped particles of chromatin without a nuclear membrane,
while in many of the higher Infusoria it consists of a highly differ-
entiated, branched structure. Infusoria differ from other Proto-
zoa, with a few possible exceptions, in the possession of two kinds
of nuclei in each cell, a macronucleus and a micronucleus, the
former being concerned with the vegetative functions and asexual
division, the latter with sexual division. The macronucleus is the
larger and often varies greatly from the regular spherical type; the
micronucleus is usually very small, spherical, and in close contact
with the macronucleus. In but one flagellate, Polykrikos, has this
differentiation into two nuclei been found. In the key which
follows, wherever the term nucleus is mentioned, reference is made
to the macronucleus. In many forms of Mastigophora and In-
fusoria as well as Sarcodina, the nucleus encloses a spherical body
which functions as a division center. During the resting stage of
the cell the division center resembles a nucleolus in appearance, but
during mitosis it elongates, forming a spindle, and indirect division
comparable to that in the Metazoa occurs in some of the more
complex forms.

The endoplasm of many Mastigophora encloses colored corpuscles
or chromatophores, green, yellow, and brown being the prevailing
colors. The chromatophores themselves often enclose deeply
staining pyrenoid bodies which probably have to do with the con-
struction of starch. Other inclusions as oil droplets, paramylum
granules, allied to starch, and pigment spots are common in those
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forms containing chromatophores. The red “eye-spot” is usually
located at the anterior end of the body near the base of the flagellum
and probably functions as a sense organ, being stimulated by rays
of light. Chromatophores, oil droplets, and pigment spots may
sometimes be found in Infusoria but are much less common than
among the flagellates.

Generally speaking, the physiological processes in Mastigophora
and Infusoria are carried on precisely as in Sarcodina. The pres-
ence of chlorophyl in some of the flagellates makes possible the
synthesis of food from inorganic elements, but in many of these
forms and in nearly all of the ciliates distinct mouths are developed,
sometimes permanently open and sometimes open only while food
is being ingested. The symbiotic relationship exists with algae
in some species of ciliates also. Among Mastigophora food is
often whipped down by the flagellum to the soft ectoplasm at its
base where ingestion takes place. The delicate collars present in
some flagellates assist in food getting. Among ciliates the vibrat-
ing cilia, membranelles, and membranes serve to draw food toward
the animal by arousing currents of water. In Suctoria the tentacles
are organs for securing food, their distal extremities being provided
with openings through which the protoplasm of the prey is drawn.
Respiration and excretion are similar processes in all Protozoa.
The contractile vacuoles assist in the excretion of waste fluids and
probably of gases. In some Infusoria there are definite points on
the surface where waste solids pass from the body.

Among the Mastigophora,longitudinal fission is the predominating
method of reproduction, only a few forms dividing transversely.
Usually the chromatophores, “eye-spot” and pyrenoids, if present,
divide as well as the nucleus during reproduction. The flagellum
sometimes divides longitudinally, and in other forms is cast off,
new flagella being developed as the cells separate. In some cases
the “eye-spot,” pyrenoids, and flagella are duplicated before a
division of the cell commences. Many colonial forms of Masti-
gophora illustrate a highly specialized type of cell division similar
to that shown in a metazoan ovum. Among Infusoria simple
division is the predominating method of reproduction. Division
may be longitudinal, transverse, or diagonal, both nuclei dividing
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during the process, new structures such as mouth parts and con-
tractile vacuoles usually being formed as division goes on. The
production of swarm spores is common among the flagellates, occur-
ring either in the free swimming or encysted condition and develop-
ing into the adult either directly or after the fusion of two of them
has taken place. Swarm spores are produced in a few species of
ciliates during encystment.

Conjugation occurs in both Mastigophora and Infusoria. In
some cases the fusion is permanent; in others it is temporary, the
cells separating after an interchange of micronuclear material.
Conjugation may often be followed by either encystment or the
production of swarm spores, or both. Gametes of unequal size are
frequently produced, in some cases union between two small gametes
taking place, in others a large and a small one uniting. Among
Vorticellidae there is a complete fusion of the free-swimming micro-
gamete with the fixed macrogamete. In some of the more compli-
cated flagellates, as Volvox, phenomena closely resembling sexual
reproduction occur; sex cells are differentiated from somatic
cells, ova and sperm are developed, and new colonies are produced
as a result of fertilization. Encystment occurs in Mastigophora
and Infusoria as in Sarcodina, the condition sometimes being pre-
ceded by conjugation or followed by the formation of swarm
Spores.

In general, methods of collecting, studying and preserving
Sarcodina may be employed for Mastigophora and Infusoria.
However, these latter are often free-swimming, swift-moving forms,
and before any satisfactory study of them can be made their move-
ments must be retarded. An aqueous solution of gelatin will check
the movements without killing the animals if a solution of the right
consistency is used and this may be obtained by trial. Egg albumen
may be substituted for gelatin., A drop of very dilute methyl
alcohol added to the water containing Protozoa will usually nar-
cotize them. Evaporation of water from under the cover glass will
gradually retard their movements but the larger forms will soon
be crushed by the weight of the cover unless the latter is supported
by wax feet, bits of paper, or very thin glass. Fine capillary tubes
broken into short pieces make useful rollers on which the cover
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glass may be supported and the protozoan, if under the proper
pressure, may then be rotated for study from various aspects,

KEY TO NORTH AMERICAN FRESH-WATER MASTIGOPHORA

1 (131) Flagellated forms with animal characteristics predominating.
Class Zoomastigophora . . 2

Confessedly a poor definition, but no better can be given. The beginner will often be in
doubt whether forms under consideration are Qagellated animals (Mastigophora), or flagel-
lated plants (unicellular algac), or less freguently Aagellate stages (spores) of Protozoa and

Even authorities are not in agreement rdinﬁhe sition which should be

i to specific forms; thus the Velvocina are included in both Protophyta and Protozoa

in thiz book.
2 (r18) Without protoplasmic collars. . . Subclass Lissoflagellata . . 3
3 (36) Very plastic, often producing pseudopodia. Order Monadida . . 4
4 (15) Not forming colonies and without lorica. . . . . . . . . . .. 3
5 (12) Pseudopodia present; flagella, one or two.

Family RHIZOMASTIGIDAE . . 6
SRR BT AT FIRT PRRI L MR S5 S0 L L s v e v e 0T

7 (8) Pseudopadia lobe-like or pointed, sometimes branched.
Mastigamoeba Schultze.
Representative species. . . . . Mastigamoeba longifilum Stokes 1886,

Body wvery changeable in shape, often producing distinct
lopodia; movements usually slow, repent, but sometimes

the animal glides forward rapidly without pseudopodia being
formed. Flagellum long, very active. Nucleus small, near
the anterior extremity; contractile vacuole single, anterior in

: position. Length 12 to sou. Standing water, among decaying
vegetation.

Fio. 362, Mastigomoebs longifilum. X 1oco. (After Conn.)

8 (7) Pseudopodia ray-like, often capitate. . . . . . . Actinomonas Kent.
Representative species. . . . . . . Acfinomonas vernalis Stokes 188s.

Body subspherical, changeable in shape, free swimming or
temporarily attached by a short stalk, Pseudopodia few, radi-
ating from any part of the iphery, simple or branched.
Nucleus subcentral; mntrattim'ﬂcuﬂlﬂs several, Diameter
about 20 p.  Shallow ponds in early spring.

Fic. 363. Aclinomonas vernalis.  gp, contractile vacuole; m, nucleus.
¥ 000,  (After Stokes.)

BaaEEM e thaene fagellum. . . - T L D ccd v e s e s e s IO
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1o (11) Pseudopodia ray-like with swel]mga along their course. ella
directed forward. . . . . . Acinelaclis Sto
Representative species. . . . . © Acinetactis mirabilis Stokes 1886.

Body subspherical, soft, and plastic. Shurt. Inhm:e ujaeudupo-dla
often in addition to camtat-: rays. Flagella nsm.g
some distance from each other. Nucleus fe:ntn.l mcnt

oles two. Diameter about 12 . Stagnant p-mld water,

Fii. g6y,  Acimelactis mirabilis. ¥ yoo. (After Stokes.)

11 (10) Pseudopodia lobe-like. Flage]]a twu. one trailing. Cercobodo Kraas.
Representative species. . . .« o a e Cercobodo sp.

Species not determined.

Fic. 365, Cercobodo sp.  » 1350. (After Conn.)

12 (5) Plastic but not forming pseudopodia. Flagellum single.
Family CERCOMONADIDAE . . 13

13 (14) With a posterior tail-like filament. . . . . . Cercomonas Dujardin.
Representative species. . . Cercomonas longicaudata Dujardin 1841.

Body elongate-ovate, fusiform, terminating
posteriorly in a long, tail-like filament about
twice the length of the body. Nucleus spher-
ical, subcentral. Length 10 p. \fegetahle
infusions,

Fic. 366. Cercomonas longicondafs. cv, contractile
vacuole; o, nucleus. X 1300, (After Stein.)

14 (13) Without a tail-like filament. . . . . . . . Oikomonas Kent.
Representative species. . . . . . . . Oikomonas steinii Kent 1880,

Body, in motile condition, exceedingly plastic with a single
flagellum at the anterior end and a lip-like extension which as-
sists in taking food; in sedentary state, pyriform and attached

by posterior e:tre:mty Nucleus posteriorly located. Length,
when contracted, about 20 to 30 u. Vegetable infusions. Social.

Fio. 367. Oikomonas steindi. a-.'-:unuuﬂle vacuole; », nucleus.
¥ 440, (After Blochmann.)
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15 (4) Often forming colonies and often with lorica. . . . . . . . . . 16
16 (21) Loricapresent.. . . . . . . . . . Family BikoEcmaE . . 17
17 (z0) Not forming colonies. . . . . T A e 1
18 (19) Body attached in lorica by thread-hlte p-:duncle with peristome
- process. Two flagella. . . . . . Bicosoeca James-Clark.
Representative species. . . . . . . . Bicosoeca lepteca Stokes 1885,

Lorica subcylindrical with a very short neck in front; drawn out to an acute
point where attachment is made with the pedicel. Body ovate, obliguely
truncate in front and projecting slightly beyond the margin of the lorica whe:ﬂul]y

.a  extended. Flagella unequal. Nucleus near the middle of the body: two con-
tractile vacuoles. A chestnut-brown color of the lorica indicates old age. Length
L of lorica 15 to 18 . Pond water among algae.

Fi1c. 368. Bicesoeca lepleca. o, contractile vacuole; m, nucleus. ¥ B4o0.  (After Stokes.)

19 (18) Body not attached by thread-like peduncle, no peristome process.
Flagellum single. . . . . . Codonoeca James-Clark.
Representative species. . . . . Codonoeca inclinata Kent 1880.

Lorica ovate, attached obliquely to a pedicel twice its length. Body attached
to the :il::lr, inner surface of the lorica without a peduncle. Not projecting
hegr e margin of the lorica. Flagellum extending considerably I}n;,mnd

apertum A nucleus and a contractile vacuole in the posterior region of
the body. Length of lorica 15 4. Pond water.

Fio. 360. Codomoeca inclinata. cv, contractile vacuole. X 8ro.  (After Eent.)

20 (17) Forming colonies, with peristome projection.
- Stviobryon de Fromentel.
Representative species. . . Stylobryon petiolatum Dujardin 1838.

Each lorica wineglass-shaped, pointed posteriorly, attached to a pedicel
which arises from within the cavity of the associated lorica. Body pinshc
Flagella two, unequal in length. Length of lorica 3o to 5o p.  Pond water
Often subdividing by spores.

Fic. 370. Siylobryon petiolatum. cv, contractile vacuole; s, nucleus. ¥ 75. (Alter Kent.)
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28 (27) Free, like Monas, but with the anterior end oblique.
Plrysomonas Kent.

Representative species. . . . . . Physomonas elongata Stokes 1886,

Body elongate-ovate, changeable in shape; free-swimming or temporarily
attached by a very short pedicel. Flagella two, unequal. Contractile
vacuole anterior in position. Length about 12 g.  Swamp water.

Fio. 374. Physomonas elongala. cv, contractile vacuole; n, nucleus,
* 1000, (After Stokes.)

Forming colonies. Twoflagella. . . . . . . ... .. ... 30
30 (33) One zooid upon the end of each branch. . . . . . . . . .. . 31
31 (32) Pedicelrigid. . . . .. ... .+ . . Dendromonas Stein,
Representative spﬂcmﬁ .. . . Dendromonas virgaria Weisse 18453.

Body of zooud p[:,nionn, compressed, with an anterior,
lip-like projection the base of which arise the two
unequal flagella. Nucleus single; contractile vacuole one
or two. Colony branching dichotomously. A ‘colony may
include over one hundred zooids. Length of zooid 8 to 10 u.
Pond water.

.+ Fre. 375, Mﬂmrnﬁam Colony ¥ 16o; single zo0id X g35.
ter Blochmann,)

gaiia1) "Pedicel flexible. . . . .. . L . . . Ramosonema Kent.
Representative species. . . . . . . Ramosonema laxum Kent 1871.

Zooids pynform, compressed, obliquely truncate anteriorly. Pedicel
very slender, threadlike, A colony may include as many as twenty or
more zooids. Length of zooids 8 . Pond water.

FiG. 376. Romosoneéma lazum. cv.contractile vacuole; m, nucleus. Colony x 150;
= single zooid * 1eos. (Alter Keat.)

33 (30) Many zooids uponeachbranch. . . . . .. ... .. ... 34

34 (35) Stalk short, branching dichotomously once or twice.
Cephalothamnium Stein.
Representative species. . . Cephalothamnium caespitosum Kent 1850,

Zooids irregularly pyriform, in clusters of two or three
or as many as six or eight on the summit of a simple or
slightly branched pedicel. Pedicel very short. Length
of zooid about 6 . Fresh water, attached to Cyclops.

Fig. 377. Cephalothamnivm cacspilosum. ¥ 875, (Alter Conn.)
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59 (58)

60 (37)
61 (87)
62 (69)

63 (68)
64 (653)

65 (64)

66 (67)

67 (66)

Fig. 391.
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Body obovate, obliquely truncate in front; or subpyriform or sub-
spherical with a rounded front. . . . . Teframilus Perty.
Representative species. . . . . . Teframitus variabilis Stokes 1886.
Body changeable in form. Flagella subequal, inserted near the middle of the an-
terior er. Endoplasm granular. Contractile vacuoles two, near the front

border. Food received at any portion of the surface. Length 18 to 25 .. Stand-
ing water with decaying vegetation. :

Fic. 380. Teframifus variabilis. % 250, (After Stokes.)

Chromatophores usually present. TFlagella one or two.
Order Euglenida . . 61

Elongated forms usually with pointed posterior ends. Chromato-
phores usually green. Paramylin bodies present.

Family EUGLENIDAE . . 62

Nakedorwithverythincuticle. . . . . . . . . ... ... 63
Flagellumaingle: . . . ... . . . .. . .. : SN T
Attached by a branched staik usuall}r surrounded h}r a _]ﬁll‘j"-llkl! en-
BT s e Colacium Ehrenberg.
Representative species. . . . . . . . Colacium steinii Kent 1880,

So far as has been determined, no members of this genus have been reported in
North America. 5Several species have been reported in Europe. Usually
attached to Cyelops or other fresh-water crustaceans,

Fic. goe. Colacium steimii. % 350, (After Eent.)

Not attached and not surrounded by a jelly-like envelop. Large
forms, spindle-shaped, usually green, with an eye-spot.
Euglena Ehrenberg . . 66

Body rounded anteriorly, surface smooth.
Euglena viridis Ehrenberg 1830.

Body usually rounded anteriorly with a colorless, tail-like posterior pro-
longation. Surface smooth. Nucleus central; contractile vacuocle anterior.
Length 50 to 75 ». Common. The chlorophyl may at times be lost and
the species, no doubt, may then exist on organic substances.

Fic. 301. Euglena viridis. e, contractile vacuole; », nucleus; pam, paramylum;
8, stigma. X 4oo. (After Biochmann. )

Body cylindrical; surface beaded. Englena spirogyra Ehrenberg 1830,
Body elongate, cylindrical, with a
pointed, tail-like prolongation. Periphery
covered by oblique rows of minute bead-
like elevations. Color bright green.
b T Nucleus central, with an elongated starch-
S like body anterior and posterior to iL.
Euglena spirogyra. % 500, (After Conn.) Eye-spot near the base of the fagellum.
Length 100 to 200 u.  Among algae.
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70 (84) Posterior border acute or with a caudal appendage. . . . . . . 8o

8o (81) Ellipsoidal, slightly ﬂattened pnstenur end acute. Longitudinaily
or spirally marked. « v« s« Lepocindis Perty.
Representativespecies. . . . . . . . . . . . . . Lepocinclis sp.

Tﬁnus s '.rerj' closely related to, if not identical with, the precedi
form here represented is assigned to this genus b:.r Conn, wit
.-mmg doubit. Species not determined.

Fic. 398. Lepocincdiz sp. ¥ rooo. (After Conn.)

81 (80) Round to pear-shaped, asymmetntal much flattened; caudal process
present. . . . . . . Phacus Nitzsch . . 82

82 (83) Caudal process moderate; not large.
; Phacus pleuronectes Nitzsch 1816,

Tail-like projection usually curved. Surface longitudinally striated.
Endoplasm green, enclosing one or more large, amylaceous bodies. Flagel-
lum arises from a cleft-like mouth on the anterior border.  Length 25 to

75 u.  Among agquatic plants.
Fic. 300, Phacus plenronecies.  » 450.  (Adter Conn.)

83 (82) Caudal process long; size conspicuous.
Phacus longicandus Ehrenberg 1838,

Recognized by its large size and long caudal pro-

iect.m:n Body frequently twisted on 1ts longitudinal
axis. Length 100 4

F1c. goo. Phacus longicaudus. ¥ 3ro.  (After Conn.)

84 (79) Postennrendemﬂymnded S A NS e SN T 83

85 (86) Resembling Phacus but without caudal app{‘ndngc
Cyelanura Stokes.

Representative species. . . . . . Cydanura orbiculata Stokes 1886,

Body ovate or suborhicular, thick, compressed, with a longitudinal
keel across the right-hand side. Color green. Contractile vacuole
and eye-spot anteriorly placed. Length about 50 u.  Stagnant pond
water.

Fic. gor. Cydanura orbizalata, 2 335, (After Stokes.)

86 (8s) Oval in outlime, rigid, flattened. Chromatophores. green, two in
number, lateral in pesition. . . . Cryploglena Ehrenberg.
Representative species. . . . . Cryploglena pigra Ehrenberg 1331.

Flagellum single, short, Chromatophores band-like, following the
contour of the body. A scarlet eve-spot near the anterior extremity,
Length 12 x.  Fresh water.

- Fic. yo2. Cryploglena pigra. ¥ 1300, (After Conn.)
87 (61) Colorless forms without eye-spots. Often very plastic. . . . . 88

88 (101) Body elongate, usually with striped membrane. Nutrition sapro-
phytic. Flagella usually two. Family Astasmoaeg . . 8g
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%9 (04) Body flexible;one ortwo flagella. . . . . . . . . . . ... Q0
oo {pz) Flagella two. o ioain s 5hasiia ol b ol AR o1
o1 (gpz2) Secondary flagellum very small, directed backward. . Astasia Stein.

Representative species. . . . . Astasia trichophora Ehrenberg 1830.

Body elongate, usually wider posteriorly.
Primary flagellum v thick at the base and
long.  Nucleus cm! wntm:ult vacuole an-

.- ; ia iri : ; Iy located. : tended, 3o to
MMl “i'ﬁ‘!ﬁ:’&'ﬁﬁﬂ"” e :i:r:fr F{.‘.nn?;nnn among dnatzmin ant:l algae. g
g2 (g1) Secondary flagellum about half as lm:lg as the primary; both flagella
directed fnnvard as . . Distigma Ehrenberg.
Representative species. . . . . Burhgma proteus Ehrenberg 1830,

Body very plastic; when contracted, distended in one
or two regions. Endoplasm with dark-colored corpuscles.
Nuclens central; contractile vacuole in the anterior region.
Length, when extended, g5 u. Pond water,

Fic. yoq. Disligma profews. cv, contractile vacuole; m, nucleus;
#h, pharynx. X 330, (After Stein.)

93 (go) Flagellum single; body e]ungate tapering posteriorly. A long tubu-
lar pha:r}rnx S ; . . Atractonema Stein.
Representative species. . . . . . Alractonema tortuosa Stokes 188¢,

Body flexible but ms&mt in shape, colorless,
enclosing ohl dark-bordered corpuscles. Fla-
gcllumngtmut half as long as the body. Movements
rotary on the long axis. Length 50 to 80 . In
vegetable infusions.

Fic. 4o05. Alracionema forfuosa. ¥ 625, (After Stokes.)

g4 (80) Body not flexible. . . . . s asi T L
o5 (08) With longitudinal or spiral ridges. . . . . . . . . . . . .. 06

o6 (97) Elongate or crescentic, with four longitudinal ridges; flagella, two,
unequal. . . . . . Sphenomonas Stein.
Representative species. . Spkmmu gﬂ&dfﬂﬂgﬂlﬂfﬁ Stein 1878,

Body subfusiform, with the ridges fosming a quadrate outling in cross sec-
tion. Long flagellum stout, four times the length of the shorter one. A

large amylaceous corpuscle usually enclosed in the endoplasm. Length 40 5.
Fresh water.

FiG. 4a6, Sphenomonas quodrangularis. X 4o0.  (After Blitschli.)

07 (06) Nearly ellipsoidal, with many spiral ridges. . Tropidoscyphus Stein.
o8 (05) Withoutridges. . . . .- 4 o s s 0o v din e o oo 30s + 00
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99 (100) Resembling Sphenomonas, but without ridges; flagella two, unequal.
Clostonema Stokes.
Representative species. . . . . . Closlonema socialis Stokes 1886.

Body fusiform, with a shm't Tﬂ-ﬂﬂ{lﬂl" pnslcrinr prolongation. Primary flagel-
lum as long as the body; ari\:’o about one-fourth as long. A long, pha
ryngeal passage present. Length ut 20 u. In standing water,

F1e. 4o7. Closionema socialis. . ¥ 6oo,  (After Stokes.)

100 (0g) Resembling Clostenema, but with a single flagellum.
Menoidium Perty.
Representative species.
Menoidium pellucidum Perty 1852
Body lunate, obliquely truncated at the anterior extremity. Pos-
tertor end rounded. The short side of the body thin and sharp, the
long side rounded. Flagellum equalling the body in length, One or

more amylaceous corpuscles usuvally present. Length g0 to 60 p.
Fresh water.

Fro. 408, Menoidium pellucidum. > soe. (After Senn.)

101 (88) Body or plastic, usually symmetrical; one or two dissimilar
rﬂgel.la. deeply sunk in the body. Nutrition holozoic.

Family PERANEMIDAE . . 102
SEOTTE LT e S = ¢
TRETES R BSREINIRE = o s s h  a e R . o TO4

104 (105) Oval, flattened, very flexible; distinct phar}rnx and rod-like organ
back of the mouth. . . . . . . Peranema Dujardin.

’ Representative species.

Peranema trichophorum Ehrenberg 1838.

Cuticle finely marked spirally. Flagellum very long, vibratile at the tip
only. Nucleus central.

Fic. gou. Peranema irichophorum. 3 250, (After Conn.)

Conn reports a number of undetermined forms which bear considerable
resemblance to the above species and should, without doubt, be assigned
to the genus Peranema.

105 (104) Flask-shaped; neck-like anterior end with einngat-:d pharynx and
rod-like organ. . . . . . B R T L
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120 (121) No lorica, with or without a stalk. . . . . . Monosiga Kent.
Representative species. . . . . . . Monosiga ovata Kent 1880.

Body obovate, the broader end posterior; with a rigid pedicel nearly
equal to the body in length. Length of body about 6 x.  Reported by
Conn from the fresh waters of Connecticut.

Fio. g17. Monosiga ovals. ¥ 1oco.  (After Conn.)

121 (r20) With lorica, with or without a stalk. . . Salpingoeca James-Clark,
Representative species. . . .  Salpingoeca convallaria Stein 1878,

Lorica campanulate, pointed posteriorly, slightly constricted anteriorly.
Pedicel very slender and short.  Zooid nearly filling the lorica. Length of
lorica 15 to 25 p.  Attached to Epistylis.

Fic. 418, Salpingoeca convallaria. ¥ Goo. (After Kent.)

122 (119) Formingcolomies. . . . . . & o o o e L
123 (128) Without stalks. . . . . . . MR S
124 (127) Colonies enclosed in a gelatinousmass. . . . . . . . . . . 125

125 (126) Forming a flat colony in an irregular jelly. . Proferospongia Kent,
Representative species. . . . Proterospongia haeckeli Kent 1880,

Zooids F}-ﬁlorm, plastic; collar long, each zooid bearing a single flagel-

lum. Colony may contain as many as fifty or sixty zooids, but often not

more than six or eight. The gelatinous support very transparent.
Length of zooid 8 . Fresh water.

Fic. 419. Proterospongic haeckeli. 3 a7s5.

126 (125) Colony disk-shaped or arising from a funnel-like, open jelly tube.
Phalansterium Cienkowsky.

Representative species. . .  Phalansterium digitatum Stein 1878,

Zooids ovate, plastic. Flagellum two or three
times the length of the body. Jelly mass coarse,
granular, digitiform, and often branching, Length
of zooid 18 u. Fresh water.

Fi1. g10. Phalonsierium digilajum. X 400, (After
‘Biltschii)
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127 (124) Colony free, not enclosed by jelly. . . . . . . Hirmidium Perty.
Representative species. . . . . . Hirmidium inane Perty 1852,

| ! As many as eleven inﬂi'l{iduala may be included in the colony. Un-
der the name Desmarella irregularis, Stokes describes a form with fifty

individuals. Length of body, reported by Stokes, 8 to 12 g. Pond
water.

Fi1c. g21. Hirmidium inane. Colony X 155; single zooid » 325. (After Stein. )

B e T T L R s ot s s 5 v s e o e v e X20

129 (130) Stalk simple; many individuals borne at the end of the stalk.
Codosiga James-Clark.
Representative species. . . . Codosiga botrytis Ehrenberg 1838.

Bodies ovate; pedicel slender, n%ll Flagellum long. Collar
equalling the body in length. Length of zooid 1o to 15 5. Attached
to aguatic plants.

Kent reports that previous to encystment the collars and flagella
of this species may be withdrawn into the protoplasm of the bodies,
while the latter become covered with radiating pseudopodia. Occa-
gionally the pseudopodia are produced while the collar is ztill ex-
tended. Spores are formed during encystment.

Fic. 422, Codosige botrwtis. ¢ 350, (Alter Kent.)

130 (129) Stalk hranchmd with smgle individuals or groups on the end of
each branch. . Codonecladium Stein.
Representative species. . Codonocladium wmbellatum Tatem 1868,

oy ) Eent would refer this species to the genus Cedosigs, in which
Nl ,J genus some forms possess zooids with short pedicels attached to the
E# end of the main stalk.

Fi1o. 423. Codonocladium umbellatum. = soo. (Alfter Conn.)

131 (1) Plant characteristics evident; chromatophores usually present; often
producing colonies. . Class Phytomastigophora . . 132

132 (205) Body without a shell formed of plates; chromatophores yellow,
brown, or green. . . . Subclass Phytoflagellata . . 133

133 (164) Chromatophores usually yellow or brown.
Order Chrysofiagellida . . 134

134 (137) Body usually naked but may be enclosed in a jelly mass during
Y B O e e & 4 aam & m 135
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144 (143) Shaped as Cyathomonas, but with pharynx and without refractive
bodies. i . . . Chilomonas Ehrenberg.
Representative spet:its. . Chilomonas Fammcmm Ehrenberg 1831.

Baody clnn\?nte-nva.l anterior margin with a lip-like projection.  Flagella
subequal in length. Endoplasm usually enclosing dark-colored corpuscles.
Length 25 to 40 g, Stagnant infugions; very common.

Fic. g28. Chilomonas paramecium. ¥ 350. (After Conn.)

145 (142) With two brown or g:n:en chrurrmtﬂphnres Shaped as Chilo-
monas. . . . . Cryplomonas Ehrenberg.
Representative specu:& Cr_'.rp#ﬂmwm ovata Ehrenberg 1831,

Chlorophy] bands twe in number, extending longitudinally through the
body. Length s0..  Among algae

Fic. 420. Cryplomonas ovala. % 350. (After Coan.)

e L T L e D P Pl A 7 1

147 (154) Individuals imbedded in a gelatinous mass. . . . . . . . . 148

148 (140) Spherical colonies; individuals usually with two yellow chroma-
tophores and eye- SpCIL Free-swimming. Flagella two, un-
equal. . . . .« Uroglena Ehrenberg.

Representative SpﬁClE‘h. e Uragfem americana Calkins 18o1.

Cells very numerous, arranged around the periph-
ery of a gelatinous maszs. Postenior ends of the
cells rounded, with no means of connection with
each other except by the matrix.

Sometimes found in reservoirs, causing the water
to have a fishy taste.

Fic. a30. Uroglena americamg.  Individual cells % 1500,
(After Conn.)

e I e s B S I T S £ .

150 (151) Colonies of dichotomously branching tubes. . Clademonas Stein.
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151 (150) Colonies not of branching tubes. . . . . . . .. .. .. 152

152 (153) Colony in a gelatinous mass; variable in shape, thread-like, discoi-
al or round, hollow or sa-::—like. Individuals with two

equal flagella. . . . . . Spongomonas Stein.

Representative species. . . . . Sﬁmgﬂmtma.r discus Stein 1878,

Colony discoidal, gelatinous mass granular; zooids subspheroidal.
Flagella two or three times the length of the body. Length of
zooids 8 . Fresh water.

Fig. g31. Spongemonas disens. X 100, (After Blitschli.)

153 (152) Colony formed of jelly-like tubes, clusel:.r approximated; individuals

as in Spongomonas, . . . . Rhipidodendron Stein.
Representative species.

Rhipidodendron splendidum Stein 1878,

Tubules forming an erect branching colony. Zooids ovate or ellipti-
cal, usually in the distal extremity of the tubules. Flagella equal, twice
the length of the body.

The tubes being hollow are probably secreted or excreted from the
entire surfaces, rather than the pustenar extremities of the zumdn.
The tubes are usually rusty-brown in color and have a granular appea
ance. Sometimes as many as two hundred tubes are bound Logetht:r
in one mass.

Length of body 12 u.  Fresh*water.

F1G. 432. Rhipidodendron splendidum.  250. (After Stein.)

154 (147) Individuals not imbedded in a gelatinous mass. . . . . t Al 1

155 (156) Forming spherical colonies. About fifty individuals held loosely
together, each with a delicate membrane, often spiny.

gella two, unequal. . . . « . . Synura Ehrenberg.

Representative spe:cim. .o . . . Synura wvella Ehrenberg 1833.

Membranes pyriform, often with posterior stalk-like pro-
jections; surfaces spiny. Zooids nearly filling membranes.
Color bands two, extending along the lateral borders.
of body 30 u. Pond water.

Fic. 433. Swaurg weells. X 6oo. (After Conn.)
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167 (166) Body not enclosed by a lorica.

L ] L] L] #* & * Cﬂrmiﬂ' DiEs]‘I}EJ

168 (165) Flagella usually two; often forming colonies. . . . . . . . 16g
160 (180) Not forming colonies. ERCRBEY . . L 5. 170
170 (177) Body with closely attached cuticle. . . . . P e 171

171 (172) Usually without chromatophores; occasionally a colored eve-spot.
Ellipsoidal, two contractile vacuoles. . Polytoma Ehrenberg,

Representative species.

Length 20 to 30 a.

172 (171) With chromatophores. .

Polyloma wvella Ehrenberg 1838.

Flagella two, equal, longer than the body, both extending forward
with like flexures at their bases. Endoplasm usually granular.
Animal macerations.

Fic. 440, FPolvtopa uvells. % 1100, (After Conn.)

173

173 (174) Chromatophores numerous; one flagellum trailing.

Representative species.

F16. 441. Tremlonda flagellals. ¥ 400, (After Stokes.)

Trenfonia Stokes.
Trentonia flagellata Stokes 1886,

Body ovate, the anterior border oblique
and somewhat bilobate, the posterior ex-
tremity obtusely pointed. Flagella sub-
equal in length, one extending forward,
often rapidly and spirally  vibrating.
Mouth and pharynx conspicuous. Nu-
merous green chromatophores.  Length
Gou.  Pond water.

174 (173) Chromatophores few, sometimes wanting. . . . . . . . . 175

175 (176) Spherical or elliptical, with one large chromatophore. An eye-

spot present.
Representative species.

. Chlamydomoias Ehrenberg.

Chlamydomonas pulvisculus Ehrenberg 1383,

Fio. 442.

Chiamydomenos pulvisesiuz. = 1ooo.  [After Conn.)
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176 (175) Elongate, spindle-shaped; chmmatnphom two, ribbon-shaped;
eye-spot obscure. . . . . . Cﬂﬂr&ngmﬂl Stein.

Representative species.
Chlorangium stentorinum Ehrenberg 1838.

Flagella terminal, subequal.  Attached during the sedentary stage by a
short, thick pedicel, singly or in groups up to ten or twelve zooids. Length
24 p. Pond water, often attached to various Entomostraca.

Fic. 443. Chlorangium stentorinum. 3 375.  (Afler Stein.)

177 (170) Cuticle separated frombodymass. . . . . . . .. . . ., 178
178 (179) Cuticlesmooth. . . . . . . . . . . . . Haemolococcus Agardh.
179 (178) Cuticlerough. . . .. .. . . . .. . . . Coccomonas Stein.
8o (16g) Forming colonies. . . . . . o . 181
181 (186) Colonies plate-like with flagella upon one face only. . . . 182
182 (185) Colonies in a four-sided plate with envelop closel adherent.

Cells four or sixteen. . . . . . . Gonium M ot 183
183 (184) Fourcells. . . . . . . . . . Gonium sociale Dujardin 1838.
184 (183) Sixteencells. . . . . . . . . . Gonium peclorale Miiller 1773.

In this species each of the sixteen cells of the colony produces a
daughtcr colony of sixteen cells. As the daughter mlmlm develop, a

secondary shifting of the cells takes place resulting in individuals of
the adult colenies lying in one plane.

Frc. 444. Gomiwm peclorale. % 350. (After Stein.)

185 (182) Colonies in a rounded plate with envelop swollen, oval, or spherical.
! ] Stephanosphaera Cohn.
Representative species. . . Stephanosphaera pluvialis Cohn 1853,

Cells four or eight, ovoid or spindle-shaped,
with numerous processes.

This form representz a transition from a
rosette arrangement of cells to a spherical
aggregate, the units being in a
rosette but surrounded by a common gelati-
nous envelop.

. Plranas alis. A, -
tm?:uﬁhgfmutﬁ‘ sm’f:jl:ﬂ#:t?un“f. ll:h.t HH
rot colony of e ol
i b :.;:;r.mi! w;,zs (After Hicronymus.)

186 (181) Colonies spherical, ellipsoidal, or flattened, with flagella not confined
80 ODE FACE: v - .« conn oifin (om o i Y

187 (190) Colonies with cells crowded together. . . . . . . . N 1.9
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188 (18¢) Colony ellipsoidal or spherical with cells reaching toward the center.
Fandorina Bory de Saint Vincent.

Representative species.
Pandorina morum Bory de Saint Vincent 1824,

Cells sixteen or thirty-two; enclosed within a definite
membrane which does not touch the surface of the indi-
viduals. Each cell bears two long flagella,

Frc. 446. Pandoring merum. ¢v, contractile vacuole; si, stigma.
¥ 250,  (After Pringsheim.)

18¢ (188) Colony ellipsoidal with sixteen cells in four rows around a longi-
tudinal axis. Each cell bears four flagella.
Spondylomorum Ehrenberg.
Representative species.

Spondylomorum guaternariwm Ehrenberg 1848.

Reproduction occurs by the cells of the colony separating and
each individual building up a new colony by cell division.

Colonies often produced in large numbers in pond water.
Movements rapid, rotating on the long axis. Green in color.
Very favorable conditions are necessary in order that the flagella
may be seen and counted.

Fic. 447. Spondviomorum gualernorinm, », nucleus; o, stigma.
® 6oo.  (After Stein.)

190 (187) Colonies with cells not crowded together and not reaching toward
S U T A o S R ) |

191 (104) Colonies spherical, ellipsoidal, or flattened, with cells uniform in
B e a4 e eeens TOE

192 (193) Colony spherical or ellipsoidal; poles not differentiated by ar-
rangement or size of cells. No tails present.

Eudorina Ehrenberg.

Representative species. . . . Eudorina elegans Ehrenberg 1831.

Cells sixteen, thirty-two, or sixty-four; arranged around the

periphery of the jelly mass but not in contact with each other.
Each cell bears two flagella.

Fi:. 448. Eudoring elegons. ¥ 250. (From a specimen.)
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193 (192) Colony flattened, horseshoe-shaped, with poles differentiated by
' arrangement of cells. Tails at posterior end.

Platydorina Kofoid.

Representative species. . . . . Plaftydorina candate Kofoid 1399.

Colony slightly twisted in a left spiral. Cells sixteen or
thirty-two imbedded in a transparent, gelatinous matrix and
surrounded by a distinct sheath.

Each cell has two flagella, an eye-spot, a nucleus, and &
single chromatophore. Tails, in sixteen cell colonies, are
three in number; in thirty-two cell colonies five tails are
present.  Movement by rotation on the longitudinal axis.
Length 150 4. Plankton of nvers and lakes.

Fic. g49. FPlaiydoring candals. x 185. ([After Eofoid.)

194:(191) Colonies spherical or El]lpﬁmdal cells {llﬁercntmtﬂda.s to size and
function. . . . . EMPHRE o A0S R

195 (198) No protoplasmic processes connecting the cells. Small vegetahv&
cells at the anterior ]IE)IE large gonidial cells at the posterior
pole. . . . . . . Pleodorina Shaw . . 196

106 (197) Cells sixty-four or one hundred and twenty-eight, about equally
divided between large and small

Pleodorina californica Shaw 1893,

Colony spherical, with gonidial cells two or three
times the size of the vegetative cells. Cells biflagel-

late, not in contact with each other,

Reproduction asexual, by gonidial cells, in this and
other species of the genus.

Found in ponds, ditches, and streams.

Frc. g50. Pleodoring californice. % yoo. (Alter Shaw.)

197 (196) Cells thirty-two, rarely sixteen or sixty-four. Vegetative cells,
four in number. . . Pleodorina illinoisensis Kofoid 18¢8.

Colony ellipsoidal with cells arranged in five circles;
the polar circles with four cells each, the other three
circles with eight cells each. The gelatinous sheath
enclosing the colony is of two layers.

Gonidial cells much larger than vegetative cells, the
latter always directed forward during movement.

Each -::Hg with two ﬂa.e:ella an eye-spot, a nucleus,
and a single chroma

Average length 113 4. I'Ia.nktun of rivers,

Fio. 451.  Pleodoring illinoisensis. % 200.  (Aflter KEofoid.)
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108 (195) Protoplasmic processes connecting cells usually distinct.  Poles
of colony not differentiated by arrangement of vegetative

and gonidial cells. . . . . Volvox Leeuwenhoek . . 199
100 (204) Colonies with distinct protoplasmic processes connecting the
T S S T+
200 (203) Protoplasmic processes very stout. . . . . . . . . . . . 201
201 (202) Colonies dioecious. . . . . . . Volvox perglobator Powers 1908.

Colonies often exceeding 1 mm. in diameter. Owva or
oosperms not infrequently numbering several hundred in a
colony. Very common in the United States.

Fie. 352, Volvox perglobator. Colony with eight daughter cocnobia,
lta and protoplasmic processes not shown., X 500 (From a
prepared mount ).

202 (201) Colonies monoecious. . . . . Volvox globalor Lecuwenhoek 1788.

The common European species. About one-half the size of the preceding species, and con-
taining fewer reproductive cells. This species probably oceurs in the United States but, if so,
in much less abundance than Velvex perglobalor.

203 (200) Protoplasmic processes slender. .  Volvox aureus Ehrenberg 1838,

A typical European species but probably occurring in the United States also. Diameter
about 850 u.

204 (199) Colonies apparently without protoplasmic processes connecting
thecells. . . . . . Volvox spermalosphara Powers 1go8.

Monoecious forms with ripe sperms arranged in bundles
of 32, grouped in sperm spheres in the colonies. Mature

onies often exceed Goo g in diameter. Widely dis-
tributed in the United States.

Fic. 453 Volmwox spermatosphara. Colony with two daughter
coenobia, five egg cells and one sphere of sperm bumndles,
¥ 8o, (From a specimen.)

205 (132) Usually with an outer membrane or shell in the form of plates;
body usually furrowed; flagella two. Usually colored.
Subclass Dinoflagellida . . 206

200 (209) Without a membrane around thebody. . . . . . . . . . 207

207 (208) Cross furrow extending only around the left side; a longitudinal
furrow extending from the central end of the cross furrow to
the under part of the body. . . . . . Hemidinium Stein,
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INFUSORIA
1 (208) Cilia present during all stages of existence. . . Class Ciliata . . 2
2 (127) Body usually uniformly covered with cilia. . . . . . . 3
3 (ro4) Cilia similar or shght]y lengthened abnut the mouth; no a-:laral sp;ral
Zone. . . . Order Holotricha . . 4
4 (59} Without an undulatmg mtmbra.ne abaut the mouth. Mouth closed
except when taking food.  Suborder Gymnostomina . . 3
5 (6) With a shell of numerous plates arranged in zones around the body.
Cilia projecting between the plates. . . . Coleps Nitzsch.
Representative species, . . . . . . . Coleps hirtus Ehrenberg 1838.

COrvate, persistent in shape.  Mouth terminal, bordered by tooth-like
processes, and surrounded by cilia larger than those of the general
surface. Posterior border usually bearing spines. Length 6o u. Pond
water and old infusions.

Frc. 458, Coleps hirfus. ¥ 250, (After Conn.)

6 (3) W1t.houta,shell R 5
7 (12) With tentnclt—hke processes in addmun to the clha TR | - e Ll
8 (9) Tentacle process single. . . . . . . . . Ileonema Stokes.

Representative species. . . . . . . . Tleonema dispar Stokes 1885,

flask-shaped, flexible; flattened ventrally, convex dorsally, the
latter surface bearing a row of short, hair-like setae. Tentacle-like proc-
ess thick at the base, twisted, with a filamentous distal half. Nucleus
subcentral; contractile vacuole posterior. Length 120 u.  Among algae.

Fi1G. 450. lleonema dispar. X 185. (Alter Stokes.)

¢ (8) Tentacle processes more than one. . . . . . S o 10

10 (11) Tentacles very long and numerous, extcndmg b-clwi:cn 1I'u: cilia.
‘ Actinobolus Stein.
Representative species. . . . . . . Actinobolus radians Stein 1867.

Body ovate or subglobose, the anterior extremity pro-
duced as a snout-like projection which carries the mouth
and bears the retractile tentacles and cilia. Nucleus
band-like; contractile vacuole large.

Fie. 460, Achnobolus radions. Figure representing individual
Eiall'. mU'liLlh downward., Dimensions undetermined. (After
15
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21 (18) With a terminal bristle. Similar to Holophrya in shape.
Urotricha Claparéde and Lachmann.
Representative species.
Uroairicha farcta Claparéde and Lachmann 1858,

Body nhl:q“e striated; posterior bristle obliquely directed
when at rest. ’mgrmsmn ED slow forward movement or sud-
den leaps to one side. Mm.lr,h on a small circular prominence
at the anterior end. Length 20 u.  Pond water.  Balamniozoon
of Stokes agrees with this genus except that only the anterior
two-thirds is cilinted.

F1G. 465. Urolricka farcta. % 435. (After Conn.}
22 (17) Anterior end oblique. . . . . . . . RIS, iR . 23

23 (24) With a spiral series of long c1h=1 on f::lther s:de ﬂf a r!dgﬂ extending
rom the anterior border to the posterior extremity.

Perispira Stein.

Representative species. . . . . Perispira strephosoma Stokes 1886,

Body elongate-ovate. Cilia of the general surface very fine.
Proto Iu.sl:n lled with dark-colored corpuscles. Length 8o .
Standmg water with sphagnum.

Fic, 466, Perispira sirephosoma. ¥ 280,  (After Stokes.)

24 (23) Wlthuutaspual geniesofcilia. . . . . . . . . 28
25 (26) Elongated, with mouth shghtly on one 5]1']{:‘ um[c-rm l:||la1'.lf.m1 Nu-
gttg aiogler . . . . . . . Enchelys Hill.

Rﬁprmﬂt&uve species. . . . . . . Enchelys pupa Ehrenberg 1836.

Bo-tlﬂ.' inflated, slender anteriorly.  Often colored green.
about 200 u. Stagnant water.

Fic. 467. Enchelyvs pupa. » 130, (Alter Conn.)

26 (25) Elongate, sac-like, mouth occupying the oblique surface. Pharynx
slightly r_lf:v-::lnp-cd sometimes with rods. Nucleus bead-

RS L . . . Spathidinm Dujardin.
Reprealmta.u'fe species. . . . Tpmhtdmm sﬁmfm-l'ﬂ Dujardin 1841.
e Very difficult to distinguish from forms of the genus
Enchelys.
Fic. 468, Spalkidinm spathula. ¥ 250. (After Conn.)
27 (16) Wlthpha.rynxwelldweiupe{l PRSI A RS, L gl
28 (33) Bud}rgrcat!yelongﬂ,tﬂd................... 20
29 (32) Body flattened. . . . . . v airs i3

30 (31) Flask-shaped with an elnngated nch hLu anterior cnd Proboscis
short, retractile. Mouth terminal leading into a long
pharynx. . . . Trachelophyllum Claparéde and Lachmann.

Representative species. . Trachelophyllum tachyblastum Stokes 1884,

Body eight or ten times as long as broad; neck slender;
pharyngeal passage indistinet, narrow, longitudinally stri-
ate. Cilia of surface long, vibrating independently.

Muclei two, subcentral. Contractile vacuole posterior.
Length, extended, 120 to 150 g, Bottom of shallow poola.

Fic. 460. Trackelophyilum tackyblastunm. oo, contractile vacuole;
macn, macronucleus. X 250.  (After Stokes.)
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31 (30) Long, ribbon-like; no proboscis. Mouth terminal with an evident
pharynx. Nucleus in the posterior third of the body and a
row of minute vacuoles near one side. . Flexiphyllum Conn.

Representative species. . . . . Flexiphyllum elongatum Conn 1905.

Fic. 470, Fkﬁﬂyﬁundﬂdﬂu. ¥ 230, (After

32 (20) Body not flattened; with a long, highly contractile neck; a plug-
like pm]ectmn carrying the terminal mouth which is sur-
rounded by a crown of lnng cilia. Body longitudinally or
spirally striated. . . . . . . Lacrymaria Ehrenberg.

Representative species. . . . . . . . Lacrymaria olor Miiller 1786.

A common species found in pond water. TIts
swan-like appearance was suggested to the early
ohzervers by its graceful movemenis, as it swims
about extending its neck here and there in search of
food. Length, neck contracted, 50 to 70 p.

Fig. g71. Lacrymaria oler. ¢v, contractile vacuole; m, nu-
o, Bapanded. s o (AEE TR el tna-
tracted. X zo0. (After Conn.)

33 (28) Body not elongated, spherical to ovate; anterior end not oblique.
Mouth terminal or subterminal, pharynx usually with rods.

Nucleus ovate to ribbon-like. . . . Prorodon Ehrenberg.
Representative species. . . . . . . Prorodon ooum Ehrenberg 1833.

Body oval, evenly rounded at both ends; mouth eccentric, :i:ren-
ing into a conical pharynx which leads far into the body. Rods of

pharynx conspicuous.  Cilia of posterior border r. Mucleus
spherical, central. Contractile vacuole posterior. 125 .
Pond water.

Fic. 472, Prorodon ovwm. cv, contractile vacuole; macm, macro-
nucleus; micn, micronucleus. X 170, I.'Murﬁluchmm}

34 (13) Body asymmetrical with dorsal sidearched. . . . . . . . . . 35
35 (48) Mouth subterminal or terminal, body greatly elongated. . . . 36
36 (43) Mouth usually open, pharynx often rod-like. . . . . . . . . . 37
37 (42) Mouth subterminal. . . . . . . TR S e

38 (30) Anterior end hook-like, bent to the left; elongated, flattened, leaf-
like. Ventral surface flat with ciliated ribs; dorsal surface
curved, without cilia. Mouth on the left anterior edge, lead-
ing intoa pharynx. . . . . . . . . . Loxodes Ehrenberg.

Representative species. . . . . . . " Loxodes rostrum Miller 1786.

The body of this species is highly vesicular. Nuclei
may be two or more. Wrzesniowski has demonstrated a
racemose svstem of nuclei. Length 250 to 400 . At the
bottom of old infusions.

Fic. 473. Loxodes rostrum. % 250.  [After Conn.)

39 (38) Anteriorend nothook-like. . . . o « v v v v 0 v w0 we 40
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40 (41) Body not elongated; spherical to ovate, slightly flexible; a short
proboscis at the base of which is the mouth. Pharynx
withrada s . . . . . . . . Trachelius Schrank.

Representative species. . . . . Trachelius ovum Ehrenberg 1838.

Neck highly flexible. Mouth circular; pharynx with rods.
MNucleus central; contractile vacuoles numerous. Endoplasm
at the inner end of the pharynx usually spreads out into four
or five broadly diverging ramifications. Length joou. Fresh
water.

Fic. 474. Trachelins oowm. » 85, (Alter Blochmann.)

41 (40) Body greatly elongated, band-like, very flexible; proboscis long with
mouth at the base and a row of long cilia along its ventral
gide, . . . . Dileptus Dujardin.

Representative spcnm ﬂd&p{us gzgas Cl,apa,récle and Lachmann 1858,

Body somewhat compressed, often with a pointed,
tail-like prolongation. A prominent shoulder or
hump often incicates the position of the mouth.
Nucleus moniliform, very long. Contractile vacuoles
numerous in a dorsal row. Trichocysts on the ven-
tral surface of the neck. Length 500 to 8oo u.  Pond
water.

Fic. 475. Dileptus gigas. % 110, (After Coon.)
42 (37) Mouth terminal; body eIongated with a long proboscis. Nucleus

double. . . . . . Lionotopsis Conn.
Representative species. . . . . . . . quampﬂs anser Conn 1go;3.

F1c. 476. Lionolopsis anser. ¥ 230, (After Conn.)

43 (36) Mouth usually closed; pharynx when present, without rods. . . 44

44 (45) With a broad hyaline border; body flattened; proboscis short, mouth
on the left side. Trichocysts well developed on the right
side. . . S . . Loxophyllum Dujardin.

Representative specles o Lampf;}-ffnm rostratum Cohn 1866.

Anterior extremity prolonged into a dorsally re-

flected, uncinate rostrum. Cilia of anterior region

longer. Middle of the dorsal border crenulate, the row

of trichocysts extending from this region forwand

nearly to the t'tP of the rostrum. Nuclei multiple,
e

: central; a number of contractile vesicles posterior.
Fio. 477. L""Eﬂw“&“ "nn"i""""" * 200. Length 190 x. Recorded by Conn from the fresh
: waters of Connecticut.

45 (44) Without a broad hyaline border. . . . . . 46

45 (47) Body flattened, elongated with an acute pmhosr:ls at l‘,ht: base of
which is the mouth. Nucleus single or double.

; Amphile ptus Ehrenberg.

Representative species. . . . . . . . Amphileptus gutta Cohn 1866.

Mouth about one-third the length of the body from the

anterior end. Pharynx a short smooth tube. Cilia even all

over the body, Nucleus-like corpuscles scattered throughout

the cortical regmn Contractile wvacuole single, posterior.

Length 125 p. Forted by Conn from Connecticut. Cohn
reports the species from zalt water.

Fic. 478. Amphilepius gufta. % 335. (After Conn.)




2 ?f} FRESH-WATER BIOLOGY

47 (46) Body flattened ventrally, convex dorsally. With a long neck and
usually a tail-likke prolongation both of which are hyaline.
Mouth a slit at the base of the neck, often invisible. Nuclei

usually two; contractile vacuole posterior.

Lionotus Wrzesniowski.

Representative species. . . . . . Lionotus wrsesniovskii Kent 1882,

*—{%—-; ===n Fic. 379. Lionofus wreesnimoskii. v, contractile
3 vacuole. ¥ 125. (After Kent.)

48 (35) Mouth usually somewhat posterior, and often with a phar}rn: body
oval or kidney-shaped. . . . . . et g YD

49 (50) Body completely ciliated, cylindrical to ovate, rounded pnsteriurly.
Mouth about one-third of the way from the anterior end;
pharynx with rods. . . . . . . Nassula Ehrl.'.nberg

Representative species. . . . . Nassula ornata Ehrenberg 1838.

Usually some shade of red or brown in color. Nucleus
large, spherical, posteriorly located.  Contractile vacuole
single. Length zee u. Among algae

Fic. 4o, Nawula ormata.  Inact of feeding. 3 325. (After
Conn.)

50 (40) Body not completely ciliated; cilia ventralonly. . . . . . . . 51
51 (56) Body flattened. . . . B g, L
52 (55) Mouth in the anterior half of thc bﬂdy R b Tl
53 (54) Body with convex dorsal and flattened or slightly concave wventral
surface. Pharynx with rods. . . . . Chilodon Ehrenberg.

Representative species. . . . . . Chilodon cucullulus Miiller 1786.

The lip-like extension prominent, a groove leading from it to the
mouth.  Nucleus oval near the inner end of the pharynx. Contractile
vacuoles numerous. Length 125 to 200 . Stagnant water and among
algae.

Fic. 481. Chilodom cucullulus, ev, contractile vacuole; marm, macronucleus;
mic, micronucleus, % 1re.  (After Blochmann.)

54 (53) Body with ridges on dorsal and ventral surfaces, crenate in cross
section, pharynx with rods. . . . . Chilodonopsis Conn.
Rs:presuntutive species. . . . . . Chilodonopsis crenula Conn 1905,

Fio. 482, Chilodonapsis cremudas. % 335, (After Coon.)

55 (52) Mouth in the posterior half of the body. . . . . Opistheden Stein.
g6 (51} Bodynotdlattened. . © 50 0 s o ahiih e Rt
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57 (58) Body purse-shaped. . . . . . . . . . . . . . Phascolodon Stein.

58 (s7) Body ovate or nearly spherical in outline with a slight lip at the
anterior end. Mouth at the base of the lip with no evident
pharynx. Cilia ventral in six rows. . . . Hexofricha Conn.

Representative species. . . . . . . Hexotricha globosa Conn 1gos.

Fro. 483, Hexatricha globosa. Lateral and end views. v, contractile
vacuole; =, mouth.  335. (After Conn.)

50 (4) Usually with an undulating membrane or membranes about the mouth.
Mouth always open. . . . Suborder Trichostomina . . 6o

6o (87) Peristome usually absent; with or without undulating membranes. 61
61 (70) Without an undulating membrane; pharynx present. . . . . . 62

62 (65) One or two broad zones of strong cilia about the bu-r:ly; with a tail-
like tuft of cilia. . . . . i : p P WL <63

63 (64) Two broad zones of strong cilia a.'lmut the 'Im-dy Body cylindrical,
with mouth posterior leading into a short pharynx. An-
terior part of the body uniformly ciliated. A band of
strong cilia near the middle and posterior end.

Urocentrum Nitzsch.
Representative species. . . . . . . Urocentrum lurbo Miiller 1786.

Body broadly rounded anteriorly, rounded or truncate posteriorly.
Movement by a rotation on the long axis or swiftly darting from side
to side. Contractile vacuole posterior with the band-like nucleus
curved about it. Length 100 u. Pond water.

Fic. 485, Urocemirum furbe. cv, contractile vacuole; », nucleus. x 200,
{After Kent.)

64 (63) With an oblique circle of strong cilia near the anterior end. Body
somewhat pyriform, rigid, finely ciliated. Two groove-like
canals encircling the body. Mouth wventral, posterior to
the grooves and leading into a short pharynx.

Caleeolus Diesing.
Representative species. . . Calceolus cypripedinm James-Clark 1866.

Color light brown. Very similar in movement to Urocenirum lurbo,
Length 8o to 160 . Fresh water.

Fio. 485, Calceolus c_'r#lpbi'll-ﬂ cv, contractile vacuole; mach, macronucleus.
w o0, (After Kent.)
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65 (62) No zones of strong cilia about the body. . . . . . . 66
66 (67) Mouth covering the whole oblique anterior end. Body usualljr oval
or purse-shaped. . . . . . Leucophrys Ehrenberg
Representative species. . . . . Lsu-::apflr}rs patula Ehrenberg 1333
: S Body oval; pharynx tubular, curved. MNucleus band-
like, central. C!:mtramle vacuole posterior. Length 200 .
Among algae.

Fic. 486. Leucophrys pafuls. X 150.  (After Kent.)

67 (66) Mouth at some distance from the anteriorend. . . . . . . . 68
68 (69) Body ellipsoidal, ciliation regular, mouth a crescent-shaped or spiral
slit leading into a pharynx. . . . Ophryoglena Ehrenberg,

Represenl;a.twe species. . . . . . Ophryeglena atra Ehrenberg 1838.

Body with posterior extremity pointed. Endoplasm usually

ue, with a dark blue pigment spot in’ the anterior region.
i‘fageus round, posterior; contractile vacucle central. Length 125

to 150 u.  Stagnant water.

Fic. 487. Oﬂrﬁwim afra, v, contractile lvacuole; macn, macronucleus.
» 200, (After £

69 (68) Body laterally compressed, ovate, with the dorsal surface rounded.
Mouth one-third of the distance from the anterior end, with
a few, long, fine cilia on its superior wall or roof.

Col Miiller.
Representative species. . . . . . . Colpoda campyla Stokes 1886.
- Length of body 55 u. Standing water with dead

leaves.

Fic. 488. Colpoda compyla. X 6oo. (After Conn.)

7o (61) With one or more undulating membranes. . . . . . . NG T
71 (76) One membrane present. . . . . . . . i R e RS ST
w2z (75) Mouthnot terminal. . .". . . . o . .. 7 e U L ey

73 (74) Body not flexible; mouth lateral, triangular, following a small peri-
stome and with an undulating membrane in front. Body
similar to Colpoda, but less compressed. . Colpidium Stein.

Representative species. . . . . . Colpidium striatum Stokes 1886.

Body twice as long as broad, striated longitudinally, an-
terior extremity curved uemrnlly Nucleus subcentral;
contractile vacuole posterior, often leaving several small
vacuoles after contraction. Length 5o . fnhm‘uns..

FiG. 489, Colpidium sirigium, ¥ s00. (After Edmondson.)
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82 (81) Body elongate, nearly cylindrical, the anterior extremity truncate.
and slightly curved; a short, curved seta borne on either
side near the anterior end. A long, straight bristle extend-
ing from the posteriorend. . . . . . . Loxocephalus Kent.

Representative species. . . . . Loxocephalus granulosus Kent 1882,
Endoplasm granular, mouth on the oblique anterior bor-
der although quite indistinct. Nucleus spherical, central.

Contractile vacuole posterior. Length 40 to 70 u.  Often

abundant among decaying vegetable matter. Conjugation
readily occurs in infusions.

Fic. gus. Lozocephalus gramulosus. % 375, (Alter Edmondson.)

83 (80) Like Uronema, but with an anterior, spiral row of long cilia.
Dexiotricha Stokes.
Representative species. . . . . . . Dexiolricha plagia Stokes 1835
Body about three times as long as broad, bearing minut
hemispherical protuberances. Cilia setae-like; l row of :ﬂull:lle
setae extending from the margin of the mouth |g‘
the right-hand side of the anterior half of the body.
subcentral; contractile vacuole posterior. Length 6o x.  Pond
water.
Fio. g4o05. Deriotriche plagia. > 315.  (After Stokes.)

84 (70) Without a posterior bristle. . . . . . 2 . 8s

85 (86) Ellipsoidal to elongate, somewhat acute behind. Mouth lateral,
surrounded by a furrow which extends backward. Phar;,rn:
short withrods. . . . . . . . . . Fronlonia Ehrenherg

Representative species. . . . . Frmmum lencas Ehrenberg 183

Body elongate-oval, wider anteriorly. Mouth a slit anterior to the
middle of the body. Cilia fine, in longitudinal rows. tractile
vacuoles, usually two. Trichocysts numerous. Length 250 to 300 u.
Stagnant water.

Fio. 4o06. Fromfomia lewcas. ¢, canal; N, macronucleus; s, micronucleus;
», vacuole. X 165, {Mtll' Ealklll.'i]

86 (85) Owate, flattened, rounded at each end. Mouth triangular or crescent-
shaped, lateral, in front of the middle of the body.
Glaucoma Ehrenberg.

Representative species. . . . Glaucoma scintillans Ehrenberg 1830.

The vibratile membranes extending around the mouth d)re-
senting a bilabial appearance. Nucleus large, central,

tractile vacuole posterior. Length 75 u. Iniusions.

Fic. 497. Glancoma scintillans. cv, contractile vacuole; macs. macro=
nucleus; mics, micronucleus. ¥ gso.  (After Blitschli.)
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87 (60) With a well-developed peristome. . . . Bt el i - B8
88 (ro1) Mouth not posterior to the middle of the bnd)r o g P .|
89 (g08) Not surrounded by a lorica or gelatinous sheath. . . . . 00

go (91) Peristome oblique. Body elongated, slightly flattened, munded at
both ends or slightly truncated in front. Mouth followed

by a short pharynx; ciliation regular. . Paramoecium Stein.

Representative species. . . Paramoecium cawdatum Ehrenberg 1838,

Perha.pa the most familiar ciliated protozoon known.
Body with a large central macronueleus and a small
micronucleus, and a contractile vacuole in either
extremity. Abundantly supplied with trichocysts.
Length variable, average 250 u. Everywhere in in-
fusions.

Fic. 408. Paramoccinm cawdaium. > 170. (Alter Conn.)

o1 (go) Peristome not oblique. . . . . SRR TN e <D
92 (07) With one or more membranes well devc!nped in the peristome. . g3

93 (04) Peristome very broad and conspicuous, occupying the entire right
side. Body oval, flattened ventrally, convex dorsally; an-
terior end oblique, posterior end acute. A tuft of long cilia
extends from the posterior end. . . . . Lembadion Perty.

Representative species. . . . . . Lembadion bullinum Perty 1840.

Mucleus elongated, curved in the posterior region on the lelt side; con-
tractile vacuole opposite the nuclens, When stimulated the animal swims
rapidly backward rotating on its long axis. Length 5o to 100 p. Among
aquatic plants in pond water.

Hymenostoma Stokes differs from Lembadion in the more posterior, ven-
tral position of the mouth, the greater lemgth of the adoral cilia, the
abruptly narrowing membrane and the double contractile vacuole,

Fio. quo. Lembadion bullfnum. macn, macronucleus; mics, micronucleus.  x 250.
{After Blochmann.)

04 (03) Peristome not broad and conspicuous. . . . . . . .. . . : 03

95 (96) Without a long, posterior bristle. Peristome parallel to the right
side with a large projecting membrane. Body oval, flat-
tened dorso-ventrally. Cilia very long.

Pleuronema Dujardin.
Representative species. . . . Plewronema chrysalis Ehrenberg 1838,

Ciliain length nearly one-half the diameter of the body, stiffened,
setae-like.  Nucleus central; mntrat’r_il&\ammle anterior. Lengih

75 to 125 u. Fresh water. Stokes recognizes two separate gen-
era, Hisiriohalantidium, with long “-tluwoﬂ‘hﬂu‘- among the cilia
over the whole body, and Bothrostoma, with a long terminal tufi
of cilia. Bitschhi places them both under Plewronenta.

F1o. soo. Plewronema chrysalis. maen, macronucleus; micn, micronucleus,
¥® 225. (After Blochmann.)
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96 (95) Like Pleuronema but with a shorter peristome and one or more long
posterior bristles. . . . Cyclidium Ehrenberg.

Representative species. . . . Cychdmm glaucoma Ehrenberg 1838.

Cilia long and rigid, in longitudinal rows. Nucleus central;
contractile vacuole posterior. Length 20 u. Very abundant in
stagnant water.

Fic. so1. Cyelidium glawcoma, x 625, {After Edmondson.)

07 (92) Without an oral membrane. Body ovate; mouth ventral at the
posterior end of a longitudinal groove which bears on its
right-hand border a row of large, arcuately curved setose
cilia. diminishing in length toward the mouth. A long
bristle extending from the posterior end of the body.

Ctedoctema Stokes.
Representative species. . . . Cledoctema acanthocrypta Stokes 1884.

Often very abundant among fresh-water algae.
Trichocysts are numerous and very stout. Length
of body 25 u.

Fug. 502, Cledoclema acanthocrypla, % 875, (After Stokes.)

08 (8¢) With a lorica or gelatinous sheath. . . . . . . . . . . . . . 00

09 (100) Enclosed in a lorica. Animal similar to Plewronema. Lorica oblong-
ovate, hyaline, with tapering extremities, the terminal aper-
tures about half as wide as the center of the sheath. Animal
very active within the lorica. . . . . Calyplotricha Philli

Representative species. . . . Calyplotricha inhaesa Stokes 1

Eellicott reports this species from Ontario. Length of lorica 180 to 200 a.
Enclosed animal 3o u. Attached laterally to algae.

Fic. so3. Calyploiricha inhaesa, % 1oo. (After Eellicott.)

100 (0g) Enclosed in a gelatinous sheath to which the animal is not attached.
Body ovate; mouth ventral, at the end of a groove on the
margin of which is a series of strong cilia. A tuft of long,
curved cilia extends from the anterior extremity.

Cyriolophosis Stokes.
Repreaentahve species. . . . Cyrtolophosis mucicola Stokes 1885,

A strange form not uncommon among algae, When the animal
comes to rest, a transparent, sticky substance seems to be exuded
from the I:'-u-clg,r which becomes granular, due to excreta, bacteria
and other foreign bodies which adhere to it. When disturbed
the animal glides out of its covering and another is constructed.
A temporary colony may be built up by the adherence of several
gelatinous sheaths. Length of body 25 ..

: Fio. soy. Cyrlolophosis mucicols. % 875.  (After Stokes.)
ror1 (88) Muuth at the posterior end of the body. . . . . . . vt D08
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102 (103) Body flattened, oval, with spiral furrows. Peristome with a vi-
brating membrane posterior leading into the mouth. A
tuft of long bristles at the posterior end of the body.

Cinetochilum Perty.
Representative species.
Cinelochilum margaritaceum Ehrenberg 1838.

Contractile vacuole posterior, opposite the mouth, with nucleus an-
terior to it. Length 3o u. Very common in pond water.

Fic. s05. Cinelockilum margarilacewm. * 500.  (After Biitschli.)

103 (102) Body nearly oval, ventral surface flat, ciliated; dorsal surface
curved, with three longitudinal grooves. Mouth posterior
on the left side, with a small, vibrating membrane.

_ 3 Microthorax Engelmann.
Representative species. . . Microthorax sulcatus Engelmann 1862.

Associated with the preceding species.  Length 40 to 60 .

FiG. sob. Microthoraz suleatus. ¢ 310, (After Kent.)

104 (3) An adoral zone present consisting of cilia fused together into mem-

brapellae. . . . . . . . . . Order Heterotricha . . 105
105 (120) With a uniform coveringof cilia. . . . . . . . . . . . . 106
106 (115) Peristome not confined to the anterior border of the body. . 107
107 (112) Peristome a long, narrow furrow. . . . . . . . . . . . . 108
108 (111) With an undulating membrane. . . . . . . . . . L o L

109 (110) Body flattened, narrow and hook-like in front. Mouth near the
middle of the body at the end of the narrow peristome.
Membranellae on the leit wall of the peristome, on the right
an undulating membrane. Colored. . Blepharisma Perty.

Representative species. . . Blepharisma lateritia Ehrenberg 1338,

Body usually truncate behind: nucleus in the anterior half of the body. Contrac-
tile vacuole posterior.  Color, peach-bloom. Length 150 5. Among aquatic plants.

Fic. s07. Blepharisma laleritia, % 180, (After Stein.)
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110 (109) Body spiral, cylindrical, somewhat pointed at both ends, but con-
tractile; peristome spiral with the mouth near the middle
of the body. Membranellae on the leit side of the peri-
stome, a membrane on the right side.

Metopus Claparéde and Lachmann.
Representative species. . . . . . Melopus sigmoides Miiller 1786.

Cilia usually longer at the posterior end. A mass of dark pigment gran-
ules in the anterior extremity. Nucleus oval. central: contractile vacuole

i posterior. Length 100 to 200 . At the bottom of infusions. Melopides
PV ecn  ocmwminale Stokes differs from the above species in the posterior, tail-like
A p;ui]ol:gqtinp from which extend a number of long bristles. It is also
g rin size.

Fic. 508, Melopus sigmoides. oo, contractile vacuole: macs, macronucleus. ¥ 230,
"  (Alker Steln.)

111 (108) Without an undulating membrane. Body greatly elongated, cyl-
indrical, contractile. Peristome reaching to the middle of
the body. Strong membranellae on the left side of the peri-
stome. Body spirally striated. . . Spirostomum Ehrenberg.

Representative species. . Spirostomum ambiguum Ehrenberg 1835.

Body ten to fifteen times as
broad, but readily contracting into a nn:
spiral body. Nucleus moniliform. Con-
- tractile vacuole posterior, extending for-
. s m“:: ash: l:ﬂnalL Extended body may
Fic. sou. Spirostomum ambiguum. oo, contractile \ra:ude reach 2800 4 in length. Common among
Swm&ma.tnmud:us.ﬂ ¥ 3o. ([After Kent.) aquatic plants.

112 (107) Peristome a broad triangular area, deeply sunken. . . . . . 113

113 (r14) With an undulating membrane on the right side of the peristome.
Body cylindrical or purse-shaped, sometimes contractile.

Peristome broad in front extending one-third the length of

theibody: e, e, T . . Cendylostoma Dujardin.

Representative species. . . . . Cmdy!asmum patens Miiller 1786.

Body broadly ovate, widest posteriorly. Peristome broadly triangular,
extending about half the length of the body. Nucleus moniliform; con-
tractile vacuole irregular. Length 200 . Stagnant water.

Fro. s1o.  Condylostoma patens.  sacn, macronucleus; &, undulating membrane.
¥ 105. (After Eent.)
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114 (113) Without an undulating membrane in the peristome. Body purse-

shaped, oblique in front; peristome funnel-shaped, open-
ing on the ventral side by a slit reaching as far as the
middle of the body. Membranellae on the left side of

the peristome. . . . . . . Bursaria Miiller.
Representative spemes,

Bursaria truncatella Miiller 1786.

Nugcleus band-like; contractile vacuoles numerous. Length z00
to oo p.  Pond water.

FiG. s11. Bursaria frumcatella. oo, contractile vacuole; macn, macronucleus.
¥ 35. (After Kent.)

115 (106) Peristome confined to the anterior border of the body, with its
E‘I)a.dne nearl_',r at rlght angles to the Inngltudmai axis of the
¥ 20 - : e 116

116 (119) Posterior end not prod.ul:td into a tail-like process. . . . . . 117

117 (118) Body purse-shaped, slightly flattened, anterior end oblique.
Peristome enclosing most of the anterior end of the body.
Climacostomum Stein.

118 (117) Body funnel-shaped when extended, fixed or free-swimming, some-
times enclosed in a jelly-like lorica. Peristome, the ante-
rior expanded surface with a spiral row of strong cilia
around its border; the left end of the spiral being the lower,
leading into the mouth and short pharynx. Surface finely
ciliate sometimes bearing, in addition, long slender bristles.
Stentor Oken.
Representative species. . Stentor polymorphus Miiller 1786.

Body usually containing a cortical layer of chlorophyl granules.
Nucleus moniliform. Length, extended, 1200 x. Among aquatic plants
and in infusions. Sometimes found in gelatinous masses on leaves and
roots of water plants.

_ Another fresh-water form, Stentor coerulens Ehrenberg, blue in color,
is also common.

Fio. s12.  Stemior polymorphus. cv, contractile vacuole; macms, macronucleus,
* zo0. (After Kent.)

119 (116) Posterior end produced into a tail-like process; anterior region
helmet-like, rounded anteriorly with a free posterior margin.
Mouth ventral in a ciliated groove. Cilia extending from
the mouth in a spiral across the anterior border and around
the free margin of the anterior portion.

Caenomorpha Perty.
Representative species. Caenomorpha medusula Perty 1840.

Movements swilt, rotating on the long axis. Length, with tail,
100 to 130 p. Standing water.

FiG. 513. Coeenmomorpha medusula. » 200, (After Stein.)

120 (105) Cilia restricted to certain limited areas or zones. . . . . . 121

sar (g Body not ina loxica, o s lapre wdms e ow st e v e aoa 133
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136 (137) Peristome with an undulating membrane, body flexible. Three or
more frontal styles. Five to twelve anal styles in an oblique
row extending to the left. Peristome an elongated triangle.

Urosivia Ehrenberg.
Representative species. . . . . Urostvia trichogaster Stokes 1885,

Ventral surface with closely approximated rows
of ine cilia. Anal styles ten or twelve in number.
Nucleus single, according to Stokes.  Contractile
vacuole single, to the lelt of the peristome.
Length 250 to 300 u. Vegetable infusions.
: Hemiciplosivla Stokes agrees with Uresfwla, but

i has no anal styles.
Fio. sx7. Urosivla trickogaster. 3 150,  (After Conn found two nuclei in his form and states that
Conn.) it may be a variety of Uresivla grandis Ehrenberg.

137 (136) Peristome without an undulating membrane. . . . . . . . 138

138 (139) Elongate, rounded at both extremities, not flexible; five nearly
straight rows of ventral cilia. Peristome on the right-hand
margin, extending back of the middle, with a row of long
cilia or membranellae. Nuclei four to six in number.

Heomostvia Conn.
Representative species. . . . . . Homosiyla elliptica Conn 1905,

Fio. 518, Homostvia elliplice. % 325. (After Conn.)

ey-shaped, with six oblique rows of ventral cilia, the posterior
row the stronger. No frontal, ventral, or anal styles. Border
cilia forming a complete row around the periphery. Peri-
stome reaching to the middle of the body. External para-
siteson Hwdra. . . . . . . . . . . Kerono Ehrenberg.
Representative species. . . . . . Kerona pediculus Miiller 1786,

130 (138) Kidn

FiG. stg. Kerona pediculns. % 350, (After Stein.)

il fiki |
140 (135) Less than five rows of ventral cilia. . . . . . 141

141 (142) Body elongated anteriorly into a neck; rounded behind, very con-
tractile. Peristome narrow, extending to or beyond the
middle. Membranellae long. Two or three oblique rows
of ventral setae. No frontal or anal styles.

Stichotricha Perty.

Representative species. . . . . Stichotricha secunda Perty 1840.

Marginal setae long and slender. Nuclei two, with
the contractile vacuole between. Often a mucilaginous
sheath is secreted by the animal, from which it may
project the anterior half of the body or may entirely
vacate it and swim freely in water. Length about

200 . Among sphagnum.

Fic. 520. Stcheirichg secunds. X 235. (Alter Conp.)




288 FRESH-WATER BIOLOGY

142 (141) Body elliptical to ovate, flexible. Three unequal rows of ventral
cilia; frontal styles numerous. No anal styles. Marginal
setae uninterrupted. . . . . Eschaneustyla Stokes.

Representative species. . Eschamlyid brachytona Stokes 1886.

Anterior extremity slightly curved to the left with a con-
striction beneath the front border. Frontal styles about
tw-rt:;:.fé -five in oblique rows.  Nucleus not observed. Con-

vacuole canal-like along the left-hand border. Length
about 200 g. Standing water with dead leaves.

Fic. s21.  Eschanenstyle brackyiona. » goo.  (After Stokes.)

143 (134) One or two rows of ventral cilia. R e . 144
144 (145) One row of about seven large ventral cilia. Long border and anal

cilia. . .. ... ... ... . Badladinag Kowalewsky.
145 (144) Two rows of ventral cilia; body not elongated in front. . . 146
146 (151) Body prolonged posteriorly into a tail-like process. . . . . 147
147 (150) Body not flask-shaped. .. . o lactinse & A S 148

148 (149) No anal styles; body narrow, elongated, sometimes contractile.
The border setae pushed in on the ventral surface.

Uroleptus Stein.

Representative species. . . . . Uroleptus musculus Miiller 1786.

B Body slightly elastic; tail-like process short, conical. An-

terior end curved slightly to the left, the posterior to the

right. Frontal styles three or four. Length 200 5. Among
aguatic plants.

F16. 522. Urolepius musculus. % 150.  (After Conn.)

140 (148) With a row of seventeen anal styles upon the left side. In other
respects like Ureleptus. . . . . . . . . Amphisia Sterki.

150 (146) Body flask-shaped, otherwise very similar to Uroleptus.
Platytrichotus Stokes.
Representative species. . Platytrichotus opisthobolus Stokes 1886,
Frontal styles fi Nucleus single, ior. Contractile
vacace ke b D in e ot s el
in form. It may be h:ll:mlrun-:ate, rounded. 15
bristles are developed from the dorsal surface. 100 .
Among sphagnum.
Fic. 523, Platyiricholus episthobolus. > 200. (After Stokes.)

151 (147) Body not prolonged into a tail-like process. Elongated, rounded at
both ends. With two uninterrupted rows of cilia on the
ventral surface. . . . . . . . Holosticha Wrzesniowski.

Representative species. . . . . . Holosticha vernalis Stokes 1887,

Frontal styles five or six. Anal styles from five to eight,
usnally branched. Dorsal bristles numerous.  Nuclei two;
contractile vacuole central. Length 9o p. Shallow pools,
observed with algae.

Fic. 524. Holosticha vermalis. ¥ 225. (After Conn.)

152 (133) Ventral cilia setae-like, often in interrupted rows. . . . . . 153

153 (156) Ventral setae in more thanonerow. . . . . . . . . .« . . I54
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154 (155) Body elongate-oval, with five to eight frontal styles; ventral setae

y arranged in two or more rows, the inner rows having

but few setae. Anal styles five or six, two of which are near

the posterior border. . . . . . . Plewroiricha Stein.

Repr&&entauve species. | . Plewrotricha lanceolata Ehrenberg 1838.

Somewhat rmrnhlmg Siylonychia but without caudal setae and

with anal styles arranged in two groups.  Nuclei two in number,

one in front of the apex of the peristome. Length 250 p. Amnng
Frc. s25. Plewrotricha lanceolads. > 112,  (After Edmondson. )

155 (154) Body somewhat rectangular in outline with slightly rounded ends.
Three or four oblique rows of ventral setae running from
left to right, and three rows parallel to the peristome border.
Anal styles five or six. Border cilia uninterrupted.

Onvychodromus Stein.
Representative species. . . . . Ouychodromus grandis Stein 1850.

Body not flexible. Frontal styles from sixteen to
twenty-eight, in three rows.  Anal styles from five to
seveni.  Nuclei usually four. Length 100 to 3oo .
Onyehodromo psis flexelis Stokes differs from Stein'’s form
i ﬁviﬂg a soft, flexible body.

Fic. 526. Onychodromus grandis. x 125. (After Conn.)

156 (153) Ventral setae in one oblique row. Body elongate-oval. Five or
six frontal styles and as many anal. Peristome triangular,
curved, with an undulating membrane.

Gastrostyla Engelmann.
Representative species. . . . Gasirostvia steinii Engelmann 1862,

Body evenly rounded at each extremity. Three very
large frontal styles near the border. Anal styles five,
in an oblique row, not projecting bevond the border.
Muclei four. Contractile vacuole near the middle of the
body on the left side. Length 250 x. Fresh water.

Fic. 527. Gasiresiyle steimii. 3 125, (After Edmondson. )

rsxi13z) Ventral cilia few, notinrows.. . . . . . . . . . .. .. 158
158 (165) Not produced posteriorly into a tail-like process. . . . . . 150
P B T I e v LD L L S S v s e w100

160 (161) Border cilia uninterrupted. Narrow, elliptical, rounded at both
ends. Five ventral setae and five anal styles. No caudal
bristles. Inner right wall of peristome bent toward outer
el L : Oxvyiricha Ehrenberg.

Representative species. . . . nytm:ﬁa peﬂmud!a Miiller 1786.

Marginal setae set well in on the ventral surface.
Anal styles arising near the posterior border and ex-
tending nearly their entire length beyond it. Nucle
two. Contractile vacuole on the left side. Length Bo
to 100 p. Common in infusions and fresh water.

Opisthotricha Fent resembles Oewiricha in general
characteristics but has three caudal setae.
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161 (160) Border cilia interrupted at the posterior end. Frontal styles,
eight or ten. Five ventral setae and five anal styles. No
caundal bristles. Dorsal hispid setae usually present.

Tachysoma Stokes.
Representative species. . . . Tackysoma parvisiyla Stokes 1887.
Body narrow anteriorly forming a neck-like region. Ten

frontal styles. Marginal setae scarcely projecting except pos-
teriorly. Dorsal setae minute. Styles in this form are very
small. Length 6o . Shallow pools in early spring.

Fic. s29. Tachysoma parvistia. % 450. (After Stokes.)
162 (150) Body not flexible. .

163 (164) With caudal setae. Elongate-oval in shape with eight frontal, five
ventral setae, and five anal styles. Caudal setae usually
three, long. Peristome triangular, with an undulating mem-
brane; the inner wall bent away from the outer wall.

Stylonychia Stein.
Representative species, ., , . Stylonychia nolophora Stokes 1885.

163

Front horder obliquely truncate on the left side. Peristome
extending nearly to the middle of the body. Caudal setae
widely separated. Nuclei two. Length 120 to 160 u. Pond
Wiler.

Fic. 530,  Sivlenmyclio nelophora. v, contractile vacuole; macn, macro=-
mucleus. ¥ zoo.  [After Conn.)

164 (163) Without caudal setae; with inner wall of peristome bent toward the
outer wall. Like Stylonychia in other respects.

Histrio Sterki.

Representative species. . . . . Hislrio erethisticus Stokes 1885,

Frontal styles nine; anal styles five, stout, rigid. Mar-
ginal setae uninterrupted. Length 150 u.  Shallow pools,
with algae.

Fic. 531.  Hislrio erethisticus. % 200. (After Conn.)
165 (158) Produced posteriorly into a tail-like process. Body flexible, with
eight ventral setae and five anal styles at the base of the tail.

Urosoma Kowalewsky.
Representative species. . . . . .« o - o b 0w Urosoma sp.

Form doubtful as to species.

Fic. 532. Urosoms sp. % 335. (After Conn.)

....... PP RN e i
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167 (168) No caudal setae. Body rounded or oval, dorsal surface usually
furrowed. Peristome in the posterior region in the left-
lateral border, its right border prolonged into a triangular,
lip-like extension. Usually three frontal styles, four or five
ventral setae, and five or more anal styles.

Aspidisca Ehrenberg.
Representative species. . . . . Aspidisca cosfata Dujardin 1841.

Dorsal surface with five or six furrows. Nucleus band-like.
Length 35 p. Common in infusions,

Fic. 533. Aspidisca costata. goo.  (Alter Conn.)

168 (167) Caudal setae usually four in number. Body oval, with dorsal
convex surface furrowed. Peristome broad, on the left
side, extending backward to or beyond the middle of the
body. Frontal styles six or eight, a few scattered ventral
setae, and five anal styles. . . . . Euplotes Stein.

Representative species. . . . . . . Eupt'ﬂms charon Miiller 1786.

Frontal styles seven; ventral setae three. Nu-
cleus band-like. Length 80 g, Pond water. Dif-
fering from Euplotes patella Ehrenberg by its smaller
size and greater number of frontal styles,

Fic. 534. Fuﬂn.iﬁ charen, Ventral view and individual
in process of division. e, contractile vacuole; macw,
macronucleus. X oo, (After Kent.)

169 (128) Cilia usually limited to the adoral zone, sometimes with additional
rings of cilia. Body cup-like or cylindrical.

Order Peritricha . . 170

T iln b LT e e L e P U e R TR
e T T T | G R S RS 31
172 (175) With a permanent secondary ring of cilia at the pustcnnr end
enclosing an adhesive disk. . . . . . . . . . . . . 173

173 (174) Body short, barrel-shaped, with the posterior end discoidal, the
inner border of which is supported by a horny ring, the
peripheral zone of which is radially striated and denticu-
late; the outer border surrounded by a wreath of cilia.
Adoral zone extends spirally around the flattened end.
Mouth eccentric. Parasitic forms. . . Trichedina Stein.

Representative species. . . Trichodina pediculus Ehrenberg 1830.

Commeonly observed gliding u? and down on the tentacles
of fresh-water Hydra. Height ol body 7o .

FiG. s35. Trichoding pedicudus. Individuals adherent to tentacle of
ki : :.-d“ri ¥ 0. (After Kent.)
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182 (183) Stalk retractile. Body bell-shaped, cuticle often ringed. A series
of strong cilia encircle the central, elevated ciliary disk.

Mouth eccentric between the peristome and ciliary disk.

Nucleus band-like, curved. . . . . . Vorticella Ehrenberg.

Representative species. . . Vorticella campanula Ehrenberg 1838.

a Body broadly campanulate, greatly dilated anteriorly, surface smooth.
 Stalk thick, five or six times the length of the body. Endoplasm often
opaque with granules. Length of body 150 ». Pond water. Social.

F1c. 539. Vorticella campanuda. ¥ 0. (After Kent.)

5oy ixsamestalk not retrackle. oo - L 00 e v se e s e e 184

184 (185) With an operculum. Body ellipsoidal to ovate; the ciliary disk
upon a stalk, closing like a lid. Nucleus short or band-like.

Pyxidium Kent.

Representative species. . . . . Pyxidium ramosum Stokes 1887,

Body vasiform, widest centrally; surface smooth. Ciliary disk slightly
exserted with two circles of long fine cilia. Pedicel very short. Length of
body about 100 p. Pond water on rootlets of Lemna.

Fic. 540. Pyridivm ramosum. % 335. (After Conn.)

185 (184) Without an operculum. Body elongate-ovate with surface usu-
ally transversely striate, stalk short. . . Rhabdosivla Kent.
Representative species. . . . . Rhabdostyla vernalis Stokes 13887,

Body widest centrally, constricted below the peristome border. Ciliary
circles two. Nucleus band-like. Length 50 u.  Attached to Cyvelaps and
Cypris in early spring.

Fic. s41. Rhabdostyla vernalis. oo, contractile vacuole. % G6or (After Stokes.)

SE6 (187) Stalkbranched . . . o « « o o v c % o a0 gl - Lifursay
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203 (204) Without an operculum. Zooid like Thuricola; adherent to the
bottom of the lorica in a sessile manner or united by a con-
tinuation of the supporting pedicel. . Cothurnia Ehrenberg.

Representative species. . . . . Cothurnia plectostyla Stokes 1883,

Lorica curved, two and one-half times as long as broad, finely striate
longitudinally, also with transverse markings. Divided posteriorly
into two unecI;ml parts by a curved, chitinous partition to which the
zooid is attached. Zooid not protruding much beyond the aperture
when extended; transversely striate. Length of lorica 11ou. Marsh
water.

Fio. 540. Cothurmia plectosiyla. oo, contractile vacuole; macs, macronucleus.
¥ 250, (After Stokes.)

204 (203) With an operculum of chitin developed beneath the peristome and
closing the lorica when the animal is retracted.

] Pyxicola Kent.

Representative species. . . . . . . . Pyxicola carters Kent 1882,

Lorica subcylindrical, three times as long as broad, anterior margin
slightly oblique, walls undulate. Pedicel very short. Zooid extending
beyond the aperture. Length of lorica go u.  Fresh water.

Fic. 550. FPyxicola carleri. % 270, (Alter Kent.)

Lorica decumbent. . . . . . A e Bl

Animal adherent to the posterior extremity of the lorica.

Platycola Kent.
Representative species. . . . . . Platycola decumbens Kent 1882,

Lorica oval, depressed.  Zooid extending considerably
beyond the aperture, the exserted portion being at right
angles to the portion within the lonca. Length of lonca
go p.  Fresh water.

ek _}E:_‘_'u'i:-:::r:l'l":‘l."u e

Fic. 551.  Platycola decumbens. 3 200, (After Kent.)

207 (206) Animal adherent to one side of the lorica which often has a valvular
aperture. Zooid adherent to the margin of the aperture.

Lagenophrys Stein.

Representative species. . . . Lagenophrys vaginocola Stein 1851,

Lorica elongate with two semilunar, lip-like processes partially closing the
aperture. The processes are raised when the zooid is extended and lowered
when it is retracted.  Zooid adherent by its narrow peristome to the edge of
the aperture. Length of lorica you. Fresh water. Stvlohedra Kellicott differs
from Lagenophrys in having an ercct lorica with a pedicel.

Fio. s52. Logenoplirys vaginocala. x a1o.  (After Maupas.)
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208 (1) Cilia present during embryonic stage only. Tentacles in adult.
Class Suctoria . . 200

200 (210) Tentacles branched. Animals solitary, sessile, discoidal, or sub-
spherical, with the surface of the integument indurated.

Tentacles tlexible, non-contractile, finely perforate at their ex-

tremities. Ircreasing by gemmation. . Dendrocomeles Stein.

Representative species. = Dendrocometes paradoxus Stein 1851,

Tentacles equal in length to the diameter of the body,
usually five or less in number. The distal rerminations
of the tentacles are capable of great expansion and, by
means of these, other Protozoa are captured and the pro-
toplasm of their bedies absorbed into the body of the
host. Nucleus subtriangular. Diameter of body 8o p.
Fresh water, sometlimes attached to Gammarus pulez, a
fresh-water shrimp.

F1G. 553. Dendrocomeles parodexns. ¥ 170 (Alter Stein.)

210 (209) Tentacles unbranched, contractile. . . . . . . . .. i . 21
211 (220) Without a lorica. . . . L i

212 (213) With astalk. Body spherical or pear-shaped. Tentacles knobbed,
scattered, or in groups. In some species the animal may
become detached from the stalk and live a free life.

Podophrya Ehrenberg.

Kepresentative species. . . . . . . Podophrya fixa Miiller 1786.

Die Stalk slender but rigid. Tentacles slender,
5 it scattered over the surface of the body, usually
not longer than the diameter of the b-o-ci}'. Nu-
cleus oval, central. Contractile vacuoles often
two. Diameter of body 55 e Attached to aquat-
ic plants.

FiG. 554. Podoph . Active individuals. x 210,
Rt et ey S e o ey

213 (212) Without a stalk. R e B S e e
214 (215) Forming colonies. Animals fused, forming an erect, branching
colony. Several colonies may be connected by a creeping

stolon. Suctorial, capitate tentacles borne on the ends of

the branches. . . . . . . . . . Dendrosoma Ehrenberg.

Representative species. . . Dendrosoma radians Ehrenberg 1838,

Stolon repent, giving rise to a_number of erect branches
tapering distally, themselves often branched. Nucleus ribbon-
like, ramilving into the branches. Contractile vacuoles nu-
merous. Height of colony 1000 to 2500 p.  Attached to
aquatic plants.

Fic. 555. Dendrosoma radians. % 30. (After Blochmann.)

215 (214) Notforming colonies. . . . v 4 « ¢ vs's o o o s s at 210
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216 (217) Tentacle one, consisting of a single, movable anterior process.
Parasiticon Cyclops. . . . . . . . . . Rhyncheta Zenker,

TR RN EACIE AR . - . s o v e s s v s s s . 218

218 (219) Body spherical, never fixed; knobbed tentacles arising from all
sides. . . . . . Sphaerophrya Claparéde and Lachmann,
Representative species. . . . Sphaerophrya magna Maupas 1881,

Tentacles not exceeding fifty in number: when fully extended,
equal in length to the diameter of the body. Reproduction has
been observed to take place by transverse division. Diameter
of body qou. Fresh water.

Fi1G. 556, Sphacrophrya magna. » 500, (Alter Conn.)

219 (218) Body irregular; knobbed tentacles arising from the lobes of the
margin of the body. Attached by the broad, lower surface.

Trichophryva Claparéde and Lachmann.

Representative species. . . . . Trichophrya sinuosa Stokes 1886,

Body flattened with lobed marging.  Usually not more than five
clusters of tentacles. Nucleus branched. Contractile vacuoles
numerous. Length 55 ¢, Attached to aguatic plants

F1c. 557. Trichophrya simiosa. ¥ 125. (Alter Stokes.)

220 (211) With a lorica. . TR AT T T

221 (224) Lorica sessile. . . T R e S W 7

222 (223) Usually cup-shaped or subspherical; tentacles suctorial, sometimes
in groups. . . . . Solenophrva Claparéde and Lachmann.
Representative species . . . . . . Seolenophrya pera Stokes 1885.

Lorica irrezularly cubical or satchel-shaped, hyaline, widest at the hase
of attachment, narrowing anteriorly, with the sides somewhat concave.
Zooid oval, not attached to bottom of lorica. Tentacles arising from the
entire frontal border. Two individuals often in the same lorica. Height
of lorica 40 x. Width and length nearly the same as height. Attached to
aquatic plants in standing water,

Fic. 558. Solemophryva pera. % 225, (After Stokes.)

223 (222) Posterior end of the body prolonged into a projection. Attached
to Episiylis. Two to five long, simple tentacles.

Urnula Claparéde and Lachmann.
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CHAPTER X

THE SPONGES (PORIFERA)
By EDWARD POTTS,* Mebia, Pa.

THE zoophytes or plant animals of the old zoologists or, as they
are now more correctly designated, the separate groups of sponges
and coelenterates, are represented in the fresh waters of North
America through a very narrow range both of genera and species.
Sponges alone constitute the topic of this chapter. The student of
fresh-water sponges must not expect to find them resembling in ap-
pearance the familiar forms of commerce, which in fact are exclu-
sively of marine origin. Nor should he look for shapeless masses of
jelly; such may be found, but they are not sponges. Yet as animal
organisms, sponges, whether fresh-water or marine, are essentially
alike. Infinitely variable in form and external appearance and in
“the character and constituents of their skeletal structure, the vital
parts that have clothed them, or do still clothe them if examined
in life, are composed alike of protoplasm or sarcode. This forms
the delicate tissues, structureless except when viewed through
powerful lenses, and builds up the inert framework whether it con-
sists of tough elastic fibers, as in the commercial sponge, or is the
fairy-like structure of flint or lime belonging to other sponges
found in the ocean, or forms skeletons, as in our fresh-water forms
so far as known, always of silex. The active life work of sponges
it is impossible to see with the naked eye and very difficult to study
even under the microscope. Certain collared cells by means of
waving flagella feed the sponge, reject intrusive matter, and create

* The death of Mr. Potts just after the first manuscript of the chapter had been
submitted laid upon me the duty of bringing it into conformity with the other chapters
of the book without his help. I have endeavored to do this with the least possible
change from the original. To make sure that no error was committed in the process
I secured the aid of Dr. N. Annandale, Calcutta, India, for whose kind assistance I
am deeply indebted. For the present form of the key Mr. Potts is in no wise responsible.
I am also indebted to Professor Frank Smith for valuable unpublished data in regard

to distribution. — HExry B. WaARD.
jor
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the currents that traverse the canals of the body. While the
action of these flagella is invisible to the unaided eye, their effect
may be seen if some finely divided carmine is added to the water.
The particles are sucked into the little pores over the surface and
after long wandering, having proved indigestible, are ejected from
the larger orifices.

The skeleton of these siliceous sponges, the only part that can be
easily preserved for study, is composed of spicules or little needles
of hydrated silica (opal), averaging about one one-hundredth of an
inch in length, fasciculated or bound together side by side, but break-
ing joints, to form threads of considerable thickness along the princi-
pal lines of the sponge growth but thinner in the connecting links
that make the interspaces. The binding material along these
threads is not strong and its composition is not certainly known.
The terminal spicules projecting around the sponge uphold the
filmy dermis a little above the firmer body of the sponge. Where
the larger channels unite to form the efferent osteoles the out-
flowing currents stretch this dermis into little cylindrical tubes or
towers, technically called chimneys, with terminal openings through.
which one may often see rejected particles shot out as from the
crater of a volcano.

A few fresh-water sponges in some situations seem to be essen-
tially perennial; others die in hot countries at the onset of the sum-
mer season, or among us at the coming of winter, or are broken
up by floods, floating ice, etc., so that for a season they disappear
from view. The ordinary annual revival of sponge life, the growth
after winter or after a period of desiccation, is provided for by the
germination of many seed-like bodies, called gemmules; these may
generally be found when the sponge matures, fixed as a pavement
layer at the base of the sponge or distributed amongst its tissues.
The living cells enclosed in these are protected by a firm chitinous
coat or shell that is again surrounded by a crust composed of
minute air cells, which float the gemmules and promote their distri-
bution to distant places. A variety of minute spicules is normally
found embedded in this crust as described under individual species
in the key.

Whenever the favorable season arrives, that is in most regions
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when spring comes or when, in dry regions, the occasional floods
reach them, the gemmules in the pavement layers are supposed to
germinate where they were deposited; the floating kinds, set adrift,
lodge upon any suitable surface and begin their seasonal growth,

Each gemmule is provided with a foramen, or a foraminal aperture,
sometimes plain, but often more or less tubular, through which
the growing cells usually escape by amoeboid action and appear
as a delicate creamy film surrounding the gemmule. Sometimes,
however, they escape by the rupture of the whole gemmule. Where
this is part of a pavement-layer or one of a group of detached gem-
mules the escaping currents flow together as a filmy mass, sometimes
rounded up like a small pea, otherwise as a spreading film or like
the wandering trail of slime left by one of the larger snails. The

~ appearance of the young spicules is nearly coincident with the

T T T A W T T e

escape of the cells and they at once begin to arrange themselves
according to the habit of the species, forming a network over the
supporting surface, upon which is built a superstructure suggesting

~ that of our modern steel-framed buildings. Special interspaces

become the chambers lined with the collared flagellate cells already
mentioned. The action of these flagella creates currents of water
flowing in through myriads of almost invisible pores in the cover-
ing, bearing food particles to nourish the growing sponge and then

~ carrying off and discharging useless matter through the larger canals

by the efferent osteoles already mentioned.

The study of fresh-water sponges should begin here and follow
the cycle of growth from gemmule to gemmule, watching, if it be
possible, even the development within their own especial cells of
the various classes of spicules, observing in the autumn the gradual
gathering together of the germ cells before they are shrouded in
chitin or committed to the waters within their floating crusts.
Under favorable conditions and constant as well as careful control
much of this work may be made independent of the seasons, after
germinating the fresh gemmules in shallow glass dishes at home,
and in a small way afford excellent opportunity for study; but it
will not be found practicable to grow sponges in aquaria excepting as
small fragments in very large bodies of water or in vessels in which
the water is constantly or frequently renewed.
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Those who wish to gather specimens for their cabinets or design
to determine genera and species must await the maturity of the
various specimens. Observation seems to make it probable that
the rarer, filmy sponges complete their growth and mature their
gemmules earlier than the more lusty, massive forms. The gem-
mules of the former have often been seen in August or September
resting in slender lines upon standing or floating timbers from
which the rest of the sponge has disappeared, though the coarser
forms are frequently immature late in November. These dates
hold true for the northern United States generally and would of
course vary in other parts of the world; but there are undoubtedly
individual regions of extreme or atypical climatic conditions within
our own area where the sponge calendar when worked out will show
a distinctly individual aspect.

A hint as to hopeful localities for collecting may suffice. Do not
waste time in hunting along sluggish streams or in shallow, muddy
ponds, where, even if the sponges start to grow, they will soon be
suffocated by gravitating particles of earthy matter. A reserva-
tion should perhaps be made in favor of the lower sides of floating
timbers that have long lain in the water, since here gravity protects
instead of injures the sponges. Only one other caution seems neces-
sary. As all known fresh-water sponges are siliceous the student
will probably fail to find them in waters strongly impregnated with -
carbonate of lime, though they are recorded from such places.

Perfect drying is to be recommended. The proper classification
can be as readily determined from dry as from fresh sponges and
it is only when a specimen has some novel character or specific
form that it is worth while to preserve it in alcohol. When a
wrapper is necessary for transportation or otherwise, be sure to
use soft paper, rather than cotton or sawdust.

Other features having proved indeterminate or unreliable, the
system is based upon the shapes and positions of the minute spicules
found embedded in the gemmule crust. As these can only be sat-
isfactorily seen when the impenetrable crust is made transparent
or removed, three microslides from each specimen must be pre-
pared to determine the forms of the skeleton, the dermal or flesh,
and the gemmule spicules. i
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Provide a half dozen or more short test tubes with a stand made
by boring holes of suitable diameter in a piece of inch board.
First make sure that you have in hand parts of the same sponge
only. Place in the first tube a dozen or more clean gemmules,
some of them cut in half with a sharp knife, and about an equal
bulk from the remainder of the sponge; cover with a few drops of
strong nitric acid that has been previously brought to a boil in
another tube and set aside, the purpose being to corrode away the
crust but not the chitin of the gemmules. In a few minutes, when
most of the gemmules incline to settle at the bottom, pour off the
acid into the next tube, wash carefully with several lots of pure water,
replace it with alcohol and set the tube aside to settle. Put into
the acid in the second tube a small quantity of all parts of the
sponge, adding more acid if necessary, and boil carefully over a
spirit lamp to thorough disintegration. When that is effected fill
this tube also with water and set it aside to settle. The smaller
spicules settle very slowly. It may be well to shake the tube a little
in order to separate the darker particles from the pure white. When
the mass has settled, carefully pour off the water with the impuri-
ties, wash the residue with fresh water and let it stand, after which
a mount may be made from this tube. Spread the spicules evenly
and not too thickly on a slide, and let them dry thoroughly before
adding balsam and a cover glass. This amount will of course fur-
nish an epitome of the sponge but will not show the exact relations
of the minor spicules to the gemmules. This can only be seen after
two or more applications of alcohol to the first tube have removed
the acid mixture; to keep out the air, cover with benzol until fully
ready for the balsam. Distribute a few of the gemmules, with some
spicules, upon a second slide and mount in balsam before the air
penetrates them. A fragment of the dry filmy dermis mounted in
balsam will determine the presence or absence of dermal spicules
and fix positively the standing of the sponge according to the key.

If all the smaller spicules distinguished by this process are acer-
ates, that is, more or less cylindrical, whether straight or curved,
smooth or spined, pointed or abruptly terminated, the specimen
under examination may unhesitatingly be placed in the genus Spon-
gilla. All others, unless entirely novel, will show some modification
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of the birotulate form, i.e., two little wheels or rotules connected by
a shaft, and on the numerous variations of these parts depends the
position of the species in the key.

EEY TO NORTH AMERICAN FRESH-WATER SPONGES

1 (12) Gemmules with acerate spicules only. . . Spongilla Lamarck . . 2
illidae with long spindle-sha skeleton spicules, macroscleres, having pointed or
mun:I;'Fl Pt croscleres.  Gemmules

ends, and often alzo with minute simple flesh apicules, or mi
naked, or with external air-cell layer containing rhabdi, or rod-like spicules.

2 (5} Sponge branching. . . . - liGews b G R T I 3
Abnormal forms of S. lacusiris occur in which there are no branches,

3 (4) Flesh spicules smooth. . . . . . . . . Spongilla aspinosa Potts 1880.
Sponge evergreen, encrusting, thin, sending out numerous long,

slender waving branches fl'DI:g:l relatively thick basal membrane.

O Gemmules few, in scattered branches. ton spicules smooth,

straight or slightly curved, rather abruptl i . Dermal spic-

ules minute, smooth, straight or curved, slender, pointed.

From clear standing water in New Jersey a.m:l Vir
Fic. s60.  Spicules of 5 i nosa. Fu1.1.rt of les
picu pongilla aspi ypes of spicu *ﬁmd

here: ordinary skeleton api :.hrupl.ly ted at both ends;
spicule, acute or rou at one end; ormations of sl‘.elamn
@) \\N with processes at or near one end; sm,nll smooth dermal spicules; obular
or discoidal masses of silica Ernquentljrubuwed tlmm ¥ 100,
{Alter Potts.)
4 (3) Flesh spicules spined. . . . . . . Spengilla lacustris (Linnaeus) 1745.

Branches cylindrical or tapering, and rigid. Prefers rapidly running water. Very abun-
dant. Gemmules cither apparently wanting or abundant throughout the sponge, with or
without a granular crust. eleton spicules smooth. Dermal spicules pointed spined acer-
ates. Gemmule spicules whether few -:-r many generally l:.:.rlm-
drical, more or less curved, rather apam: ¥ &

Mass., to McDonald Ln]{e. Alaska, in an infinite number of Sfllu-
tions and variety of forms. The varicty poupercula Bowerbank,
made an independent species Spongilla poupercula by Carter, “ig
perhaps that one of this group of synonyms about whose identity
with 5. lacusiris there may be most hesitation. Its character is some-
what anomalous, as its locality and associations are peculiar. Grow-
ing originally in the ponds and reservoirs trmm Boston
Water supply, Bailey wrote in 1856 that it grew tly in the
waterpipes by which the city was supplled with water from a
e lake.” The minute acerates were said to have been smooth which
mule  spicules of &pen. Would -s-epara.te it clearl tﬁfe!mn S. lacusiris, but Potts was unable to
gilla lacwsiris, var. monm- Secure material from original locality which bore out the con-
fena. M 1oo. (After Potts.) tention.

51(3) Sponge without branches. . . . . v . 2 s & LTI R i

6 (o) Gemmulesinlayersorgroups. . . . « v « » ¢ o & » » gt L
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7 (8) Tubules of gemmules turned upward or outward from the groups.
Spongilia fragilis Leidy 1851.
S&cmge encrusting in subcircular patches, thin at edges, occasionally one or more inches
near the middle. In the most varied situations. apparently prej'emn,p: standing water,
though also in running water. Abundant. Gemmules abundant, primarily in one or more
pavement lu.:,mm Also in compact groups surrounded by a cellular parenchyma charged with
subeylindrical spined acerates. Skeleton spicules smooth, slightly curved, rather abruptly

pointed. True dermals wanting. Found in most of the United States.

3 fl'dﬂﬂi A. Section o{;mp of gemmules; a, curved fur:mmal tuhuiles, always out-
with w:rate aplcultm Kﬂ::; B. Three types E.!,.’i";‘.’f’“ Iﬁgu mphars d:ele:gn. sm:m
|. ru :f:p-nm wmal spicules, su rical, subspined; spined, sphe
ntly seen l.lwu;hnul: ﬂu species. X 100. (After Potts.)

8 (7] Tuhules of gemmules turned inwards in the groups.
Spongilla igloviformis Potts 1887.
nge brown, thin, encrusting. Gemmules in compact hemispherical gruupﬂ of eight to
twelve or more, resting on the flat side, surrounded by a parenchyma of unequal cells, charged
with numerous spined spicules nearly as long as the rather few, less strongly spined
nl:al&tan icules. On the lower side of timbers in cedar swamps, New Jersey. S. mackayi,
Carter from Newfoundland, may belong here.

Fric. 563. Spongilla Fs. Lam:n] view of dome-shaped p of gemmules. (Foraminal
tubules open Inmnl and are invimhlr. ‘.I W B. Two tv aof mmulg(mmgm:i here: skeleton spicules,
weakly spined; “ parenchymal spicules™ equally Inng'.?ut more spinous. X oo, (After Potts.)
9 (6) Gemmules notinlayersorgroups. . . . . .. ... ... .. IO
10 (11) Dermal spicules birotulate. . . . Spongilla novae-terrae Potts 1886,

Sponge encrusting, gemmules rather numerous, very large, crust

o absent or inconspicuous.  Skeleton spicules relatively few, slender,

:: I i gradually pointed, smooth or microspined. Dermal spicules very
% abundant, minute, birotulate. Gemmule spicules smooth or irregu-
-s._'——__-—_,-;;:_ lar, furnished with long spines, frequently located near the extremi-

ties. Placed by some in genus E atia. Found only in shallow
j#ﬁ% < water of lakes in Newfoundland (48° N. L.).

Fio. s64. Spicules of Spongilla novae-ferrae. Representing the r.lendcr,

'Fdf Wﬁ' mmthsorspargﬂ?cy mjrmspiﬁﬂ skeleton spicules; the dermal spicules, birot-

s“ ﬂ'%‘ﬁ ?&mf IEE umqun} | size; and the spinous gemmu]t spicules. X 100,
ter otis.,
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11 (10) Dermal spicules acerate. . . . . . . Spongilla wagneri Potts 188¢.

Gemmules abundant. Skeleton spicules long, robust, smooth. Dermal spicules very
numercus. Gemmule spicules spined, Ionﬁ, curved. Spines most numerous at extremities.
Recorded only from brackish water of southwestern Florida.

No figure yvet published.

12 (1) Gemmule spicules of birotulate type, more or less modified.
Sub-family MEYENINAE Vejdovsky . . 13

13 (47) Apertures of gemmules not provided with filamentous appendages 14
14 (46) Rotules of gemmule birotulates nearlyequal. . . . . . . . . . 15
15 (37) Gemmule birotulates of a singleclass. . . . .. ... ... 16

16 (19) Margins of rotules entire, i.e., smooth, not serrate.
Trochospongilla Vejdovsky . . 17

17 (18) Skeleton spicules smooth. . Trochospongilla leidyi (Bowerbank) 1863.

Sponge of a peculiar light gray or drab color, encrusting thin, persistent. Gemmules numer-
ous, each surrounded by a capsule of skeleton spicules. Skeleton spicules short, smooth,
robust. Dermal spicules wanting. Gemmule spicules short, hirotulate, margins entire and
exflected. From Louisiana as well as original field of discovery near Philadelphia. Generally
distributed in the Illinois River from the mouth to La Salle according to F. Smith.

Fi6. s65. Trochespongilla leidyi. A. Upper surface of portion of a layer of mules, each of which i
surrounded by a Ial.t:ict.: capsule (c) of spicules resembling those of the :k:letg.:?!l.t ﬂlﬂ'ﬂ-“mn'l.it an open
% ce_;gmun.d the foraminal aperture (@}, more than one being sometimes present, X so. B, Fourt
of spicules figured h-r:rc ss‘m:nth skeleton smcul‘.cs_ ahrulptly pointed; same, with rounded terminations:
short birotulates with entire margins; same with rotule twisted or exflected: face of rotule; Eroup of
rotules as they appear upon the surface of the gemmules. X 100, (After Potts.)

18 (17) Skeleton spicules strongly spined.
Trochospongilla horrida (Weltner) 1893,

Sponge encrusting, white, gray, yellow, or brown.
Mo gemmule spicules ex birotulates which are
smooth-margined, low, small. Lives in standing or
flowing water. Rare. F. Smith found one specimen
each in the Illinois River near Starved Rock and in the
Big Muddy River in southern Illinois.

Fro. 566. Trockospongilla horrida. skele i
ules. * 18c0. Hirot :.Ltflgﬂtllmﬂ uhdﬂplcnlu.'sphmx.q;nmﬁ:ﬂ: E:
W. Kilkenthal.)
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:g (rﬁ} Margins of rotules serrated or incised. . Ephvdatia Lamouroux. . 20

idae with gemmule spicules of the birotulate type that are uniform or variable in
IEr.n:th ut not definitely of two classes, long and short, and that have finely or deeply cut
mAargins.

20 (35, 36) Dermal spicules if present neither birotulate nor stellate. . . 21

21 (22) Ra)r‘s and spines of birotulates subdivided and microspined.
Ephydatia subdivisa (Potts) 1887.

Sponge massive, encrusting, compact. Gemmules few, Skeleton
spicules smooth or microspined, abruptly pointed. Birotulates very
numerous, robust, shafts frequently spined; rays short but subdi-

From 5t. Johns River near Palatka, Florida.

Fic. 567. Spicules of Ephydalia subdivisa. Three types of spicules figured
here: smooth and sp[nml sk:l:mn spicules; long, massive pemmule hfr‘;tu-
lates, spined and subspined rotules of same. X 100. ter Potts. )

22 (21) Rays and spines of birotulates entire. . . . . . . . . . . S

23 (24) Margins of rotules very finely serrate. . Epliydatia millsii (Potts) 1887.

encrusting. Gemmules small. Skeleton spicules nearl
straight, slender, rather abrupily pointed, entirely microspin
Gemmule birotulates very numerous, very symmetrical, their shafts
usually smooth. Rotules sometimes microspined. From Sherwood
Lake, near Deland, Florida.

roapined skeleton apcule; mature gemmule blmtul:l.lrs with smooth

:h.ita probably immature forms with less notching on the rotules; face

l{ﬂumu]ﬁlf! J:I:m;Lrln.*.Ln.l.-r: or delicately notched, and without mys. X roo.
Ler s,

, Fic. 568. Spicules of Epﬁda.l'm millsii, Three types of spicules figured
: m

24 (23) Margins of rotules coarsely dentate. . . . . . . . . .. e8H g
25 (32) Length of birotulates not more than twice the diameter of rotules. . 26
26 (31) Shafts of birotulates generally smooth, . . . . . . . .. .. 27
nf{an}Skeletnnspi_mﬂassmuoth..+..,,.,.+.+...*.23

28 (29) Shafts of birotulates much longer than diameter of rotules.
Ephydatia fluviatilis (auctorum),

Sponge sessile, massive, rarely throwing out short branches an inch or less in length, Pre-
fers standing water. No wvesicular cells in parenchyma. Gemmules numerous throughout.
Skeleton spicules smooth. Dermal spicules wanting. Rotules of gemmule spicules not deeply

ted. Numerous varieties the occurrence of w rich in North America has not been accu-
rately recorded. The form which Potts describes as present generally throughout the eastern
and mj.dl!ll: United States is declared by Weltner to be Ephvdatia milleri, the second following
species. The true E. fluviatilis s found in Michigan and Illinois, and is f:u:l}r common though
not 8o abundant as E. mellers (fide . Smith).
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34 (33) Birotulates many times longer than diameter of rotules.

Ephydatia crateriformis (Potts) 1882,

enm% thin. Gemmules small, white, very numerous. Granular crust of gem-
u:lﬁy ck, the foraminal tubes in a crater-like depression. Skeleton spicules
pumud sparsely microspined. Birotulates very long and slender, shafts

:hlmda.n

/'x
70N

otules of three to six short recurved hooks. In shallow water, rapidly
flowing; Schuylkill and Delaware Rivers, Pennsylvania. Found by
F. Smith in the Sangamon River, Il
Annandale places this species in Spongilla owing to the imperfect
development of th; Eutulm (see Fauna ai;Brl‘lish India; Fresh-water
I91I, 3
ank, ﬂ 1863, described, under the name of Sgangtﬂa bail-
ejn a sponge from a stream at Cﬂ.nterhm}r Road, West oint, N. Y.,
which may be the same as this species. The dﬂcuplmn is too in-
complete to allow of an accurate determination. His description is
quoted by Potts (1887: 227)

Fia. i::e' Spicules of Epiydatia craleriformis. Three types of spicules

here: slender microspined skeleton spicules; mature gemmule birot-

mm?mh short hooked rays; supposed immature forms. 3 1oo,  (After
ts.

35 (20, 36) Dermal spicules, minute birotulates.

Ephydatia everetti (Mills) 1884.

Sponge green consisting entirely of slender filaments, little more
than a sixteenth of an inch in diameter. Gemmules few, but usu-
ally large with a thick crust. Skeleton spicules slender, cylindrical,
smooth. Dermal spicules, minute birotulates with slender cylindrical
shafts and cap-like rotules notched into five or six hooks. Gemmule
birotulates long and club-like; shafts smooth and slender; rotules
formed of five or six stout, recurved, acuminate hooks. In cold
water, Berkshire County, Mass., and Nova Scotia.

Fic. 573. Spicules of Epkydalia evereiti. Four types of spicules figured
here: smooth, skeleton spicules; gemmule birotulates; end view of rotule
formed of hooked rays; minute dermal birotulates. X roo. (After Potts.)

36 (20, 35) Dermal spicules stellate. . . . . . Dosilia Gray.
nly species yet reported in the United States.

257

@;&{3

Dosilia palmer: (Potts) 1885.

Sponge massive, subspherical, lobate. Skeleton spicules sparsely
microspined, curved, gradually pointed. Dermal spicules star-
shaped, consisting of a variable number of arms of various lengths,
radiating from a large smooth globular body; arms spined through-
out. Gemmule birotulates with long spine sha[ts. rotules notched.
From Colorado River, 6o miles below Fort Yuma, attached to
pendent branches flooded by spring freshets.

In the opinion of Annandale, Potts’ var. palmeri iz a different
species from Carter's plumoss from India. He has seen types of
both and is confident both belong to Dosdia.

Spicules. ni Dosilia palmeri. Five l}rpcs of spicules figured

here: mi}ml microspined skeleton spicule; spined gemmule birotulates;

rotules of same, irregularly notched; substellate dermal spicules; imperiect

form of same with only two ravs; amorphous *"bcntcﬁ terrier” forms.
W oo, (After Potts.)

37 (15) Gemmule birctulates of two distinct classes. . . . . . . . . . 38

38 {41} Dermal spicules stellate. . . . . .-lm:romeymia Annandale. . 30

idae with birotulate gemmule spicules of two distinct types and free microscleresin

the of anthastera.
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39 (40) Terminal spines of longer gemmule spicules with a simple curve,
: Asteromeyenia plumosa (Weltner) 18gs.

& = % massive, though brittle and friable.
& m‘,‘w s alend th Sl Gl
@ia f at I:-crth trﬁlmngll;ﬂl:r “:lm‘.il‘u.ftnfhnguinhlmt-

—

ulates almost smooth, slender, atmglat. ml:ulea
a circle of curved hooks, joined at the
Short birotulates with stouter shafts, pmfm.

> megulaﬂy,andstmngjyspmﬂd rotules not
O e i i ’“““““f.i'ﬁ{'i'ﬁ
ecply  serra spicules
e ahl.mdmlt reaemhlmg those of Do:dr{a.
mules large, spherical, with single, very ma.‘l!
aperture hang short, straizht foraminal tubule.

:.. / From Pinto Creek, Kinney County, Tex., and
Shreveport, La.; one specimen measured 29 %
2§ ¢m.
r_} ¢=; F16. 575. ,{:wmﬁmm d.mmuluhw-
‘ -
. nn.n.nd.l.la.}

C

40 (39) Terminal spines of longer gemmule spicules distinctly recurved.
Asteromeyenia radiospiculata (Mills) 1888,

©

Resembles A. ﬂsmom. In profile the of the lo
gemrnule gdcule ve almosi the form of a Ohio and
nois. At Granite City, Ill., specimens were taken from mtl'.]mg

tanks of the city water works, measuring 42 X 12 X 8 cm.
Fia. 576. Spicules of Asleremeyenia radiospicnlata. > 100, (From

mont.)

41 (38) Dermal spicules acerate if present. . . Heleromeyenia Potts . . 42

Spongillidae producing gemmules with birotulate spicules of two distinet classes, long and
short. Margins of rotules not smooth but dentate or incised.

42 (43) Rotules of gemmule spicules of smaller class finely serrated.
Heteromeyenia ryderi Potts 1882,

Sponge massive, often hemispherical. Gemmules numerous, crust
thick, foramina short and i inconspicuous. Skeleton spicules grad-
ually pointed, entirely spined except at the tips. Dermal spicules
wanting. Shafits of long birotulates spined, rotules of three to six
short recurved hooks, sometimes umbonate. Rotules of small birot-
ulates nearly as great in diameter as the length of their shafts.
Shafits smooth or with few spines. Shallow flowing water, Florida
to Nova Scotia, and inland at least as far as Towa.

F15. 577. Spicules of Heteromeyenia ryderi, Four types of spicules
figured here: s%elet-m spicule; long gemmule birotulates. bhooked and

spined; short birotelates; surl'm of rotules, margins
E::msimued or granulated; spherical mnrphou.-l spicule. X 100.  (After
'otls., !

43 (42) Rotules of gemmule spicules of small class coarsely serrate. . . 44

4
Do Wl P e bt Wi
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44 (45) Rotules of gemmule spicules of small class regular mushroom-shaped,
shafts usually smooth. . Heteromevenia repens Potts 1880.

nge encrusting, thin. Gemmules not abundant. Skeleton
ﬂrmum rather slender, sparsely ml::r::napmed gradual]_v pointed.
| s;xcules nearly straight, entirely ;p Gemmule birotu-
lates of longer class comparatively few; shafts, smooth or with one
or a few conspicuous spinés often irregularly bent. Rotules dome-
shaped, rays incurved like fish hooks. Small birotulates very nu-
merous, about two-thirds the length of the large ones.  (uiet,
stagnant water, New Jersey, Pennsylvania, and Michigan.

Fiz. 578 cules of Heteromeyenia repens.  Five types of spicules
im o rospined skeleton spicules: gemmule birotulates of the

:Iul. mth rﬂ:uruad hooked rays; hlrutulnl.m of the shorter class
less pronounced ravs; rotules of same; small dermal spicules, coarsely
spined; amorphous spicule. X 1oo.  (Alter Pnll‘.s}

45 (44) Rotules of gemmule spicules of small class very irregular, shafis
abundantly spined. Heferomeyenia argyrosperma Potts 1880.

Sponge minute, encrusting, gray. Gemmules abundant and
large. Foraminal tubules somewhat prolonged. Skeletom spicules
rather slender, cylindrical, abruptly gﬂmtﬂd sparsely spined.
Dermal spicules apparently wanting. Shafts of long birotulates
gﬂmﬁ spined. Rays of rotules few, long, stout, and clawlike.

irctulates much smaller, abundantly r-pined, From Penn-
sylvania, New Jersey, New England States, and Nowva Scotia.
Found by F. Smith at Douglas Lake, Mich,

Fm Emr.'ulﬁ of Heferomevenia argyrosperma, Three types of

5% sparsely microspined skeleton spicules: ggﬁmule

buuw!j.tﬁ of the class with one to three hooked rays; spined biroi-
ulates of the shorter class. ¢ roo. (After Potts.)

46 (14) Rotules of gemmule spicules unequal, the proximal being larger.
Tubella Carter.

Only North American species known,
Tubella pennsylvanica Potts 1882,

Sponge minute, encrusting, on stonez or timbers in shallow water.
Gemmules very numercus, small. Skeleton spicules very variable
in length and curvature, entirely spined; spines large, conical. Dier-
mal spicules wanting. Birotulates of gemmules numerous with a
large rotule next to the coat and a s=mall distal rotule, varying from
S the diameter of the shaft to that of the proximal rotule. Margin of
large rotule usually entire but margin of small often angular and
notched. Shaft smooth. Averse to light and found as a rule under
stones and roots. Eastern United States generally.  Found by F
Smith at Rhinelander, Wis., and Douglaz Lake, Mich.

i: Spuculns of Tubella rmm:.'hurlim Two types of spicules

akeleton spu:ﬂ es: gemmule “inaequibirotulates,” or

t.rum -shap wlculu group of rotules seen from above, showing the

Fﬁhl‘.}u ve sizes of the rotules; surface of single large rotule. ¥ 1co. (Aiter
1s.)

47 (13) Apertures of gemmules prn]unged and divided into filamentous ap-
pendages. . . . . . + Carterius Potts . . 48

a ]nn.g foraminal tubule, the outer end of which carries an irregularly

lnbad. disc or g provided with long filaments. Not recognized as a separate genus by some
recent authors (see Annandale, 1909), but distributed among the preceding genera.






THE SPONGES (PORIFERA) 315

50 (48, 40) Foraminal tubule still shorter; tendrils, three to five, very long
and slender. . ., . . . . Carierius tenosperma Potts 1880,

Sponge forming irregular masses creeping upon and around water plants and roots, less fre-
uently encrusting stones. Gemmules rather numerous. Foraminal tubules about one-fourth
the diameter of the gemmules. Tendrils as much as half an inch long. Skeleton spicules slen-
der, very sparsely microspined, gradually pointed. Dermal spicules slender, nearly straight,
entirely spined.  Birotulates with eylindrical shafts, abundantly spined, rotules often irregular.
New Jersey and Eastern Pennsylvania.

Fic. 583. Curm-imgm: eI d,éectiunlut g:kmln:mln {a), sli'hnrt tuh;ge; (), l-ot:g, slender cirrous
* 35. B. Three types of apicules: skeleton spicules; spined gemmule birotulates with
burr-like rotules; ends of same; long, spinous, acerate dermal spicules. ¢ roo.  (After Pcrtuj o
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CHAPTER XI

HYDRA AND OTHER FRESH-WATER
HYDROZOA

By FEANEK SMITH
Professor of Zoology and Curater of the Musewns, University of Tilinods

Tue student of the animal life of the sea is continually in
contact with a great variety of organisms which have radial sym-
metry and are often striking in appearance, diversity, and abun-
dance. These were formerly included in a great group, Radiata,
but are now separated into two very distinct branches (phyla),
the Coelenterata and Echinodermata. The latter phylum, which
includes the well-known starfishes and sea urchins, is wholly un-
represented in fresh water, while the former, which includes the
hydroids, jellyfishes, and corals, with thousands of species in the
seas of to-day, has in fresh water scarcely a dozen species and
these are relatively insignificant in appearance. The fresh-water
Coelenterata are all included in the class Hydrozoa, and hydra is
the only one which is abundant, widely distributed, and well
known to the ordinary student of zoology. Because of its abun-
dance it is the type form commonly used in zoology classes as an
introduction to a knowledge of the phylum.

Among the more obvious structural or morphological characters
of hydra is the sac-like body with the capacious chamber which
is at the same time body cavity and digestive cavity and of which
the mouth is the only opening to the exterior. The animal is
attached by one end and at the other shows the mouth surrounded
by a circle of tentacles which are evaginations of the body wall
and are hollow, their cavities being continuous with the digestive
cavity. The body wall as well as that of the tentacles is com-
posed of two cellular layers, the ectoderm and entoderm, sep-
arated by a thin, noncellular mesogloea and bounded externally
by a delicate cuticula. In some species there is an obvious dis-

tinction between an adoral part of greater diameter and more
316
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granular opaque entoderm, and a narrowed paler aboral part
which is termed the stalk. In other species designated in the
key as ‘“‘not stalked,” there is no clearly marked division into
such regions. Highly contractile fibers formed by certain cells in
both ectoderm and entoderm may bring about either a great
elongation of the body and tentacles to thread-like proportions or
their contraction to an almost globular form. Certain kinds of
ectoderm cells, which are most abundant in the adoral half of the
body, especially in the tentacles, give rise to the characteristic ne-
matocysts or ““ nettling cells ”’ of different shapes and sizes. These
contain a fluid secretion which passes out through a thread-like
extension of the sac wall, that is forced out when the cell is stimu-
lated. The combined action of a number of these nematocysts
on the small organisms encountering them results in the loss of
activity or even death of the organisms and so permits their cap-
ture and appropriation as food by the hydra.

Spermaries and ovaries develop in the ectoderm layer and at a
time of year which seems to be fairly constant for a given species
but differs in different species. After fertilization the ovum passes
through the early stages of development while still in the ovary
and becomes enclosed by a chitinous envelop which has a charac-
teristic shape and surface for each species. This envelop which
often is spiny is referred to in the key as the embryonic, chitinous
membrane. In some species the embryos are freed from the parent
organism and drop to the bottom, while in others they are fastened
by the parent to the substratum to which it adheres. The develop-
ment is direct. In one species (Hydra oligactis) the individuals are
said to be of separate sexes, or dioecious, but in others hermaphro-
ditism prevails. Asexual reproduction by budding is the preva-
lent mode of multiplication and very rarely the formation of two
individuals by a process of fission has been observed.

Hydra has long been an object of interest and experiment because
of its notable powers of regeneration and form regulation and there
is now an extensive literature dealing with these phenomena.

Hydra individuals ordinarily maintain an independent existence
but in various related groups colonies which often include many
individuals arise by asexual reproduction. In some such colonies,
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besides hydra-like forms or hydranths, another type of individuals
is produced which become medusae and separate from the colony
as free-swimming forms that develop germ cells which in turn pro-
duce a generation of individuals of the hydranth type. In other
colonial forms the germ cells are formed by individuals that re-
main as members of the colony. All the species of Hydrozoa
which have a complex colonial organization are with one exception
marine.

In the fresh-water colonial hydroid Cerdylephora, many of the
individuals or zooids are nutritive and provide food for the colony
and by budding increase its size while other individuals form germ
cells; there are no medusae formed. Among the obvious structural
features in which this form differs from hydra are the following:
the tentacles are not hollow but the entoderm forms a core of large
cells which occupies all the space enclosed by the ectoderm and
mesogloea; the tentacles are more numerous than in hydra and are
irregularly distributed; the cuticula is thick and forms a support-
ing skeleton for the colony.

Four genera of fresh-water Hydrozoa form free-swimming me-
dusae. Two of these occur in Africa but the two following genera
are each known in North America and Europe. -

Edward Potts first discovered the Microhydra and it has been
studied chiefly by him. The hydranth form has no tentacles and
it lives independently or forms simple colonies of two or three
individuals. The medusae have been seen by him to arise by
budding from hydranths but have not been observed when older
than a stage attained two or three days after being freed. They
have but eight tentacles and no marginal sense organs.

Craspedacusta was first found in the Regent’s Park Gardens,
London, England, in 1880, and its only occurrence in North Amer-
ica thus far recorded was in Washington, D. C., in 1907 (Hargitt).
Only its medusa stage is known with certainty but what is supposed
to be the hydranth form is very similar to that of Microhydra.
The medusa has more than eight tentacles and has marginal sense
organs.

The hydra is usually found adhering firmly by the base to sub-
merged objects over which it moves slowly and may be found at
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various distances from the surface, but not infrequently is sus-
pended from the surface film or even drifts about unattached
and thus often becomes a component of the plankton. The hydras
multiply so rapidly when conditions are favorable that they often
take heavy toll from the plankton organisms, especially the ento-
mostracans and small worms. Since they are probably little used
as food by animals useful to man and since they compete with
young fish for food, their economic relations to man are unfavor-
able.

The most favorable conditions for Cordylophora are in brackish
water and there it attains most luxuriant development but it
thrives also in fresh water, although the colonies are there less
stalwart and the ascending branches are usually not more than
half as large as in colonies from brackish water. It was first known
as a brackish water form from Europe and its appearance in fresh
water is of comparatively recent date. It has been known for a
number of years in the United States, near the Atlantic Coast, where
it occurs in both brackish and fresh water. The first recorded
appearance in the Mississippi Valley was in the Illinois River in
19og, but it is now known in several states of that region.

This form is a plankton feeder and thus competes with young
fish for food. Its most vigorous colonies are found where there is
considerable current and in company with Bryozoa it not infre-
quently invades the pipes of water systems, impedes the flow, and
at times vitiates the water itself. Microhydra is found associated
with bryozoans on the surface of stones in running water near
Philadelphia, and is apparently not an abundant form.

In the search after hydra if pond-lily leaves and coarse sub-
merged vegetation be collected from bodies of water in which
hydra occurs, and allowed to stand a few hours or days in glass
jars, specimens are likely to be found attached to the vegetation
or to the sides of the jar or even suspended from the surface film.
Hydra may be kept in good condition for long periods of time in
well aerated aquaria, if supplied with sufficient food, preferably
small entomostracans and worms. At the proper season and tem-
perature they may reproduce sexually as well as by budding.

For ordinary purposes a corrosive sublimate and acetic acid
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mixture either hot or cold gives sufficiently good results as a fixa-
tive, but for certain cytological studies special methods are recom-
mended; for these one must consult the literature.

Occurring most frequently attached to submerged sticks or twigs
Cordylophora may also be looked for on the submerged surfaces of
walls and piers and also on stems of coarse vegetation. Fixation
may be accomplished as with hydra.

It has recently been shown that the Linnaean systematic names
in common use for species of Hydra must be dropped for the earlier
ones of Pallas. Recent literature which deals with the results
obtained by several investigators who have worked on Hydra
shows such conflicting views concerning the status of certain sup-
posed species of this genus, that any classification or key dealing
with them must be regarded as tentative. The chief difficulty is
with Hvdra oligactis Pallas (H. fusca L.), which by some is believed
to have been applied in the past to two specifically distinct forms
while others uphold a contrary view.

The treatment of the species of Hydra in the following key is
based chiefly on the papers of Brauer, Downing, and Koelitz.

KEY TO NORTH-AMERICAN FRESH-WATER HYDROZOA

1 (10) Hydranths with tentacles; no free swimming medusae at any stage of
the life history. . . i i o e 2

2 (g) Tentacles in.a circle about the oral end; do not form true colonies;
have power of slow locomotion. . . Hydra Linnaeus . . 3

3 (6) Body not definitely stalked; extended tentacles not very much longer
than the body.. . .o 0 v ¢ misie . S ehiey R 4

4 (5) Green; three kinds of nematocysts; embryonic chitinous membrane
spherical, with minute elwatmn.s. spermaries limited to
oral third of body; sexual activity more frequent in summer.

Hydra viridissima Pallas (H. viridis L.) 1766.

5(4) Pale yellow, gray, or brown; four kinds of nematocysts, diameter of
largest o.0105-0.013 mm.; embryonic chitinous membrane
spherical, with coarse branched pointed spines; spermaries
only on distal third; sexual activity more frequent in sum-
mer. . . . . . Hydra vulgaris Pallas (H. grisea L.) 1766.

6 (3) Body definitely stalked; extended tentacles much longer than body. . 7
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7 (8) Gray, brown, or reddish; three kinds of nematocysts; diameter of
largest less than o.o105 mm.; embryonic chitinous membrane
spherical, with very short spines; spermaries on any part
of body except the stalk; sexual activity more frequent in

winter.

0o

ia b

v « « . Hydra oligactis Pallas (H. fusca L.) 1766.

By some it is claimed that . oligaciis is strictly dioe-
cious and is in this way distinct from the following
species.

Fig. 585. H. oligaciis. (a) Nemat 2, (¥ Embryonic
m:m m.:!mhr:.u.e ¥ 47. (After Brauer.)

8 (7) Gray or brown; four kinds of nematocysts, diameter of largest less
ﬂ'laJI 0.01 mm.; embryonic chitinous mt:ml:lranc plano—cmh
vex, with only convex side covered with spines; spermaries
limited to the oral third of the body; sexual activity more
frequent in autumn. . . . . Hydra polypus Linnaeus 1738,

0,00
T
Pm.sﬁs Hﬂu&d:ﬂ:hm
Ksﬁ. {Mterﬂmuar}

Besides the differences between H. oligactis and H. fwd'j.rpﬂi
mentioned above the latter is said to be somewhat mm r and
to have somewhat shorter tentacles than the former. some
the validity of any of the differing characters rm:nti-:m above
is disputed, with the possible exception of the difference in the
number of different kinds of nematocysts,

H. pallida Beardsley, a very pale form in Colorado, and .
corala Elrod, a very large red form in Montana, may prove to
belong to the species listed above, as similar variations of them
are known to occur in Europe.

0 (2} Tentacles irregularly scattered on the b-udy of the hydranth; form true
ondes.. ... . ; . . . Cordylophora Allman.

But one species, C. lacusiris Allman, which
occurs in fresh water near Philadelphia, Pa.,
and near Woods Hole, Mass. It has recently
been found in the Illinois River at Havana,
and by Mr. W. Donaldson in the Mississippi
River at Granite City and East St. Louis, FI)]
in the Arkansas River at Little Rock, Ark.,
and in the Red River at Shreveport, La

Fm. 586, Cordwlophora lacustris. (a) A branch from
n}r About twice as large as is common in fresh

(%) Female rtpcmductwc zonids with embryos

in &lﬁufnt stages of development. ¥ zo0.  (Alter

10 (1) Hydranthswithout tentacles; free swimming medusae are formed. . 11



322 FRESH-WATER BIOLOGY

11 (12) Hydranth form most frequently seen; medusae rarely found and
have but eight tentacles. . . . . . . . Microhydra Potts.

But one ies, M. Potts,
first des::ribaepdﬂmimm mﬁhﬂaﬂ el-
phia, Pa,, but since then found in
different localities in Europe. The
medusae have been seen only when
in a very carly stage and the adult
stages are not known.

Fia. s87. lﬂcrehduudﬂi {a) Young

3 medusa. K (After m from
? Fous) X Rriranti embryo.
a b oz h'i.fur Ryder I‘rnm P-utl'.tml

12 (11) Hydranth form rarely seen; medusae have more than eight tentacles.
Craspedacusta Lankester.

But one species, C. sowerbyi Lankrster known in Europe
and America. Found only in aguaria a.cmrdms to earlier
records, but large numbers were Cﬂﬂﬂ,‘teﬂ by Professor H. Gar-
man in September, 1916, in a creek near Frankfort, Kentucky,
the first record of their occurrence in other than artificial sur-
roundings. A second species, C. kawaii Oka, has been found in
a river of China.

Fio. s88. Craspedacusta sotwerbyi. 3 about 4. (After Hargitt.)

Limnocnida Giinther is the only other known genus of fresh-water medusae and its
distribution so far as recorded is limited to the Easten Hemisphere. Limnocnida
fanganyicae (Bohm) 1883 is found in Africa; Limnocnida indica Annandale 1912, in
India; Limnocnida rhodesia Boulenger 1gi2, in southern Africa.
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CHAPTER XII

THE FREE-LIVING FLATWORMS
(TURBELLARIA)

By CAROLINE E. STRINGER
Head of the Depariment of Biology, Omaha High School

Tue Turbellaria or free-living flatworms are among the most
interesting of the simply organized animals because of the re-
markable variety shown in their reactions and behavior. They
are to be found both in fresh and salt water and sometimes in
moist places on land. The fresh-water forms are common in
ponds and streams almost everywhere. Many of the smaller
forms resemble infusoria in their minute size, shape, and move-
ments. The larger Turbellaria are more readily recognized as
worms but are often confused with leeches which they resemble
superficially in color and form, although they are easily distin-
guished by their head-like anterior end, non-segmented body, and
lack of posterior adhesive sucker.

Probably the first attempt to describe one of this group dates
back to 1744 when Trembley included in his memoir on Hydra
what was undoubtedly a planarian. As early as 1776 O. F.
Miiller separated the Turbellaria and Nemertinea from the para-
sitic Trematoda, but it was not until 1831 that Ehrenberg gave
to these animals the name Turbellaria because of the tiny cur-
rents in the water created by the delicate cilia which cover the
body. Much confusion existed in their classification until the
appearance of Lang's work on structure and relationships in 1881
and in the next year of L. von Graff’s monograph on the Rhab-
docoelida. Since then considerable attention has been given to the
morphological and physiological as well as to the systematic study
of the group.

Flatworms may be either cylindrical, thread-like, spindle-shaped,
or more or less flattened and leaf-like. They range in length
from a fraction of a millimeter to several centimeters. The
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larger fresh-water forms are usually inconspicuously colored, gray,
brown, or blackish or are entirely free from pigment. The smaller
forms are often brilliantly colored, yellow, orange, red, or rose;
and a few appear green due to the zoochlorellae or symbiotic
one-celled plants which live within the mesenchyma. The color
is more or less affected by the food contained in the intes-
tine. This is especially true of the non-pigmented or very trans-
parent forms and in many cases examination with a lens will be
necessary to show whether pigment is actually present or not.

The anterior end is often modified so as to suggest the form
of a head, either by the presence of the various special sense
organs, a pair of lobes or cephalic appendages, or by a groove
or constriction separating it from the rest of the body. Eyes
may or may not be present. If present, the usual number is two,
though some forms have four and one genus of planarians,
Polycelis, is characterized by the possession of a large number
of eyes. Accessory eyes or pigment spots are common among
certain species. The normal eyes are usually bean-shaped and
are black in color although there are many exceptions. Acces-
sory eyes are usually more or less irregular in shape as well as in
position.

A pair of sensory pits occurs in the anterior region in many
forms. These may be round, oblong, or slit-shaped, and wvery
shallow or deeply sunken. They are connected with special
brain ganglia, are usually provided with long cilia, and are re-
garded as olfactory organs. A few forms possess a statocyst
(otocyst) or balancing organ. It consists of a membranous sac
filled with a fluid in which a strongly light-refracting statolith
(otolith) is suspended. The non-pigmented, light-refracting organs
found in Stenostomum posterior to the brain and connected with
it by nerves are of three types. They may consist (1) of a va-
riable number of spherical bodies arranged in the form of a
convex organ, the so-called saucer-shaped or patelliform organ,
(2) of a vesicle which contains a strongly light-refracting lens-.
shaped body on its wall, or (3) of a hollow capsule-like vesicle.

The epidermis consists of a single layer of ciliated cells. The
cilia are conspicuous in the rhabdocoels, which are enabled
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thereby to move freely through the water, and to the unaided
eye look much like infusoria. Planarians have a uniform gliding
movement but do not swim about unsupported. In addition to
the cilia, remarkably long sensory hairs are present in a few forms.
The Turbellaria are richly supplied with various kinds of glands.
Slime glands occur all over the body and are especially numerous
near the anterior and posterior ends. Other glands form the
rod-shaped bodies or rhabdites which are either homogeneous
and uniformly light-refracting (rhabdoids), or consist of a hyaline
outer layer enclosing a fine granular substance (rhammites). The
former are extremely variable in shape (spindle-, egg-, rod-, or
club-shaped) and originate either in dermal gland cells or in sin-
gle-celled glands within the mesenchyma, especially in the anterior
end where the tracts through which they pass to the surface may
appear as conspicuous lines. The rhammites are found only in
the mesenchyma. Still other glands produce the pseudo-rhab-
dites which are irregular in shape, granulated in structure, and
have a low light-refracting power. A few forms have nematocysts,
or stinging cells, similar to those of the coelenterates, in place
of rhabdites. Adhesive cells and adhesive papillae are present
in many forms, especially at the posterior end of the body.
The external openings, mouth, genital pore, and excretory pores,
are extremely variable in position.

In place of the usual body cavity of higher animals, the space
between the body and internal organs is filled with a peculiar
connective tissue called mesenchyma (parenchyma). In the
smaller forms this tissue consists of a few scattered suspensory
strands and the space between is filled with fluid. In others
there is a network which encloses spaces filled with fluid and richly
supplied with cells. The cells may be vacuolated or otherwise
modified. The musculature includes bands of circular, longitudi-
nal, and diagonal muscles in the body wall. There are also mus-
cles which extend through the mesenchyma or connect with the
internal organs. The digestive apparatus includes the mouth,
pharynx, and intestine, all of which play an important part in
classification and furnish a ready means of distinguishing the two
great groups of fresh-water Turbellaria.
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In rhabdocoels (Fig. 58¢) which include smaller forms, the mouth
may be placed at the anterior end or at various points on the
ventral surface. The pharynx is represented by three general
types, simple, bulbous, and plicate. In the bulbous type a muscu-
lar membrane divides the pharynx from the surrounding mesen-
chyma; the plicate form does not have the dividing membrane,
but consists of a cylindrical tube lying within a pharyngeal cavity
which opens to the exterior through the mouth. The simple and
plicate types of pharynx lie more or less lengthwise and the organ
appears as a tube parallel with the surface of the body. The
bulbous pharynx is more variable and includes three types, the
rosette-shaped, the cask-shaped (dolioliform), and the variable.
The intestine has the form of a simple sac; it consists of a blind
cylindrical tube, median in position. It is sometimes provided
with short lateral diverticula. The walls are thin.

In triclads (Fig. 590) the mouth is on the ventral surface usu-
ally just posterior to the middle of the body. The pharyngeal
region ordinarily shows externally about the middle of the body,
either as a more heavily pigmented or as a lighter colored area.
The pharynx is a cylindrical, very muscular tube which lies within
the pharyngeal cavity except when protruded while feeding.
In a single genus, Phagocata, there are many pharyngeal tubes
instead of one. The intestine is thin-walled as in the rhabdo-
coels but has three main branches, a single one extending forward,
and two passing back, one on either side of the pharynx to the
posterior end of the body. Numerous lateral diverticula are
found especially in the anterior region. These may anastomose
with each other or remain distinct.

The protonephridial system (water-vascular system or simple
kidney) possesses one, two, or four principal canals, with a general
antero-posterior direction. The number and position of the open-
ings is variable. The nervous system includes two principal brain
ganglia and two main longitudinal nerves with numerous lateral
branches. In many forms the longitudinal nerves may be seen as
two light lines on the ventral surface.

Reproduction is both sexual and asexual. The Turbellaria
are hermaphroditic with the female organs distinct from the male.
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Both sets of organs have a common genital pore or are provided
with separate external openings. In many cases the male organs
mature earlier than the female and degenerate as the latter develop
so that a study of various stages of growth is necessary to give
complete knowledge of the organs. The rhabdocoels show great
diversity in structure ranging from those with simple ovaries and
testes to those with an elaborate system of accessory glands and
ducts that much resemble those of the triclads. The male copu-
latory apparatus or cirrus is often remarkably complex and may,
as in Dallyellia, present the chicf characters for identification of
species.

Some rhabdocoels produce two kinds of eggs, the thin-walled
transparent summer eggs which may undergo development within
the body of the parent, and the thick-walled winter eggs which have
a hard, brown shell and develop in the outer world. In other
species only the hard-shelled eggs are produced. In the Catenuli-
dae asexual reproduction by the formation of buds or zooids at
the posterior end of the body is met with commonly. More than
one bud may be produced before separation takes place.

Planarians (Fig. 590) show less variation in the structure of
the sexual organs. The testes, usually numerous, lie both above
and below the digestive tract and extend from anterior to posterior
~end. The seminal vesicle opens into the muscular bulb-like
cirrus, the apex of which projects into the male genital atrium,
which in turn leads into the common atrium. Two ovaries are
placed far forward. The numerous yolk glands open into the
oviducts as they pass back and either unite to form a common
duct which enters the genital atrium or open separately into the
posterior part of the uterine duct. Fertilization apparently occurs
in the uterus which lies just back of the pharynx.

Some triclads manifest only sexual reproduction; others have
regular alternating periods of sexual and asexual reproduction;
while a number do not have a definite life cycle since sexual ma-
turity occurs at irregular intervals and often only among a limited
number of individuals. In these forms reproduction is ordinarily
asexual. Dendrocoelum lactewm attains sexual maturity and de-
posits its cocoons during the winter months. In Planaria maculata
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and Planaria agilis sexual organs begin to develop early in the
autumn and mature in the spring. After the cocoons are depos-
ited the reproductive organs degenerate and reproduction is again
carried on by transverse division into two pieces with subsequent
regeneration of the missing parts in each piece. The division
plane in most planarians passes just back of the pharynx. In
Planaria velata there is a division into pieces of various sizes
which encyst in a slime layer in response to unfavorable con-
ditions. This slime layer hardens into a shell-like covering.
Entire animals may also encyst. Asexual reproduction among
planarians may occur at any time of the year and in many species
is the usual method of propagation. The factors which control
the development of sexual maturity are not fully understood
although the food supply unquestionably plays an important part.

Turbellaria undergo no metamorphosis during development but
emerge from the egg, resembling the parent except in the lack
of sexual organs. In viviparous forms the young develop within
the mesenchyma of the parent and make their way to the exterior
through the body wall in the posterior region.

Flatworms are extremely responsive to external influences and
the larger forms especially give interesting and specific reactions
to various kinds of stimuli. If a dish in which they are quietly
gliding about is jarred even very slightly, it will cause them to
stop and contract until quiet is restored, or if at rest and the dish
is moved they respond by becoming active as soon as the disturb-
ance ceases. Violent disturbance induces a highly excited condi-
tion with a loss of their more delicate reactions. After being
disturbed the animals continue moving about for some time, this
period depending on the strength of the stimulus and the physi-
ological condition of the animal. Naturally it depends also upon
the species since some are more active than others. They come
to rest in some sheltered spot, normally in groups. Light plays
an important part in determining their resting place as they show
decided negative photokinesis. The length of time of the resting
period varies greatly. The animals are much more active at
night than in day time; this is probably due to their feeding
habits.



THE FREE-LIVING FLATWORMS (TURBELLARIA) 320

If the worm is in a normal condition a delicate mechanical
stimulus induces a positive reaction, i.e., the animal pauses mo-
mentarily, then turns towards the source of the stimulus and
glides forward in that direction. A negative reaction is usually
given in response to a strong mechanical stimulus. In this case
the animal turns away from the source of the stimulus. The
positive and negative reactions are given not only in response to
weak and strong mechanical stimuli but to changes in tempera-
ture and to various chemical stimuli. The food reaction is essen-
tially a positive one. If food is placed in a dish where planarians
are gliding about, as they pass near enough to receive the stimulus
supplied by the juices of the tissues, they give a positive reaction
similar to that following delicate mechanical stimuli. This reac-
tion brings them to the food and as they pass over it the anterior
end closes over the food as if testing it. This process completed,
the animal moves ahead sufficiently to bring the mouth opening
over the food. The pharynx is extruded and the feeding process
begins. An interesting reaction is given where a planarian falls
dorsal side down, as it rights itself by forming a more or less
complete spiral.

There is a constant secretion of slime over the entire body and
especially on the ventral surface. Irritation causes an increase in the
quantity discharged. The slime layer and rhabdites probably serve
the purpose of protection to some extent and aid in holding the prey.

Some Turbellaria occur in shallow quiet pools only; others
in larger ponds, lakes, or rivers, while a few species seem to prefer
swiftly flowing spring-fed brooks and streams. They are found
not only in all kinds of water but under varying temperature
conditions as well, since they may be collected during the winter
from beneath the ice and also are found in hot springs with a
temperature of 47° C. They collect on the under side of stones,
sticks, and leaves, conceal themselves among algae and in debris,
or cling to the stems of Chara, Ceratophyllum, and other hydro-
phytic plants. Certain forms are found near the surface in com-
paratively open water, and others in the mud or sediment at
the bottom of ponds or lakes. Peat bogs and swampy places
often furnish a large number of forms.
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The regions occupied by different species of planarians are ap-
parently determined by temperature and food supply to a very
great extent. Those species which are adapted to low tempera-
tures become sluggish and inactive in higher temperatures, or
the reverse, and so will be less likely to find food than forms
especially adapted to that temperature. If the food supply is
limited this will necessarily lead to a crowding out of those less
perfectly adapted to the environment. The development of any
one species in a particular region is consequently limited by com-
petition with other species already established in the area. In
some cases two or more species may be found in almost equal
numbers in the same pond as Planaria maculata and Dendrocoelum
lacteum. In such cases a variety of food usually seems to be
abundant, thus reducing the competition which would otherwise
lead to the elimination of the weaker. Cannibalism sometimes
occurs among individuals of the same species when food is scarce
and different species are especially likely to prey upon each other.
Planaria agilis is a voracious feeder, and will exterminate a culture
of Planaria velata or Planaria maculata in a comparatively short
time even if other food is provided. This may account in part
for the fact that certain species are always found alone.

Ordinarily a pond or stream shows no evidence of the presence
of Planaria even though large numbers of them may be hidden
away under stones or leaves. However, one sometimes finds
them moving restlessly about in great masses, either all in one
general direction or in disorder. Voigt has conducted some inter-
esting experiments with European forms under natural conditions
which would indicate that these apparently concerted movements
are the result of a response to some stimulus which may promise
food, and cannot be regarded as indicating the possession of any
inherited tendency toward periodical wanderings. The marine
Turbellaria, like the fresh-water forms, hide under stones and
among seaweeds. Some find shelter within the shells of molluscs
and a few are parasitic.

The land planarians are in general characteristic of tropical
and sub-tropical regions where they attain a considerable length
and are usually brilliantly colored. In this country one may
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sometimes find them in greenhouses and gardens, under flower
pots or boxes, in moist woods under bark and old logs, or in any
moist sheltered place. They are easily overlooked because of the
similarity in their appearance to young snails.

Rhabdocoels are especially abundant in pools or ponds which
contain much algal or other vegetation. A lens is often neces-
sary to distinguish them from other minute organisms. They
may be collected by means of a Birge net or other apparatus used
in collecting small animals or simply by gathering carefully plant
material, sediment, or debris from the ponds where they live
and exposing this material in shallow dishes in the laboratory.
The larger triclads are easily collected as they cling to the stone
or leaf which conceals them when it is lifted from the water and
they may then be removed with the point of a knife, or washed
off into a large-mouthed jar. When algae or debris which con-
tains them is disturbed, they contract, remain motionless until
the disturbance ceases, and then come to the surface and crawl
about excitedly, thus being easily picked up with a large-mouthed
pipette.

Most Turbellaria are easily kept in cultures if the water is kept
pure. Rhabdocoels should have a supply of unicellular and fila-
mentous algae such as diatoms, Spirogyra, etc., and small animals
like rotifers, crustacea, and insect larvae, as they use both plant
and animal food. Planarians are largely, if not entirely, carnivo-
rous and thrive in aquaria which are supplied with running water
so that they may be given a constant supply of food. If this is
not possible, they may be kept in ordinary aquarium jars or shal-
low dishes with or without algae. They will live for weeks with-
out food but become greatly reduced in size. They take food
readily, especially at night, and should be fed once or twice a
week on earthworms, snails, liver, or almost any soft fleshy animal
tissue. The water should be changed after each feeding.

Small forms are easily studied under the microscope if slightly
compressed by the cover glass through the absorption of the
surplus water with filter paper. A few quince seeds added to
the water are of great assistance as they form a jelly which re-
tards movement without injury to the animal. Cells or hollow
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slides are convenient for work with large forms. Anesthesia may
be induced by the use of a solution of one-tenth of one per cent
of chloretone, or even less with some species. For preservation
hot corrosive sublimate may be used, or a cold solution of the
sublimate to which five per cent of glacial acetic acid has been
added. Lang's fluid, Chichkoff’s mixture, and 30% HNO; fol-
lowed after one minute with 709, alcohol, are all useful killing
reagents. Formol is useful for preservation of external characters
since the animals retain their shape and color in it better than
in most reagents. The larger planarians are especially valuable
for study in laboratories where attention is given to animal be-
havior. Certain forms also afford excellent training in exactness
of observation.

The lack of well defined and unvarying external characteristics
makes it difficult to identify many Turbellaria. A large part of
the material ordinarily collected is sexually immature whereas, as
has been noted above, a knowledge of the structure of the sex
organs is necessary in certain genera for identification. Preserved
material if immature is especially difficult to identify since the
body becomes distorted in shape and the color is usually so
modified as to be unreliable. The differences in color and form
between several of the species of planarians while definite are
so slight as to be apparent only after a comparison of living
material. In other cases there is a wide variation in color be-
tween individuals of the same species.

Until comparatively recently descriptions of many species of
Turbellaria were extremely meager. The confusion which has
arisen as a result is due to the lack of conspicuous external char-
acteristics which would serve for identification.
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EEY TO NORTH AMERICAN FRESH-WATER TURBELLARIA

IncLuvpiNg THE LAND PLANARIANS

1 (78) Intestine a single blind tube, median in position.
Order Rhabdocoelida . . 2
The intestine consists of a simple rod-shaped or sac cavity which rarely has lateral diverticula
and never is divided into two distinct post-pharyngeal branches. Mostly small forms, never
more than a few millimeters in length. The following figures (Figs. 580 and s90) facilitate a
comparison of structure in the two great orders, Rhabdocoelida and Tricgludld' a (p- 354)-

Fic. 589. Structure of a Rhabdocoel, Fic. sao.  Structure of a Triclad.
ia rossi. Com . . atrial Diagram of a Planarian. ag,
lands; b, bursa copulatrix; bst, duct lead- genital atrium; awm, eve; com, cross
fng from hm'!u copulatrix; ck, chitinous commizsures of nervous system;
part of the male co lﬂl.m'{nl:lr n; da, in- d', anterior, and d". postetior
testing; oy, duct of yvolk nd; ge, ovary; branches of intestines; do, yolk
g0, genital pore; mge, male genital canal; gland; ex, excretory canal; exp, ex-
mph, retractor muscles of pharynx; ph, cretory pore; g, brain; gp, genital
E}uyu: pp, cirrus; pr, reddish reticu- pore; In, longitudinal nerve; m,
pigment; gz, yellow pigment cell; rs, mouth; od, oviduct; od’, common
receptaculum  seminis; sph,  sphinctor oviduct; o, ovary; p, cirrus; ph,
muscle of the uterus; fe, testes; od, vas de- pharynx; pht, pharyngeal pocket;
ferens; vs, seminal vesicle; o1, yolk gland; =, Ie, testes; sf, uterus; wid, uterine
e&opluﬁ:ﬂ cells; e, eve; w, uterus. X duct; od, vas deferens. (After
5o, (After von Graff. Béihmig.)

2 (77) Pharynx simple, cask-shaped or rosctte-shaped. Connective tissue of
body cavity poorly developed.
Suborder Rhabdocoela . . 3

The mesenchyma often consists of but a few strands of connective tissue and contains large
spaces filled with a perivisceral fuid.

3 (30) Reproductive organs simple. Female organs consist of ovary only.
Section HYSTEROPHORA . . 4
These forms possess no accessory female organs, 4.2, no s-eraralﬁ volk glands, uterus, female

copulatory apparatus, etc. Asexual reproduction among bdocoels iz found only in this
section of the order.
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12 (13) Anterior end bluntly pointed, ciliated pits about as far from end of
body as width of body at that peint. Posterior end taper-
ing uniformly to a blunt point.

Stenastomum lewcops (Anton Dugés) 1828,

Length of single individuals 0.5 to 1.5 mm. Asex-
ual reproduction by budding 2 to 4 zooids common,
rarely g zooids. Intestine continuous through zooids.
REhabdites small, numerous. Two patelliform organs
which consist of numerous spherical bodies. Male
sexual organs mature in August, female in September.
At this time the animal becomes large, sluggish, and
somewhat reddish-brown in color. The six-lobed
ovary lies under the intestine. The oval-shaped
testes which consist of many closely compacted lobes,
lie above the rynx and open into the seminal
vesicle which leads through a short canal to the
opening on the dorsal surface. Abundant on plants
in quiet water such as small lakes or ponds. A%8.,
M. Y., 1ll., Mich., Neb. i

Fic. ﬁ,' Stenostomum kﬂﬂ;l {A) dorsal view of anterior end: &, brain; m, mouth; &, protonephrid-
ium; phd, ph | glands; do, patelliform organ; cp, ciliated pit. > 200, (8) Entire worm. cp,
ciliated pit; m&, brain; m, mouth; ﬁk, rynx; is, intesting; we, protonephridium; op, external
pore of protonephridium. X oo,  (After Ott.

13 (12) Anterior end very bluntly rounded with ciliated pits very near the end.
Posterior end of body narrow and forming a long slender tail,

- somewhat spatulate in shape, except where division has

recently taken place, in which case the tail is shorter and

more pointed. . . . Stenostomum speciosum Stringer 1913.

Len 2.25 mm. A large rhabdocoel which moves rather slowly and very gracefully. The
ciliated pits are placed close to the blunt anterior end, much farther forward than in 5. lence s,
also are deeper and narrower than in the latter form. The mouth is about as far from the an-
terior end as the diameter of the body at that peint, and is surrounded by glands. The pharynx
has delicate longitudinal striations. The intestine shows many large highly refractive color-
less bodies, probably fat globules. Nothing definite can be said of the light-refracting organs

which were difficult to identify because of the unusual size of the animal. A few specimens
collected from pond with S. lescops. Lincoln, Neb,

Fic. s03. Stenoslomum speciosum. cp, cilisted pit; b, brain; pk, pharynx; s, mouth with surrounding
glands: ¢ egg. X 45. (Onginal.)

34 (xr) Wall of digestive tract pigmented. . . . « . + + + . « ¢ « « 1§
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6 mm. Width about one-thirtieth the length. Very
slender, white, thread-like with snake-like movements. Head region
broader than the rest of the body with blunt point at anterior end.
Posterior end abruptly rounded. Asexual reproduction not known.
Brackish water, Fa.ﬂmmth, Mass.

Fic. sg7. Sienosfomum toluber.  Anierior end: m, mouth; ph, pharynx; in,
intestine; ov, egg (F); ws, protonephridium. X 20, (Alter Leydig.)

b — s !
‘ =2 .
Eﬁ“r’* firk

= (8) Ciliated pits shallow. A club-shaped proboscis is present.
Rhynchoscolex.
Only one species. . . . . . . . Rhynchoscolex simplex Leidy 1851.

Length 4 to 7 mm. Color yellowish-white ue.  Anteriorly abruptly attenuated into a
long cylindrical clavate proboscis; anterior en ptly narrowed, obtusely rounded. Pro-
boscis shows longitudinal and numerous transverse marks. Mouth ventral, at the base of the
Prabom Intestine straight and capacious. A small “ﬂgghnF worm found among yellowish
= t:l;ﬁ-:cf vegetable matter and confervae at the bottom of clear brooks in the vicinity of

Von Graff rds the European species R. vejdevski Sekern 1888 as probably identical with
this American form.

20 (5) With two lateral branches of the protonephridium.
Family MICROSTOMIDAE . . 21

Mouth a longitudinal slit on ventral surface, intestine occasionally with side lobes. Proto-
nephridial branches open in anterior end. Testes and ovary either paired or unpaired, with two
ventral sexual pores, the male posterior to the female. With or without eyes and ciliated pits.

21 (24) The intestine extends dorsally and anteriorly beyond the junction
with the pharynx. . . . . . Subfamily MICROSTOMINAE.
Onlyonegenus. . . . . . ... . « . . . Microsiomum . . 22

22 (23) With two reddish-yellow pigmented eye spots.
Microstomum lineare (Miiller) 1773.

Length of single individuals 1.8 mm. In chains
up to I8 mirﬁ; with a length of 9 te 11 mm.
Slender. Ve?r active. Color vellowizh to grayish-
brown, rarely rose-colored, with the intestine
always darker than the body. Pre-oral portion of
intestine short. Two small ciliated pits. Nettle
cells: or nematocysts in place of rhabdites,
Male sexual organs with paired testes: slender
chitinous spicule of copulatory o with curved

int. Owary unpaired and ian in position.
n fresh and brackish water. Monroe Co. and
Ontano Beach, N, Y.; West Twin Lake and
Round Lake, Mich.

Fis. 593. Microstomum lineare. (A)anterior portion
of a chain: e, eves; cp, ciliated pit; af, pre-oral por-
tion of intestine; m, mouth; oe, esophagus. X 1o.
(After von Grafl.) (B) Chitinous portion of cirrus.
Much enlarged. (After Schultze.)
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26 (25) Chitinous spicule of cirrus a straight narrow .tube tapering to a
somewhat wariably curved point. Vesicula seminalis and
vesicula granulorum separated by a short constriction.

Macrostomum sensitioum (Silliman) 1885,

Length 1.5 mm. Color grayish-
white. Intestine vellowish. Broad-
est through middle. Posterior end
narrowed. Rhabdites present in in-
tegument in large numbers, ecither
singly or in twos and threes. Rhab-
dite tracts mnsplcmua in anterior
end. Intestine with lateral diver-
ticula. Protonephridium communi-
cates through a pore with mouth
cavity. Chitinous organ somewhat

Fre. 6ot. Hmwm :mih‘m {4} Anterior end: b, variable. Monroe Co,, N. ¥.; brack-

brain; ¢, eve with lens; hridium wh..;h opens ish water, Falmouth, Mass,
thmgh "the pore (#) into u:.: mouth cavity: =f, sensory
hairs. 150, | Silliman.) (B) Male copulatory organ

to pressure. | ale not und
pressure: b, vkl seminalsy v, Skl Sromalopare, ob
chitinous t. Much enlarged. (B, C, after von Graff )

27 (4) With a long cylindrical bulbous pharynx. . Family PRORHVYNCHIDAE.

&Il‘x is remarkably large. The mouth is in the anterior end. Testes with numerous
:fnll.l.clu not paired. Two sexual pores, the female pore on the ventral side. The male
ﬂl.'gans open near the mouth or unite with it.

Only onegenus. . . . . . . . . Prorhynchus M. Schultze . . 28

28 (ig} Witheut eyes. . . . . . . Prorhynchus stagnalis M. Schultze 1851,

h to 6 mm., commonly much smaller. White, thread-like. Two cili-
ated pits. With numerous pear-shaped glands in the integument. Pharynx
about } of total length of body. Protonephridium with four principal branches,
two dorsal and two ventral. Chitinous portion of cirrus straight and stiletto-
shaped. Monroe Co., N. Y.; brackish water, Falmouth, Mass.

Fi16. 6o2.  Prorhynchus stagnalis. ch, chitinous stilettos pb, bulb-like cirrus; w5, semi-
nal vesicle; ds, ductus seminalis; ¢, testis follicle; opening of male sexual organs inte

-f ph.umaﬁipodel. ob, ovary; ¢, mature egg. X 15, (After von Grafl.)
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35 (36) The chitinous portion of the male copulatory organ is represented
merely by the chitinous tube of the ductus ejaculatorius.

Dalyellia inermis von Graff 1g11.

: Length e.6 mm. Flattened. Posterior end
modified into a kind of adhesive disk. Color
white by reflected light. Intestine very
broad and yellow in color, Eyes dull yvellow.
Accessory pigment spots irregularly grouped

near the eves. The locomotor movements
are very quick. Rochester, N. Y

Fic. 6ag. Dalvellia imermis. (4) Ventral view,
slightly compressed: e, eye; s, mouth; =, yolk
glnnd. o1, -.warr, g, genital pore; o, male

pulatory or fe, testes. }f:ns (B) Ad-
hune disk o hpmirﬁd (C) M s l:'::u;mla
LOTY OFgan en , chitinous tube; ks, vesi-
cula granulorum; s vesiculs seminalis. X 300,

36 (35) Provided with true chitinousorgan. . . . . . .. ... .. 37

37 (38) Chitinous portion of cirrus consists of a single chitinous spine.
Dalyellia rochesteriana von Graff 1911,

Scarcely r mm. long. Closely resembles D). rheesi. Colorless, transparent
with very small dermal rhabdites. Brownish mesenchymatous pigment m:n‘.
so abundant as in D. rkeesi. Intestine reddish-ocher-yellow. Sexual
lies just posterior to the intestine in the beginming of the last third the
body. Rochester, N. Y.

Fm. 6os. Dalvellia rochesteriana. Male copulatory organ enlarged: ch, chitinous
spine; vs, vesicula seminalis; ks, vesicula gta.nﬁarum (After von Grafl.)

38 (37) Chitinous portion of cirrus consists of more than one piece. . . 30

39 (44) Chitinous portion of cirrus consists of a number of transverse spines

i TR L R S R W 1.
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62 (63) Genital pore in posterior third of body. . . Tribe OLISTHANELLINI

Excretory system opens on [dorsal surface with one asymmetrical or two symmetrically
placed openings. Testes dorsal to the yolk glands. Without atrial copulatory organ.

%& genus thus far reported in America. . . . . . . Olisthanella.
one species in this country. . Olisthanella caeca (Silliman) 1885,

o
.-

1.3 mm. Without eyes. Without long sensory hairs. Color
grayvish-white. Sometimes apparently colored, due to food in intes-
tine. Pharynx rosette-sha and nearly central in position. Intes-
tine large. Rhabdites and tracts prominent. Female organs only are
:lﬁnngn. Sluggish and found only in mud under stones. Monroee Co.,

Fic. 61g. Olisthkanclla caeca. ph, = 1, intestine; b, brain; i, yolk
gland; ov, ovary; go, genital pore; #i, rhabdite tracts. X 35. (After Silliman.)

63 (62) Genital pore in anterior two-thirds. . . . . . . . . . .. .. 64

64 (71) Testes ventral to the yolk glands. Rhabdites only in mesenchyma

IERETRE e . Tribe TYPHLOPLANINI . . 03

Protonephridia with two main branches which communicate with the exterior through a

transverse branch which leads either to the mouth or to the genital atrium. With or without
atrial copulatory organs.

65 (66) Anterior end of body a retractile proboscis. . . Rhynchomesostoma.
Only one species. . . . Rhynchomesosloma rosiratum (Miiller) 1773.

Length 2 mm. FEuropean specimens
reach a length of 5 mm. when extended.
Very transparent. Body fluid roze or
vellowish-red in color. Intestine contains

B vellowish-red oil droplets. Veniral surface
flat, dorsal convex. Anterior end of body hke a tel ic tube.
Pharynx small, lying somewhat before the middle of the body.
Rochester, N. Y.

Fig. 6z0. Rhynchemesostoma rostratum. (4) Proboscis partly extended.
(B) Fully contracted. X go. (After von Graff.)

66 (65) Anterior end of body without retractile proboscis. . . . . . . 67

67 (70) Without atrial copulatory apparatus. . « + + + + « « « s+ « « 08
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70 (67) With atrial copulatory apparatus.
Castrada hofmanni (M. Braun) 1885.

Length 1.5 mm. Unpigmented. Colored green from zoochlo-
rellae in mesenchyma. Cylindrical. Anterior end rounded, pos-
terior end running out to a blunt point. Without eyes. Large
rhabdoids in tracts. Pharynx somewhat before the middle of
the body with genital pore shortly back of it. Testes are elon-
gated oval to pear-shaped. Yolk glands are deeply lobed. The
male copulatory organ and bursa copulatrix are entirely enclosed
by the muscular mantle of the atrium copulatorium. Rochester,
N. Y.

Fig. 623. Castrada kefranni. Cirrus, bursa copulatrix, and atrium
torium. Diagram from preparations subjected to pressure: o,
vesicula seminalis; &s, %'.mnull_z secretions; sp, spermatophore; rm, cir-
cular muscles; I, teeth-like spines; ac, atrium copulatorium; de, ductus
ejaculatorius. Much Enlarg;r (After Luther.)

71 (64) Testes dorsal or lateral to the yolk glands. Mesenchyma with
rhabdoids outside of tracts. . Tribe MEsosToMaTINI . |, 72

Sexual pore lies in anterior two-thirds of body. Protonephridial ducts open through mouth
to exterior as in most Typhloplanini and in some cases, mouth, protonephridia, and genital
organs have a common external opening. Rhabdites play a very important part in classi-
fication. The larger rhabdocoels belong to this group.

72 (73) With a ventral epidermal pouch and a ductus spermaticus which
connects the bursa copulatrix with the female genital canal.
Bothromesostoma,

Only one species known in this country.
Bothromesostoma personatum (0. Schmidt) 1848.

Length 7 mm. Color on anterior and posterior ends and on lateral margins and ventral
gide a clear brown. In mature specimens t igment is s0 massed that together with the dark
color of the intestine it gives a dark brown to bluish-black color to the dorzal surface above the
intestine. Some specimens show a mixture of brown and black. The oval eves are about as
far distant from the lateral margine as from each other. They are perceptible only in the
lighter pigmented specimenz. The ventral epidermal pouch occurs somewhat pesterior to
the eyes. The common opening for mouth, protonephridial ducts, and genital pore is located
about the middle of the ventral surface. Both summer and winter eggs are produced. The
former produce the viviparous young. Ann Arbor, Mich.

A B

624, BQHWWIMH, (A} eotire animal. X 5. (After Schmidt.) (B) Diagram of
sexual organs: be, bursa atrix; dsp, ductus spermaticus; pm, opening of cirrus; rs, receptaculum
seminis; ﬂﬂﬁ:ﬂil m:} dg, duct of volk gland; pk, phanymx; e, opening of protonephridium. Much
w. T LA .
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73 (72) Without a ventrn,l epidermal pouch and ductus spermaticus.
Mesostoma.
Only one species known in America.
Mesostoma ehrenbergii (Focke) 1836.

This species attains a length of 12 to 15 mm. in Europe. Greatest length recorded for Amer-
jcan speﬁ:l::mns is 6 mm. gt‘u" transparent. Color pale yellowish to brownish. Intestine
yellowish-brown. Thin, flat, a.n.d leaf-like in outline. Anterior end tapering, conical. Poste-
rior end tapering sharply and terminating in an acute caudal process. icuous tracts of
rhabdites lead to the anterior end. Eyes black. Two shallow pits occur on the dorsal surface
of the anterior end, one on either side. Both summer and winter eggs are produced but
rarely at the same time. The summer eggs develop and the young embryos may be seen
Ethlri{lhe bﬁdﬁ of the parent. From [llinois River; Lake St. Clair, Mich.; UHU' and Elk-
rm KIVer, MNe

Fia. Bas. Mesostoma ehrenbergii. (A} Dingram from ventral side llhml'ing uwm, I;Iim.['lm nﬂd
reproductive systems. Left side shows summer cggs, the right, winter

anterior branch of intestine; day. posterior branch of intestine; [ﬂr genl p-ur:
ph, pharynx; rs, receptaculum semimis; Fe, testes; s, uterus; =of, vas . % m
vesicula seminalis; sege, female gemital canal; co, subesophageal nummhﬁurl.‘: ul wventral

dorsal Innmlud:n:.l. nerve; dn, dorsal nerve of bram, £, brain; Ine, ventral longitudinal nerve; nr

geal nerve ring; s, duct of uterus; pew, ventral nerve of brain; vid, duct of , y and l‘.he
two pairs of anterior nerves of brain; x, chinsma of anterior nerves. 3 Gn.ﬂ“:ﬁ,
Fuhrmann, and Luther.) (B) From life, ho!.'h:a young worms in left uterus. xlp. {.Mter )

74 (31) With a genuine proboscis which lies within a sheath and communi-
cates with the exterior through an opening at the anterior
end. Pharynx rosette-shaped.

; Subsection CALYPTORHYNCHIA . . 75

A small group easily recognized by the genuine proboscis. A hursa copulatrix is present.
cirrus is divided into vesicula seminalis and wvesicula gram
pharynx lies on the ventral surface.

_L.-"I
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75 (76) With a single sexualpore. . . . . . . . Family PoLvCcYSTIDIDAE.

Two ovaries, two yolk glands with finger-like lnhcs. and two compact testes. Bursa copu-
latrix small and without a separate external opening.

Single genus thus far found in America. . . . . Polycystis.
Only one species known in America. . Polycystis roosevelti von Graff IQIT.

h 2 mm. Anterior end of body transparent, the rest of the body faintly
reddish. A subcutaneous brown pigment between the longitudinal muscle fibers
gives a more or less striated appearance. The extremely flexible proboscis lies
mth.m its sheath just in front of the brain at the anterior end. The mouth

r:'I')et nx lie in the beginning of the zecond third of the body and the genital
Eo re lies between the second and last third of the body. Posterior end very

luntly rounded, anterior end somewhat narrower. Closely resembles the
European species P. gaelti Bresslau except in the structure of the chitinous
portion of male copulatory organ.

Frc. 6a6. Polyeystis roosevelti. Chitinous cirrus tube with bulby (F), ductus seminali
{ds), and the ducts leading from the granular glands (&d). < 400, (After von Graff.)

76 (75) With two sexual pores, the male posterior to the female.

Family GyRATRICIDAE.
Cne or two ovaries, with yolk glands and one compact testes which lies on the left side.

Only one genus known. . . e e P,
Single species known in America.
Gyratrix hermaphroditus Ehrenberg 1831,
Lcn,ﬁh 2 mm. White in reflected light. Eves black. Without rhabdoids or pigment.
C'Fh of mntm.ctmg into a ball, or extending to almost double its length as long as it remains
actively swimming. Stiletto-sheath of male copulatory organ a short wide tube. The
very large hursa ulatrix has a separate |1ut‘:-u| opening to the exterior. Egg capsule oval.
From peat bog, R ter, Munme o, N. Y
Cne s.uhapeuea ‘i:]rw kcmﬂﬁ#rmfrms A‘crmpkmd'ﬂm Ehrenber; Stiletto-sheath with o
hook on the end. ege capsule is gradually reduced to its s ¢ and is much elongated.
Rhabdoids occur in the terminal cone of the prolbwoscis,

C

Fic. 6z7. Gyratriz hermaphroditus. (A) Ventral view of compressed imen. do, dorsal openin,
of; be, hm?ﬂ. iﬂmlﬁnl, si,ﬂ:hms tuﬁj& chsi, stalk of chlunr;-u[-l!. tube; m chitinous stiletto ﬁdm:
vﬂm:uln [.rl'nuiunun e, epg capsule in uterus: or, ovary; gd, granul:u' secretory glands; ko, external
Oftm ph, pharynx; rim, attachment of the long lpmhﬂsvcts retractor muscles; ec, end cone
m‘&mﬂl i, " muscular portion of proboscis; po. external opening of proboscis sheath: e, testes:
od, mdﬂcmm. g, vesicula granulorum; of, volk glands; s, vesiculn seminalis; o, male and ':? female
m ftal puru 5 g5 26 {After von Graff.) (B) Stiletto-sheath with straight tube. o, opening of stiletto

stiletto of cirrus. Much enlarged. (After Hallez.) (C) Gyralriz hermaphrodilus
hmﬂmé‘m Stiletto-sheath with curved point. Much cnl.u.rged. (After von Graif.)
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77 (2) Pharynx either variable or cylindrical and lying within a pharyngeal
pocket. Connective tissue well develuged.
border Alloeocoela.
The intestine is an irregular sac mostly with side lobes and an anterior and posterior branch.
It divides to form a ring in the median ventral region, thus enclosing the slender cylindrical
pharynx which is similar in pm.ltmn and appearance to that of the planarians.
No fresh-water representative of this Suborder has been definitely established for this

country. It seems clear that some must exist in this region and be found on further study of
the American fauna.

=8 (1) Intestine consists of three main branches, one an anterior branch
median in position, and two running to the posterior end of
the body, one on either side of the pharyngeal region.
Order Tricladida . . 79
Mostly larger than in the preceding order.  Pharynx usually median ventral in position, elon-

zated, cylindrical, and lying within a pharyngeal pocket with the free end directed posteriorly.
L ompare figures of a typical Triclad (Fig. 590) and Rhabdocoel given on page 333.

79 (104) Found in fresh-water ponds or streams. . . Suborder Paludicola.
Onlyonefamily. . .. .. ... ... .PLANAROIDAE ., . 8o

“i' elongated, flattened, often with conspicuous cephalic appendam Inconspicuously

color
8o (103) Pharynxome. . . . . . . . oo o R )
81 (82) With an adhesive disk on anteriorend. . . . . . . Dendrocoelum.

Only one species known in this country.
Dendrocoelum lacteum Oersted 1844.

Greatest length 2z mm., breadth 2 to 3 mm.
Color milk-white, creamy, vellowish, or in
larger older specimens sometimes roseate. No
pigment except in eye spots. Yery translu-
cent. Intestine colored by contained food.
alight constriction just behind the of the
eyes sets off the head and produces the rounded,
cephalic appendages.  Posterior end rounded.
Lateral margins nearly parallel when at rest
or contracted. Median adhesive disk extre
variable. Usually about one-third of the broa
est diameter of the head. Inconspicucus in
small specimens. It is not a true sucker but
mm.]sta of a depression into which the glands

n and with the margin somewhat raised.
o eves normally but from one to six accessory
eyes are common.  Mass,, Mich., Penn., Wis.

What is probably a variety of this species is
described as a non- nted eveless Dendro-
coefum collected from Mammoth Cave and ad-
joining caves in Kentucky.

Fic. 628, Dﬂdruﬂdﬂmhﬁkﬂu {4) From !’i.f! )(.1

g_ﬂr Sex OFgAns, hﬁ"
¢ &f, dl.lﬂllﬂ- nculamnus. xlsi 8 gla.
prostate gland; go po, gemm pnre, améu:t
e, L'lrrue., ﬂl' uterus; =g Jdf, ¢ DaE, Va-
gina. {After W wortlLJ

82 (81) Without an adhesive disk on anteriorend. . . . . . . . . . . 83
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89 (go) Color blackish to purplish or brownish by reflected light, blackish
or gray by transmitted light. With many i lar spots
entirely free from pigment. . Planaria maculata Leidy 1848,

Length 15 mm. Immature specimens average about 8 to
11 mm. In small specimens the pigment occurs in isolated
patches and spots. In larger specimens the mgmmt patchies
are confluent chiefly in the median region leaving the clear
irregular areas which give a very spotted appearance to the
animal. Smaller spots of deep brown or black scattered
among the larger patches. Frequently with a light median
gireak. Posterior half of cephalic appendages with non-
pigmented spots. Ventral surface much lighter than dorsal,
almost entirely free from pigment. Reproduces frecly by
transverse fission posterior to rynx. Sexually mature
specimens not common in most lities. Sluggish. Much
less active than those nearly related species which might
be confused with it. Found commonly among algae and
water plants or under stones where water is comparatively
quiet. Mass., Penn., Ill., Mich., Neb.

Fic. 630. Planaria maculata. (A) From life. X 6. (After Woodworth.) (B) Sexual organs, dorsal
view: w, uterus; c¢o, common oviduct; od, oviduet; a, atrium; gp, genital pore; p, cirrus; of, vas de-
ferens; m, mouth. X about 35. {Mter L'uma}

go (8g) Color dark reddish-brown to grayish-brown. Uniformly-pigmented.
lemrm gonocephala Dugés 1830,

Greatest length 25 mm.
Usually not over 15 mm.
ot Tis spetes A vecs o

is as

a I:-Iack?siul:?mwn Pos-
terior marging of auricular appendages free from
mji?;mcnt Much lighter on ventral than on dorsal

e. Eyes in a plane joining the apices of the
auricles, Clear areas around eyves sometimes
elongated in an antero-posterior direction. Re-
production asexually common. Mich., Tl

'1{ P}amnagmumﬁh {A) From life. X s,
{Mtcr mdwnrth} (5 al organs, longiludinal
section side view: uf, uterus; of, oviduct; de, dul:uu
ejaculatorius; pap palnlla d,mdﬁlﬂeﬂs,

atrium; ;;, vesu-uuin. SEMIn ;.ﬂm&umwli, ’&i'ﬁ%ﬂﬁ
uterus; ¥, CICTUS i'ln:u!s. cis of cirmis

EP, genital pore h enlarged. {After B i

g1 (86) Anterior end rather sharply pointed. Angle formed by lateral mar-
gins of head not more than 60°. Cephalic appendages long,
slender, sharply pointed, with anterior margin shorter than
posterior margin. Body distinctly narrower back of ceph-
alic appendages than justinfront. . . . . . . . . . 03
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92 (93) Angle of head 50° to 60°. Color a very dark sepia-brown almost
black by reflected light. . . Planaria agilis Stringer 1909.

Length of immature worms usually not over 18 mm. Mature specimens collected have meas-
ured 3o mm. Well fed specimens in aquaria have attained a length of 55 mm. Color usually
very uniform. Ventral surface but little lighter than dorsal. One variety found only in one
locality and with uniformly colored specimens, shows sharply defined non-pigmented spots.
Under lens a clear light-brown ground with fine dark brown, almost black pigment granules,
either quite uniformly distributed or arranged so as to give the appearance of a very close net
work. Circum-ocular spaces either oval or slightly pointed at outer anterior region and placed
just in front of or in line with the anterior margins of cephalic appendages. Some with light
areas on posterior margins of cephalic appendages, others with auricles uniformly pigmented.
A light median streak sometimes present.  Lateral margin of head with a distinet inward curve

e = =

just back of tip, also at junction of head with cephalic
appendages. Wider just in front of appendages than
at any point erior to them except in large specimens
which are of about same width through pharyngeal region.
Mature specimens much broader proportionally than
immature. Asexual reproduction the usual method of

tion in most localities. Very restless and active.
Collected from small ponds and spring-fed brooks either
among algae or on sandy bottom and often where water
flows swiftly. Neb., Mo., 5. Dak., Wis., and Cal.

Fic. 632, Planaria agilis. (A) Immature specimen from life.
8. (B) Sexual ns, dorsal view: w, uterus; wf, uterus tube;
o, oviduct; gp, genital pore; &, atriam; s, seminal vesicle; o,
vas deferens; #, cirrus lumen; fz, limit of atrium. Much en-

larged. (After Stringer.)

93 (p2) Angle of head about 45°. Color reddish to yellowish-brown.
- Planaria dorotocephala Woodworth 1807,

Length of immature imens 13 mm. Head about one-sixth of total length of body. Uni-
formly colored. Posterior margins of auricular appendages free from pigment. Sometimes a
narrow light median streak. Pigment in spots or patches, not a network or evenly distributed
as in P. agilis; ventral side much lighter than dorsal. Eyes just anterior to plane joining
auricles. ufntuthu usually with accessory posterior intestinal trunks which arise either at the
root of the pharynx like the two normal posterior trunks or exist as parallel branches of the
latter. Those of a side usually unite with each other near their posterior terminations, Very

and restless. Sexual organs have not been described. I, Mich.

Fig. 633. Planariz dorolocephala from life. 3 7.  (After Woodworth.)

o4 (82) Anteriorend clearlynotpointed. . . . . . . . .. .. ... 0§

TS At truneated. . - . . i i s v ha s s s s e s OB

g6 (gg) Margin of anterior end with a median anterior and two lateral
rounded projections giving a sinuous outline. . . . . . g7
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g7 (98) Colorgray. . ... . ... .. . Planaria velala Stringer 1gog.

Length of mature specimens 15 mm. Color of dorsal side to unaided varies from almost
white to a very dark gray almost black. Under lens, a colorless groundwork with black
ment granules extremely variable in number. Much lighter in front of eyes and over
appendages. Lighter on ventral surface, over pharynx, and near margins.
material often a? rs colorless and oval in shape. Encystment of the entire animal or divi-
sion into a variable number of picces followed by encystment of the pieces occurs in response
to unfavorable conditions, The cysts resemble egg cocoons in appearance and are provided
with a shell. Cilia conspicuous. Crete and Omaha, Neb.

= .

Fi16. 634. Plangrig velata from lifs. % 12. (After Stringer.)

08 (u7) Color brownish-red mottled with purplish dots except at margins.
Planaria unionicola Woodworth 1897.

Length of the one specimen (preserved) from which the description was made 2.8 mm.,

th 1.8 mm. Probably 8 to 10 mm. long when alive and extended. Purple dots occur

in masses. Red color absent over an clongated posterior median area extending nearly to the

posterior axis of the animal. .mararmufpmterhr end suggests an
ro

injury or transverse division. alcoholic material a deep rusty
red.  Found creeping on the mantle of Unio alafus in Ilincis River.
F1c. 635. Planaria uniomicola from life. About % 3. (After Woodworth.)

90 (96) Margin of anterior end uniformly curved, not sinuous. Color white.
Planaria truncala Leidy 1851.

Length 10 to 12 mm. Thickness slight. Translucent. Digestive tract variously colored
‘l;ﬁ food. Two crescent-shaped cyes situated far back and near together. Pharynx much
|

ngated and central in position in sexually mature specimens. Intestine with little anas-
tomosizs of branches., Owvaries two, sometimes
lobed. Testes many. Uterus with stalk
running to left side, dorsal to vasa deferentia and
oviducts and entering atrium laterally.

reproduction by fission.  Small stream Bryn Mawr
campus; rivulet at Newark, Delaware.

A comparison of descriptions of P. fruncals
Leidy and P, morgani Stevens and Boring leaves
but little doubt that they are identical. The
blackish-white color mentioned bEELeir.b' evidently
was due to food contained in the digestive tract
and not to pigment since the margin is de-
scribed as translucent.

Frc. 636. Planaria truncola. (A) From life. X 4. (B}
Dmiﬁ view o«tﬂmuaildnﬁmn;i g, atrium; ¢, CifTus; g9,
nital pore; od, oviduct; ph, Y 5 HE N
ﬁenur, s, vas deferens. X 7. (Alter S't:\rm]

100 (95) Anterior end rounded in preserved condition (living condition not
known). . . . . . . Planaria simplex Woodworth 1897.

Length 4 mm., greatest diameter 1.8 mm. Color of alcoholic specimen ocher-yellow. Pig-
ment located in spots of nearly uniform size, distributed uniformly over all parts of the body;
no elear areas surrounding eves or at sides of head. General shape ovate. Broadest at one-
fifth the total length from the anterior end, tapering from here to rounded posterior extremity.
Anterior end rounded, set off from the rest of 'LE: hoﬁj.r by slight lateral indentions at the level of
the eves. No evidence of cephalic appendages. Mouth one-third of total length from posterior

i e e emiciie M

T
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end. Eye spots clongated, crescentic, Eamn% outward and forward at an angle of 4{0 to the
axiz of the worm. Intestine of the simple triclad
ty|'3re no fusion or anastomoses of posterior stems.
his dcﬁmptlm is from a single immature aleoholic
t is quite pﬂsﬂhle that the rent lack
|-: a]:- s 18 due to the effect of the killing
Collected off N. ¥. Point, Lake Mich.

F‘lﬂt:lr 637. Planaria simplex. From preserved material.
¥ 1o. (After Woodworth.)

101 (84) Withouteyes. . . . . . . . . Planaria fuliginosus Leidy 1851.
Length about 5 mm., hrmdlh-i mm. Body oval, dilated; inferiorly flat, superiorly mod-
Inl_'fonumw:, . Eyes none; in their ordinary position a slightly greater accu-

of black pﬂ pcm the upper surface. Mouth a little posterior to the center-

reek near Pemberton, New Jersey.

102 (53] Nnrmal eyes many, arranged so as to suggest a coronet near
the margin of truncated head and extending back near
the lateral margins to a somewhat variable distance.

Polycelis.
Only one species known in this country.
Polyeelis coronata (Girard) 1801,

Length 8 mm., hrudth 2 mm. Color fuliginous or scoty, uniform, somewhat darker on the
median dorsal region than on margins. Elongated lanceolate. Anterior margin truncated,
weakly bilobed or undulating. The numerous eyes are arranged as a coronet of as an arc of
a circle, the arrangement being dependent to some extent
on size. Pharynx elongated, central. Collected near Fort
Bridger, Wyoming. It is quite possible, as Hallez notes, that
this is a synonym of the European Polveelis nigra.

Fic. 638. Polycelis coronafa. From life. 5. (After Girard.)

103 (80) Pharynges numerous. . . Sy Sl ik oo B gOCALD
Only one species known in this. 11'«]u1'1;tr].r
Phagocata gracilis (Haldeman) 1840.

A1 is species was found and recorded by Haldeman; it was first adequately described by
; n:- whom it is ordinarily attributed.
specimens 35 mm. long, 4.5 mm. wide. Color shiny black by reflected light, green-
transmitted light. WVaries from black to a reddish-brown on one hand or to a light
on other. Small specimens at times almost milky-white. Ventral side lighter than
ﬁ{u] Lateral margins nearly parallel. Widest through pharyngeal region. Anteriorly
sides converge slightly up to about the region of eves where the diameter increazes to form the
head with its rounded cephalic appendages. Posteriorly sides conv tu a point. Eyes
two with elongated civcum-ocular areas. The numerous pharyngeal tubes lie in & common
I[:n separately into the intestinal tract. When extruded the:..r reach the exterior
through a single orifice. Pools and rivulets, Mass,, Penn., Ohio, Wis.

A

Frc. 639. Phagocata {4) Living animal extended. 3 (B) Partial reconstruction to show
pharynges m relation to the intestinal tract. % about .  (After Woodworth.)

104 (70) Found in moist places on land. . . Suborder Terricola . . 105

The so-called land planarians are forms which in a biological sense stand very near the
water-living species.  They occur only in very moist localities and under circumstances may
be taken for fresh-water forms. In general appearance they resemble minute, delicate slugs.
When examined under the microscope the structure appears clearly to be that of 2 fatworm
rather than of a mollusk. The few known species are widely and sparsely distributed. They
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are likely to be transported in tropical or subtropical vegetation and to make their

suddenly and in considerable numbers in greenhouses or in moist shady nooks that have been
planted with exotic species. Of one form indeed the proper habitat is not known. Walton
has worked out a key and synopsis of the few species reported from North America and ad-
jacent islands. In modified form this is follo here.  Almost no records of the occurrence
of these forms on this continent have been published, and their numbers as well as their range
are sure to be considerably extended when attention is directed to them.

105 (110) Eyes either absent or numerous; length more than 4omm. . . 106

106 (109) Head anteriorly not broader than remainder of body.
Family GEOPLANIDAE . . 107
107 (108) Posterior part of head with eyes in two rows; sides margined with
orange. . . . . . . Geoplana nigrofusca (Darwin) 1844.
Length 50 mm. Found in Mexico; reported also from South America.
108 (107) Posterior part of head with eyes in one row; sides margined with

light brown. . . . . . . Geoplana stolli (von Graff) 1899.
Length 60 mm. Thus far known only from a single specimen collected in Guatemala.
109 (106) Head anteriorly broader than the body. . . . Family BrrarLIDAE.

Only one species. . . . . Placocephalus kewense (Moseley) 1878.

Color dorsally yellow or greenish-yellow
with five dark wiolet longitudinal lines.
Length 8o to zﬁ mm. An introduced
species found in hot houses, Its original
home is unknown.

Fic. 6go.  Placocephalus Kewense.  Anterior end.
¥ 1. (After von Grafl.)

11o (105) Eyes two in number; ventral suckers absent; length less than

3Jomm. ., oL L U T T el R

Rarely the eyes are apparently absent but even here thtz may be demonstrated in sections.

\-'cnllra] suckers do occur in the related family Cotyplanidae. Known from Africa and New
Zealand.

111 (114) Eyes small, marginal sense organs present.
Family RHYNCHODEMIDAE , . 112

112 (r13) Color dorsally light brown with two darker longitudinal stripes
and transverse area at posterior two-thirds of body.

Rhwynchodemus sylvaticus (Leidy) 1851,

Length not over 1o mm. Commen in places de-

scribed by Leidy (1851) in Pennsylvania and redis-

covercd in Ohio by Walton (1904). Frequents under

A side of slightly decayed boards, sticks, etc., in com-

- with snails, the young

orms of which it closely re-

sembles. Range, Eastern
United States.

Fic, 641 Rhynchodemus sylvaticus. (A) Dorsal view of individual from Philadelphia, Pa. X 5. (B)
L ]ndim:}u,al E?mrd }mpﬂﬂ. E. I., showing arrangement of esophagus and structure of intestine. >E|.hnul.
E. ter Girard.

113 (112) Color dorsally uniformly dark blue.

) Rhynchodemus atrocyaneus Walton 1912,
Leneth 20 mm. Only two specimens of this form have been reported. Found at Gambier,
Dhio, under decayed boards.

114 (111) Eyes well developed; marginal sense organs absent.

Amblyplana cockerelli von Graff 1809.
Color dorsally bluish-black with light yvellow median stripe longitudinally and yellow “neck
band."” Length 17 mm. Represented only by two known specimens found in Jamaica.
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The following is a list of those forms which are not sufficiently well known
to be given their proper place in the key.
Order Rhabdocoelida
Section I HYSTEROPHORA
Family CATENULIDAE
Microstomum philadelphicum Leidy 1851
Microstomum variabile Leidy 1851
Section IT LECITHOPHORA
Subsection LIPORHYNCHIA

Family TyPHLOPLANIDAE
Typhloplanid from Canandaigua Lake, N. Y., von Graff 1911
Typhloplanid from Irondequoit, N. Y., von Graff 1911
Mesostoma paitersoni Silliman 1885

Family DALYELLIDAE
Dalyellia bilineata (Woodworth) 1896
Dalyellia marginatum (Leidy) 1847
Derostoma elongatum Schmarda 1859

Subsection CALYPTORHYNCHIA

Rhynchoprobolus papillosus Schmarda 1850

The following Rhabdocoels are of very doubtful position and relationships

Vortex (?) cavicolens Packard 1883
Plagiostoma (?) planwm Silliman 1883
Acmostomum crenulatum Schmarda 1859

Order Tricladida
Dendrocoelum sp. Pearl 1903

A brief description of these doubtful species will serve to promote their re-
discovery and further study. FEach description is taken from the original
account of the species which is also the only record of it yet published.

Microstomum philadel phicum Leidy 1851,

B linear, slightly attenuated posteriorly; head concidal with the apex surmounted hy
a small owval illa; tail obtusely rounded. Respiratory fovea subhemispherical, placed at
the base of the cone of the head. Mouth oval, projectile; esophagus keg-shaped, intestine
narrowed, cylindroid, dilated at the commencement. Colorless, translucent, ciliated, in-
creasing by transverse segmentation, always observed in the process of forming two segments.
Length 0.5 mm. Found in water of marshes and ditches near Philadelphia.

b Microstomum variable Leidy 1851.

Body broad, linear; anteriorly and posteriorly obtusely rounded.  Respiratory fovea
longitudinally avn’l lateral. Intestine very broad. Colorless, increasing by twos. Length
from 0.3 to 1 mm. No nematocysts or rhabdites. Found with Microstomum philadel phicum.
Also a ¢I:mh1 of 4 individuals was collected in algae culture from shore, Charlevoix, Mich., by
Dir. H. B. Ward.

Typhloplanid from Lake Canandaigua, N. Y., von Graff rg11.

Lcrlgth T mm. Anterior end set off from the rest of the body by dl}prﬂ:ssmns at the sides, proh-
Broadest thruugh middle of bedy which measures about one-fourth the

lmsth Spu‘-sn rhabdites in glands and tracts of anterior end. Pigment is present in
the form of larg‘e reddish-brown granules which mostly lie lengthwise of the body, sometimes
branched, and enlar,gnd at posterior end. The pigment forms a reticulation between and passes
over the 1l'!'fﬂ'l-l|ar ¥ aped eyes. Eyes twice as far apart as they are distant from the margin of
the body. Pigment of WH the same as that of the body, only much closer compacted so that

£V are deeﬁer in
The mouth lies in l‘.ht unt-ermr third of the body. In the uncompressed animal the pharynx
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shows as a typical rosette-shaped pharynx. This form is
unusual in that the rosette-shaped pharynx does not lead
into the intestine from its ventral side, but opens into its
anterior end so that when compressed its axis becomes
directed forward.  Intestine yellowish and extending
almost to the posterior end, and having the general shape
of the body.

Fic. 642. Typhloplanid from Lake Canandaigua, N. Y. E‘q
Swimming freely, showing the dorsal pigmentation. X s5. (B
Slightlycompressed with pharynx directed forward. 40, an
eves: da, intestine; ey, anterior branches of mnephﬁufium; r'a
brain; gk, pharynx; sis, rhabdite glands. ter von Graff.)

" Typhloplanid from Irondequoit, N. Y., von Graff 1or1.

-

Length 0.5 mm. Without pigment and color.
less apart from the brownish-red eyes and the
oil drops of the intestine. Eyes irregular in sha
and almost twice as far from the side of t
body as from each other. The mouth lies on the
bhoundary between the first and second thirds of
the body. The anterior end shows many tracts
of rhainrteﬁ. Collected from a reedy swamp.

F1c. 643. Typhloplanid from Irondequoit, N. V. (4)
The animal slightly compressed. X 8c. (B) Male
copulato '::.fn"' ® 3zo0. owm, eye; be, bursa a-
tnx; dr, gland cells; 45, ductus seminalis; J, fat drops;
ge, ovary; g8, genital pore; kd, granular glands; ks,
granular secretion; m, muscles; tf.phl nx; sf, tracts
of rhabdites; fe, testes. (Alter von Grag]

Length 3 to 3.5 mm., o.f mm."broad through middle. Color in
reflected light brownish except anterior to the eves which appears
grayish from the rhabdites. Intestine yellowish. Body fluid with
many cells which contain granules. Eyes directly above the brain.
Pharynx rosette-shaped, not far from middle of body.

F16. figq. Mesostoma pattersomi. s, tracts of rhabdites; #b, pharynx;
i, yolk 1' nd; wf, uterus; be, bursa copulatrix; ov, ovary; #, II:];]TI.I.II 3
testes. X zo.  (After Silliman.)




THE FREE-LIVING FLATWORMS (TURBELLARIA) 363
Dalyellia bilineata (‘Wmdwarth} 139&.

mm., breadth o.24—0.32 mm.

Antnnur -E mncahad, posterior end pointed.

Pharynx dolioliform, in anterior third of body,

5 traversed by two promi.nent,, lateral, nearly lon-
gitudinal bands of light chocolate-brown, and

numerous other indistinet longitudinal

lines. Zoochlorellae in central part of the

body, posterior fifth free from them, trans-
ﬁrmt-hmwn. Egg dark chocolate, 120 g %

i
The figures given here are those which
were in possession of Woodworth with the
/ material when the description was written
and the species named.

B F1c. 645. Dalyellic bilineats. A, compressed.

abuutsu od, vas deferens; n,umcula.s-emmnlls. a,

+ ¢, chitinous mﬂnrllmqf cirrus; e, egg; be, bursa

mp mmt. {\CF gland chitinous piece.
npublished sketch by Ward.}

Dalyellia marginatum (Leidy) 1847.

Blackish, narrow lanceolate, anteriorly truncate; marginate margin dulil:‘ﬂ.t!.‘l}" striate;
mouth large; pharynx large and oblong; eyes two, anterior, distant, each consisting of two
roumi masses of black pigment in contact with each other and of which one is larger than the

generative orifice nne-tnu:th the length of the body from the posterior extremity.
Length 2 mm. A single specimen found in ditches near Philadelphia, Pa. Digestive cavity
consists of a lﬂ.rge.- capacipus sac extem:lmg as fa.:r back as the posterior third of the body and
Tkl having a cecum upon each side of the proboscis. The

eirrus has a vellow color and consists of a round granu-
lar mass with a moderately long and bent spiculum pro-
jecting from its posterior part, This is tﬁc form de-
scribed by Leidy under the name Prosfoma starginatiom.

Fio. 646. Dalyellia marginatum. > about 20, (After Girard.)

Derostoma elongatum Schmarda 1850.

The body iz long, ribbon-shaped, Aattened.
Posteriorly uniformly tapering. Color red-
dish-gray. Length 2 mm. Without eyes.
Mouth opening elliptical. Pharynx long, cask-

Sy ey shaped. From brackish water in swamp, New
F1o.647. Derostoma elonpatum. 3 about 25,
64 [hltee Ecamanie) Orleans, La.

ijmckopmbn&m papillosus Schmarda 1850.

Body somewhat compressed, anteriorly
rounded, pmtenorhr Tudually tapering. Color
clear vellow. 1 5§ mm. Without eves.
Prohoscis shm-t muru:l externlly set with
small papillae. Mouth opening central. Phar-
ynx rosette-shaped. From brackish water,
9. (After Sch Hohoken, N. J.

Vortex (?) cavicolens Packard 1883.

Found in X cave, one of the Carter caves, E.l:nr.un:k} Body flat, elongated, narrow lan-
mlat-e—cwa[, contracting in width much more than is usual in I-"ar.'c: {Dalyellia). Pharynx
is situated much farther back from anterior end of body than is usual in Vorfex, being placed
a little in front of the middle of the body; it is moderately long, being oval in outline. The
body behind suddenly contracts just before the somewhat pointed end. The genital outlet
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is about onc-half as wide as the pharynx and orbicular in outline. Apparently eyeless
White. Length 4 mm., breadth 1.5 mm. Brooks, Carter Caves, Kentucky.

Plagiostoma (?) planum Silliman 1885.

Length 1.5 mm., breadth o7 mm. Mouth agao}ing in anterior
end. Pharvnx lies within a sheath and has h itudinal
and tra.mwerﬁe muscle layers. Radial muscle fibers pass from the
base of the pharynx to the body wall. Without eves or other
sense organs. The poorly developed brain lies in front of the phar-
i:u a5 A transverse . The intestine is ous and has short

teral diverticula. This species probably belongs to the genus
Prorkynchus.

Fic, fag. Plogiostoma {?} ﬁhlnn gk _phnm::, d, intestine. ¥ about

Acmostomum crenulatum Schmarda 1850,

The body is cylindrical, vellowish, 1 mm. long. Pharynx q*lmdm:n] pmtru.chle mth uu:
deep labea on its margin. Otolith Iargc and spherical contained within a t
A ; which is located at the end of the first Hz:::i of tha
P oy b The ovaries form a large spherical mass in the posterior pu.tt
of the body. The cirrus is short knife-shaped and has a
slight double curve. Found in brackish water, Hoboken, N. J.

Fic. 6so.  dcmostemum crenulalum. From life. X about 3o,
(After Schmarda.)

Dendrocoelum sp. Pearl 1903.

Agrees with description of Dendrocoelum lactewm, except in respect to the color. Color
ranges from a light grey to nearly black, and is uniform. Found about Ann Arbor, Mich.

IMPORTANT REFERENCES ON NORTH AMERICAN FRESH-
WATER TURBELLARIA

Grarr, L. voN. 1882, Monographie der Turbellarien. I Rhabdocoelida.
Leipzig.
19og-1912. Bronn's Klassen und Ordnungen des Tierreichs. IV. Bd., Wiir-
mer: Vermes, Turbellaria, Acoela, and Rhabdocoela. Leipzig.
1g11. Agoela, Rhabdocoela und Alloeocoela des Ostens der Vereinigten
Staaten von Amerika. Zeitschr. f. wiss. Zool., 99 : 321-428. Taf. I-VL.
Sieriman, W. A. 1885, Beobachtungen iiber die Siisswasser-Turbelarien
Nordamerikas. Zeitschr. f. wiss. Zool., 41 : 48-78; Tali. III, IV.
Woopwort, W. McM. 18¢7. Contributions to the Morphology of the
Turbellaria I1. On some Turbellaria from Illinocis. Bulletin Mus. Comp.
Zool. Harvard Coll., 31 : 1-16; 1 plate.



CHAPTER XIII
PARASITIC FLATWORMS

By HENRY B. WARD
Prafessor of Zoology in the University of linofs

THE parasitic worms do not all belong to a single systematic
division. Coming in many cases from widely separated groups,
they often show much closer relationship to certain free-living
forms than to each other. But because of a likeness in manner
of life these forms were grouped together by early students of ani-
mal life as the Helminthes and in fact were long regarded as related
by reason of similarities in appearance and habit. There are five
such groups, usually ranked as classes; they are Trematoda or
flukes, Cestoda or tapeworms, Nematoda or roundworms, Acan-
thocephala or proboscis-worms, and Gordiacea or hair-worms.

In any given host only a few parasitic species may be found or
again the number of individuals and species of parasitic worms in
a single host may be very large. I have taken 000 flukes from a
single fish (Amia), and even larger figures are recorded. At a
given time the variety of species may be limited; yet as the kinds
of parasites change with the food, the season, and the region, the
total number found in a certain host may be very large; thus over
one hundred species of parasitic worms are reported from man
and thirty or forty from some well-known and widely-studied fish
or aquatic birds. Some parasites are found in more than a single
host species, a few infest a wide range of animals, and others occur
in one host only; all in all, parasites are far more numerous than
free-living animals both in number of individuals and of species.

The abundance of parasites varies greatly under different con-
ditions of existence. Desert animals are not without them, but
they are much more numerous and more varied in water-living
animals than in hosts from any other habitat.

Representatives of some or all groups of parasites occur in the

various aquatic vertebrates and invertebrates, and while in a
365
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certain sense they are not inhabitants of fresh water, they infest
aquatic animals and their life histories form a part of aquatic
biology. To be sure some species of parasites never come into
contact with the external world but are transferred from host to
host with the material in which they are living and others are en-
tirely dependent upon terrestrial animals as hosts. Such parasites
have no direct relation to fresh-water life and will be entirely
omitted in the present discussion. However, in the large majority
of parasitic forms the parasitic stage alternates with a longer or
shorter non-parasitic period. During this period of free existence
the species is a dweller in fresh waters alongside of their normal
inhabitants, possessed of similar organs of locomotion and other
adaptations to a free existence, often unrecognized in their true
nature, and properly regarded as members of the shore or bottom
fauna or plankton. This fact alone compels their consideration
in any discussion of aquatic life.

Contrasted with this stage is the parasitic period which is more
extended, usually embracing almost all of the life history. In it
the worm remains with its host, dependent upon the latter for
protection, locomotion, and subsistence, showing structural modi-
- fications which aid in maintaining this dependence and indicating
by the absence of organs calculated to provide for successful inde-
pendent activity the changes which the parasitic habit has induced
in its original structure.

As already indicated most parasites show distinct adaptations
to the conditions under which they live. To be sure some, such
as certain small parasitic nematodes, are indistinguishable from
their free-living relatives, but such instances are rare. The large
majority have lost organs usually found in free forms and have
gained structures of significance only for a parasitic existence.
Furthermore, both loss and gain are relative and graded, rather
than absolute and unrelated. Thus in some flukes the alimentary
system is about as well developed as in the free-living Turbellaria,
and of much the same type (¢f. Figs. 678 and 639B); in other
flukes the system is greatly reduced (¢f. Microphallus, Fig. 697);
and finally in the cestodes it is entirely lacking. The same condi-
tions prevail in the threadworms. Most of the true Nematoda
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have a well-developed and functional digestive system; in Mermis
the system is active during early life and becomes inert and de-
generate in the adult stage. Finally in the Acanthocephala there
is no trace of an alimentary system at any stage in the life-history.
The gains are no less marked. Hold-fast organs, like suckers and
hooks, enable the parasite to maintain its position against the con-
stant and vigorous movements of the host. Such organs of simi-
lar structure appear in widely separated groups, e.g., suckers in
- flukes and threadworms.

While these structural likenesses between parasitic worms of
different groups are striking and important, they are in a real
sense superficial and do not serve to conceal more than tempo-
rarily the fundamental differences in structure between the various
groups.

The flatworms (Plathelminthes) are soft-bodied, usually elon-
gate and somewhat flattened forms. In the phylum are included
the free-living Turbellaria (Ch. XII) and Nemertina (Ch. XIV),
as well as two classes of parasitic worms: the Trematoda or flukes,
and the Cestoda or tapeworms. The other three classes of para-
sitic worms named previously are grouped together under the
phylum Nemathelminthes or roundworms, which forms the topic
of a separate chapter. The structure of each group will be dis-
cussed separately, but certain biological features are general enough
to deserve brief mention first.

Aquatic animals possess some external parasites; among them
the species of ectoparasitic flatworms, rare in fresh water, belong
to a single subdivision of the flukes or Trematoda; all other flukes
and the Cestoda which are all parasitic live as endoparasites in
some part of the host organism where they find better protection
than on the surface. The most common place of residence is the
alimentary canal or its adnexa, air-bladder, lungs, liver, etc.
Parasites occur regularly in the body cavity and other serous
spaces, in the kidney and bladder, in the sex organs, in the heart
and blood vessels, encysted in the skin, connective tissue and
muscle, and finally in the nervous system, even entering the eye
or brain and its cavities.

Parasites may be collected by opening an animal in a dissecting
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dish of suitable size and examining the contents of various organs.
The parasites usually betray their presence by sluggish move-
ments of the body which make even minute objects conspicuous
in a mass of debris. A watchmaker’s lens held in place at the eye
by a spring is of service in recognizing and sorting out the smaller
forms, and long bristles or a camel’s hair pencil are useful in pick-
ing out the forms for study and preservation. Doubtful objects
should be examined under a higher magnification whereupon the
firm, definite outline of a parasite enables the student to distinguish
it even when motionless from partly digested fragments of food,
blood clots, or other foreign bodies of similar size and texture.

Parasitic flatworms may be kept some hours in weak normal salt
solution for examination or even in tap water, but deteriorate so
that for careful study material should be preserved as soon as
possible. For preservation an aqueous solution of corrosive sub-
limate is most satisfactory, and the precise method of handling
suggested by Looss gives results well worth the extra time and
trouble because of the greater ease with which future work may be
carried on. Because of the great similarity in external form be-
tween different types, a determination can be safely reached only
after a worm has been stained and mounted in toto, or sectioned
in case of large and opaque specimens.

The parasitic flatworms have received relatively little attention
in North America; it is consequently a difficult matter to prepare
a synopsis that is of value to the student, for from our knowledge
of the group in other parts of the world it is safe to assert that
the known forms do not constitute more than a small fraction
of those that actually exist on this continent. Another difficulty
which presents itself is the impossibility of defining clearly the
limits of the topic. 1 have endeavored to include in the key all
North American parasitic flatworms thus far recorded from fresh-
water animals whenever the record permits of any reasonable
interpretation. I have omitted a few records so brief or indefinite
that a diagnosis was impossible. There is included also a consid-
erable number of parasites from distinctly land animals, the life
history of which is certainly bound up with stages parasitic in the
fresh-water fauna. On the other hand I have omitted all clearly
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marine species and all from hosts commonly frequenting the sea
and most likely to become infected there.

The parasitic flatworms fall readily into two great classes, the
Trematoda or flukes and the Cestoda or tapeworms. Some authors
would make a third intermediate group out of the few forms which
are known as Cestodaria and resemble the flukes in having a simple
body and the tapeworms in details of internal anatomy. In this
work they are treated with the tapeworms. As apart from these
few cases flukes and tapeworms can be fairly readily distinguished,
it is advantageous for the student to have each group treated sep-
arately in a distinct section of the chapter; and to this treatment
the following brief synopsis may serve as an introduction.

Body soft, flattened, shaped more or less like a simple scale, leaf, band,
ETE T DOTE R R i s o e Phylum Plathelminthes.

The external surface may have hooks, spines, or scales, or be
provided with warts or rugosities, but it does not possess a tough,
shiny, smooth, resistant cuticula. In a few cases the body is cylin-
drical, conical, or spindle-shaped and does not display the charac-
teristic flattening mentioned in the key.

Intestine present . . . . . . . Class Trematoda . . page 369.
Intestine absent . . . . . . . Class Cestoda . . . . page 424.

Sometimes the intestine is so rudimentary or so thoroughly con-
cealed by other organs that its presence is difficult to determine.
It is, however, the only absolute diagnostic characteristic which in
the last analysis separates a fluke from a tapeworm.

TREMATODA

The trematode or fluke is usually flattened, oval, seed-shaped,
or rarely rodlike, attenuate, or globular in shape. With few ex-
ceptions one finds on the surface one or more cup-shaped suckers.
The number and arrangement of these constitute a means of sub-
dividing the group. Careful examination under magnification dis-
closes pores or openings and also in some cases hooks or spines on
the surface. Many of the flukes are transparent and permit the
observer to identify the main internal organs.

The alimentary system which usually starts at the forward tip
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of the body or close to it and in the anterior or oral sucker is com-
monly shaped like a tuning fork (triclad). More rarely it is rod-
like (rhabdocoel), or branching (dendritic). A sphincter, the
pharynx, is ordinarily found on the esophagus
and the true digestive region consists of the
two branches, the ceca or crura, which vary
greatly in length.

The excretory system (Fig. 651) usually
opens at the opposite end of the body, and
is I-, Y-, or U-shaped. The main branches
are distinct, containing in life a clear fluid
with a slightly yellowish or bluish tinge.
The finer branches can be traced only with
difficulty. They terminate in the essential
F1c. 651. Microphallus opacus. exycretory elements known as ‘““‘flame cells™

Excretory system, dorsal view.

Reconstructed wom, ores . which may be distinguished readily only in
ter Wright.) the living animals under high magnification.
In the larger tubes one finds commonly highly refractive granules
of excretory material.

Of the nervous system one can usually see irregular masses
(ganglia) right and left of the alimentary canal, near its anterior
end. They are joined to form a sort of collar around the esopha-
gus, and from them nerves pass anteriad and posteriad throughout
the body. Further details of structure can be followed only by
special methods and in well-preserved specimens.

Special sense organs are not common. A few of the ectopara-
sitic trematodes, which are rare in fresh water, have pigmented
eye-spots near the brain, and the free-swimming stages of endo-
parasites show similar structures which with rare exceptions are
wanting in the adult internal parasites.

The reproductive system is the most conspicuous part of the
worm but is exceedingly complicated and often difficult to follow.
Yet it is the most important feature in the classification of the
group. Most flukes are hermaphroditic, and contain complete
organs of both sexes. The arrangement of these organs in a simple,
typical case is given in the accompanying diagram (Fig. 652).
In many species an enormous accumulation of eggs in the uterus
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obscures all other structures in the body. The eggs are covered
with a firm chitinous shell which is often opaque but in other cases
is transparent enough to permit one
to follow the gradual development
of the enclosed embryo.

The development of most ecto-
parasitic trematodes is simple and
not different from that of free-living
flatworms. There emerges from the
egg-shell in due time a ciliated larva
which swims about in the water until
it finds a new host to which it
attaches itself. In endoparasitic
trematodes the life cycle is more
complicated in all cases and ex-
tremely involved in some. Only a
general outline of conditions can be
given here.

The eggs of the fluke reach the
external world in the feces or dis-
charges from the host. Within the
egg-shell is developed a minute
lfia’ the miracid_ipum: Eﬁdent[}r .-1ﬁlﬁ&.ﬁﬂfﬂﬁfﬂfuﬂﬁ?ﬂﬁhﬁmﬁ

Semi-diagrammatic to show relation of organs

* T E ® lex. arv drawn i tli onlv.
adapted by its ciliated covering to gevirencompes ovirydrasninouding

a free existence. Sooner or later the creter bladder; exp, excretory pore; i, intes-

h'm:;h :il. Iiuau:;r's canal; oo, oolype; ov, ovary;
* . sg, shell gland; fe, anterior testis; §p, posterior
egg arrives in water where the shell teisis; i, uterus; s, vitellaria; yd, yolk duct;

opens and the larva escaping swims 7 ¥ e (el

about in search of a new host. The latter is not the species which
shelters the adult but an intermediate host which for almost all flukes
is a mollusk, in the tissues of which the miracidium changes to an
irregular sac (sporocyst); this produces within itself a new gen-
eration (redia) which also in this host produces a third generation
(cercaria). The miracidium possesses an eye-spot (not always
pigmented) and often a boring apparatus at the anterior end.
These structures are lost in the metamorphosis into a sporocyst,
a stage so simply constructed that the young rediae escape by the
rupture of the wall. A redia is characterized by the presence of a

L .
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rhabdocoel intestine with pharynx, an oral sucker, and usually a
birth pore. The redia generation may be repeated and either
this or the sporocyst generation be eliminated, so that the cycle
may become modified in either direction.

When development within the mollusk is completed and the
transfer to the adult host takes place, the transfer may be direct
if the mollusk is eaten by a suitable host. Yet this is not the
usual method since the ordinary cercaria possesses a well-developed
swimming organ in the tail which characterizes this stage and is
cast off when the larva reaches a new host or a place of encyst-
ment.  This swimming tail is reduced in a few types and wanting
only very infrequently. In other cases various modifications, such
as bristles, folds, branches, lateral membranes, etc., increase its
functional value.

The cercaria usually deserts the snail and actively seeks out its
primary host, but after reaching the outer world it may also encyst
on vegetation or force its way into a second intermediate host, an
aquatic arthropod or small fish, and encyst there. Here it rests,
a small immature encysted distome, until the tissue is consumed
by a suitable host, whereupon it is set free in the alimentary canal
and seeks its final location to attain after a period of growth the
adult form and full maturity. Life histories are known among
trematodes only in the most fragmentary way and the field offers
inviting prospects to the student.

As appears from the account just given two free-living stages
recur in the development of most flukes. The miracidium nor-
mally depends on active migration through the water to reach
and infect the secondary host. In spite of the constant and
abundant production of such larvae their occurrence in plankton
or other fresh-water collections is not recorded. This may be due
to the extreme delicacy of the larvae which go to pieces almost as
soon as collected.

When infected snails are kept in an aquarium, the cercariae
swarm out at certain times in great numbers and can be seen
swimming actively about in the water. They conduct themselves
under such circumstances like true plankton organisms: protozoa,
rotifers, and entomostraca in the same aquarium. Yet although
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such larvae are produced in great abundance and infected mollusks
are also abundant and widely distributed, there are few records of
cercariae in reports on aquatic life.

Leidy found cercariae free in the Delaware River and in a Wy-
oming pool. Wright discovered the remarkable anchor-tailed cer-
caria among weeds, and I have taken several forms including the
striking Cercaria gorgonocephala in the tow with a plankton net.
None the less among the fresh-water organisms that are least
known one may well list the free-swimming stages of parasitic
WOrms.

From this survey of the life history it is evident that the degree
of trematode infection depends: first, on the presence of water at
the time when the cercariae or miracidia swarm out; and second,
on the occurrence of mollusks in the region to act as intermediate
hosts. Hence flukes are rare in arid areas and also in regions
lacking in lime where mollusks are all but wanting.

In general, infection is seasonal and may be traced to the climatic
conditions because periods of excessive moisture permit the swarm-
ing of the larvae, whereas during dry months the egg-shells remain

unbroken. The study of the adult parasites has shown that in
" most cases observed the flukes produce eggs continually and seem
to display equal reproductive activity in all parts of the year.
The number of flukes found in a given host does not appear to vary
seasonally although it does vary widely in individual hosts.

The fishes, amphibians, reptiles, birds, and mammals that occur
in and around various fresh-water bodies shelter a multitude of
species of trematodes. The group has never been studied care-
fully on this continent and data available include mostly casual or
fragmentary observations on a few of its members. Pratt made
the first general list of these species. Since then a number of
students of individual genera or groups of flukes have added to
the count. Even this has only made a start at recording the
North American species in the region which has been studied and
one can hardly venture to predict the number of species in parts
of the country where no collections at all have been made. The
total trematode fauna of North America is greatly beyond any
present records and cannot be estimated from the data at hand,
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Even concerning the forms listed it must be confessed that our
knowledge is very imperfect.

In preparing the key I have followed the plan so admirably
formulated by Looss and worked out in various groups by Braun,
Lithe, and Odhner. The data on larval forms (Cercariae) are
adapted from Cort and Faust.

KEY TO NORTH AMERICAN FRESH-WATER TREMATODA

1 (169) Adult forms; sex organs developed and functioning. . . . . . . 2

2 (28) Posterior organs of attachment powerfully developed; those at ante-
rior end absent or if present poorly developed and paired.

Chitinous hooks and anchors almost always present.
Subclass Monogenea . . 3

Excretory pores anterior, double, dorsal; uterus short 1.1.!11:11]_1,.T containing onl:.r :E- umslc CEE.
Development simple, direct. Most forms are ectoparasitic on body surface In

fresh-water hosts found in urinary bladder (Amphibia) or respiratory passages [tu.rttes}

3 (8) Posterior organ single. Vagina unpaired. No genito-intestinal canal.
Order Monopisthocotylea Odhner . . 4

4 (5) Two suckers at anterior end, entirely independent of the oral cavity.
A single large posterior sucker.
Family TrisToMIDAE van Beneden 1858,

Monogenetic, ectoparasitic trematodes with a single large round terminal sucker, often
armed with hooks, and with two =maller yet conspicuous lateral suckers at the anterior end.
Mouth wventral ;ust behind anterior suckers. Many forms parasitic on gills of marine fishes;
a few reach fresh water through the movements of migratory fish.

Only species reported from North America.
Nitgschia sturionis (Abildgaard) 1704.

Reported by Linton from gills of sturgeon (Adcipenser sturios) at Woods Hole. May he
carried at times into fresh water.

5 (4) Anterior end expanded, bearing special structures of some sort and yet
never true suckers alone.
Family GyrobACTYLIDAE van Beneden and Hesse 1863 . . 6

Small, slender, elongate trematodes with anterior end wvariably provided with specialized
structures, only rarely true suckers and then associated with other special organs.  Posterior
disc without suckers, usually with two or four huge hooks in the center and a considerable
number of small marginal hooklets,

On the skin and gills of fishes.

The genera reported from fresh water all fall in the section of the family in which the an-
terior end is provided with two or four retractile cephalic tips in which open ducts of numer-
ous dermal glands.

6 (7) Posterior disc with two large central hooks. No eyes.
Gyrodactylus von Nordmann 1832,

Anterior f:nd provided with two lateral contractile lappets. Large central hooks of pos-
terior disc turned ventrad, shaped like fish hooks and bound together at the roots by a special
clamp piece. Marginal hooks sixteen, simple. Vivi us.,

On skin and gills of many fresh-water fish, especially Cyprinidae. At times numerous enough
to destroy the external dermal layer and leave the fin rays naked. May cause death of host.

Reported only twice in North America; from young lake trout in Maine and small-mouthed
black bass, Ontario, Canada. Species uncertain. Cause of serious epidemic among young
fish at hatchery (Craig Pond); also on wild fish in same stream.

e . e W,

e e il
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7 (6) Posterior disc with four large central hooks. Two pairs of eyes.
Ancyrocephalus Creplin 1830,

Anterior end bluntly triangular with two inconspicuous lobes on each side, but no distinet
cephalic la Posterior diac be_a.rs four large, heavy hooks and clamp, and fourteen or
sixteen small marginal hooks of which two lie before and two behind the large hooks. Owi-

On the gills of many fresh-water fish.
Two species, determination doubtful, reﬁrm:l by {Im%cr from Ontario, Canada. On the
gills of young black bass. Also from rock bass and sunfish.

8 (3) Posterior organs multiple (two to many parted). Vagina double.
Genito-intestinal canal present.
Order Polyopisthocotylea Odhner . . ¢

Suckers at anterior end, if present, open into oral cavity. Posterior end with variable but
Er:l]é-dwdegcped organs of attachment consisting of hooks and suckers grouped on a terminal
or :

g (12) With two oral suckers and with genital hooks. . . . . . . . . 10
10 (11) Posterior disc with eight, less often four (five) small peculiar sucking

0 :
Family OcrocoryLIDAE van Beneden and Hesse 1863.

Elongate, flattened ectoparasitic trematodes. The posterior organ of attachment has—
usually in two parallel symmetrical rows— eight, more rarely four or six, small suckers braced
with a characteristic chitinous framework or armed with hooks. Extra hooks ocour often on
the disc. Genital pore always armed with hooks. Eggs supplied with one or two long fila-
ments. On gills of marine and fresh-water fishes.

These ites are rare in fresh water yet no doubt other genera than the two cited here
do occur. The American representatives are not well known and only the first is more than
an accidental member of the fresh-water fauna. For this reason no effort has been made to
incorporate them in the key.

Masgocraes Hermann 1782.

One species, formerly known as Odobothriem sagiffafum, is reported by Wright from the
sucker (Calostomus leres).
Plectanocotyle Diesing 1850.

Reported from the gills of Roceus americanus which enters fresh water to spawn so that this
parasite may be taken at times in that habitat.

11 (10) Posterior disc with a large number of small suckers.
Family MicrocoryLipak Taschenberg 1879.

Elongate ectoparasitic trematodes with two small anterior suckers connected with the oral
cavity and with the posterior end expanded into a foot-like region bearing a multitude of
minute suckers. Eggs with large filaments at both poles.

ody and posterior organ of attachment symmetrical.

Microcotvle van Beneden and Hesse 1863.

A genus parasitic on the gills of marine fishes. G. A, and W. G. MacCallum report three
species from the rock bass (Rocews limealus) which ascends rivers along the Eastern Coast
for spawning. Hence these parasites might be taken in fresh water, though no record of such
an occurrence has been found.

12 (9) Anterior end pointed, without suckers or other special organs.
Family PorLvsTtoMiDAE van Beneden 1858 . . 13

Elongate, flattened monogenetic trematodes with simple anterior end, and with prominent
adhesive disc at posterior end. Posterior disc with hooks and either two or six large powerful
suckers. Mouth subterminal, intestine triclad, often dendritic, with anastomoses. Male
genital pore and uterine orifice median, ventral, postpharyngeal.
ﬁlﬂu body surface, gills, and in urinary bladder of amphibians; in pharynx and cloaca of rep-

es.
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13 (27) Posterior discwithsixsuckers. . . . . . . . . o o o R L

14 (26) Posterior disc terminal; suckers large.
: Polystoma Zeder 1800 ., . 15

Six suckers in a circle or in two rows somewhat separated in the median line. In the center
of each sucker a amall hook, and others on anterior and posterior margins of shield; between
posterior acetabula two large hooks. Vagina double, one on each side near the ante-
rior end. Eggs without polar filament. Genital atrium with circle of hooks,

_ Several species in reptiles and amphibians. Not common but widely distributed. P.
wndegerrimum Leder, type of the genus, is not reported from North America. American species
worked out by Stunkard.

All North American forms fall in the section of the genus characterized by the ce of
a short uterus containing a single egg; to these forms a new subgeneric name should be given.

Polystoma (Polystomoides) Ward,
15 (23) Great hooks present on caudal disc and well developed. . . . . 16
16 (22) Genital hooksof equallength. . . . . . . . . . . « . Al

17 (18, 21) Not more than 16 genital hooks.
P. (Polystomoides) hassalli Goto 189go0.

Length 1.3 to 2 mm.; width o.4 to 0,65 mm.
Caudal suckers o.12 to 0.16 mm. in diameter.
. Caudal disc with 18 hooks, the largest o.125
mm. and the smallest 0.033 mm. long. Cir-
rus hocks o.028 mm. long with a winglike
process at the middle, TUterus contains only
a single large egr measuring o.11 by 0.25 mm.
to o.18 by 34 mm.
Urinary bladder of Cinoslernum pennsyloan-
fClim, Amm-::hd:.r; carinalus, A. odoratus, Chel-
Fic. 655. Polystoma hassalli, Ventral view. X 18, ydra serpemting; Maryland, North Carolina,
(After Stunkard.) Texas, lowa.

18 (17, 21) Genital hooks $2. . . o e.s '» v 5 =liee = ie 2 EECREE SRR 10

19 (20) Acetabula large, adjacent, not contiguous; pharynx smaller than
oral sucker. . . P.(Polvstomoides) coronatum Leidy 1888.

Bedy 3.15 by .83 mm. Caudal suckers
o.37 mm. in diameter. Caudal disc with
one pair of great hooks, o.132 mm.
one pair of intermediate hooks, o.051 mm.
long, and emall hooks, .02 mm. long.

From the common food terrapin (Leidy).

F1c. 654. Polystoma coronalum. Ventral view.
¥ . (After Stunkard.)
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20 (19) Acetabula small, widely separated; pharynx equal in size to oral
sucker. . . . P. (Polystomoides) microcotyle Stunkard 1916,

Body 3 by 078 mm. Caudal suckers
o.28 mm. in diameter, On caudal disc one
pair of great hooks, o.116 mm. long, one

ir of intermediate hooks, o.of6r mm.
ong, and small hooks, o.017 mm. long,
ﬂcnl:lﬂl coronet of 32 equal and similar

5.

In mouth of Chrysemys marginata;

Creston, Towa.

F1c. 655. Polystoma microcolyle. Ventral view,
* 9. (After Stunkard.)

21 (17, 18) Genital hooks more than 32 in number,
P. (Polystomoides) megacotyle Stunkard 1916.

Body 2.5 to 2.7 by o.71 to 0.98 mm.
Genital coronet 36 to 42 equal hooks.
Caudal suckers large, crowded. On caudal
disc one pair of great hooks, o.116 mm.
long, one pair of intermediate hooks,
o058 mm. long, and small hooks oc.org
mm. long. '

From mouth cavity of Chrysemys mar-
ginata; Creston, Towa.

F1c. 656. Polvsloma megacolvwle. Ventral view.
¥ 12. (After Stunkard.)

22 (16) Genital hooks unequal in length.
P. (Polystomoides) oblongum Wright 187q.

Up to 2.5 mm. long and 1.5 mm. wide. Caudal suckers o.2 mm. in diameter. Large hooks
on caudal Sim o.15 mm. and small hooks o.015 mm. long. Genital coronet of 32 hooks, alter-
nately large and small, with free end sharply curved.

From urinary bladder of Aromochelys odorains; Canada.

23 (r5) Great hooks of caudal disc reduced in size or absent. . . . . . 24

24 (25) Genital hooks 16 in number,
2 P. (Polystomoides) orbiculare Stunkard 1916.

Length 2.7 to 3.7 mm.; width o9 to
1.2 mm. Caudal suckers 0.3 mm. in
diameter. On caudal disc only a single
minute hooklet o.016 mm. long, in the
base of each sucker; no large hooks.
Genital coronet of 16 equal and similar
hooks. Egg spherical, e.21 to o.24 mm,
in diameter.

Im urinary bladder of Chrysenys mar-
Extended. Ventral  gineta and Psendemys seripia; North

F16, 657. Polysioma orbiculgre, ! Jsd
view, X ro. (After Stunkard.) Carolina, Illinois, Towa.
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28 (2) Organs of attachment one or two suckers of which the anterior is
always single and median; without chitinous hooks or
anchors; accessory suckersrare. Subclass Digenea . . 2g

Excretory organs empty by a single pore at or near posterior end. Uterus usually long,
containing masses of eggs, rarely only a few. Development complex, with alternation ngf

hosts and most uitie;n a!‘sg tl.'nf gen;mtiuns.
With rare exceptions adults endoparasitic in visceral organs, usually alimentary system of ver-
tebrates. Isolated adults occur in mollusks and insects which are the num:alrﬂogts for :.munrg

igur key to free living larval stages see section on Cercaria, 171 (170) in this key.

29 (30) Anterior sucker not perforate; mouth on mid-ventral surface; no
oral or ventral suckers. . . Order Gasterostomata Odhner.

Pharynx and esophagus present. Intestine sacculate, simple. Vitellaria lateral in anterior
region of body. Germ glands behind intestine, in posterior region. Testes two; cirrus elon-
gate; pore ventral near posterior end. Ovary simple, opposite or in front of anterior testis.

Single family. . . . . . . . . . . . BucepHALIDAE Poche 1907.
Only genus known. . . . . . . . . . Bucephalus von Baer 1826.

Anterior end bears large sucker with ventral orifice and small muscular
papillae at lateral angles.

The adult, better known as (rasterosfomum, has been reported only from
Canada though to j from the abundance of the characteristic two-tailed
cercaria it must occur frequently in other regions.

Stomach, intestine, and ceca of black bass and Baleosoma wigrum. Early
slagcﬁ encysted in young black bass, rock bass, perch, and minnow.

ercariae parasitic in Unionidae, especially in sex organs. Pennsylvania,
Illingis, Towa, Canada. Not common; occurring in fifteen species of Unionidac
out of forty-four examined; in susceptible hosts only 4 per cent of individuals
affected (Kelly).

Representative North American species.
Bucephalus pusillus Cooper 1015.

F1. 66o. Bucephalus pusillus. Ventral view. 3 75. (After Cooper.)

30 (20) Mouth at or near anterior tip of body ordinarily surrounded by oral
sucker; another sucker if present median, behind mouth
on ventral surface or at posterior end.

Order Prosostomata Odhner . . 31

31 (36) Intestine simple, rhabdocoel; oral sucker very poorly developed;
ventral sucking organ a powerful, conspicuous, adhesive

disc or a series of smaller suckers.
Suborder Aspidocotylea Monticelli.

Terminal or subterminal mouth surrounded by funnel-shaped expansion of skin, but not hy
true sucker. Holdfast organs ventral, usually in form of large sucking disc distinctly set
off from body and subdivided into numerous sucking alveoli, but never carrying chitinous
hooks or anchors; or in place of disc single series of small disconnected suckers. Alimentary
canal simple, rhabdocoel. Sexual organs simple. Development with or without alternation
of lmugd generations. Endoparasitic, or rarely ectoparasitic, in mollusks and cold-blooded

Forms not numerous, little known, grouped together at present into
a single family. . . ASPIDOGASTRIDAE Poche 1907 . . 32
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32 (33)

33 (32)
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Adhesive organ oval, composed of four rows of alveoli.

Aspidogaster von Baer 1826,

Ventral sucking disc large, equal in breadth and nearly so in
to entire body; Evnl in cﬁltliﬂ:le with four convergent lungitm
rows of quadrangular sucking grooves. Margin notched, with sense
organs. Mouth terminal; intestine extending into posterior end.
Sexual pore median; in depression between ventral shield and fore-
body. Owary small; testis single, same size as ovary. Uterus
moderately long; ova large. In fishes and mollusks.

Representative American species.
Aspidogaster conchicola von Baer 1826,

The common North American species in fresh water, A:ﬁdﬁgﬂda
conchicola v. Baer, is also the most common ite of the Union-
idae. From pericardial and renal cavities of various species of the
group; St. Lawrence River; Havana, Illinois; North Judson, In-
diana; lowa; Pennsylvania. Kelly rcpan.ed' thirty-seven out of
forty-four species of Unionidae and 41 per cent of the 1577 individuals
examined were parasitized by this species. Occasionally found in
the intestine of various fishes into which it has been introduced
when its proper host, the mussel, was taken as food.

Fio. 661. Aspidegasier conchicala. Aﬂcﬁnrmdufnntrl]au!;kﬂmm

fram helow combined with genital system, diagrammatic. Uterus
and yolk follicles left out, Est. 3 5. (After Stafford.) -

Adhesive disc oval, composed of three rows of alveoli. . . . . . 34

34 (35) Mouth subterminal, not surrounded by buceal disc.

Cotylaspis Leidy 1857.

Ventral shield much as in Aspidogasfer, save that the alveoli
are in three longitudinal rows, the central alveoli being elongated
transversely. arginal sense organs present, also two eyes,
Owvary dextral, smaller than single testis in posterior end. Ova
not numerous, large.

Of several species known, Colylaspis insignis Leidy 1857, is
maost frequent. It is adherent to surface of host in angle between
inner gill and visceral mass (Kelly); or branchial cavity (Leidy)
of nmnmp{:cies of Unionidae: Havana, Ill.; Grand Rapi
Mich.: e Chatauqua, N. ¥.; Cedar River, Ta.; Schuylkill
River, Penn. Kelly examined over 1600 individuals of 44 species
which belong in 24 separate host species and found 18 per cent
infected. The number in a single host is small.

Representative American species.
Cotylaspis cokeri Barker and Parsons 1914.

. cokeri Barker and Parsons occurs in the intestine of
Malacoclemmys lesuenrii.

Fio. 662, Colwaspis cokeri ¥ 30. ¢. Ventral view of sucking disk > 135.
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35 (34) Mouth terminal, surrounded by expanded buccal disc,
Cotylogaster Monticelli 1892,

Ventral disc composed of single median row of
grooves greatly elongated transversely and sur-
rounded by marginal row of small, circular alveoli.
Mouth in center of discoidal expansion of anterior
tip of forehody. Long prepharynx and esophagus.
Ovary and two testes just behind it form linear
series posterior to center of body. Laurer’s canal
present. Embryo with large posterior sucker;
development unknown.

Parasitic in intestine of fishes,

I En
] LI

Py [
‘%i Single North American species.
.g._%u. 1= Cotylogaster occidentalis Nickerson 1goo.
T
i

In intestine of sheepshead (A plodinoius grun-
niens), Minnesota. Rare.

WEEL Laa
N | [

E e S S

F1c. 663, Colylogaster eccidemialis. 4.  Lateral
view of an entire alcoholic specimen in which the an-
terior portion i retracted. X 8. B. Diagram show-
ing relation of organs as seen from the dorsal side, the
animal being represented as straightened horizontall
with the dorzal cone projected backward. Mag-niﬁui:
(After Nickerson.)

36 (31) Intestine forked; oral sucker distinctly developed; ventral sucker if
Fo e T e R S S S 37

In one genus (Cryptogomimus) the ventral sucker consists of two small acetabula close
together; in a few genera it is more or less intimately connected with a genital sucker sur-
rounding the sexual pore, but in no case does it consist of a series of small sucking organs or
have a complex, many-parted structure. :

The forms embraced under this heading in the four suborders which follow, stand in sharp
contrast with those of the suborder Aspidocotylea just preceding.  In fact the latter are o dis-
tinct in m&rﬂ appearance, in structure, and in development, that they have regularly been
grou tofore apart from the orders which follow. They were generally included under
the Monogenea (p. 374) until Monticelli revived the original view that they should be regarded
as an independent subdivision of equal rank intermediate between the Monogenea and the
Digenea (p. 379). Their very recent inclusion in the latter group has been well justified; yet
even with that the striking differences noted above must be kept clearly in mind.

The forms which follow fall naterally into four groups ranked here as suborders; they are
ﬂ.l?;niidisﬁnguishtd by a single external feature, the adhesive apparatus, consisting of suckers
W in number and arrangement are characteristic of cach group. Thus the holostomes have
in addition to the oral and ventral suckers a special adhesive organ behind the latter. This
special organ is variable in form and character. In the amphistomes one finds an oral and a

sucker, but no other adhesive organs. The distomes possess an oral and a ventral
sucker but none further back, while finally the monostomes have only one sucker and that is
circumoral in location,

These long recognized groups are already beginning to break up under the influence of more
ml't:l'u_l study, and a5 noted in the next section steps have been taken to eliminate the monostomes
as an independent subdivision, distributing its members among other groups.
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37 (48) No ventral sucker present; oral sucker only adhesive organ present.
Suborder Monostomata Zeder . . 38

Endoparasitic trematodes with flattened body and single sucker which surrounds mouth
at anterior end. Intestinal crura often unite in posterior end of body. Genital pore uspally
ventral or marginal in anterior region, or rarely median posterior. Life history relatively un-
known. For developmental stages see 174 (183) in this key.

Forms not well known, though frequent especially in reptiles (turtles) and birds; rarely also
mammals. North American records acanty.

Most of the forms described from this continent as “Monostomum” eannot be located
except generally in this section since the data are lacking on which a more exact determina-
tion depends. It is indeed likely that some of them were wrongly placed in this group and
more complete knowledge of their structure will result in their transfer to some other section.
Until the specimens are restudied they must all be regarded as uncertain. Such doubtful
forms are those listed as Monostoma sp. in Stiles and Haszall's Catalog (1904) and the following:

Monosloma affine Leidy from muskrat, M. amiuri Stafford from bull , M. aspersum
Vaill of Pratt from salamander, M. incommaodum Leidy from alligater (which later the author
mﬁnj;cture:d to be in fact a distome), M. ornafum Lﬂd v from frog, M. spaludalum Leidy from
L 5 '"

Odhner contends that the monostomes are isolated members of other groups that have
lost all suckers save the oral and that they should be classed in the various families from which
the%' have sprung. For practical reasons it will be necessary to retain the group at least until
its forms are much better known,

38 (45) With two compact testes, and follicular vitellaria. . . . . . . 39
39 (44) Body elongated. Not parasitic in dermalcysts. . . . . . . . 40

40 (41) Intestinal crura connected at posterior end. Testes near posterior
end, within crura, asymmetrical. Ovary between testes,
and intercecal but opposite to them,

Family CycrocoeLpAE Kossack 1911,

Large monostomes with thick, muscular body, somewhat flattened. Esophagus short, no
pharynx. (Kossack designates the structure which lies near the mouth as the Eglrarynx; I have
called it the oral sucker. He says these forms do not possess an oral sucker.) Intestinal
branches simple or with small ceca on the inner side conn at posterior
end by continuous arch. Genital pore median, ventral to and near oral
sucker. Receptaculum seminis and Laurer’s canal wanting.  Vitellaria well
developed, lateral and sometimes dorsal to intestine; transverse duct just in
front of posterior testis.  Uterine coils numerous, regular, transverse, occu-
pying space between posterior testis and fork of intestine. Eggs numerous,
without polar filaments. :

Air passages of water birds; frequently reported as in body cavity.

Only American genus. . . . Cyclocoelum Brandes 18gz.

Intestinal crura simple, genital pore near sucker, or at anterior margin.
Cirrus sac small, rarely extending beyond fork of intestine. Vitellaria
extracecal from fork of intestine to posterior e not mntinuqus with
opposite side.  Reproductive glands in posterior n in arch of intestine
at corners of trinngle. Owvary smaller than testes, on side opposite them.
Uterine coils do not extend laterad beyond the intestinal branches.
thick-shelled, large. A :

The ies designated by Leidy as “probably Monesloma mulabile
?ﬁder"sﬁfﬁmg’s here if his determination be accepted. It was collected
from the gray snipe (Gollinage wilsomi).

Fic. 664. Crclococlum mutabile. > 3. (After Eossack.)

41 (40) Intestinal crura end blindly at posterior end. Testes symmetrical, in
posterior region, outside of crura. Owary intercecal, between
testes, . . . Family NorocoTyLiDAE Liihe 1909 . . 42

Small monostomes with elongated flattened body tapering and rounded at both ends. On
ventral surface several (3 to 5) rows of small excrescences or papillae with unicellular dermal
glands. Esophagus short, no pharynx; intestinal ceca simple, Eng, not united in posterior
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. [Genital median, not far from oral sucker. Cirrus sac elongate enclosing only part
of the convoluted seminal vesicle. Testes symmetrical, near posterior end, outside intestinal
crura. Ovary between testes. Vitellaria lateral, anterior to testes. Uterine coils behind
cirrus sacsotranmrﬁe, regular, not extending outside intestinal crura. Eggs with long fila-
ments at both ;

42 (43) With conspicuous longitudinal rows of papillae on ventral surface.
Metraterm barely half as long as cirrus sac.
Notocotylus Diesing 1839,

_Body attenuated in front, broadly rounded behind. Ventral surface
with three rows (in N. guingueserialis with five rows) of glandular
masses which open into protruszible grooves.

European species reported from cecum of water birds.
Representative American species.
Notocotylus quingueserialis Barker and Laughlin 1911,

In Morth America one species; in the cecum of the muskrat,
Nebraska, Michigan.

Fio. 665. Notocobvius gui erialis. Ventral view. Magnified. (Alter
Barker and Laughlin.)

43 (42) Ventral rows of papillae poorly developed. Metraterm about equal
in length to cirrussac. . . . . . Calatropis Odhner 190;3.

Body tapering only slightly, about equally rounded at both ends. Ven-
tral En.|rl'£|u:1le:'IE wit thr]ei r;:Ews ii poorly L-velf;ped gland maszes; the middle
row opens on & low keel or ridge; the lateral rows contain each eight to
twelve small wart-like, non-retractile prominences. Metraterm well de-
, 23 long as cirrus sac.
European species in cecum and rectum of water binds.

Representative American species.
Catatropis filamentis Barker 1915,
Only North American species; in the duodenum of the muskrat.

Fio. 666. Calafropis filamentis. Ventral view. Magnified. (After Barker.)
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Nudocolyle novicia, very recently described by Barker from the muskrat, is
?Ia::ed in this family despite some striking morphological differcnces.  The
orm is small (0.7 t0 0.9 mm. long by 0.5 to o.65 mm. wide), thick-bodied,
and without ventral glands. The genital pore is lateral and well behind the
middle of the body, being thus far removed from the intestinal bifurcation.
The heavy pyriform cirrus pouch encloses part of the convoluted seminal
wvesicle.  Vitellaria in compact masses lie extracecal and just behind the
middle of the body. Transverse uterine coils extend over the intestinal
crura nearly to the lateral margins of the body; they fill the anterior half
and are limited posterorly by the cirrus pouch and vitellaria. The eggs
measure 20 to 24e by 10 to 138 and bave long heavy polar filaments.

Parasitic in intestine of muskrat; Minnesota.

44 (30) . Body compressed, broader than long. Parasitic in pairs in dermal

ERREATES L . s Family CoLLyRICLIDAE Ward.

Small to moderate sized monostomes with thick but not muscular body, amooth skin; oral
sucker and present; ceca long, capacious, not united. Gcnitﬁ pore ventral near
center of : vitellaria’ follicular, scanty, antero-lateral. Ovary much lobed, asymmetrical.

Testes oval, symmetrical behind ovary. Uterus in irregular coils showing a tendency to antero-
posterior direction. Terminal region of uterus enlarged.
Parasitic in dermal cysts on abdominal surface. Usually two in each cyst. In hirds.
Only American genus. . . . . . . . . Collyriclum Kossack 1g11.

Submoderate sized trematodes with dorsally arched and ventrally flattened body. Oral
sucker weak, pharynx small, intestinal crura simple, very broad. Genital pore median, just
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anterior to center. Vitellaria in seven symmetrical groups, marginal in anterior region.
Testes symmetrical, Owvary in front, strongly lobed. Coils of uterus irregular, mostly lateral
in posterior half of body. Eggs very small.

Representative American species. . . . .  Collyriclum colei Ward.

The single Euro species, formerly known as Monosloma
faba, was reported for North America as the cause of an
epidemic among sparrows at Madison, Wisconsin, The life
history is unknown; the supposition that avian insect para-
gites act as the intermediate host is e:t:emel_'i; improbable,
It attacks only young sparrows and infected birds are found
only during or just after a wet period (Cole).

The parazite has been found again in Boston, Mass. These
specimens differ clearly from the European form in numerous
minor details, such as ovary, volk glands, dermal spines, ete.,
and d?innnd recognition as a distinct species under the name
given here,

Fro. 66y, Collyriclum colei. 3 9. Detail of surface. 3 105,
(Origina ]

45 (38) With elongate tubular testes and vitellaria.
Family HEroNIMIDAE Ward . . 46

Moderate sized monostomes with thick, elongate, soft body somewhat flattened, tapering
hoth towards pointed anterior and bluntly rounded posterior end. Skin smooth. Oral sucker
weak, pharynx large, esophagus short, ceca simple, extending to but not united at posterior
end. Vitellaria compact, tubular, shaped like inverted V. Uterus in four itudinal re-
gions. Genital pore ventral to oral sucker near anterior tip. Testes tubular, lo or with
slhurri hra&mh:s. united into V-shaped organ with apex anteriad. Copulatory apparatus poorly
developed.

Lungs of reptiles. Northern North America.

Two genera imperfectly known which may prove to belong in a single genus.

46 (a7) ‘.'itc-lla.;ia- extend only half way from ovary, to posterior end.
Seminal receptacle present. . . Heronimus MacCallum rgoa.

Orral sucker small, pharynx large, no hagus, simple intestinal
crura which reach lhE posterior f:d huﬁg 1'|:?‘§||~gthu'ur1il‘.nl:.FIl ary oval
or bean-shaped, lateral in anterior third of body; receptaculum
present but no Laurer’s canal. Uterine loops intracecal; terminal
section of uterus sacculate.  Vitellaria small, elongate, not follicular,
tubular (?). Genital pore ventral to oral sucker. Testes Y-shaped
with coarse lobes, in median third of body, with median stem
directed anteriad.

Only species known.
Heronimus chelydrae MacCallum 1goz.

In lungs and air passages of river snapping turtle (Chelydra ser-
penfing), Ontario, Canada.

Fua. 668. Heronimus chelydrae. From n.bﬂﬁ.l combined with dorsal view
showing male genital appartus. (Excretory vesicle not shown.) Magnified.
(Afver MacCallum.)
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47 (46) Vitellaria extend from ovary to posterior end of body. Seminal
receptacle absent. . . . Aorchis Barker and Parsons 1914.

Oral sucker small, weak, pharynx large, esophagus short,
intestinal ceca long, not united at posterior end.  Ovary entire,
just behind fork of intestine. Vitellaria compact, tubular,
coarsely lobed or with short irregular branches extending almost
entire length of body. Two divisions of uterus looped or coiled
around intestinal ceca.  Other two divisions straight longitudi-
nal tubes. Terminal division conspicuous, heavy, dark band
through length of the in the median plane. Testes

% elongate, tubular, ircegularly lobed. Genital pore ventral,
near anterior tip of body. Eggs with short polar stalk at one

@ end.

Type species.
@ Aorchis extensus Barker and Parsons 1914.

Lungs of Chrysemys marginala, Mississippi River (Minnesota)
a ?qnéj;, n.laka; in various turtles from Michigan, Indiana, Illincis,
FASER.

. Fic. 669. Aorchis exiemsus.  Only anterior portion of testes shown
in dra . ¥ 8 a, Embryos in uterus; note conspicuous eye spots.
¥ 22. (Original.)

48 (37) Ventral sucker present, usually single though varied in form and
position; never represented by numerous small organs in
T S e e or (S O s e 11 |

The acetabulum or ventral sucker proper is a closed organ, not possessing any inner opening
or connecting with any special organ or system. It may be so insignificant in size as to be
difficult to distinguish, in which case the form is erroneously diagnosed as a monostome as has
often occurred. On the other hand it may be as wide as the body or wider and 30 powerful
as to distort the form of the animal. It may be sessile or be borne on a stalk or peduncle.

In some species a special secondary sucking organ is developed around the genital orifice
and this may even become so highly giﬁcrcnlmmd as to exceed in size or include the true ven-
tral sucker. Those forms which possess this highly developed adhesive organ ordinarily have
the body divided inte two distinct regions.

In location the acetabulum is near the posterior end in the group of amphistomes and at or
anterior to the center of the body in the distomes and holostomes. The latter are readily

the peculiar adhesive organ and the separate regions of the body even though
m lo?i-:-rm are very variable in different genera.

49 (62) Acetabulum terminal or subterminal and posterior to the repro-
ductive glands. . . . . Suborder Amphistomata Nitzsch.

Endoparasitic trematodes with oral opening anterior and terminal.  Oral sucker powerful,
oval or more ¢ te, often with two dorso-lateral muscular pockets.  Acetabulum conspicu-
ous, much larger than oral sucker, at or very near posterior end.  Body muscular, thick, little
flattened and often conical, ta_]i'v-cﬁng anteriad. Skin without spines but regularly provided
with sensory or glandular papillae. Excretory bladder sacculate, with median ventral pore
near posterior end. Genital pore ventral, median, in anterior region. Testes large anterior
to small ovary. Vitellaria follicular, lateral, paired. Uterus simple, with few coils. Eggs
numerous, small, plain. Development complex with altéernation of generations and hosts.

Only family recognized.
ParampHISTOMIDAE Fischoeder 1901 . . 50

50 (61) Oral sucker terminal; acetabulum simple, not divided. . . . . 51

51 (52) No postero-lateral pockets on pharynx.
Subfamily ParampHISTOMINAE Fischoeder 1gor.

None of these forms is parasitic as adults in aquatic animals. One species occurs in domes-
tic ruminants in North America. The redia and cercaria develop in some fresh water snails as
is known of the related European forms. Compare 185 in this key.
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52 (51) Postero-lateral pockets presentonpharynx. . . . . . . . . . 53

53 (56) Testes two, more or less deeply lobed.
Subfamily CraporcHINAE Fischoeder 1901 . . 54

Amphistomes with more or less strmglii flattened body, and with acetabulum usually con-
icuously ventral, rarely only terminal. Testes branching or lobed. Cirrus sac incom-
ete or nearly wanting,

In this subfamily belongs possibly the *“ Amphistoma grande Diesing” of Leidy from the terra-
n which does not seem to conform to the species designated. The description is inadequate
?l r a final diagnosis,

54 (35) Pharyngeal pockets small, not a.t'fecung external boundary of oral
sucker. . . . ; Stichorchis Fischoeder 1go1.

Body noticeably attenuated anteriorly, broadly rounded posteri-
orly. Margins rounded, dorsal surface high, arched, ventral flattened.
Acetabulum wentral. Pharynx lacking; crura not much separated
from lateral margins. Cirrus sac amall, genital sucker not conspicu-
ous. Vitellarin well developed, mostly behind testes and median
to crura, as well as partly dorsal and ventral to same.

North American species.
Stichorchis subtriguetrus {Rudolph} 1814.

One ies, Si. subiriguetrus, the true Amphisdoma sublriguelriom
Rud. ; intestine of the beaver; Quebec, Ontario.

Fio. Gra.  Shckorelhis ru.b.l'ﬂ{iﬂﬂm Dﬂﬁ‘n‘é‘fﬁmfm arrangement of

55 (54) Pharyngeal pockets large, conspicuous, modifying greatly outline of
oral sucker. . . . . . . Wardius Barker and East 1915.

Moderate sized amphﬁtumﬂ- with prominent ph _pockets, and
large subterminal sucker. hagus well developed, without differ-
entiated regions; crura long nnrfwaw Testes tly lobed, tandem,
in center of body. Owary median, behind testes near erior sucker.
Genital pore posterior to bifurcation of intestine. Vitellaria extend out-
side crura from oral to posterior sucker.

Only one species.
Wardius sibethicus Barker and East 1g15.

In cecum of muskrat. _R_egarded bj.r these authors as the *“Adm-
phislomum sublriguelrum Diesing™ of Leidy (1888).

Fiz, 671, Wardius zibethicus. Ventral view, specimen compressed. Magnified.
(After Barker.)

a6 (s3) One or two testes, spherical. . . . . « 5 o v o boeie e 8]
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57 (58) Vitellaria consist of few large follicles or form paired compact organ.
No cirrus sac. . . Subfamily DirLopiscinae Cohn 1904

Moderate sized amphi with conical body, round in transsection, attenuated ante-
riotly. Terminal zucker very large. Intestinal crura extend to terminal sucker, relatively
broad. Vitellaria a few large follicles on each side which may be
condensed into a more or less compact but lobed organ.

In alimentary canal of Amphibia and Reptilia.

Only North American genus.
Diplodiscus Diesing 1836.

Two testes confluent in nlder specimens.  Genital pore near oral

ning. Esophagus long, pharynx-like enlargement at bifurcation

_intestine, not Iy mn.rku? off. Excretory vessels looped into
coils, some above and some below intestine.

Only North American species.
Diplodiscus temperatus Stafford 1905,

Rectum of various frogs. Canada, Pennsylvania, Indiana, Ne-
braska, Minnesota,

Fio. 672,  [Diplodiscns femperatus,  Adult worm somewhat contracted,
d.rawg from the ventral side az a transparent object. Magnified. (After

58 (57) Vitellaria consist of small scattered lateral follicles. Cirrus sac
present. . . . Subfamily ScHizAMPHISTOMINAE Looss 1giz.
Representative North American genus.

Allassosioma Stunkard 1916 . . 59
I.na%um‘al mvagm:.huns open mdependnnth" into oral sucker; no preoral gphincter; ezoph-
b mrnpa of concentric muscle lamellae. Hermaphroditic duct present. Germ

median, near center of hﬂd:,l' Bl;uth testes anterior to ovary.  Vitellaria consist of qmall
scattered lateral follicles, in posterior region with median follicles also. Laurer's canal opens in
mid-dorsal line anterior to excrétory pore.

59 (60) Large worm (over 1o mm, long) with small suckers.
Allassostoma magnum Stunkard 1916.

Length 1o to 12 mm., breadth 3 to 5 mm., thickness 1.5 to 2 mm.
Living worm clear, slow-moving, capable of great extension, Acetabu-
lum sub-terminal, ovoid, wider anteriad, 2 to 2.5 mm. long by 2 mm. wide.
Oral sucker terminal, 0.9 to 1.35 mm. Iong by 0.6 to c.g mm. wide; oral
pockets arise at pmtenur end nf pral sucker g}' separate lateral openings
and extend dorsad and caudad. p

Testes oval, 0.27 to 0.35 by 0.45 to 0.9 mm,, long axis transverse,
located near center of body and slightly uhllquc Owvary median, spheri-
%4 cal or oval, o.28 to o.35 by o.33 to o.57 mm. in diameter. Vitelline
2% 1 follicles small, sparse, anteriorly extracecal, but posteriorly also intracecal.
] No receptaculum seminis and ne wlell:.ne reservoir. Eggs o.1 by 6.3
4 mm.

In intestine of Pseudemys; Illinois, Missouri.

Fic. 673. Allassosioma maguum. Ventral view. X 2. (After Stunkard)

6o (50) Small worm (length about 3 mm. or less) with large suckers.
Allassostoma parvum Stunkard 1916.
From Chelydra serpentina; Urbana, Il
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7o (73) Large flattened distomes; ovary and testes both highly branched;
uterus median, a short series of transverse coils.
Family FascroLipae Railliet 18¢5.

Large distomes with muscular, more or less broad and flattened leaf-shaped body. WVentral
sucker powerful, close to anterior end. Intestinal crura extend to posteror end. Excretory
bladder tubular, extends anteriad beyond testes. Genital pore median, at anterior margin
of acetabulum. Cirrus and cirrus sac well developed. Ovary lateral, in front of acetabulum,
testes symmetrical, postacetabular. Vitellaria extensive, reaching erior end. Uterus
short, in condensed coil, entirely preovarian. Eggs very large, thin shelled, in moderate num-
bers. Development with alternation of hosts and generations,

Parasites in intestine and gall ducts of Mammalia.

Reported in North America.
' Subfamily Fascrorinag Stiles and Hassall 1808 . . 71

71 (72) Anterior tip distinctly set off from main body; vitellaria both dorsal
- and ventral of intestinal branches. Fasciola Linnaeus 1758,

Very large distomes with leaf-shaped body having so-called * cephalie
cone” set off at anterior end, and E.ﬁnlﬂl posterior end.  Skin spinous.
Acetabulum large, at junction of cephalic cone and main body. Esophagus
short, with pharynx and prepharynx.  Intestinal crura near median line,
extend to posterior end, provided on mesial aspect with short branches
and on outer side with long branches which again may be branched.
Uterus in front of acetabulum, forming a rosette. Vitellaria richly de-
veloped in lateral area, and in posterior region also on both surfaces of body.

In the gall passages of herbivores, very rarely in man.

Type species. . . . Fasciola hepatica Linnaeus 1758.

An introduced species (F. hepalica) common in sheep and cattle in
limited regions; Long Island, N. Y., introduced from Texas, Gulf States,
California. The North American intermediate host is not known, Stiles
suspects Limnaea humilis Say.

Fic. 6i75. Fasciols kepafica. % 3. (Original)

72 (71) No distinct anterior conical portion. Vitellaria ventral to intestinal
branches. o0 o0 © o L . oL 0 . . Fascioloides Ward.

Bﬂdﬁr Very l:l.m'ﬂ, hma.d, lhick, without separate anterior |;|4.'|-r‘r,i=m or r.'uph:i][r,: cone, Imsturinr
end bluntly rounded. Vitellaria confined to region veniral to intestinal hranches.

Typespecies. . . . . . . . . . Fascioloides magna (Bassi) 1875,

In liver and lungs of North American herbivores both do-
mestic and wild; vsually included in former genus. On the
advice of Odhner a new genus is made for the North American
form. First discovered in a European zoological garden para-
sitic in the wapiti, it is known to occur in many hosts and to
be widely distributed from Maine to California. It is espe-
cially abundant in parts of the South. Egg and embryo are
said by Stiles to agree with those of the last species.

Fro. 676. Fascloloides magns. Intestinal crura and branches
drawn as solid black lines. Natural size. (Original.

Another genus, Fasciolopsis, common as a parasite of man
in some parts of the East, en reported in North America
a few times as a human parasite. Apparently all these cases
have Been imported and the parasite has not so far as known
gained a foothold on this continent.




390 FRESH-WATER BIOLOGY

73 (70) Distomes moderate in size, thick bodied; ovary and testes lobed
or coarsely branched; uterine coil chiefly lateral to acetab-
ulum. . . . . Family TrRoGLOTREMATIDAE Odhner 1914.

Distomes of small to moderate size with compressed body. Skin with spines in groups.
Ventral surface flat, dorsal arched. Musculature and suckers poorly developed. Intestinal
crura do not reach posterior end. Excretory bladder Y-shaped, or tubular. Genital pore
cloze to acetabulum. Cirrns sac lacking. Testes etrical, postacetabular. Ow
dextral, immediately in front of testes, lobed or branched. Laurer’s canal t. ?i.?z
laria very extensive, covering dorsal surface save for narrow median strip. Uterus long, in
open loops, or shorter in tight coil; eggs in first case small, in second moderately large.

Parasites of birds and carnivores, living usually hyrgairs in cyst-Kke cavities,

The monostome, Collyriclum colei|(p. 384), is regarded by Odhner as properly a member of

this family.
Only American genus. . . . . . . Paragonimus M. Braun 1899.
Body opaque, thick, nearly rounded in cross section. Skin
with spines. Pharynx almost ical, crura wavy with i

walls. Testes lobed, symmetrical, in hindbody. Owary :
lateral, pretesticular, and postacetabular. Vitellaria extend en-
tire length of body, lateral and dorsal. Laurer's canal and

rudimentary receptaculum present. Uterusin coil, tabu-
lar, i}ppomte ovary. Eggs large, thin-shelled, laid cleav-
age begins.

Encysted, in pairs usually, in lungs of mammals,

Single American species.
Paragonimus kellicotti Ward 1908.

Parasitic in dog, cat, and pig. Ohio, Illinois, Wisconsin,
Minnesota, Eentucky. Cunfuso? in records with the human
lung fluke (P. westermanii Kerbert) which has been positively

which are probably imported from Asia.

i Fio. 67y, Paragomimus kellicotii. Total tion, ventral surface.
| The vitellaria are represented on the left MMMM the other

! si&imrdﬁ; l?-: show o;:r; testu.wu%lmeductumdmmuunuﬁmmy
obscu them. 8. g, rom same specimen. 1
{After Ward and Hirach.) G i

74 (6g) Owvary and testes entire or lobed but not dendritic. . . . . . . 75

75 (82) Oral sucker surrounded by a reniform collar open ventrally and
bearing a series of strong spines.
Family EcmnostoMIDAE Looss 1g02 . . 76

Elongate distomes, very variable in size. Acetabulum powerful, close to anterior end.
Oral sucker small, weak or degenerate; anterior end surrounded laterally and dorsally by
skin fold or “collar™ which carries large spines (“spikes’) definite in number and arrange-
ment. “Corner spines” on ventro-median lobe usually differ from others, f.e., “marginal
gpines.”  Skin in anterior region at least richly provided with fine dermal spines.
and esophagus present; intestinal crura extend almost to posterior tip. Excretory
¥-shaped with numerous lateral branches. Genital pore median, near acetabulum or between
it and fork of intestine. Cirrus and cirrus sac well developed. Germ glands postacetabular,
usually median; ovary pretesticular, sometimes lateral. Vitellaria lateral, well d
reaching posterior end. Uterus between ovary and acetabulum, with scanty lateral loops,
or none. Laurer's canal present, receptaculum seminis absent. Eges large, shelled, not
numerous. Development with alternation of hosts and generations. For characteristic
CErcariac see 234 (220) in this key.

Parasites of intestine, rarely ggall duects, in mammals and birds.

76 (81) With well-developed oral sucker. Parasitic in intestine. . . . 77

77 (8o) Anterior region not enlarged. Spinesin a doublerow. . . . . 78

determined in North America only in a few human cases, all of

o e b i et | ol i s o i
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78 (70) ' Uterus long and much coiled. . . . . Echinosioma Rudolphi 1809.

Echinostomes of moderate size with elongate body. Caollar with double unbroken row of
gpines. Oral and ventral suckers close together. Cirrus sac reaches ordinarily center of
acetabulum. Cirrus long, not spinous, when contracted it lies in coil. Wesicula seminalis
twisted, not bipartite. Pars prostatica present. Vitellaria lateral, posttesticular, extending
in places towards median line. Uterus long, much coiled. Eggs large.

A mixed group of unplaced and unrelated species, many of which are not well enough known
to determine their. true place in the family. Several uncertain North American species are
reported under this generic name from chickens (Hassall), and muskrat (Leidy). Some forms
from the muskrat are more perfectly described by Barker ef alii.

=g (78) Uterus short, coils few, open. . . . Echinopharyphinm Dietz 1900.

Small echinostomes, slender. Much like last genus except in absence of pars prostatica.
Cirrus sac long, often extending dorsad, or posteriad to center of acetabulum. Uterus short;
not numerous, large.
G%he placing of Distemom flexum Linton from the black scoter (Yellowstone Lake) in this
genus is probably correct. ather species bas been reported by Barker and Bastion from the
muskrat.

8o (77) Spines in a single row. Subfamily Ecumvocaasminae Odhner 1o10.

Spines in a single row interrupted at the mid-dorsal line, with 20 to 26
f}l;ines only. Cirrus sac when present pyriform. not projecting behind
bie center of the acetabulum. Vesicula seminalis not coiled, distinctly

te.
genera commaon in Europe.

Only genus yet recorded from North America.
Stephanaprora Odhner 1902.

Small, elongate echinostomes. Cirrus sac well developed, cirrus short
but muscular, often apparently entirely preacetabular. Testes median,
close ther, in posterior half of body. Vitellaria lateral, never pre-
acctabular, often nearly confluent along median line. Uterus not long;
epes of moderate size,

Representative American species.
Stephanoprora gilberti Ward.

The species reported by Gilbert from the loon (Gavia émber) and from
Bonaparte’s gull (Larns philadelphia) near Ann Arbor, Michigan, probably
belongs to this genus. It cannot be Eckinodfoma spinuloswm Rud., as
designated.

Fic. 678,  Stephawoprora gitberti. > 7z (Original.)

81 (76) Oral sucker degenerate. Parasitic in gall ducts.
Pegosomum Ritz 1003.

Echinostomes of moderate size with lance-shaped muscular body.  Collar poorly developed,
with single row of blunt spines. Skin spinous. Oral sucker entirely degenerate. Pharynx
nt. Fork of intestine not near acetabulum which is powerful and near center of body.
irrus. sac large, mostly preacetabular, Testes median, in posterior half of body. Owary
dextral, postacetabular and pretesticular. Vitellaria from pharynx to posterior end, confluent
in median line, only in front of genital pore. Uterus short. Eggs large, not numerous.
In gall ducts of Ardeidac. Only one species reported from North America as Disfomum
asperum Wright from Ardea minor.

82 (75) Oral sucker without collar and spines. . . . . . . By

A condition not represented in the key is found in the Acanrmocuasumipae where the large
funnel-shaped oral sucker opens at the anterior tip and is surrounded by a crown of promi-
nent spines. A canthochasmus coronariunt (Cobbold) was taken from the alimentary canal of
an Alligator mississipiensis that died in England. According to Odhner Cryptogonimis and
Caecineola are members of this family which have lost the crown of spines.  Deroprisiis may also
be related to it.

83 (g4) Genital glands median in linear series in posterior region of body. 84
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84 (91) Uterus between ovary and acetabulum, anaeaaing an
ramus only. Testes ordinarily behind ovary and close to
it, or rarely (Leuceruthrus) near acetabulum and separated

from ovary by coils of uterus. . . . . . o o . LlEEBE

In Deropristis hispida, a peculiar distome found in Acipenser in Europe and reported once
by Stafiord in the lake sturgeon from Canada the arrangement of the germ glands differs from
cither plan noted in the key line above. Two oval testes are median in posterior end; median
ovary lies near large receptaculum, scramted from acetabulum and testez by about egual
distances which are filled by uterine coils.  Uterus has short descending ramus which extends
posteriad from ovarian complex to anterior testis, and long ascending ramus from this point to
genital pore on median anterior margin of acetabulum. Vitellaria are extracecal, in uterine
region. Cirrus sac and seminal vesicle, nearly median and postacetabular, are both well de-
veloped, but rather distinctly separated. The relationship of the genus is not clear and the
American record needs confirmation, hence this form is not incl in the key.

83 (88) Body muscular; cirrus sac present.

Family Azvenpae Odhner 1911 . . 86
* Infra-medium to large distomes. More or less elongate, flattened, with thick, muscular
body. Suckers powerfully developed. Skin smooth, on contraction drawn into irregular
transverse folds. No harynx. Pharvnx powerful, esophagus very short, intestinal crura
reach posterior end. Ecg]mtnr}' bladder Y-shaped with very long branches reaching even to
anterior end.  Genital pore median, in front of and above acetabulum; genital sinus spacious.
Uterus with ascending limb alone, extending direct from ovary to genital pore in laid
transverse loops. Laurer's canal present; receptaculum seminis wanting. Vitellaria follic-
ular, lateral, extracecal, not reaching to posterior end. Eggs 45 to 85 p long, with cap; when
deposited they contain each a ripe embryo, regularly nonciliated.

Stomach parasites of fishes.

86 (87) Germ glands form series in posterior region; ovary anterior, not far
separated from testes. . . . . . . . Aszvgia Looss m

Distomes of moderate size or larger, with slightly flattened, much ¢longate, nearly cylindri
cal muscular body, rounded at both ends (Fig. 652). Genital pore close to acetabulum. Cirrns
sac present.  Seminal vesicle long and coiled. Uterus intercecal, in center third of body.
Vitellaria extend at least between acetabulum and posterdor testes. Owary and testes behind
middle of body. Main stem of excretory bladder splits behind testes; lateral branches do not
unite in anterior region. Eggs 45 by 21 s with thin shell and albumen covering.

Azygia is a powerfully muscular type and is usually much distorted in the process of preser-
vation so that a lot of specimens taken from the same host at the same time present marked
external differences in the preserved condition. Such extreme specimens have been the basis
for various new genera, e.g., Megadistomum of Leidy and Stafford, Mimodistomum of Leidy
and Hassallius of Goldberger. The same factor has led to the separation of too many as species.

Despite many records of its occurrence the common European A. Jucii ( = A, terelicolle) has
not been found in North America. Several ies peculiar to this continent occur in Amia calva,
Micropierus salmoides and dolomien, Esox lucius and relicudalus, Amblopliles rupesiris, Salve-
{iﬂﬂ.‘“ nantaycush, Lucioperca, Lota lota, Salmo sebage. Maine, 5t. Lawrence, Great Lakes,

[ ISCOnSin.

87 (86) Testes just behind acetabulum, separated from ovary by coils of
uterus. . . . .  Lencermihrus Marshall and Gilbert 1gos.

Anterior end rounded, posterior end pointed. Oral sucker ventral, b=
nent, acetabulum ﬂn&haﬁﬂaﬁ large. Intestinal crura slender, straight, ex-
tending nearly to posterior end. Excretory vesicle forking at ovary. Testes
small, postacetabular, oblique to each other. Uterus at confined to area
between intestinal crura, ovary and testes, later filling ﬂmﬁ{ur three-fourths
of body.  Vitellaria lateral, in posterior half of body. urer's canal present.

Une species known (L. micropleri) from mouth and stomach of black bass
and bowfin in Wisconsin and Indiana,

Odhner advocates the association of this genus with Asygéia from which
it differs primarily only in the fact that the testes have moved from their
original place behind the ovary and have been drawn anteriad by the
shortening of the sperm ducts to a location a little posterior to the acetabu-
lum. Thisis the relation they hold in Hemiwrus, marine distomes descended
from the Azygiidae.

Frc. 670, Leucerufkru: micropleri.  Ventral view showing internal t .
After 1.!11I|I press preparation. Vmpﬁ'ighur diagrammatic. Mnggntﬁul, m
berger.
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88 (85) Body flat, thin, transparent; no cirrus sac present.
Family OpistHORCHUDAE Liihe 1901 . . 8¢

Elongate flattened tran t distomes with weak musculature. Suckers close together
and very weak. Intestinal crura reach fully or nearly to posterior end. Excretory bladder
Y-shaped with short branches and long stem. Genital pore close in front of acetabulum. No
cirrus or cirrus sac.  Coiled seminal vesicle. Germ glands in series in posterior region, ovary
in front of testes. Vitellaria outside intestinal crura, moderately developed, not reaching
posterior end. Uterus long, preovarian, in transverse loops, mostly postacetabular. Eggs
very numerous, small, light :.n:ﬁnﬂish brown in color.

Parasites of gall passages of Amniota.

" An imy ite of man, Clenorchis sinensis, which belongs to this family has been
introduced times into this continent but apparently has not gained a footing.

89 (go) Neither uterine coils nor vitellaria extend anteriad beyond
acetabulum. . . . . . . Opisthorchis R. Blanchard 1895.

Anterior end conical, posterior end broader. Main stem of excretory bladder S-shaped,
passing between testes, anterior forks of Y short. Vitellaria in groups.

In gall ducts of mammals, birds, and (?) fishes. Young distomes encysted in skin and con-
nective tissues, especially subdermal tissue of fishes.

Several species in North America; best known 0. psendofelinens Ward 1go1 in the cat.

o,
o
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Fic. 68, Opisthorckiz prewdofelinens. From liver of eat. ¢ 5. (Uriginat.)

go (89) Uterine coils and vitellaria both in part anterior to acetabulum.
Metorchis Looss 1800.

Small to moderate sized distomes with short, compressed bedy tapering anteriad.  Skin
spinous. Testes slightly lobed, nearly symmetrical. Coils of uterus compact, extending clearly
over crura to margins. Vitellaria eompact, extending anterior to acetabulum.

A single American species M. complexus (Stiles and Hassall) from the liver of cat. New
York, Maryland, District of Columbia. Peculiar in extent and arrangement of vitellaria and in
position of testes, May need to be transferred to a new genus when its structure has been
worked out.

Fic. 681. Meforchis compleyus, Moagnified. (After Stiles and Hassall.)

o1 (84) Ovary anterior, near acetabulum, separated from one or both testes
by coils of ascending and descending rami of uterus.
Subfamily TELORCHIINAE Looss 1899. . 92

Small to middle sized distomes with slender, elongate, spinous, somewhat flattened body.
Anterior region very mobile; posterior region stable. Acetabulum small, in anterior région.
Pharynx present, esophagus variable, crura long. Testes tandem, both in posterior end or
one there and the other not far behind ovary. Laurer's canal and receptaculum seminis pres-
ent. Vitellaria lateral, elongate, outside intestinal crura. Uterus in coils or loops between
ovary and testes or when one testis is near ovary, between ovary and posterior testis. Eggs
numerous, small.

In the intestine of reptiles.
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oz (p3) Genital pore anterior to and near acetabulum; cirrus sac very long
extending far behind acetabulum to round ovary.
Telorchis Liihe 18g0.

Small to middle sized distomes. Musculature light; hence worms translucent. Testes
close together, near posterior end, separated from ovary which lies at the end of the cirrus sac
and near the center of the body, by a mass of uterine coils. Excretory vesicle long, median,
extends anteriad about to ovary where it forms two lateral branches,

Species distinguished by length of esophagus and direction and extension of uterine coils.
Cercorchis Lithe with esophagus and having uterine coils entirely intercecal, grades into Telorchis
s. str. Lithe (without esophagus and with uterus coiled bey ceca), and cannot be accepted
as a valid subgenus.

Apparently confined to reptiles; six or more species in North America. Revision of genus
by Stunkard.

Fic. 682. Tdorchis medins. Ventral view. X 28. (After Stunkard.)

03 (02) Genital pore dorso-lateral, separated by marked interval from ace-
tabulum. Cirrus sac entirely preacetabular.
Protenes Barker and Covey 1g11.

Two species, P. I:plus Barker and Covey and P. amgusfus (Stafford) in North America,
From Chrysemys marginata and C. picla. :

94 (83) Owary lateral; testes either median or slightly lateral. . . . . 95

g5 (06) Ovary separated from acetabulum by coils of uterus.
Plagioporus Stafiord 1904.
Small, fusiform distomes with acetabulum larger than oral sucker and amterior to middle
of length. Skin smooth. Pharynx and esophagus present; crura e:tendmriﬁr end.
Tastes median, close together in center of postacetabular region. Owvary , lateral, just
in front of anterior testis. Uterus from ovary to acetabulum. Genital pore lateral, on lw_el
of intestinal bifurcation. Cirrus sac large, preacetabular, obliquely transverse. Vitellaria
lateral, from esophagus to posterior end.

Only species known. . . . . . Plagioporus serotinus Stafiord 1904.
Intestine of large-scaled sucker (Moxosloma macrole pidolum) in Canada.

96 (95) Ovary close to acetabulum, at least not separated from it by coils of
uterus. . . . g saiags, ok OFF

07 (104) Testes large, in posterior region of body, separated from ovary by
small uterus with few eggs; or when eggs are numerous,
they extend beyond testes into posterior end (Bunodera
only). . . Family ArLocreApiipAE Odhner 1910 . . 08

Distomes of small to moderate size; body attenuated and mohile anteriorly. Suckers
well developed. Pharynx and esophagus present; crura long, but not reaching posterior end.
Genital pore near acetabulum or not more than haliway to oral sucker, median or slightly
lateral. Owary lateral, behind but not far from acetabulum. Testes large, ximate, in
Hmsmr'mr region halfway or more from acetabulum to posterior end.  Vitellaria lateral. Eggs
arge.

Parasites of fishes; rarely of higher vertebrates.

98 (103) Uterus srurt with few coils, between anterior testis and acetab-
uium.

Subfamily AvvocrEADIINAE Odhner 1905 . . ¢

Acetabulum at end of first third or fourth of total length. Excretory bladder siuﬁl:’sau:].-
divided, sac-shaped, rarely pyriform. Genital pore preacetabular, median or slightly .,
Cirrus and sac large, well developed. Testes large, proximate, median or ohlique in posterior
region. Owary spherical or lobed, close between acetabulum and testes, not median. Vitel-
laria lateral, well developed, partly covering crura, often confluent behind testis,

Eggs not numerous, usually large.

el ne l..'.-l-H
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99 (100) Oral sucker smooth; not provided with muscular papillae around
anteriorend. . . . . .". . .  Allocreadium Looss 1gco.

Esophagus long, not dividing until just before the acetabulum. Ex-
cretory bladder very short, ending at posterior margin of posterior testes,
Owary gpherical, lateral; wvitellaria exclusively ventral. Cirrus and sac
rather short; prostate well developed. Genital pore median. Eggs
without filament, large (fo to go p) with light yellow shell.

Intestine of fresh-water fishes.

Several species from stomach and intestine of sheepshead, pumpkin-
seed, sturgeon, sucker, dace, minnow, and gall-bladder of red-finned min-
now. Collected in Great Lakes region, Lake Erie, Ontario; Lake
Sebago, Maine. Synopsiz of genus by Wallin.

Young forms of A. commune Olsson encysted in Mayfly nymph
(Blasturus cupidus Say) with eggs and living miracidia in ¥ cavity
of nymph (Cooper).

Representative American species.
Allocreadium lobatum Wallin 19009.

Length 4 to 9 mm., breadth 1 to 1.5 mm. Suckers equal, 0.46 to o.5
mm, in diameter. MNo prepharynx; pharynx o.24 to o3 mm. long by
o.22 mm. broad.

Testes lobed; cirrus sac extends to center of acetabulum. Owary
spherical; vitellarin postovarial, profuse, confluent behind posterior
testis. Receptaculum large, pyriform, between ovary and anterior testis.
Uterus compact, between anterior testis and acetabulum. Eggs very
numerous, 67 to 85 p long by 46 to 57 a broad.

Fio. 683. Allocreadium lobatum. Uterus indicated by dotted area,
added from slide. X 19. (After Wallm.’;

100 (gg) Six oral papillae surround anteriorend. . . . . . . . . . 10I

101 (102) Genital pore anterior to fork of intestine.
Crepidostomum Braun 1goo.

Rifurcation of intestine just anterior to acetabulum. Excretory bladder
elongate. Cirrus sac muscular; pore anterior to fork of intestine; testes
large, round, median, haliway from acetabulum to posterior end. Vitel-
laria confluent behind testes. Uterus short, with few eggs, between ace-
tabulum, ovary, and anterior testis. In intestine of fresh-water fishes.

Several species not adequately described.

Representative American species. -
Crepidostomum cornulum (Osbomn) 19o3.

Probably the best known species in the North American fauna is C.
cornufum (Osborn) from the stomach and pyloric ceca of black bass, rock
bass, channel cat, perch, sunfish, darter, etc. Immature forms encysted in
viscera of various crayfish, Ontario, Canada. The worm manifests pre-
cocious sexual maturity as the larger cysts contain many eggs already ex-
truded. Very young forms have been taken from Mayily nymphs (Hexagenia)

by Cooper.

s 684,  Crepidostomum cormefum.  Ventral view; compressed. X 20,  (After
S ea Osborn.)
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1o2 (101) Genital pore posterior to fork of intestine. . Acrolichanus Ward.
(Syn. Acrodactyla Stafford 1904 preocc.)

Body uniform in width or slightly constricted behind oral sucker which is
noticeably larger (0.325 mm.) than the acetabulum (o.275 mm.)
about at center of body. Owary posterior and close to acetabulum, slightly
lateral. Vitellaria from pharynx to posterior end. Uterus tubular, ;
with few eggs. Genital pore midway from acetabulum to oral sucker.
Cirrus large, with broad lumen at anterior end. Cirrus sac reaching to
posterior border of acetabulum or even a little beyond. Testes spherical,
flﬂm to,g;therr median, or slightly obligue, halfway from acetabulum to pos-
ENor ¢nd.

Representative American species.
Acrolichanus petalosa (Lander) 1902.

One species, A. petalosa (Lander), is common in inu-:al;inﬂ of Lake sturgeon
{Acipenser rubicundus) in the Great Lakes and 5t. Lawrence River.

“Thizis the D, anriculatum Wed] of Linton and it isu the authority of
Looss that T use the above specific demonstration” I{Etaﬂlﬂ}. The comment

of Odhner that Acr. petalosa is a synonym of Acr. lintoni appears to be in-
correct.

Fic. 685.  Acralichanus petalosa; specimen. X 30. npublished drawing
by C. H. Lander.) e s

103 (08) Uterus ventral to both testes, extending nearly to extreme posterior
end. . . . . .., Subfamily BUNODERINAE Looss 1goz.

Small distomes, with elongate body, and smooth skin. Anterior
region small, muscles moderately developed. Oral sucker with circle
of six muscular mammiform processes, often a collar-like expansion.
Acetabulum equal to or larger than oral sucker. Pharynx and
esophagus present, crura long.  Genital pore between ventral and
oral suckers. Owary close behind acetabulum and lateral. Testes
oblique, in posterior half of body. Uterus with descending and
ascending rami in sacculate form, ventral to testes in . or
region. Laurer’s canal and receptaculum seminis present. Vitellaria
Inteml,wcl] developed, extending from pharynx to caudal end. Eggs
arge.

Typegenus. . . . . . Bunodera Railliet 18¢6.

Esophagus long, forebody narrow. Fork of intestine somewhat
anterior to acetabulum, Cirrus sac without muscular tissue in wall.
Testes oblique, far back in body. Vitellaria not confluent, not
reaching posterior end. Uterus with descending and ascendi
rami, greatly enlarged, not coiled, extending to posterior end a
covering testes on ventral side of body.

Recorded in North America.
Bunodera luciopercae (0. F. Miiller) 1776.

One species B. luciopercae (0. F. Miiller) (= Disf. nodulosum
Zeder) reported by Stafiord from perch.

Fic. 686, Bunodera luciopercae, Dorsal view. % 47.  (After Looss.)
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104 (97) Testes small, in center of body, separated from ovary by dense
uterine coils with masses of eggs; no eggs posterior to
testes. . . . . . . . . Auwridisiomum Stafford 1gos.

Elongate, slightly constricted at center, with lateral auricle on each side of
oral sucker. in covered with fine scales. Acetabulum smaller than oral
sucker, located in center of anterior half of hody. Pharynx present; crura
extend to posterior end. Excretory vesicle very long, extending nearly to
acetabulum, dividing into short lateral branches directed anteriad. Testes ob-
lique, near center of body; cirrus sac large, extending from posterior margin
of acetabulum to genital pore located between suckers and posterior to fork of
intestine. Ovary postacetabular, dextral. Laurer’s canal in fork of excretory
duct; wall thick. Vitellaria continuous from right to left both above and be-
low crura and excretory duct, extending anteriad to posterior margin of acetabu-
lum. Eggs 31 by 17 4.

Only species known. . Awridistomum chelvdrae Stafford rgoo.
Intestine of Chelydra serpentina.

Fro. 687. Awuridistomum clel . Vitellaria ¢ to correspond with later account
o i b 8 e At Y

105 (68) Testes numerous, in two longitudinal series.
Pleorchis Railliet 1806.

Inframedium sized distomes with oval, somewhat flattened body. Skin

inous. Suckers small, equal, separated by only one-fourth body length.

ral sucker subterminal. Prepharynx prominent, pharynx small, esophagus
extended, crura with single branch directed anteriad. Excretory system
unknown.

Genital pore preacetabular.  Cirrus sae absent (7). Testes numerous
in two rows near median plane in posterior half of body.  Vitellaria in two
broad lateral bands from acetabulum to posterior end.  Other organs con-
fined to small area between anterior testes and fork of intestine mostly, be-
hind acetabulum. [Uterus short; ova scanty, 48 p long.

Reported by Leidy from lungs of musk turtle (Aromochelys odorala
Latr.) as Monosfoma molle. Shown by Stiles and Hassall to be distome,
somewhat like Disfoma polvorchis Stossich. Position and relationship de-
pendent finally on more perfect knowledge of structure which awaits dis-
covery of new material.

Fic. 688. Pleorchis mollis. Magnified. (After Stiles.)

100 (67) Acetabulum represented by two small suckers set close together in
depression on mid-ventral surface near center of body;
genital cloaca opens between the two suckers,

Subfamily CryprocoNmmnae Ward.

Very small, spinous distomes of uniform width throughout, with bluntly rounded ends.
Oral sucker very large and prominent. Ventral sucker double, minute, withdrawn into pocket;
genital pore between the two. Prepharynx, pharynx, and short esophagus present; crura
extend to anterior margin of testes. Excretory vesicle Y-shaped, fork at oviduct, anterior
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branches reach to posterior margin of nx. Testeselo :
dorzal, in p.:.e.mi.;.?ﬂﬁuﬁrd of body; mm vesicle mnmlﬁ‘ﬂ. mrfnrﬁ!u
cirrusor sac, Ovary ventral, proximate to testes, slightly lobed: Laurer’s
canal (?); vitellaria lateral, in central region. Uterus with

ramus on right, slightly coiled, extending to posterior end, ascending
ramus returning on left, crossing anterior to ovary and passing on right
to genital atrium. Eggs small, dark, about 20 by 1o u.

Type genus. . . . Cryplogonimus H. L. Osborn 1910.

The genus has been placed in the Acanthochasmidae; see note under
82 (75). Ewven if that action be justified it occupies a position suffici-
ently isolated to demand rank in a separate subfamily as indicated
here,

Only species known in North America.
Cryptogonimus chyli Osborn 1g03.

In stomach and intestine of Microplerus dolomien and Am
riupestris; Lake Chautaugua, New York; St. Mary's River, +
Canada. Young distomes encysted in small black bass, rm;i: bass, nn:[
minnows (Coopér).

Fic. 630. Ci i Jhyli.  Ventral view with spi itted and coils
i Wﬂng?na:t:?u;giﬁ;ﬂiﬁni '?C mﬂer& mf‘m

107 (66) Coils of uterus extend well beyond testes into posterior portion
ﬁf bﬂd}'r - - - - = - " - - & = = & & - & . & IQS‘

108 (109) Mouth surrounded by a crown of six muscular papillae which
are outgrowths of oral sucker. . . . . . . . Bunodera.

See note under 66 in thizs key and description with figure under 1o3.
109 (108) Mouth without crown of papillae. . . . . . .. ... . 1I0

1o (115) Vitellaria represented by small solid more or less lobed organ on
each side of body just anterior to ovary.
Family GorGopERIDAE Looss 1gor.

Muscular distomes with szlender mobile anterior region and fattened posterior rmgil::l;
Suckers muscular; acetabulum especially projects noticeably beyond surface of s i

without spines but oiten with fine papillae. Esophagus long without, or short with Phu.ryn:.
Crura simple, extend to posterior end. Esxcretory bladder simple tubular, extending from
dorsal pore near posterior end to region of ovarian complex. Genital pore median, between
acetabulum and fork of intestine; without male copulatory organs. Owary lateral, post-
acetabular; Laurer's canal or receptaculum seminis present. Testes lateral, oblique or sym-
metrical. Uterus in numerous open loops chiefly postovarian. Eggs relatively large wit

thin, faintly colored shell.

Only one subfamily reported in North America.
GorGODERINAE Looss 1899 . . 1III

Small to submedium in size, sometimes slender, sometimes broad in

I posterior region.
Esophagus relatively long, without muscular pharynx. Testes more or less oblique and within
intestinal crura. Laurer's canal present but no receptaculum seminis. Vitellaria not far

apart.
In urinary bladder and ducts of fishes and amphibians.

PR R
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111 (114) Body elongate, lanceolate without conspicuous well marked anterior
and posterior regions. . . . . . 112

112 (113) Testes subdivided, forming on one side a series of four and on the
other five parts; in all nine separate lobes.

Gorgoedera Looss 189g.

Testis on ovarian side has five parts; the opposite testis lies further an-

teriad and is divided into four parts only. In well-developed adults these

organs are completely concealed by the coils of the uterus filled with dark

brown, almost black ;
Found in the bladder of various Amphibia: Rane and Salamandra (7).

At least two species in North America.

Representative American species.
Gorgodera minima Cort 1912,

Fic. 600, Gorgodera mimima. Ventral view. You pecimen with but
eggs. X 73 (After Cm.)nx A -

113 (112) Two simple testes, elongate-oval, not divided.
Gorgoderina Looss 1902.
Testes are llmte and have i lar notched margins but do not divide into sections.
Vitellaria have few lobes. Much like the former genus, Adults are difficult to distinguish
after the uterine coilz cover the testes.
Found in the bladder of Amphibia: Bufe, Rana and Salamandra (?). Three species known
from North America.
Representative American species.
Gorgoderina allenuate Stafford 1902.

Fi6. fg1. Gogodering afiewwata, Ventral view. X 24. (After Cort.)

114 (111) Body elongate; slender anterior region distinct from broad poste-
rior region. . . . . Phyllodistomum M. Braun 18¢g.

Wo sharp line of divizsion marks the transition between the two regions
of the body. The wvitellaria are solid masses only slightly indented
marginally. The testes are oblique, well separated from each other,
and only weakly lobed if at all.

In urinary bladder of fishes and amphibians,

Representative American species.
Phyllodistomum americanum Osborn 1g903.

One species (P, americanum Oshorn) reported from North America
in Amblystoma; two others doubtiul from pike (Esox luciss), bull-head
(Ameturus mebulosus), and perch (Perca flavescens) in Canada.

Fic. figz. Phyllodistomum americanum. Ventral view, X 16. (After
Osborn.)

115 (110) Vitellaria composed of distinctly separated follicles. . . . . 116
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116 (119) Vitellaria confined to extreme anterior region of body, not ex-
tending posteriad further than acetabulum. . . . . . 117

117 (118) Vitellaria extend across entire body in anterior region, reaching
nearly to acetabulum.

Genital pore on ventral surface.
Subfamily BracHYCOELINAE Looss 1800.
Intestinal crura short, not mtmd.iu%pustm'ad to acetabulum. Genital pore median, between
suckers. ‘Testes lateral, near acetabulum. Ovary lateral, pretesticular. Uterine coils fill

entire posterior region. Eggs numerous, small.
A single species Brackycoelinm hospitale Stafford 1903 is recorded from North America.

Genital pore marginal.
Subfamily PLEUROGENETINAE Looss 18g0.

Intestinal crura of variable length. Genital pore sinistral, often marginal. Cirrus sac
large, pyriform, with coiled vesicula seminalis and muscular cirrus. Eggs 23 to gop long.
Intestines of Anura; a single species in Chamelion.

The family deseription as written by Odhner will not take in the American genus which
Looss and he think should certainly be included here. Until more data are available it is
unwise to make a new place for this single genus.

Only North American genus vet described.
Loxogenes Stafford 1905.

Small distomes, with broad, thick, heart-shaped body in-
dented at posteriorend.  Skin spinous.  Suckers small, poorly
di:vclupuﬁcar]y equal; acetabulum near center of body.
Pharynx present; hagus very short; crura short, some-
what inflated, not reaching even to mmcrﬂf body. Em:retury
vesicle divides near pore, lateral branches inflated, terminat-
img behind testes, Owary pyramidal, lobed, prmetnhu.hr
between testes, slightly dextral. Vitellaria ventral, extend
ACrOSS Entlr:slwdy from pharynx nearly to acetabulum.
Laurer’s canal and small receptaculum ]pmcnt. Uterus
chiefly postacetabular, with lnnglmdma] folds in two groups
one on each side of body. Testes oval, small, lateral at ends
of crura, in ling with acetabulum or shghtl:,r posterior.  Cir-
rus sac I.,q:rng and narrow, preacetabular, sinistral, with coiled-
cirrus.  Sexual pore dorsal, sinistral, midway between center

Frc. 6g3. Loxogemes arcamum and margin at level of fork in intestine. Owa small, 24 by
Dml Ve, X 10, lﬂ.“.ﬂ‘l' 05.- :* TR NUMerous.
bom.) In thick-walled closed cysts on pylorus, liver, and bladder
of various frogs. The single species L. arcanum {‘ilckemr(l? is encysted in pairs. Massachu-
setts, Minnesota, Ontario.

118 (117) Vitellaria consist of small groups of follicles lateral to pharynx in

extreme anterior region.
Caecincola Marshall and Gilbert 1905.

Very small distomes; anterior end truncate, posterior end bluntly
rounded. Entire body spinous. Oral sucker very large, acetabulum
much smaller. Mouth terminal, prepharynx and esophagus equal, rather
long, pharynx prominent, ¢eca short but wide. Excre Y-

por.‘f exr.el[:dli?g nnmﬁnﬂ. beyond phu.nrnx.nu'll'e;s-m:lwl? e . ovoid,
in posterior half; no copulatory organs; seminal vesicle pa.rtlt-l:
l.'}\rlrnr labed, anterior to right lf-.{shfawt::]]um scanty, far mr%ﬂ. lateral
to pharynx. Uterus poorly developed, a few open above and be-
hind testes, extending nearly to posterior end of l:'-l:m:'IJlr Receptaculum
seminis dorsal to ovary. Assigned by some to the family Acanthochas-
midae; see note under 82 (73) in this key.

Type species.
Caecincola parvulus Marshall and Gilbert 1905.

One species known (C. parondies) in ceca and stomach of large-mouthed
black bass in Wisconsin,

Fic. 694. Caecincola parpalus.  Ventral view; ovary drmwn somewhat to one