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INTRODUCTION

While there are probably many habitats on earth which are sur-
rounded by a fluid in more or less unidirectional motion, the pecu-
liarities of the cross section of a stream, its seasonal habits and its
- linear but ramifying nature are unique. The algae which inhabit
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it find themselves provided advantages and disadvantages which
are not shared in the lenitic habitat. In general, the unpredicta-
bility of flowing water presents a danger which few organisms have
met to complete satisfaction. The evolution of river organisms,
while successful in several isolated segments of the animal and
plant kingdoms, has found relatively few organisms susceptible of
being molded to this difficult last. A general description of the

stream habitat can be found in several recent works (143, 224, 230,
235).

ECOLOGICAL CLASSIFICATION OF RIVER ALGAE

Species of river algae largely represent (a) opportunists which
can grow in a current as well as in standing water, or displaced
forms from an upstream impoundment; a minority of species (b)
are inhabitants uniquely of flowing water, but these may represent
a greater photosynthetic output than that of group (a), for, spe-
cialists as they are, their growth is frequently very dense and ex-
tremely rapid. Most of the unicellular forms are plankters, or,
better, facultative plankters, for many or all of them are apparently
capable of growth either on the bottom or trapped within the
meshes of a filamentous alga or fungus. With this reservation,
river algae are thus separable into phytoplankton and benthic algae.

Euplankton organisms in streams (potamoplankton) are proba-
bly relatively few in number, most or a majority of individuals
taken in a water sample being derived from the bottom (10, 42,
129) either directly or after reproduction en route. Hence the un-
attached forms which bear some relation to the bottom (bentho-
plankton) are probably in the majority, at least in smaller streams.
Benthic algae comprise several life-forms. Single-celled species
may grow attached to virtually any support in the water. Certain
diatoms may grow en masse on rocks or silty banks, with no os-
tensible means of attachment save for the calcium carbonate which
they deposit around themselves. Minute filamentous forms may
grow parallel and more or less adherent to each other and thus
{form a miniature cushion or stratum on a rock or other substrate.
Other species may grow epiphytically on such a stratum, or min-
gled with its filaments much like a space parasite. The attached
filamentous algae with large macroscopic thalli grow from a hold-
fast and bear the same spatial relationship to the moving water as
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a tree does to the air around it. Cedergren pointed out that virtu-
ally all forms are reducible to two types, namely (a) those like
Cladophora and Tetraspora with a large surface area but with
great flexibility, permitting water to run through or around them,
and (b) those with a greatly reduced surface but with a hard, in-
flexible structure such as Gongrosira and Phormidium (49). The
rock substrate, especially that afforded by large rocks, permits the
best growth of both these general types. Sandy bottoms are un-
favorable for algal attachment, and sandy streams tend to be poor
in benthic algae (49). Although certain hydrophytic and algal
growth forms have been named (49, 141, 226), the benthic types
have not yet been accorded complete analysis.

Of the systems of ecological classification, that of Symoens,
which is based upon floristic composition, aspect, syngenetical re-
lationships, and synecology, is perhaps the most comprehensive.
It attempts to fit known fresh water algal associations within a
basic pattern of eighteen alliances, at least three of which refer to
running water (221).

COMPOSITION OF THE RIVER FLORA

A beginning has been made by several authors in the cataloguing
of stream communities (5, 20, 21, 36, 43, 44, 81, 103, 109, 114,
124, 142, 144, 146, 162, 193, 221, 239). The plant community in
an aquatic habitat remains somewhat more difficult to define than
a land community because of the unstable nature of the environ-
ment, the rapid changes in component organisms, the fact that most
plants involved are thallophytes, and the tendency for numerous
benthic algae to cover over extensive areas in completely dominant,
monospecific stands; monospecific, that is, if one leaves out of
consideration minute but numerous fungi and diatoms. The work
which has been done, furthermore, is yet inadequate to give any
generalized picture of the vegetation of streams for the world as
a whole. This inadequacy will persist until extensive specific areas
of various countries have been worked out. We are thus in a
position with respect to river algae similar to the position 60 or 70
years ago with respect to the terrestrial vegetation of temperate
western countries. But we are not likely to have soon a well-
drawn picture of the cryptogamic vegetation of streams. The num-
ber of streams on earth is enormous, and they exhibit varying
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degrees of isolation and individualism. Berg (17) points out that
due to the changing character of streams from source to mouth it
is not possible to group watercourses ecologically, but only parts
or reaches of watercourses. The more heterogeneous the ecologi-
cal conditions of a body of water, furthermore, the more associa-
tions and species it may be expected to support. The boundary of
each drainage basin represents a barrier to the migration of aquatic
organisms and hence to the development of extensive uniform com-
munities such as are familiar on land or in the sea. Perhaps indeed
the well-drawn picture of stream vegetation will never be achieved,
inasmuch as the influence of man and his works on streams be-
comes continually more profound, and many natural river com-
munities may be totally obliterated by human disturbance before
scientific work on them can be undertaken.

PLANKTON COMMUNITIES

The existence of plankton in streams was apparently first re-
ported about 1892 (cf. 85). Several German rivers received early
study, and confirmation was soon obtained of the existence of a
plankton in streams generally. Some streams have been found
which do not develop a plankton, and the environment necessary
for this condition has been studied (133). Differences and simi-
larities between the species comiposition of the potamoplankton and
the limnoplankton (lake plankton) have received much attention.
Whereas the nekton and benthos include many distinctive organ-
isms, workers are generally agreed that no distinctive association
of phytoplankton is found in streams, although there is some evi-
dence of this for individual zooplankters and for a few individual
algae and bacteria (125, 206, 216). Plankton organisms are often
introduced into the current from impoundments, backwater areas
or stagnant arms of the stream (10, 36, 64, 118, 133, 134, 232).
The plankton which is developed in standing waters within the
river’s basin is, however, frequently destroyed or filtered out down-
stream (43, 50, 186). There are also indications that certain river
plankters are unable to survive conditions of life within an im-
poundment (171). Rivers whose plankton is not dominated by
species from upstream lakes or ponds are likely to exhibit a ma-
jority of forms which have been derived from the stream bottom
directly and which are thus merely facultative or opportunistic
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plankters (43). The older literature dealing with these problems
has already been reviewed by Des Cilleuls (55). While there
exists a number of records of the entry of benthic organisms into
the potamoplankton (20, 22, 41, 43, 47), little if any work has
been done on the deposition or settling out of plankton organisms
on the silt of the river bed, which must be an equally important
phenomenon in the biology of the stream (cf. 150).

The commoner algae found as plankters include Asterionella
formosa, Fragilaria capucina, F. crotonensis, Synedra ulna, S. acus,
Tabellaria fenestrata, Melosira granulata, M. varians, Stephano-
discus hantzschii, Dinobryon sertularia, and species of Pediastrum,
Scenedesmus, Closterium, and Euglena. Certain potamoplankton
communities have received formal names (36, 146), but demon-
stration is needed that these communities have more widespread
occurrence.

Panknin (161) has treated the phytoplankton of a lake as a
single community and does not deem the changes with season or
with depth range as worthy of consideration in representing the
boundaries of different communities. He finds this interpretation
of the phytoplankton as a slowly changing, self-replacing commu-
nity a more truly biological concept than a more rigorous one based
on floristics. Probably this interpretation is equally valid when
applied to the potamoplankton.

BENTHIC COMMUNITIES

Benthic algae are dominated in much of the North Temperate
Zone by Cladophora glomerata, which grows in riffles (shallows)
and in rapidly flowing water, but never in still water. Other
benthic algae must often grow in competition with, or shaded by,
this species. In cold streams various Rhodophyceae which ap-
proach the size of Cladophora, species of Batrachospermum, Lema-
nea, Thorea, and others, are to be expected. Another red alga,
Compsopogon, is common in warm climates. Hydrurus is a
member of the Chrysophyceae which is widespread in cold moun-
tain streams in Europe, and is apparently much less common in
North America. It has been regarded as the “ Characterart” of
an algal association which includes Scytonema mirabilis and Rivu-
laria sp. as subdominants (162). All aspects of the algal vegeta-
tion may be profoundly influenced by pollution. Cladophora is
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adversely affected by the presence of various metallic ions in the
water and may under these conditions be replaced by Stigeoclonium
tenue, Spirogyra fluviatilis, Phormidium autumnale, Sphaerotilus
natans or other pollution-tolerant forms (20, 229). In Scan-
dinavian streams Cladophora is less conspicuous than in warmer
parts of Europe, being replaced by Zygnema, Vaucheria and other
algae (103). There is reason to suppose that this may be true of
arctic regions generally (223),

In British streams several communities of small crustose algae
appear to be very widespread. These include an Achnanthes—
Chaetopeltis community and a Cocconeis-Ulvella~Chamaesiphon
community (44). To what extent these communities will be
found in other parts of the world is a matter of considerable eco-
logical interest. Another community of British streams, the Phor-
midium—Schizothriz—Audouinella described by Fritsch (83, 84) is
a crustose association which is probably widespread in hard water
streams, perhaps throughout the world. The principal blue-green
components of this crust, Schizothriz fasciculata, S. pulvinata and
S. lacustris grow on submerged rocks, forming dense tufts of radi-
ating filaments which may be only 0.5 mm. in height. As the
Schizothriz grows, two other species frequently invade the tufts:
Phormidium incrustatum, whose filaments mingle with the tufts
and grow, with either horizontal or vertical orientation, twisted in
and out between the Schizothrix filaments; and Audouinella sp.,
which grows radially like the Schizothriz out to the limits of the
tufts, where it branches while its upward growth keeps pace with,
or slightly surpasses, that of the Schizothrix and Phormidium
species. These four or five organisms constitute a single layer, and
apparently all of them may secrete calcium carbonate abundantly,
thus converting the entire tuft, or stratum of continuous tufts, into
a crust (20, 83, 84, 113). This crust becomes especially stony and
resistant in the presence of a dense admixture of Phormidium in-
crustatum. After growth for a year or more, the tufted layer may
eventually attain a thickness of 4-5 mm. (20). Frequently, at
seasons when other benthic algae are abundant within the stream,
it becomes an inferior layer, shaded and more or less enveloped by
temporary dominants such as Cladophora glomerata. At other
seasons it remains the dominant plant community, a true climax
society and one which controls to a greater extent than any other
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species or group of species, the micro-environment of the stream
bottom, This community is an outstanding example of an algal
association of high constancy which is comparable to that of well-
known terrestrial communities of vascular plants. Several other
crustose algal communities have also been described from streams
(20, 81, 114, 142).

Benthic communities of algae other than the lithophilic types
discussed above include the attached diatom communities (21, 36,
41) and groupings of forms which live on submerged silt deposits
(36, 74).

FACTORS INFLUENCING RIVER ALGAE
SIZE OF. STREAM

Butcher (44) has concluded that as rivers become larger, cer-
tain  changes in the potamoplankton can be expected; specifically
that small green and blue-green algae become relatively more im-
portant in the plankton than diatoms such as Fragilaria and Syne-
dra. Whether these changes can be regarded as successional and
of general import for streams, remains to be seen. At least some
small streams develop a considerable plankton population within a
few miles of their headwaters (130), but for streams in general the
conclusions of Eddy (69), namely, that the development of po-
tamoplankton is dépendent on the age of the water, i.e., the dis-
tance in titne from the source, probably holds good. Problems of
distribution of benthic algae within a river basm are dxscussed be-
low under the heading ““ Distribution in space ”

CURRENT RATE

Current rate is influenced by a number of well-known variables
(140); in any small stream these variables may act in such a com-
plex way that minute differences in position may be subjected to
vastly different current pressures (20). In smaller streams, such
pressures are furthermore likely to fluctuate greatly from moment
to moment within a given maximum-minimum range, and over a
period of a few days even this range must shift markedly in re-
sponse to changes in water level. The maximum speed of the
water is usually attained near the surface and decreases sharply
toward the bottom (235). Berg (16) has discussed the possibility
that the micro-environment of the stream bottom is surrounded by
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water which is not in motion at all. It is clear that benthic algae
are exposed to much less current pressure than that of the surface
water, and it is probable that massive filamentous algae on the
bottom enclose between their filaments a volume of water which is
essentially stationary, yet is in contact on all sides with constantly
renewed water which brings fresh supplies of oxygen and essential
nutrients. The same may be said for any alga which inhabits the
area immediately downstream from large rocks or other promi-
nences within the stream. Here there is little water movement
save for gentle flushing from all sides, yet there is no question
but that this situation is one of the most favorable in a stream as
regards plant growth, for the algae there grow more rapidly and
frequently more massively than in any other situation within the
stream. The fact that algae colonize so dangerous a habitat as
flowing water suggests that they can be provided something unique
in this habitat (45, 49). It is noteworthy in this connection that
flowing water can permit even in summer the growth of species
which thrive in stagnant water only in late spring or early fall (49).

It is commonly observed that only certain algae will grow in
rapid water, and that usually these will grow much more luxuri-
antly where the current is very rapid than where there is little
current. On careful observation it is often found, indeed, that a
projecting ledge of rock effectively shields the thallus from the full
force of the current. The explanation for the improved growth in
rapid water has proven elusive, however. In a comparison of more
rapid parts of a riffle which supported growth of Cladophora, with
quieter parts of the same riffle where no Cladophora was to be
found, no significant difference in dissolved oxygen during day or
night was detected (20). When the riffle was compared with
deeper, quieter water immediately adjacent, the concentration of
dissolved oxygen in the riffle was distinctly higher at night than in
the pool. Comparisons between riffle and pool conditions as re-
gards inorganic phosphate content indicate that minutely larger
amounts are present in the faster water of riffles (author, unpub-
lished). However, it has not been demonstrated that such small
differences are sufficient to account for the incomparably better
growth in waters of the riffle, nor that the increased nutrients are
not actually the result, instead of cause, of the improved algal
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growth there. Neel (154) has stated that greater consumption of
nutrients occurs in rapids than in pools, but this would appear to
depend on the density and nature of the biota of the respective
habitats., For Brazilian waters, for example, it has been con-
cluded (92) that rapid streams are less productive than large,
slow-flowing rivers, and that the rapids themselves are less pro-
ductive than quiet portions. Work on black-fly larvae (241) indi-
cates that the preference exhibited for rapid waters is a response
to current itself, not to oxygen demand, and there is much to indi-
cate that the same may be true for the algae of rapids. Acceptance
of this idea, however, would merely relegate an adequate explana-
tion to one or the other of the numerous factors which, like dis-
solved oxygen (108), are controlled or influenced by current rate.
As Butcher (44) has stated, there is clearly some physical differ-
ence between still and running water connected simply with
movement,

In regions of relatively fast flow, thallus size of Rivularia hema-
tites, a benthic alga, has been shown to be proportional to the size
of the stones to which it is attached, but in slower water, thallus size
is independent of stone size. The bulk of this alga increases more
rapidly than the area of its attachment, and the current limits the
maximum size of the thallus, either tearing the thallus away from
the stone or transporting both stone and thallus to a slower part
of the stream (169).

Diatom species characteristic of different current rates are
listed by Butcher (41) and Cholnoky (51). Stigeoclonium tenue,
and probably other riffle algae as well, can be found growing over
an extremely wide range of current velocities, including velocity
of zero, provided, in the latter case, that the still water surrounding
the alga is only a few centimeters distant from water in active
movement (20).

There is general agreement that rapid streams are likely to carry
a greatly reduced potamoplankton (1, 4, 53, 79), and Schrider
(205) formulated the rule that the gradient of a stream is inversely
proportional to the density of its plankton. It is well known that
floods are destructive to stream invertebrates (235), and Galtsoff
(85) and Fjerdingstad (74) have cited examples of the depletion
of plankton by rapids or a cataract. It may be concluded, there-
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fore, that rapid current represents a mechanical danger for phyto-
plankton organisms, but that attached or other benthic algae are in
some way benefited by moderate current.

It is worthy of note at this point that the vegetation of rapids in
the temperate zone is almost limited to the lower cryptogams; the
aquatic angiosperms have thus far been largely unsuccessful in es-
tablishing themselves there.

WATER LEVEL

Except for algae which are left high and dry, fluctuating water
level seems to be important principally for the changes which it
causes in current velocity and direction. Chemical and biological
changes accompanying changes in water level are discussed below.

At times of low water, the volume of flow and current rate de-
cline, nutrient depletion is increased, and nutrient replacement is
decreased. With lowered water level, the mouths of rivers at sea
level may become brackish, and smaller streams may stop flowing
entirely. Under these latter conditions, a stream may become con-
verted into a series of pools, and either death or dormancy is im-
posed on the riffle biota.

There is evidence, however, that production of phytoplankton is
increased in periods of low water (64, 116, 204) and that euplank-
ton organisms become more abundant at this time (6). Both
photosynthesis and decomposition exert their greatest effect upon
the environment under low-water conditions (154), and it is proba-
ble that these processes are themselves profoundly influenced by ap-
proaching stagnation. Slow rivers, such as the Mayenne (France,
9), may flow only during the rainy season. At other times their
plankton, like that of the Thouet (France), another slow stream,
may be expected to show similarities to pond plankton (54).
Fresh-water algae seem to fruit more abundantly at periods of
high water than at low water (227), but the factors involved are
certainly much more complex than water level or current rate.

The usual flood period varies widely, even for northern hemi-
sphere streams, and minor floods may apparently occur at any
time during the year when upstream drainage is of sufficient vol-
ume to overflow the banks. At such times the river rises, its sur-
face and average speeds are greatly increased, local currents on
riffles change their orientation, and attached algae and other or-
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ganisms are torn away from their substrate (124). Numerous
rocks are transported short distances downstream, and smaller
mineral particles are carried in great abundance; turbidity in-
creases greatly, and the chemistry of the water undergoes marked
changes. Small stones, along with dead branches and other up-
stream debris, become molar agents which erode the stream bottom
and are eventually deposited on banks or shallows. Silt is likewise
deposited, beyond shoals, in partially impounded areas, or in deeper
water where current is slight. Mountain streams are raging tor-
rents in a rainy season, and may be virtually dry the remainder of
the year (151).

It has long been recognized that flood waters bring about great
changes in plankton (55, 116, 160, 165). In temperate streams,
usually a sharp decline in plankton occurs with rising water level,
as drainage waters dilute the stream proper. When spring flood
waters recede, however, a major plankton pulse frequently follows
hard upon such recession. This was apparently first observed by
Kofoid (116) in the slow-moving Illinois River, but has since been
verified in other streams (14, 149, 187, 188, 198). There are many
recorded examples of a delay in the production of this plankton
pulse, however, and it is possible that it has no direct relationship
with the preceding flood period. Kofoid concluded that enhanced
phytoplankton production might be expected either with stability
in water level over a period of time or with falling water level
(116).

DEPTH

The relation of depth to the algae of rivers has received rela-
tively little attention, and few detailed cases of zonation are on
record. It is probable that nearly all streams which maintain a
given water level for several weeks exhibit some zonation of the
attached algae. The author (unpublished) has seen zonation in-
volving two or three species many times in southern Michigan.
The best place to observe such zonation is on the sides of large
boulders which break the surface of the water. An unusually clear
example of the zonation of nymphs and larvae of aquatic insects
living on rocks in streams has been recorded (152), and it is
probable that many algal societies exhibit similar patterns of dis-
tribution. The sides of river steamers plying the Volga show a
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rather clear zonation, with an upper partly emergent layer (20-100
cm. wide) dominated by Pleurocapsa fluviatilis, next a submerged
band 30-35 cm. wide of Cladophora and Stigeoclonium, and, lower-
most, a third band, 50-60 cm. wide, composed of diatoms (Cym-
bella, Gomphonema, etc.) (65). Scheele has recorded diatom
zonation in drains (Schleusenwinde) in Germany, the most out-
standing difference with increasing depth being a decrease in num-
bers of Nitzschia palea. N. frustulum was found most commonly
in a transition zone intermediate in depth and in available light
(200).

In general, depth of rivers is not great, and it is probable that
algal growth in surface streams is not usually limited because of
reduced light. However, in extremely turbid rivers, such as the
Missouri and the lower Mississippi (71), light is reduced so
rapidly with increasing depth that the latter must become a sharply
limiting factor for small benthic and even for planktonic algae.
In clear streams it is possible for algae to grow at considerable
depths, as in the Seerhein, a part of the Rhine which connects the
two parts of Bodensee (134). Here numerous algae, including
Hildenbrandia, Lithoderma and Cladophora, have been recorded
growing at depths of seven to 25 meters.

TEMPERATURE

One of the characteristics of natural waters is the relative uni-
formity of temperature which prevails within them from day to day.
Land habitats may be exposed to considerable seasonal as well as
diurnal fluctuations; for any given period, and with few excep-
tions, the neighboring bodies of fresh water will show slower tem-
perature change, and lower maximum and higher minimum
temperatures. Although temperature conditions in streams are
essentially different from those of lakes, this moderation of tem-
perature is characteristic of both.

Temperature change in streams is much less rapid in the region
downstream from impoundments. In such situations, and espe-
cially in seasons of great thermal change, the pond or impoundment
acts as a thermal stabilizer which eliminates great diurnal fluctua-
tions in water temperature in the stream, It is possible that certain
floristic differences between different parts of the course of a
stream are due to such differences in thermal phenomena (20).
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In streams of temperate and cold regions, the cold season may
be characterized by an ice cover on the stream. In high latitudes
this ice cover is of considerable importance; in the Piasina
(U.S.S.R.), for example, it lasts for nine months of the year (90).
Total plant growth reaches its minimum under the ice cover (232),
but little or no quantitative work on this question has been done.

The warm season is the period of maximum growth for most
algae; but, although this growth is often dependent on warmer
temperatures, there is no evidence that the blooms and rapid sea-
sonal development of various algae occur as a direct result of tem-
perature rise, for these pulses may apparently come at any time or
times during the spring, summer or fall, and be of relatively brief
duration. Butcher (39) calls attention to a spring pulse of diatoms
in the Wharfe (England) which clearly precedes the period of
high temperatures. Most brook algae are better adapted to low
than to high temperatures. Ulothrix zonata grows best below
15° C. and can produce zoospores in ice water at 0-1° (158).

In tropical waters there may be little seasonal change in tem-
perature, and it may be concluded prima facie that any seasonal
change in the vegetation of such streams is not due to temperature
change (160).

In a comparative study of small upland brooks (Sauerlindische
Gebirgsbiche, Germany) with a lowland river, the Ruhr, Budde
(35, 36) concluded that temperature is a limiting factor in the dis-
tribution of Diatoma hiemale which was common in the smaller
and cooler waters of the upland streams but could not withstand
the greater temperature fluctuation of the Ruhr. Several diatoms
grew best at temperatures between 3° and 10° C., and disappeared
from the Ruhr in July and August, apparently being unable to
survive above 19 degrees. Maximum development of Melosira
granulata has been recorded at periods of both high and low tem-
perature (165), and Pearsall has concluded that the real causes
of diatom periodicity are probably factors operative during cold
weather but which may have no causal connection with tempera-
ture (165). In temperate habitats the period of maximum change
in temperature comes in spring and in fall. Since there also are
profound changes taking place at this time in the available light,
in the chemistry of the water and in the biota, it is often impossible,
on the basis of field observations, to draw any reliable conclusions
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as to the precise relation between temperature and any specific
photosynthetic organism or group of organisms,

Most streams are of such slight depth that no real thermal
stratification occurs in moving water, not even in so large a stream
as the Volga (11). When two water masses exhibiting essential
physical or chemical differences occupy an impoundment, however,
there is frequently little mixing between the two, with the result
that a warm layer may be found above a colder layer. Hydroelec-
tric impoundments are cited as examples by Ellis (71) who states
that they may be composed of a “ warm, muddy river ” flowing
over a cold clear lake which exhibits no water movement in the
hypolimnion and little in the thermocline. Another example of
stratification is given by Fridman (77), whose work on the Kama
(U.S.S.R.) demonstrated the presence of relatively warm indus-
trial sewage spreading out over the surface of the water without
much affecting the deeper water. For temperate streams generally,
it may be concluded that differences in vegetation within a small
area are not usually caused by temperature differences. For vege-
tational changes from source to mouth, however, as well as for
seasonal changes, temperature remains one of the more plausible
causative agents.

LIGHT

It is clear that algal photosynthesis and hence algal growth are
as dependent on light as are the same processes in higher green
plants. The presence of a unidirectional current in the habitat of
river algae, and the linear nature of the basin, present problems in
relation to light which are, however, somewhat peculiar. The
author’s work on streams in southern Michigan indicated that the
amount of light reaching algae growing near the surface does not
appear to differ greatly in amount from that reaching low herbs
which grow on adjacent banks. An alga growing in an unshaded
position must therefore be able to withstand full sunlight almost
unreduced in amount, and its photosynthetic system in return en-
joys the advantages of copious radiant energy. However, in all
except streams flowing through a barren landscape, there are few
positions on the stream bottom which remain constantly in the sun,
and probably very few also which remain constantly shaded.
Peculiarities of the stream’s course, the character of the bottom,
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and particularly the ever-present bank vegetation, militate against
such constancy of incident light. Hence the amount of radiant
energy reaching a given river alga can almost never, even on cloud-
less days, be expected to follow the curve for total light reaching a
point on the earth’s surface, but instead, for a given depth must
range between the curve for a sunny position and that for a shaded
position. It is evident that bank vegetation thus reduces the in-
cident light sharply in summer, and the author’s data indicate that
a similar effect obtains in winter, The leafless branches of over-
hanging trees appear to have virtually no effect in reducing diffuse
light from a cloudless sky, however, Shaded riffles in winter owe
this characteristic (shade) to a factor which at the latitude of
Michigan is inoperative in summer, namely, the trunks and large
branches of trees located 20 to 50 meters from the stream on its
southern side. Such trees, provided the sun can clear them, may
have no effect on river algae in summer, even though they are in
full leaf, whereas in winter they sharply reduce the incident light
reaching the stream (20).

The profound effects of deep shade on stream algae are evi-
dent in the meagre vegetation of streams passing through the ma-
ture beech-maple community of northeastern United States,
whereas the same stream passing through a clearing is usually well
populated with algae. Transeau (227) has observed that algae
established in shaded portions of streams are able to grow but may
never reproduce there. In the experiments of Reese (185), shad-
ing greatly reduced algal colonization on slides in the streams
Rheidol and Melindwr (England). One would expect shade-
tolerant forms like Batrachospermum spp. to yield quite different
results. In clear water Hildenbrandia, which is an extreme shade-
tolerant form, may be found only on the sides and undersides of
rocks (142).

In Butcher’s experiments (44) it was noted that the number of
algae appearing in five days on submersed slides was nearly always
greater when the amount of sunlight was greater; this suggests
that fair weather at least induces more rapid growth of the algae.
In reference to the optimum growth period of Ulothrix zonata,
Cladophora glomerata and their epiphytes in the upper Rhine,
Jaag states: “ Die Sonne scheint diese Massenentwicklung hervor-
zurufen. Folgt darauf eine Reihe triiber Tage, dann ist die ge-
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samte Vegetation bis auf wenige Reste verschwunden. . .” (107,
p. 65). A similar correlation between disappearance of the Clg-
dophora vegetation and leafing out of the overhanging trees was
evident in the author’s work on the Saline River (20).

TURBIDITY

Variation in total radiation with depth is probably of relatively
minor importance in a small stream, but in a large river bearing
a heavy silt load, turbidity can reduce light penetration to a point
which curtails or completely prevents plant growth, including that
of phytoplankton. Near base level and near the mouths of large
streams, silt, clay, plankton and other materials in the water may
combine to produce high turbidity levels. Under such conditions a
decrease in phytoplankton is sometimes noted, apparently due to
the reduction in light penetration caused in part by the plankton
itself (69). In most parts of the lower Mississippi, light is re-
duced to one millionth its surface intensity at depths of only 200
to 400 mm. (71). In the lower Missouri River (U.S.A,, 18) tur-
bidity is commonly greater than 3000 ppm., and the factors which
tend to produce turbid waters adversely affect almost every char-
acteristic of the river in this region—a high water temperature of
82° F., has, for example, been recorded here,

Such sharp reduction is uncommon in smaller streams in the
temperate zone, but relatively high turbidities (200-300 ppm.)
occur in eroded watersheds after heavy rains and following the
melting of large quantities of snow and ice in winter and spring
(20, 180). This is usually dispersed in small streams after two
or three days, partly by sedimentation and partly by flushing out
of the turbid basin by fresh supplies of water. Below the points of
entry of sewage effluents, an increase in turbidity can usually be
noted ; this disappears with distance downstream if the volume of
sewage is not excessive in relation to the volume of water which
dilutes it.

In terms of millionth intensity depth (the depth at which light
1s reduced to a millionth of its surface intensity), the results ob-
tained by Ellis show a minimum turbidity or maximum m.i.d. of
53.9 m. for a mountain stream in Mexico, and a minimum m.i.d.
of 84 mm, for the Missouri River (71).

The deposition of silt which follows a turbid period in streams
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is of great importance for unicellular algae, e.g., Closterium acero-
sum and Cymatopleura solea, which live on siit banks and which
may be quickly covered at such times by new and extensive silt
layers. Unless they can move up to the surface of the sediment,
they are likely to suffer widespread destruction. Little work has
been done on this question, although data showing a similar lethal
effect on bivales of silting has been obtained (71). The larger
filamentous algae, such as Cladophora glomerata, serve as traps
for silt under these circumstances. The water within their tangled
thallus is slowed and its burden of sediment is largely deposited,
rendering the entire thallus heavy and screening its lower por-
tions from the light. Soon the plant is semi-rigid with its load
of silt, and under these conditions much of it is either killed off
or torn away (author, unpublished).

CHEMICAL CONDITIONS

pISSOLVED GASES. The biological significance in streams of the
dissolved atmospheric gases is similar in many respects to their
significance in other waters, and the reader is referred to a text
of limnology (197, 235). The behavior of these gases is in gen-
eral similar in both lenitic and lotic habitats, although the influence
of the current is such that oxygen is seldom depleted in streams.
Even in highly polluted situations, dissolved oxygen may reach
supersaturation (74). The course of dissolved oxygen on a stream
profile is dependent on many diverse factors. Streams issuing
from springs tend to be low in dissolved oxygen (211, 234), but
usually the upper course of streams in temperate regions is well
oxygenated (172). The entry of an important sewage outfall,
other things being equal, will tend to depress the dissolved oxygen.
Empoundment of the stream or retardation of its flow, as in the
lower course of most streams where deposition and decomposition
of bottom sediments occurs, may likewise serve to depress the dis-
solved oxygen (108), although data are conflicting. An abundant
vegetation, either benthic or of phytoplankton, may completely sup-
press this tendency toward depressed oxygen values. The work of
Powers (172) shows that many rivers which drain lakes have a
higher dissolved oxygen content than the waters of rivers not fed
by lakes. In some streams the profile curve for carbon dioxide
resembles the curve for dissolved oxygen in reverse, with an in-
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crease in one occurring in response to factors which tend to de-
press the other (108). Thus the presence of a cataract tends to
increase the dissolved oxygen sharply, but likewise to remove sig-
nificant amounts of carbon dioxide from the water.

Photosynthesis during the day tends to reduce the free carbon
dioxide and to increase the dissolved oxygen, whereas respiration,
occurring at all times, has an opposite effect. This results in a
diurnal pulse in these gases (16, 20, 31, 48, 63, 95), with oxygen
somewhat depressed during the night hours and carbon dioxide
during the day. Seasonal variations in dissolved oxygen have also
been demonstrated, the values being somewhat higher in winter
than in summer (75, 108, cf. however 181), but the evidence for
carbon dioxide is not so clear. Neel describes a limestone stream
in which free carbon dioxide is present only during a brief period
in early autumn (154). Complete oxygen exhaustion may occur
at night in highly productive lagoons (235), and the same phe-
nomenon probably occurs in silted backwater areas connected with
a stream only by a shallow and narrow mouth. A similar condition
is probably present in streams which come to a stop in dry periods
of summer and fall, as well as in rivers which flow only during a
rainy season.

pH. Unless they receive the acid drainage from mines or other
mineral deposits, streams apparently do not attain highly acid
conditions similar to those of bogs and moor waters (235). In
streams receiving mine seepage, acidities of pH 1.8-3.0 are com-
mon, Lackey reports Chlamydomonas spp., Navicula spp., Des-
midium sp. and Euglena mutabilis at pH 1.8 (125, 126). Ulothrix
zonata, Stigeoclontum sp. and Mougeotia sp. were found sparingly
at pH 4.0 or lower (125), but this work emphasizes the general
scarcity of plant life characteristic of these habitats, The tropical
streams studied by Sioli (211) mostly exhibited relatively low pH.
There is probably a tendency in many small streams draining tem-
perate moorland areas to be somewhat acid in their headwaters,
and to approach neutrality downstream in proportion to the dis-
tance from headwaters areas. A case in point is the Ry Colas
(Belgium, 61).

The neutral or slightly alkaline conditions which are character-
istic of most temperate streams appear to be prerequisite for the
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majority of algal species inhabiting flowing water. Foged, quoting
Hustedt (101) and Iversen, has pointed out that alkaline lakes
may have four times as many species of plants as acid ones (75);
an examination of Lackey’s work aforementioned suggests that the
same is probably true for stream habitats. The diatoms of several
European streams have been classified as to their presence in or
absence from streams of different reaction. Few species are
“acidophilous ”, the majority being listed as “ alkaliphilous” or
“ alkalibiontic ” (75, 199).

Probably most streams which possess some limestone in solution
are well buffered and exhibit little variation in pH beyond the range
of 6.8-8.8. Brujewicz (31) and Hanoaka (94) have recorded a
diurnal variation in pH, with somewhat lower values being ob-
tained at night than during the day (cf. 67, however). In a small
creek the rapids tended to be somewhat more alkaline than pools,
probably due to the removal of free carbon dioxide from the former
(62). Such removal of carbon dioxide is also effected by photo-
synthesis and may result in an annual variation in H-ion concen-
tration, as in the Thames (188). Here the pH attained a value of
8.5 in the spring, at the time of the phytoplankton maximum, and
was relatively low in summer, fall and winter. Unusually high
pH values may be characteristic of the water in the neighborhood
of beds of benthic algae or other aquatic plants during daylight
hours. Usually, moderate flow is sufficient to mix the water and
prevent excessive alkalinities from being attained, but it may be
supposed that conditions of summer stagnation will stop the mix-
ing process and make life impossible for certain acidophilous species.

caLctuM, The presence of calcium in fresh waters, and its re-
lation to aquatic organisms, is the subject of an extensive literature,
including important monographs by Prat (173) and Pia (168).
Calcium behaves in streams much as in other fresh waters. A
large number of algae and other organisms precipitate the mono-
carbonate in essentially the same way, but it is not always easy
to determine which algae are lime-formers and which are lime-
perforators (240). Frequently, as in marl lakes, the rocks on the
stream bed become covered with a coating or a crust of marl which
is secreted as crystals between adjacent algal filaments or cells, or,
in some cases (e.g., Cladophora) as a shell or sheath around the
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algal filament. If the marl is present as individual crystals, it un-
doubtedly experiences constant erosion by the current, which may
explain the extremely slow growth of some of these algal crusts.
If the algal filaments grow in compact tufts, as do Phormidium in-
crustatum and species of Schizothrix and Amphithriz, the crystals
of lime tend to accumulate at the base of the filaments, thus ren-
dering the interior portion of the crust hard-packed and brittle,
while the outer portion remains more cushion-like in texture.

In hard-water regions of the world, the principal algae of streams
are lithophilic and calcified in this way (20, 114, 134). The ab-
sence or near-absence of calcium from the water may result in a
peculiar flora which includes many Myxophyceae (46). Waters
rich in lime, other things being equal, tend to be rich in algae.
Reinhard (187) cites the Minnesota River (U.S.A.) as an ex-
ample—he estimated that this stream, which contains abundant car-
bonates, produced an average volume of plankton six times that of
the nearby St. Croix River which is poor in carbonates and con-
tains humic acids. In distinguishing eutrophic from oligotrophic
streams in Britain, Butcher (46) stated that the principal factor
bringing about eutrophication might be one or several of the dis-
solved mineral salts ; it was concluded that calcium, however, is not
the factor which determines the presence of the principal species.

PHOSPHORUS. Unlike the sea and fresh-water lakes, where sur-
face nutrients are frequently depleted early in the season of favora-
ble temperature, rivers do not generally exhibit marked depletion,
although much fluctuation is characteristic (166). Under special
conditions in waters where phosphates are almost insoluble, they
might represent a limiting factor. A distinct increase in dissolved
inorganic phosphates seems to be characteristic of summer months
(16, 20), although the phosphates do not necessarily diminish to
limiting levels in other months. If substantial amounts of agri-
cultural drainage or sewage empty into a stream, an increase in
phosphorus is expected at and below this point for a considerable
distance, and the favorable effect on algal growth is frequently
striking in this region.

NITROGEN. Since nitrates are carried into streams by runoff
water, they tend to be more abundant at times of heavy rains or
melting of snow, and hence are at a high level during the winter
and spring months when streams are high and plant growth is
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greatly reduced (20, 39, 116, 165). The same tendency is seen in
other streams for other nitrogen compounds, but it is not possible
to state that for streams, generally, specific seasons of the year are
characterized by maximal or minimal quantities of any one stage
of the nitrogen cycle.

The progressive destruction and oxidation of nitrogenous com-
pounds in streams is the subject of an extensive literature (sum-
maries or discussions in 43, 46, 70, 74, 99, 121). The profound
fertilizing effect of these substances is evident in most polluted
streams. Depending largely on the respective volumes of flow of
the stream and of the outfall, and on the degree to which the sewage
has been decomposed before being delivered to the stream, a chang-
ing flora is found downstream from the outfall, with various algae
becoming dominant as successively distant reaches of the river be-
come, upon bacterial action, rich in amino acids, then in ammonium
compounds, and finally in nitrites and nitrates. An abundant Euro-
pean literature exists on the species of microphytes and small in-
vertebrate animals which may serve as “indicators” of the re-
spective “ zones "—the latter being based largely on the degree of
reduction and oxidation of these nitrogen compounds (vide Kolk-
witz and Marsson, 122; also 36, 74, 99, 137, 156). As research
continues on this subject it has become clear that many organisms
are useful in determining the degree of pollution and the limits of
the various zones in the Kolkwitz-Marsson system (74, 163), but
that the “ indicator ” organisms themselves are not unerring indi-
cators: the algae are much more trustworthy if growing on the
bottom (72, 156) and if they are present in large numbers (36, 74,
237). Lists or discussions of the species characteristic of the dif-
ferent zones of a polluted stream may be found in 20, 36, 45, 72,
74,99, 115, 122, 137 and 237.

The position of the “ zones” of a polluted stream, and hence
their flora, are not necessarily permanent but may be expected to
advance in a downstream direction at any time when augmented
pollution increases the increment of decomposing solids. There is
some evidence that the same phenomenon occurs in winter when
cold weather retards bacterial action to such an extent that the re-
spective algae characteristic of nitrite- or nitrate-rich waters thrive
only at specific points well downstream from their summer habitats
(20, 47, 86, 167).

From the botanical standpoint, the most significant effect of
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organic pollution in a stream is usually one of fertilization and
enrichment. The total number of species is generally reduced, but
those which grow are likely to grow massively, with a correspond-
ing increase in total production. The density of plankton or ben-
thic algae may be reduced temporarily by large accessions of sewage
(26, 27, 43, 209), and the deleterious effect is most apparent if
anaerobic conditions prevail (128). If the stream receives so much
organic matter that the normal biotic community is largely or com-
pletely destroyed, the algae are likely to be entirely exterminated
for a minor or major portion of the stream’s course (46). At the
downstream end of this zone of putrefaction, Nitzschia palea, Gom-
phonema parvulum, Phormidium uncinatum or P. autumnale, Ulo-
thrixz zonata, Stigeoclonium tenue and various species of Oscilla-
toria may make their appearance as benthic algae. Perhaps the
most conspicuous and resistant forms are N. palea and G. por-
vulum, which frequently become dominant somewhat below the
zone of putrefaction (46). Usually the algae as a group exhibit
enhanced growth immediately, or a short distance downstream
from the outfall (20, 135). The effect of the algal growth is a
generally favorable one for the region where the algae are grow-
ing and providing abundant oxygen. But downstream areas may
be affected deleteriously because of the greatly increased amounts
of organic matter produced by algal photosynthesis and eventually
decomposed, partly in sitw, but mostly, in all probability, a short
distance downstream after temporary transport of moribund thalli
by the current.

The relation of seasonal nutrient variation to algal growth is
discussed below under ““ Periodicity .

saLINITY. Those streams, both large and small, which debouch
into sea water exhibit at their mouths a region of varying salinity
which fluctuates in length and in depth with the tides and to a
certain extent with the seasons, Under these conditions the flora
of the stream changes, many species limited to fresh water being
killed off, and new forms, which are characteristic of brackish con-
ditions or which exhibit enhanced growth in the presence of new
nutrients brought in by the tide, making their appearance (8, 29,
93, 134, 157, 175, 220). A few “f{resh-water” algae, such as
Cladophora glomerata, may grow very successfully in estuarial
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waters in apparent response to the increased concentrations of
limiting salts or other nutrients (93). Wood and Straughan (238)
observed reduction in size, as well as sexual retardation, in Le-
manea fucina growing in a stream where it was exposed to brackish
water twice daily.

The effect of tides on polluted streams which enter the sea is
frequently a favorable one, since the diurnal ebb and flow is suffi-
cient to mix sewage and other pollutants with large amounts of
water (175, 232). The extensive tidal flats which are present in
many estuaries permit rapid decomposition, and a dense vegetation
of angiosperms and algae develops there.

The tendency for acids and alkalis in industrial wastes to neu-
tralize each other results in an increase in salinity downstream
from important outfalls (118). Under these conditions, halophytic
and salt-resistant diatoms may grow and reproduce.

OTHER SOLIDS. We may suppose, @ priori, that the mineral nu-
trition of river algae depends upon the same essential elements that
are necessary for other green plants. Few if any nutritional studies
have been carried out on strict rtheophytes, but the role of some of
the chemical pollutants has received considerable observation and
comment, and there are indications that one or another element is
necessary, stimulating or toxic for certain river algae (36, 112,
157, 192, 207, 229 for iron; 192, 207 for copper; 110, 184, 192 for
zinc; 20, 96 for chromium; 207 for boron and phenol). Without
studying these problems in wvitro, it is possible to obtain highly
suggestive indications of the significance of certain elements be-
cause of the chemically peculiar nature of outfalls or tributaries
which may enter a stream. In some cases there is little physico-
chemical difference between a stream and such a tributary, and
where a single factor varies significantly between the two, the con-
ditions for a valid ecological experiment are met. Sometimes there
1s a marked difference in the fauna or the flora of a stream above
and below the entrance of such a tributary, a difference which is
highly suggestive of the role played by the variable factor or fac-
tors which the tributary introduces. Frequently, too, there is little
mixing of the two waters for some distance below the entry of a
tributary or an outfall, and obvious differences between the biota
of the left and right banks of a stream betray the character of the
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respective streams of water. Probably the best field conditions for
observing specific effects of industrial effluents are met by small
streams on which are located isolated industries (228). The latter
sometimes deliver wastes which are relatively simple and rela-
tively constant in composition as compared with streams in general.
Specific poisons entering the stream in significant amounts may
result in complete suppression, in an extensive area downstream
from the outfall, of species which are abundant or even dominant
above the outfall. In the author’s work on the polluted Saline
River (Michigan), Cladophora glomerata behaved in this way,
returning to the river flora only after several miles of meanders
had permitted the dilution, precipitation, and adsorption of poison-
ous ions to which Cladophora appears to be very sensitive (20).

PRODUCTIVITY AND EUTROPHICATION

Because of the absence of thermal stratification from streams
and of the accompanying chemical phenomena, as in lakes, the
concept of eutrophy undergoes considerable distortion when ap-
plied to stream conditions. Many authors treating river ecology
have retained the terms “ eutrophy ” and “ oligotrophy ”, appar-
ently employing them as approximately equivalent to “ high pro-
ductivity ” and “low productivity ”, respectively. Few readily
accessible streams now exist which have not been influenced by
man, and the organic pollution, which is man’s characteristic legacy
to the streams around him, thus results in increased eutrophy, un-
less, as sometimes happens, other deleterious substances released
to the stream are sufficiently concentrated and sufficiently lethal
to inhibit growth of higher organisms generally. The fertilizing
effect of organic pollution may be most conspicuous after several
years and at a distance of some kilometers below the source of
pollution (25, 234). Immediate effects may be detrimental to
fish as to phytoplankton (26), but beyond a certain point, produc-
tivity shows a marked upswing (cf. nitrogen above).

Schmassmann has correlated the saprobic system with the
trophic scale by a study of diurnal changes in dissolved oxygen,
which he regards as an excellent device for estimating the course
and intensity of metabolic events in streams, As a result of deliv-
ery to the stream of organic wastes, an allochthonous zone may
replace a region of organic production based on autochthonous ac-
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tivities,. In oligotrophic waters both oxygen consumption and
oxygen production by the vegetation are relatively small. The
lowest concentration of dissolved oxygen in such streams is to be
expected in the daytime hours because of diurnal temperature
change in air and water, but variation in dissolved oxygen is essen-
tially minimal. In a eutrophic (or B-mesosaprobic) stream, cata-
bolic and photosynthetic activities are both greater. The dissolved
oxygen is similarly influenced by solar radiation, but due to in-
creased photosynthesis may reach much higher concentrations at
midday than at night ; a slight oxygen deficit is to be expected dur-
ing nocturnal hours because of the respiration of relatively dense
populations. In a truly allotrophic or polysaprobic situation there
is no influence of photosynthesis on the dissolved oxygen of the
stream, A periodicity in the latter is, however, to be expected,
with higher values being recorded during the night because of the
usual variation from night to day in the amounts of organic wastes
delivered to the stream from human communities (203).

Most of the usual criteria of productivity in bodies of standing
water, such as depth, biota and the organic content of the water
and of bottom deposits, are applicable, with certain modifications,
in streams. The great ecological variability within short distances
in streams renders more difficult, however, the sampling proce-
dures necessary to precise measurement of any of these factors.
Workers interested in such problems regarding river algae, par-
ticularly benthic forms, will find that methods comparable in pre-
cision to those now applied to a study of fresh water and marine
plankton can be worked out readily enough, but it is likely that
such methods will be distinctly more time-consuming and will de-
mand even greater care and patience on the part of the operator
than do standard plankton methods of the present time.

Impoundments, abandoned meanders, and backwater areas along
the course of the stream have been mentioned by various workers
as breeding grounds for the plankton of the stream, and the claim
is made (183) that productivity is dependent upon the presence
of such biotic reservoirs. At least it seems likely that a stream
which has few or no bodies of standing water in its basin is con-
stantly threatened with thorough scouring and rinsing whenever
the water rises, and, possessing no adequate reservoir in which un-
attached organisms may remain to repopulate the water after sub-
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sidence of the flood, the stream loses most of its plankton (119).
Productivity must be severely curtailed under these conditions.
On the other hand, a stream which is poor in nutrient substances
and in productivity can probably be changed within the space of a
few hundred meters to one of relatively high productivity by the
interpolation of a eutrophic lake or impoundment (20, 150, 211).
Left to itself, it would appear that a stream through its own matu-
ration processes should over a period of centuries increase in
eutrophy in its lower course (cf. 63).

Productivity is certainly dependent upon the speed of the cur-
rent, the size of the stream, and the nature of the bottom, but in-
terest here has usually been centered on planktonic rather than
benthic forms. The work of Lastochkin (131) indicates that
biomass is greater in pool regions than in riffles (cf. 92, 152, how-
ever). The biomass may be greatly increased in a polluted stream
by hard pieces of industrial refuse on the bottom (77). Some
streams, e.g., the Mississippi (85), exhibit striking variations in
productivity within relatively short distances. For discussions of
insect and fish productivity see Lastochkin (131) and Vivier
(230).

Butcher, employing the submerged-slide method which he
worked out, estimated that in eutrophic waters the average number
of benthic algae colonizing such slides lies between 2000 and 10,000
per square millimeter of surface area (44). In the Tees River
(England), investigated by him and his co-workers, a community
dominated by Chaetopeltis and Achnanthes was characteristic of
oligotrophic portions, whereas the lower eutrophic reaches were
dominated by a Cocconeis—Ulvella-Chamaesiphon community, He
considers the latter community to represent a climax association
which increases in importance with the progressive eutrophication
of the stream (44). The Cocconeis—Chamaesiphon community has
also been observed to succeed (in a downstream direction) the
algae of the upstream poly- and mesosaprobic zones. It is hence
regarded as characteristic of an oligosaprobic but eutrophic situa-
tion (45).

Israelson (103) divides Scandinavian streams into two types:
(@) a Vaucheria type (eutrophic) which is characterized by Vauch-
eria spp., Cladophora glomerata, Hildenbrandia, Batrachospermum
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boryanum, Chaetophora incrassata, etc.; and (b) a Zygnema type
(oligotrophic), characterized by Spirogyre and Euglena spp., Hy-
drocoleus, Mougeotiopsis calospora, Schizochlamys sp., etc. The
latter type includes all the largest Scandinavian rivers. While it
is too early to draw conclusions about streams of other continents,
none of the precise “ types " described by Israelson or by Butcher
has been specifically identified in North America.

As concerns plankton organisms, various European workers
have regarded Tabellaria fenestrata (233) and Stephanodiscus
hantsschii (74, 122, 178) as characteristic of eutrophic streams.
Probably to a considerable extent the species-lists which have been
published for the B-mesosaprobic level of the Kolkwitz-Marsson
system (74, 122, 178) are valid for eutrophic streams generally.
Problems of productivity concerning both planktonic and benthic
forms are discussed further in the following sections.

DISTRIBUTION IN TIME
REPRODUCTION

Vegetative .reproduction is probably the commonest, and for
many species of river algae the only, method of reproduction., The
types of spores and other reproductive bodies formed by fresh-
water algae are described in various manuals of algal morphology
(82, 158, 212), In addition to the usual holdfast (Ulothriz, Oedo-
gonium), benthic species commonly exhibit a basal portion which
can apparently persist from year to year (Cladophora, Stigeoclo-
nium), giving rise to new branches to replace the earlier branches
which have matured and broken off. In some species probably the
only cells remaining in the unfavorable period are those which
occupy unusually well-protected positions in rock fissures, or those
which are partly buried in superficial sediments. From these posi-
tions they can repopulate the stream during a subsequent favorable
period. Some species pass the unfavorable period as thick-walled
spores, but many others appear to be as dependent upon sheaths or
a “ condensed ” protoplast for winter protection as they are upon
resting spores (217). Relatively few observations of the winter
growth of river algae have been made. Brunnthaler recorded small
benthic colonies of Clathrocystis aeruginosa during the winter in
an abandoned meander of the Danube. Later, in warm weather,



318 THE BOTANICAL REVIEW

he observed it reproducing and entering the plankton in quantity,
becoming one of the dominant plankton algae (33).

Many river algae produce zoospores or zoogametes, and, while
it would seem that the speed attained by stream waters would
render such fragile bodies highly inefficient, the sudden and wide-
spread appearance of thousands of young plants on the rock floor
of rapids during the reproductive season, and even on fresh objects
placed in the stream, shows the fallacy of this assumption. Pre-
sumably water movement is essentially nil in protected places on
the floor of rapids or in minute crevasses in the rock, and the effect
of current is to conduct favored individuals toward such a position
and then to drive them into it. A positive rheotropism would be
favorable to survival immediately upon release of asexual spores
from a filament, and a negative response to current a short time
later would be called for, but no work appears to have been done
on this problem, It has been shown that the colonizing reproduc-
tive bodies of certain algal epiphytes have preference for small de-
pressions such as the grooves between epidermal cell boundaries
of submerged leaves (89). For summaries of work on the rela-
tion of temperature and light to reproduction, see Oltmanns (158)
and Fritsch (82).

Many of the morphological problems connected with sexual re-
production of river algae have been worked out in standing water
in the laboratory. Of those species which do not grow well under
these conditions, much remains to be learned. Sexual reproduc-
tion and dissemination of strictly benthic forms are largely de-
pendent upon currents (as are, indeed, the equivalent processes in
limnetic algae), and in stream-inhabiting forms like Lemanea or
Batrachospermum, which lack motile stages, this dependence is
virtually complete. The widespread occurrence of centric diatoms
in lakes and the sea bears testimony to the effectiveness of currents
of all kinds as agents of mixing and dispersal.

Vaucheria species appear to fruit more frequently in standing
water than in a current (49, 158, 212), and the same is probably
true of Spirogyra, at least for certain species (103). In a stream
community of Spirogyra observed by the writer, no sexual repro-
duction was found at any time duririg a period of nearly two years;
the community, consisting of several species, waxed and waned and
occasionally nearly disappeared throughout this time (20).
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COLONIZATION AND SUCCESSION

It is clear that the term “ colonization ” is applicable to coloni-
zation of a new basin by pioneer organisms as well as to repeated
colonization of upstream areas concurrent with the headward
growth of the stream, by organisms already established in down-
stream or parallel waterways. Just how these processes are accom-
plished has not been demonstrated, but it seems probable that ver-
tebrate and invertebrate, aquatic, amphibious and terrestrial animals
are involved. Following the spring flood period in Russian streams,
anadromous and semianadromous fish passing upstream were found
to carry along parasites, seeds and eggs (131). In contrast to the
ease of distribution in a downstream direction which all stream
organisms and many riparian forms enjoy, reproduction and dis-
persal toward the headwaters is accomplished with great difficulty
and may be supposed to occur for each species in numerous, but
frequently small, steps, with much backsliding and loss of altitude.

Colonization by plankton forms has been discussed by Eddy
(69) who regards the first occurrence of stable conditions in the
stream in summer as the earliest opportunity for permanent coloni-
zation. He emphasizes the importance of the age of the water in
plankton production and provides evidence that true plankton or-
ganisms are likely to appear in streams at a point six to ten days
below the source if other conditions, particularly of temperature
and turbidity, are favorable, Some small streams develop an ex-
tensive plankton population within a few miles of their headwaters,
however, and the size of a stream does not seem to be any true
indication of its plankton content (130).

The first colonists in a stream are probably diatoms and Euglena,
whose resistant stages permit wide dispersal (68). In Spitzbergen
the first units of a flora in streams of recent glacial origin are uni-
cellular algae (219). The entire subject of plankton colonization
is extremely difficult to approach, treating, as it does, microscopic
forms which by definition are in motion from the start,

Colonization by benthic forms has been largely investigated by
the methods of Butcher (41) which involve the submersion of
blank microscope slides fastened in a photographic frame which is
staked into the river bottom. At intervals a slide is removed from
the frame and studied microscopically. A dry weight method for
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total organic matter has also been developed. These methods per-
mit quantitative appraisal of algal growth in its early stages. Ap-
parently the method has not been adapted to long periods of obser-
vation, and no proof has been given that the algae colonize the
slides in the same way that they colonize the river bottom. There
is some evidence that numerical results from slide counts are not
comparable to those from the river bottom, but that the species
present are generally similar (184). From his work on the Hull
(England), Butcher has concluded that colonization there reaches
a maximum in May (43). Individual dominant species have
periods of most rapid reproduction in various months from March
through October (42), and the period of least colonization is in
winter (43). In summer, colonization appears to be complete in
about 20 days, but in cold months when growth is slower, 30 to
40 days are required (44). It might be supposed that vigorous
current would impede algal colonization on so smooth a surface as
a glass slide, but more algae are produced on the slides in regions
of rapid flow than elsewhere (44).

In southern Michigan, colonization of rock surfaces by winter-
dominant diatoms is very rapid, and macroscopically visible colo-
nies can form in as little as ten days. The period within which
Gomphonema olivaceum colonized bare rock surfaces extended
from late November to early April, and colonization appeared to
be possible at any time within this period (21). No evidence of
succession was found prior to the establishment of this community,
and the same may be said for a somewhat similar community of
Diatoma vulgare characteristic of late fall—both these forms were
at one and the same time colonists and seasonal dominants.

In the work of Butcher there is likewise little evidence of suc-
cession in the algal communities he has investigated. In the Coc-
coneis-Chamaesiphon community, Chamaesiphon arrives in the en-
semble later than the other forms, but there is no true succession
(44). Certain of these communities are regarded as representing
a true climax, but their development is apparently accomplished
with no steps separating invasion from climax conditions,

Allorge (5) has described a calcified association of algae (Schiz-
othriz, Calothriz, Gongrosira) and mosses from flowing spring
waters rich in lime. The community is part of a hydrosere and is
followed by bog-like vegetation,
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In 1929 Shelford and Eddy (210) posed a series of questions !
regarding succession and designed to guide future research on lotic
ecology. At present, few if any of these questions can be answered.
The indications are that algal succession within a stream is less
stereotyped and probably more intricate than certain well-known
successions of plants on land.

CLIMAX CONDITIONS

Eddy has concluded that permanent fresh-water communities
exist, reach maturity and show aspects comparable to terrestrial
communities, and he points out that the maintenance of given cli-
matic conditions necessary for the establishment of a “ climatic ”
climax is not confined to land communities, but can also be found
in permanent streams (69). The generation and the life-span of
dominant algae are so much shorter than those of most dominant
vascular plants that ‘‘ permanent” climatic conditions can be
achieved in a relatively shorter time, and more rapid succession is
to be expected. For extremely short-lived microphytes, a single
growing season in temperate regions may be sufficiently long to
represent a “ permanent ” climate (23).

Panknin (161) has discussed the classification of seasonal com-
munities which assume temporary dominance upon a given site,
and concluded that such algae should not be regarded as constitut-
ing seasonal associations but rather as making up seasonal aspects
of the entire association.

In streams it is the exception rather than the rule to find ex-
tensive areas inhabited by recognizable groups of algal species
which maintain a definite order of dominance or inferiority with
respect to each other throughout all the seasons, although this re-
lationship is more commonly found if higher aquatic plants are
considered (cf. 47, 193, 194). Extensive stands consisting of one
or more species of dominant algae are relatively more common
than among land communities. Often these stands are unialgal or

1 These questions include, among others, the following: Do animals and
plants gradually occupy stream bottoms denuded by flood or otherwise,
until a fairly definite assemblage is attained? Is the presence of some
organisms necessary for the invasion of an area by others? Do some organ-
isms render conditions more suitable for other organisms than for them-
selves, thus producing succession? Do developing communities reach a
stable stage if the conditions suggested above cease to take place?
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nearly so, to the exclusion of other green plants below them. Many
smaller species are epiphytes (or endophytes) on larger algae
which support, and to a certain extent protect, them. The ephem-
eral nature of attached algae is furthermore one of the unique and
significant features of stream ecology. With the detachment of a
large thallus, it and its entire collection of epiphytes immediately
start downstream. All these organisms with the foods and nutri-
ents they contain are effectively lost to the local ecocosm. In spite
of such deep-seated differences between the communities of the
stream and those of the land, the climax concept appears to be adap-
table to many aquatic communities if care is exercised in the ap-
plication of terms drawn from terrestrial ecology.

The Phormidium—S chizothrixz—Audouinella epilithic community
has already been described as an example of a climax in flowing
water. Concerning plankton communities in streams, Eddy con-
cludes, with particular reference to zooplankton, that certain or-
ganisms which are seasonal dominants in the early stages of plank-
ton development in a stream, later become perennials when the
conditions of life within the stream become more stable (69). Cer-
tain rivers appear to have particular phytoplankton organisms char-
acteristic of their waters (134, 136), but this may be due at least
in part to reproduction of these plankters within specific impound-
ments in the river basin. Whether or not rivers in general favor
the production of one or more given communities of phytoplankton
which can be found with regularity in streams over a large area
seems at present undetermined. Further discussion of mature
communities is given under the following Periodicity.

PERIODICITY

Twelvemonth records of the periodicity of fresh-water algae
have been obtained from numerous streams, mostly in Europe and
North America: Rio de la Plata (Argentina, 91); Danube (Aus-
tria, 32); Nile (Egypt, 1, 2); Hull (43, 44), Tees (41, 47),
Thames (78, 188), Wharfe (39) (England) ; Garonne (59), Loire
(56, 57), Mayenne (9), Midou (10), Thouet (56) and others
(59) (France); Dortmund-Emskanal (177), Gauchach (234),
Havel (19, 123), Lippe (37), Lenne (36), Main (111), Moehne
(36), Rhine (133, 134), Ruhr (36), Spree (195), Werse (177),
Weser (136), Wutach (234) and others (35, 178) (Germany);
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Cooum (India, 106) ; Tjikoenir (159), Tjimoeloe (159) (Java);
Biala Przemsza (214), Vistula (Wisty) (214, 242), Warthe (13,
97) (Poland) ; Limmat (138), Rhine (107) (Switzerland) ; Mos-
cow (229), Oka (148), Volga (11, 12) (U.S.S.R.); Des Moines
(215), Huron (50), Illinois (116, 117), Saline (20), San Joaquin
(4) and others (30) (U.S.A.). Such is the diversity of the
streams examined and of the results obtained, however, that few
generalizations can be drawn,

PHYTOPLANKTON. Many streams exhibited considerable con-
stancy, during the period and to the extent of the observations
made, as regards the time of development of the greatest densities
of their plankton or of their benthic vegetation (20, 57, 100, 116,
188), whereas other studies have pointed out sharp differences in
the year-to-year developmental pattern (50, 148, 170). A mere
year’s work upon a single stream may prove inadequate in that it
reveals conditions essentially unlike the preceding and following
years. In nearly all streams investigated, the principal phyto-
plankton pulse, if there is one, is to be expected at some time dur-
ing the warm season (28, 32, 53, 58, 90, 148, 187, 206, 208, 215),
but individual plankters, e.g., Crucigenia rectangularis, Pediastrum
boryanum, Fragilaria capucina, Meridion circulare and Synedra
ulna, frequently exhibit population maxima in winter (10, 117,
197, 198, 214). Many streams are characterized by two separate
periods of maximum plankton abundance (15, 100, 232). Some
species of algae exhibit great variability in production, remaining
uncommon in one year and becoming a dominant in the next, ex-
hibiting a pulse at widely variable times throughout the year, or a
single pulse in one year and a bimodal one in another. Certain
diatoms tend to exhibit a pulse in spring and/or in autumn rather
than in midsummer (118, 178, 232).

Occasionally a river may develop a “bloom”, although this
phenomenon is more frequently seen in ponds. Organisms which
have been found responsible for such blooms include Thalassiosira
fluviatilis (Weser, Germany, 34), Synedra delicatissima (Potomac,
U.S.A,, 60), Microcystis flos-aquae (Bug, U.S.S.R., 104), Ana-
baena spiroides (Mayenne, France, 9, 64), Aphanizomenon flos-
aquae (Don, U.S.S.R., 52) and Pandorina morum (Cumberland,
U.S.A,, 129, and Kentucky, U.S.A,, 228). Nearly all river blooms
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appear to be due to the sudden reproduction of a single species,
but an example is cited by Sorensen (Saxin, Sweden, 213) which
involved several members of Volvocales. Lauterborn recorded
water-blooms caused by a variety of diatoms in the Rhine estuaries
(134).

The best correlations which have been obtained by plankton
work and chemical analyses over a period of years point to a time
relationship between abundant nutrients and abundant phytoplank-
ton, the plankton pulse usually following the period of highest con-
centration of the nutrients, as nitrates and nitrites, in such a way
that the decrease in nutrients precedes by a few days to a few
weeks the maximum development of phytoplankton (100, 116,
185). In the work of Kofoid (116) and of Hupp (100) the plank-
ton maximum occurred at a time when nitrates had passed a high
level and were already decreasing. In the work of Reese (185)
the development of various phytoplankton and benthic algae in
Welsh streams followed some weeks after the decline in nutrient
substances, while in the Thames (183) the phytoplankton pulse
was approximately synchronous with high concentrations of oxi-
dized nitrogen in the water. Hupp (100) believes that it is possi-
ble to predict high periods of phytoplankton development by ob-
servation of a previous decline in nitrate and nitrite nitrogen. In
the River Hooghly (Bengal) the yield of phytoplankton was in-
versely correlated with turbidity, rainfall, and nitrate nitrogen
(196).

The time sequence of seasonal changes in the production of such
plankton pulses may be of less immediate influence, however, than
the place sequence. Given sufficient warmth and a series of favora-
ble days, the water chemistry in respective parts of various streams
becomes the factor which determines the production of a dense
plankton and of a dense benthic vegetation.

A diurnal plankton pulse has been observed in a polluted stream,
apparently dependent upon and produced by midday sunlight which
causes benthic forms to rise into the current and be carried down-
stream (22). Evidence that planktonic forms reproduce as they
are carried downstream has been presented by various workers
(12, 176, 187, 202, 230), but there remains the suspicion that much
of the actual cell division occurs on the bottom and that the ap-
parent increase in phytoplankton downstream is largely the result
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of more extensive nutrient beds there, and of denser populations
of benthic individuals, many of which rise every day into the plank-
ton. The vegetative dissemination of Spirogyra and Oscillatoria
communities was observed by the author on warm summer days in
1952 and '53. These communities were especially characteristic of
quiet shoals or bays of the stream. Here the algae remained on
the bottom in contact with nutrient-rich silt deposits, as masses of
filaments easily visible from a distance. The surface water of such
shoals and bays is usually in slow circular movement set up by the
main current of the stream, which by-passes the shoal or the bay
in a tangent to the circular current which it produces there. At
times of rapid photosynthesis, individual masses of the algal fila-
ments are detached and buoyed upwards by trapped oxygen bub-
bles. Once the algal mass has quit the floor of such a shoal, it is
carried slowly along in the eddying surface water. After moving
for some time in this circular manner, it may eventually be picked
up by the tangential current of the main stream which removes it
definitively from the shoal. As the algal mass travels downstream,
it disseminates live filaments along the way. The progress of these
filaments is arrested on obstructions or on new shoal areas or other
sediments downstream, which in this way are themselves colonized.
The elevation of algal masses by entrapped bubbles can be ob-
served from about noon until about 2-3 p.M. on sunny days in sum-
mer, and the movement downstream of these floating masses can
be observed throughout an entire afternoon (20),

BENTHOS. The principal method which has been employed to
investigate the periodicity of benthic algae in streams is that of
Butcher (40-44), which was described above. The same method
has been taken over more or less exactly by various other workers
(2, 87, 88, 105, 167, 184, 242). Butcher has also studied Sphaero-
tilus production by basing his data on dry weight per square inch
(40). Foged utilized counts of diatom frustules on prepared slides
(75). Hanoaka determined organisms growing on 5x5x5 cm.
cubes of cement which were placed in the water (95). Depth of
color was employed by Bracher (24) in estimating the growth of
Euglena on stream banks. Thurman and Kuehne (225) made
counts of diatoms obtained from a 1x 1 ecm. cylinder of compacted
algae. The author (20) employed sterilized rocks placed in a
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stream for colonization studies, a dry-weight method for large
algae, and a transect method involving a graduated rope stretched
across the stream. A method for peeling off thin-layered epilithic
algal communities has been developed by Margalef (145). Patrick,
Hohn and Wallace have developed a special slide-holding apparatus
(* Catherwood diatometer ) which can be employed in sampling
the diatom population of a stream (164).

The benthic algae of streams include both seasonal and peren-
nial species. While a single alga may be dominant over relatively
long reaches of the stream’s course, it is more common to find a
number of dominants with various parts of the stream having dif-
ferent dominant communities. In some streams the algal vegeta-
tion remains more or less the same throughout the year (167, 220),
whereas in others there are marked seasonal aspects (20, 21, 30,
36, 41, 42, 111, 178, 234). Such seasonal aspects seem to be more
marked in upland than in lowland streams (35, 36, cf. however
218).

One of the most striking phenomena in nature and possibly the
one factor which has been most influential in attracting research
workers into this field is that of the frequently abrupt changes
which occur from month to month in the algal vegetation of
streams. Visits to a small stream spaced at weekly intervals will
often reveal the complete disappearance within a period of only
six to ten days of an erstwhile conspicuous alga, Floristic changes
from month to month may render the benthic vegetation completely
distinctive in one season and visibly different from that of other
seasons. Success, however, has not been generally attendant upon
efforts to correlate such obvious biological results with environ-
mental causes. It has likewise become clear with the appearance
of successive papers describing the benthic vegetation of different
European rivers, that streams which might be expected to have
vegetations similar to each other in a given season, sometimes have
quite different ones. As with plankton algae, the seasonal varia-
tion may be summarized broadly as maximum development in
warm months, followed by minimum development in cold months,
but many algae behave in quite different ways. To what degree
these seasonal changes are due to differences in light or in length
of day, or to temperature, or to chemical changes in the water, or
to some other factor, has not been established. Among the few
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conclusions that have been tentatively drawn are: a) that an ex-
tended period of low water with little change in hydrographic con-
ditions is conducive to the full development of benthic organisms
(36) ; b) that a period of several cloudy days can induce detach-
ment and disappearance of certain algae (107); ¢) that an ice
cover can bring about sharp changes in the vegetation; d) that
periodicity of some forms depends on that of their epiphytes (80),
while obviously that of epiphytes also depends on that of their
algal substratum (107); and f) that leafing-out of bank vegetation
has sharp repercussions in the stream (20).

One benthic species, Cladophora glomerata, whose ecology and
periodicity have received considerable attention, has been chosen
for consideration by itself.

Cladophora glomerata appears to be the most abundant filamen-
tous alga in streams throughout the world. It is known to be
highly sensitive to iron (20, 229) and relatively tolerant to high
pH values (229). It is tolerant to relatively large amounts of
sewage in the water (20, 167, 176, 233) and to weak salinity (93,
174). The length of its summer growth period may vary from a
few days (42) to several months (35). Usually it is inconspicu-
ous in winter, although Jiirgensen has recorded its full develop- .
ment in February and March (111), Raabe in mid-October (178),
and Jaag has observed it throughout the winter (107). It can
apparently produce swarmers throughout the entire year (139).
Freezing is not necessarily fatal to it (243). Sometimes it ex-
hibits very rapid growth in spring, only to disappear very suddenly
in late June or early July (20, 167). This may occasionally be
caused by high waters, but it does exhibit generally poor growth
in warmer streams in mid-summer (20, 225) and probably is sen-
sitive to temperatures higher than around 25° C. The fact that
individual plants can thrive at these temperatures while the re-
mainder of the Cladophora vegetation has disappeared is, however,
noteworthy (20). It reacts adversely to reduced light (20, 107)
but has been kept in the dark for twelve weeks without entirely
succumbing (243). After periods of turbidity the plants of Clado-
phora often become heavily loaded with silt and epiphytes, a factor
which may be significant in the suppression of growth or in the
mechanical detachment of the thallus. Satisfactory explanation of
the comings and goings of this vegetation still awaits further study.
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RELICTS

While long-term observation of the algal vegetation of streams
has not been made, various workers have found in streams algae
which may represent relicts persisting from a time when hydro-
graphic conditions were essentially different (8), or species pur-
portedly persisting from glacial times (178) or even from Cre-
taceous times (155). Tarnavschi (222) regards Hildenbrandia
rivularis in Rumania as representing a relict persisting since the
times of Tertiary seas; but the relict theory does not seem to ex-
plain its distribution in northern Europe (142).

DISTRIBUTION IN SPACE
LOCAL DISTRIBUTION

Most small streams consist of a series of alternating shallow
areas (“shallows”, “riffles”) and deep areas (“pools”). The
shallow areas naturally receive greater abrasion by the water and
the molar agents it carries. The water flows faster here and in a
thinner sheet, and significant chemical differences are to be ex-
pected between the shallows and pools, although little effort has
been made to demonstrate them. Many algae are confined to shal-
low parts of headwaters streams, just as others are characteristic
of the slower and deeper waters of pools or deeps. Peculiarities of
the deeps and shallows as they alternate with each other on the
stream profile determine the laws of distribution of the animal
population as well (131). Succeeding riffles or shallows fre-
quently carry the greater volume of water on alternating sides of
the stream, so that erosion is greater first against the right bank
and then against the left. This asymmetrical pattern results in
asymmetric distribution of the benthos biocoenoses of the pools,
with an accompanying break in their continuity at every riffle
(131). Ulothrix spp., Stigeoclonium tenue and Diatoma vulgare
are all characteristic of riffles and regularly drop out as massive
components of the vegetation wherever pool conditions obtain,
Spirogyra spp., Euglena spp. and other mostly unattached forms
naturally collect where current is minimal. Within a riffle or shal-
lows itself, certain areas are apparently much more favorable than
others for the larger algae. Growth of Diatoma vulgare has been
observed to be inhibited in the portions of the rifle downstream
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from large rocks, where water movement is relatively slow.
Growth of Cladophora glomerata is sometimes limited to the far
downstream portion of a shallows area where water movement is
slightly more rapid than elsewhere on the shallows (20).

The sides of a stream are ordinarily more shallow than the cen-
tral portion, and the current is usually slower there. Other fac-
tors, particularly shade, may likewise be very different from those
prevailing over the major portion of the stream bed. If one por-
tion of the stream is to be regarded as more “ typical ” than an-
other, the side areas are the least “ typical ” of all, and had best be
left out of consideration when samplings to determine typical
benthic stream vegetation are being made,

DISTRIBUTION WITHIN THE BASIN AS A WHOLE

Eddy (69) presented the view that the amount of plankton in
river water is dependent upon the length of time required for the
water to pass downstream from headwaters sources, or, as he re-
garded it, as the “ age ” of the water, Thus there is an initial in-
crease in plankton with time and distance going downstream. Cer-
tain streams (e.g., the Illinois River (183) and the Rock River
(76), both in U.S.A.) exhibit a headwaters area low in plankton
and a middle region rich in plankton, followed by a consistent de-
cline in plankton in the lower course. This decline is, however,
not universal (cf. 85, 123, 202), and the phenomenon can not yet
be correlated with a given length of course or degree of eutrophy.
The subject is discussed by Welch (235, pp. 429-30). Conditions
in a mature stream may be expected to approach those of late or
middle-age ponds in the neighborhood of the stream whose waters
have a similar chemical composition (68).

The changes in benthic algae over the course of a stream from
source to mouth have been investigated by many workers (20, 35,
36, 38, 43, 61, 74, 98, 106, 107, 134, 138, 147, 149, 163, 184, 199,
207, 213, 230). One of the more exhaustive treatments of this na-
ture is the work of Lauterborn (133, 134) on the Rhine vegetation.
The great variability in size, profile, geology, degree of pollution,
and other attributes of these streams does not admit of many com-
parisons of their respective floras, and little information of general
application can be drawn from these studies until an extensive an-
alysis of the data contained in them has been assembled. Probably
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too, the make-up of the aquatic community is influenced to such an
extent by chance that its permanent composition may be attained
only after a very long period, centuries perhaps (221). Factors
such as this operate to reduce somewhat the significance of the re-
sults of floristic surveys of aquatic habitats. An ambitious attempt
to compare the flora of different streams has been made by Budde,
who reviewed several published works on European and other
rivers (36). Of the British streams studied by Butcher and his
co-workers, the Itchen, Test, Bristol Avon, Hampshire Avon and
Lark seem to be somewhat similar physico-chemically and to have
many parallels in their algal vegetation (41). The work of Scheele
(199) on diatoms of the Fulda (Germany) has shown that the
tolerant ubiquitous species increase from source to mouth and that
the species characteristic of springs show a corresponding decrease.

The agents capable of transporting organisms directly and spe-
cifically from one stream to another with no average altitude loss in
the process must be few in number and relatively untrustworthy,
although there are probably vertebrates capable of doing this (cf.
102). It would be of interest in this connection to know whether
any plankton algae or their spores can survive passage through the
digestive tract of animals which customarily drink at streams,

It seems probable that the evolution of distinctive river plank-
ton forms has been retarded by the difficulties which plankton or-
ganisms experience in the dissemination of offspring to other
basins. It is likely that the stream represents an unfavorable en-
vironment for plankters not entirely because of the mechanical and
physical insecurity but also because of the inherent ““ dead end”
nature of most streams, flowing, as they do, inexorably to salt
water and death for all but those few organisms which can live and
reproduce under brackish or marine conditions. A stream plankter
with no ability to grow on the bottom is therefore in much the
same position as, say; a trypanosome within the blood of a dying
host. Possibilities of an assured future for its issue depend upon
transfer to an entirely new host, a transfer effected in trypano-
somes by leeches or by blood-sucking Arthropoda. Does the hypo-~
thetical obligate stream plankter possess any similar mechanism
for transfer to a new lotic habitat? It seems likely that the greater
survival value will lodge rather with the ability to grow faculta-
tively either in quiet water or on the bottom.
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