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TRAINING PROGRAM

Through the Water Programs Operations Office, Environmental
Protection Agency conducts programs of research, technical
assistance, enforcement, and technical training for water
polution control,

The objectives of the Training Program are to provide specialized
training in the field of water pollution control which will lead to
raprd application of new research findings through updating of
skills of technical and professional personnel, and to train

new employees recruited from other professional or technicai
areas 1n the special skills required. Increasing attention 1is

being given to development of special courses providing an
overview of the nature, causes, prevention, and control of

water pollution.

Scientists, engineers, and recognized authorities from other

Agency programs, from other government agencies, universities,
and 1ndustry supplement the traiming staff by serving as guest
lecturers. Most training 1s conducted in the form of short-term
courses of one or two weeks' duration. Subject matter includes
selected practical features of plant operation and design, and

water qualhty evaluation in field and laboratory. Specialized

aspects and recent developments of sanitary engineering, chemistry,
aquatic brology, microbiology, and field and laboratory techniques
not generally available elsewhere, are included.

The primary role and the responsibility of the states in the
training of wastewater treatment plant operators are recognized.
Technical support of operator-training programs of the states 1is
available through technical consultations in the planning and
development of operator-traiming courses. Guest appearances

of wnstructors from the Environmental Protection Agency, and

the loan of instructional materials such as lesson plans and

visual training aids, may be available through special arrangement.
These training aids, including reference training manuals, may

be reproduced freely by the states for their own training programs,
Special categories of training for personnel engaged in treatment
plant operations may be developed and made available to the states
for their own further production and presentation.

A bulletin of courses is prepared and distributed periodically

by the National Traiming Center. The bulletin includes descriptions
of courses, schedules, application blanks, and other appropriate
information. Organizations and interested individuals not on

the mailing list should request a copy from The National Training
Center.



FOREWORD

These manuals are prepared for reference use of students enrolled in
scheduled traimng courses of the Office of Water Programs, Envircnmental
Protection Agency.

Due to the Laemited avaclability of the manuals,
4L 48 not appropriate to cale them as technical
hefenences an biblrographees or othen forms of
publication.

References to products and manufacturens are for
«flustration only; such refernences do not amply
product endonsement by the Office of Water Programs,
Envinonmental Protection Agency.

The reference outlines in this manual have been selected and developed with
a goal of providing the student with a fund of the best available current
information pertinent to the subject matter of the course. Individual
instructors may provide additional material to cover special aspects of
theiwr own presentations.

This manual will be useful to anyone who has need for information on the
subjects covered. However, it should be understood that the manual will
have 1ts greatest value as an adjunct to classroom presentations. The
inherent advantages of classroom presentation 1s in the give-and-take
discussions and exchange of information between and among students and
the instructional staff.

Constructive suggestions for improvement in the coverage, content, and
format of the manual are solicited and will be given full consideration.

414’/7 g 5( ‘%///é

Joseph Bahmck

Acting Chief

Direct Technical Trawning Branch
Division of Manpower and Training
Office of Water Programs
Environmental Protection Agency



COURSE DESCRIPTION

FRESHWATER BIOCLOGY AND
POLLUTION ECOLOGY (140)

2 weeks

CINCINNATI, OHIO June 4-15, 1973

This course 1s designed for technical
personnel (other than biologists) engaged
Iin water quality analysis and management

Within the framework of his personal
background capacities, and experience, the
student should be able, on completion of
this course to

Understand many basic environmental
factors impinging on aquatic
communities

Recognize or identify to broad groups
most freshwater organisms
commonly encountered, using

correct procedures and appropriate

literature when available and also
using judgment 1n assesing his own
technical capacity in regard to the
degree of identification attempted

Select and use appropriate common types

of biological field collection equip-
ment and procedures

Select and use appropriate types of
bioclogical laboratory analytical
equipment and procedures

Perform simple analyses of an aquatic
community n order to assess the
likelihood that it may have been
disturbed by pollution

Recognize gross biological indications
of particular types of pollution
when present

Predict possible effects of a given type
of pollutant on a given habitat

Organize a field survey to determine
the severity and extent of pollution.

Course work includes lectures, discussions,
problem assignments, and laboratory sessions.
Field work 1s included to allow student partici-
pation 1n selecting and using biological field
collection equipment and familiarization with
birological communities.

Representative topics usually include:

Types of aquatic organisms

Aquatic organisms or significance
in water quality

Lake, reservoilr, and stream sampling
techniques

Use of artificial substrates
Thermal pollution
Investigation of fish kills
Environmental quality

Eutrophication in the freshwater
environment

Biolegical magnification

Participants should bring appropriate
clothing for field work, including rainwear.
Boots will be supplied locally unless notice
1s given to the contrary.
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SURVEY OF THE BIOTA

The first half of this manual is a synoptic review of the components
of the aquatic community to aid the observer in recognizing many
common types of organisms encountered both in the field, laboratory,
and treatment facilities,

A comprehension of the system of biological nomenclature and
ecological classifications, is basic to an understanding of aquatic
life communities. The first exercise in ecology is systematics.
Application of systematics will depend on one's background, present
limitations, and program objectives,

Systematics, broadly defined, is the study of the diversity of organisms.
In connotation it is a wedding between taxonomy and ecology. In applied
biology or ecology, good systematics is indispensable and is an immensely
useful system of information storage and retrieval. The following
definitions are basic.

SYSTEMATICS: ''The scientific study of the kinds and diversity of
organisms and of any and all relationships among them. "

CLASSIFICATION: '"The ordering of organisms into groups (or sets)
on the basis of their relationships, that is, of their associations by
contiguity, similarity, or both,"

TAXONOMY: '"The theoretical study of clagsification, including its
bases, principles, procedures, and rules,"

IDENTIFICATION: "The use of a key (or key substitute like an expert)
to place an unknown organism into a specific taxonomic rank."

Section A INTRODUCTION
Section B PLANTS: PRODUCERS
Section C ANIMALS: CONSUMERS

Section D BACTERIA AND FUNGI: REDUCERS
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THE AQUATIC ENVIRONMENT

Part 1: The Nature and Behavior of Water

I INTRODUCTION

The earth 1s physically divisible into the
Lthosphere or land masses, and the
hvdrosehere which includes the oceans,
lakes, streams, and subterranean waters,

A Upon the hydrosphere are based a number
of sciences which represent different
approaches. Hydrology is the general
science of water 1tself with 1its various
special fields such as hydrography,
hydraulics, etc. These in turn merge
into physical chemistry and chemastry.

B Limnology and oceanography combine
aspects of all of these, and deal not only
with the physical hquid water and its
various naturally occurring solutions and

TABLE 1

forms, but also with living organmisms
and the infinite interactions that occur
between them and their environment,

C Water quality management, including
pollution control, thus looks to all
branches of aquatic science 1n efforts
to coordinate and improve man's
relationship with his aquatic emvironment,

II SOME FACTS ABOUT WATER

A Water 1s the only abundant higuid on our
planet, It has man)—[—)n-obe—rne‘s' most
unusual for liquids, upon which depend
most of the familiar aspects of the world

about us as we know 1t.

UNIQUE PROPERTIES OF WATER

Property

Significance

—Highest heat capacity (specific heat) of any
sohd or liquad (except NH3)

Stabilizes temperatures of organisms and
geographical regions

Highest latent heat of fusion (except NHJ)

Thermostatic effect at freezing point

Highest heat of evaporation of any substance

Important 1n heat and water transfer of
atmosphere

The only substance that has its maximum
density as a liquid (40C)

Fresh and brackish waters have maximum
density above freezing pomnt, This 1s
important 1n vertical circulation pattern
1n lakes.

Highest surface tension of any hiquid

Controls surface and drop phenomena,
important in cellular physiology

Dissolves more substances in greater
quantity than any other liquid

Makes complex biological system possible,
Important for transportation of materials
in solution,

Pure water has the highest di-electric
constant of any liquid

Leads to high dissociation of inorganic
substances in solution

Very little electrolytic dissociation

Neutral, yet contains both H+ and OH  10ns

Relatively trangparent

Absorbs much energy 1in infra red and ultra
violet ranges, but little in visible range.
Hence 'colorless"
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B Physical Factors of Significance
1 Water substance

Water 1s not simply "H_ O" but in
reality is a mixture of Ssome 33

different substances involving three
1sotopes each of hydrogen and oxyge
(ordwary hydrogen H™, deuterium H®,
and tritium HY, ordinary oxygen O 6,
oxygen 17, and oxygen 18) plus 15 known
types of ions. The molecules of a
water mass tend to associate themselves
as polymers rather than to remain as
discrete umits. (See Figure 1)

2 Density

a Temperature and density Ice,
Water is the only known substance
in which the solid state will float
on the liquid state. (See Table 2)

SUBSTANCE OF WATER

EF RN R

PEHE

2he&

©0023%%%%

Figure 1
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The Aquatic Environment

TABLE 2 1)
EFFECTS OF TEMPERATURE ON DENSITY
OF PURE WATER AND ICE*
Temperature (0 C) Density
Water Ice *x
-10 .99815 . 9397
- 8 99869 . 9360
2
-6 .99912 . 9020 )
- 4 . 99945 . 9277
-2 . 99970 .9229
0 .99987-~-~- .9168
2 . 99997
4 1,00000
6 . 00897
8 .00988
10 . 00973 3)
#* Tabular values for density, etc., represent
statistical estimates by various workers
rather than absolute values, due to the
variability of water.
#** Regular ice 1s known as "ice I''. Four or 4)
more other "forms'" of ice are known to
exist (ice II, 1ce I, etc.), having densities
at 1 atm, pressure ranging from 1, 1595
to 1.67. These are of extremely restricted
occurrence and may be ignored in most
routine operations.
This ensures that 1ce usually
forms on top of a body of water 5)

and tends to insulate the remain-
ing water mass from further loss
of heat, Did ice sink, there
could be little or no carryover of
aquatic life from season to season
in the higher latitudes. Frazl or
needle 1ce forms colloidally at a
few thousandths of a degree

below 00 C. It 1s adhesive and
may build up on submerged objects
as "anchor 1ce', but 1t 1s still
typical 1ce.

Seasonal increase 1n solar
radiation annually warms
surface waters in summer
while other factors result in
winter cooling, The density
differences resulting estab-
lish two classic layers: the
epilimnion or surface layer,
and the hypolimnion or lower
layer, and in between 1is the
thermocline or shear-plane.

While for certain theoretical
purposes a thermocline 1s
defined as a zone 1n which the
temperature changes one
degree centigrade for each
meter of depth, in practice,
any transitional layer between
two relatively stable masses
of water of different temper-
atures (and probably other
qualities too) may be regarded
as a thermocline,

Obviously the greater the
temperature differences
between epilimnion and
hypolimnion and the sharper
the gradient in the thermoclne,
the more stable will the
situation be.

From information given above,
1t should be evident that while
the temperature of the
hypolimnmion rarely drops
much below 40 C, the
epilimnion may range from

00 C upward,

It should also be emphasized
that when epilimnion and
hypolimnion achieve the same
temperature, stratification no
longer exists, and the entire
body of water behaves
hydrologically as a unit, and
tends to assume uniform
cnemical and physical
characteristics. Such periods
are called overturns and
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6)

7}

8)

usually result in considerable
water quality changes of
physical, chemuical, and
biolegical sigmficance.

When stratification 1s present,
however, each layer behaves
relatively independently, and
considerable quality differences
may develop.

Thermal stratification as
described above has no
reference to the size of the
water mass, it 1s found in
oceans and puddles

The relative densities of the
various 1sotopes of water also
influence its molecular com-
position For example, the
lighter O,¢ tends to go off
first 1n the process of
evaporation, leading to the
relative enrichment of air by
Ojs and the enrichment of
water by O;; and O;g. This
can lead to a measurably
higher O, content 1n warmer
climates Also, the temper-
ature of water in past geologic
ages can be closely estimated
from the ratio of Ojg in the
carbonate of mollusc snells,

b Dissolved and/or suspended solids

may also affect the density of
natural waters

TABLE 3

EFFECTS OF DISSOLVED SOLIDS

¢ Density caused stratification

1)

2)

3)

4)

5)

Density differences produce
stratification which may be
permanent, transient, or
seasonal,

Permanent stratification
exists for example where
there 15 a heavy mass of

brine in the deeper areas of

a basin which does not respond
to seasonal or other changing
conditions,

Transilent stratification may
occur with the recurrent
influx of tidal water in an
estuary for example, or the
occasional 1influx of cold
muddy water into a deep lake
or reservoir.

Seasonal stratification involves
the annual establishment of

the epilimnion, hypolimnion,
and thermochlne as described
above. The spring and fall
overturns of such waters
materially affect biological
productivaty.

Density stratification 1s not
limited to two-layered systems,
three, four, or even more
layers may be encountered in
larger bodies of water,

ON DENSITY d A "plunge line' may develop at
. the mouth of a stream, Heavier
Dissolved SOI.lds Density water flowing into a lake or
{Grams per liter) (at 49 C) reservoir plunges below the
0 1.00000 lighter water mass of the epilimimum
1 1, 00085 to flow along at a lower level. Such
a line 1s usually marked by an
2 1.00169 accumulation of floating debris.
3 1.00251
10 1.00818
35 (mean for sea water) 1,02822

1-4
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2 The viscosity of water 1s greater at

lower temperatures (see Table 4).
This 1s 1mportant not only 1n situations
involving the control of flowing water
as in a sand filter, but also since
overcoming resistance to flow gen-
erates heat, 1t 1s sigmificant in the
heating of water by internal friction
from wave and current action,

Living organisms more easily support
themselves 1n the more viscous

(and also denser) cold waters of the
arctic than in the less viscous warm
tropical waters.

TABLE 4

VISCOSITY OF WATER (In rullipoises at 1 atm)

Dissolved solids 1n g/L

Temp. 0 C 0 5 10 30
-10 26.0 -—-- ---- ----
-5 21,4 -—-- ---- —---

0 17,94 | 18,1 18.24 | 18B.7

5 15,19 | 15.3 15.5 16.0
10 13.10 13.2 13.4 13.8
30 8.00 8.1 8.2 8.6
100 2.84 | ---- ---- ----J

3 Surface tension has biological as well

as physical significance Organisms
whose body surfaces cannot be wet by
water can either ride on the surface filnr
or 1n some instances may be "trapped”
on the surface film and be unable to
re-enter the water

4

Incident solar radiation 1s the prime
source of energy for virtually all
organic and most inorganic processes
on earth, For the earth as a whole,
the total amount (of energy) received
annually must exactly balance that
lost by reflection and radiation into
space if climatic and related con-
ditions are to reman relatively
constant over geologic time,

a For a given body of water,
immediate sources of energy
include in addition to solar
irradiation: terrestrial heat,
transformation of kinetic energy
(wave and current action) to heat,
chemical and biochemical
reactions, conveciion from the
atmosphere, and condensation of
water vapor,

b The proportion of hhght reflected

depends on the angle of incidence,
the temperature, color, and other
qualities of the water. In general,
as the depth increases arithmet-
1cally, the light tends to decrease
geometrically. Blues, greens,
and yellows tend to penetrate most
deeply while ultra violet, violets,
and orange-reds are most quickly
absorbed. On the order of 90%

of the total 1llumination which
penetrates the surface film 1s
absorbed in the first 10 meters of
even the clearest water, thus
tending to warm the upper layers.

5 Water movements

a Waves or rhythmic movement

The best known are traveling
waves caused by wind, These are
effective only against objects near
the surface. They have little
effect on the movement of large
masses of water,

1-5
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Standing waves or seiches occur
in lakes, estuaries, and other
enclosed bodies of water, but are
seldom large enough to be
observed. An "internal wave or
seich" 1s an oseillation 1n a
submersed mass of water such

as a hypolimnion, accompanied

by compensating oscillation in the
overlying water such that no
significant change in surface level
1s detected, Shifts in submerged
water masses of this type can have
severe effects on the biota and
also on human water uses where
withdrawals are confined to a given
depth. Descriptions and analyses
of many other types and sub-types
of waves and wave-like movements
may be found in the literature,

Tides

Tides are the longest waves known
in the ocean, and are evident along
the coast by the rhythmic rise and
fall of the water. While part and
parcel of the same phenomenon, 1t
is often convenient to refer to the
rise and fall of the water level as
"f1de", and to the accompanying
currents as ''tidal currents"

Tides are basically caused by the
attraction of the sun and moon on
water masses, large and small,
however, 1t is only in the oceans
and certain of the larger lakes that

true tidal action has been demonstrated.

The patterns of tidal action are
enormously complicated by local
topography, interaction with seiches,
and other factors. The literature

on tides is very large,

Currents (except tidal currents)
are steady a rhythmic water
movements which have had major
study only in oceanography although
they are best known {rom rivers
and streams. They primarily are

concerned with the translocation of
water masses. They may be
generated internally by virtue of
density changes, or externally by
wind or terrestrial topography.
Turbulence phenomena or eddy
currents are largely responsible for
lateral mixing in a current, These
are of far more mmportance 1n the
economy of a body of water than
mere laminar flow,

Coriolis force is a result of inter-
action between the rotation of the
earth, and the movement of masses
or bodies on the earth, The net
result is a slight tendency for moving
objects to veer to the right in the
northern hemisphere, and to the
left in the southern hemigphere.
While the result in fresh waters is
usually negligible, it may be con-
siderable in marine waters, For
example, other factors permitting,
there is a tendencv in estuaries for
fresh waters to move toward the
ocean faster along the right bank,
while salt tidal waters tend to
intrude farther inland along the

left bank. Effects are even more
dramatic in the open oceans.

Langmur circulation (or L. spirals)
is the interlocking rotation of
somewhat cylindrical masses of
surface water under the influence

of wind action, The axes of the
cylinders are parallel to the
direction of the wind,

To somewhat oversimplify the
concept, a series of adjomning cells
might be thought of as chains of
interlocking gears 1n which at every
other contact the teeth are rising
while at the alternate contacts, they
are swnking (Figure 2).

The result 1s elongated masses of
waste rising or smking together.
This produces the familiar "wind
rows'' of foam, flotsam and jetsam,
or plankton often seen streaking
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windblown lakes or oceans. Certain
zoo-plankton struggling to maintain
a position near the surface of ten
collect 1n the down current between
two Langmulr cells, causing such
an area to be called the 'red dance",
while the clear upwelling water
between 1s the "blue dance'.

This phenomenon may be 1mportant
1in water or plankton sampling on
a windy day.

The pH of pure water has been deter-
mined between 5.7 and 7. 01 by various
workers. The latter value i1s most
widely accepted at the present time.
Natural waters of course vary widely
according to circumstances.

C The elements of hydrology mentioned

above represent a selection of some of
the more conspicuous physical factors
involved 1n working with water quality
Other items not specifically mentioned
1nclude: molecular structure of waters,
interaction of water and radiation,
internal pressure, acoustical charac-
teristics, pressure-volume-temperature
relationships, refractivity, luminescence,
color, dielectrical characteristics and
phenomena, solubility, action and inter-
actions of gases, liquids and solids,
water vapor, ices, phenomena of
hydrostatics and hydrodynamics in general.
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THE AQUATIC ENVIRONMENT

Part 2 The Aquatic Environment as an Ecosystem

I INTRODUCTION

Part 1 introduced the lithosphere and the
hydrosphere, Part 2 will deal with certain
general aspects of the biosphere, or the
sphere of life on this earth, which photo-
graphs from space have shown 1s a finite
globe 1n 1infinite space.

This is the habitat of man and the other
organisms, His relationships with the
aquatic biosphere are our common concern,

II THE BIOLOGICAL NATURE OF THE
WORLD WE LIVE IN

A We can only imagine what this world
must have been like before there was life.

B The world as we know 1t 1s largely shaped
by the forces of life.

1 Primtive forms of life created organic
matter and established so1l.,

2 Plants cover the lands and enormously
influence the forces of erosion.

3 The nature and rate of erosion affect
the redistribution of materials
(and mass) on the surface of the
earth (topographic changes),

4 Organisms tie up vast quantities of
certain chemicals, such as carbon
and oxygen.

5 Respiration of plants and animals
releases carbon dioxide to the
atmosphere 1 1nfluential quantities,

6 CO,_ affects the heat transmission of
the atmosphere,

C Organmisms respond to and 1n turn affect

their environment, Man 1s one of the
most influential,

BI. 21d.9,71

II1 ECOLOGY IS THE STUDY OF THE

INTERRELATIONSHIPS BETWEEN
ORGANISMS, AND BETWEEN ORGA -
NISMS AND THEIR ENVIRONMENT,

The ecosystem is the basic functional
unt of ecology. Any area of nature that
includes living organisms and nonliving
substances interacting to produce an
exchange of materials between the living
and nonliving parts constitutes and
ecosystem. (Odum, 1959)

1 From a structural standpoint, 1t is
convenient to recognize four
constituents as composing an
ecosystem (Figure 1),

a Abiotic NUTRIENT NUMERALS
which are the physical stuff of
which living protoplasm will be
synthesized.

b Autotrophic (self-nourishing) or
PRODUCER organisms, These
are largely the green plants
(holophytes), but other minor
groups must also be included
(See Figure 2). They assimilate
the nutrient minerals, by the use
of considerable energy, combine
them 1nto living organic substance,

¢ Heterotrophic (other-nourishing)
CONSUMERS (holozoic), are chiefly
the animals. They 1ngest (or eat)
and digest organic matter, releasing
considerable energy in the process.

d Heterotrophic REDUCERS are chiefly
bacterial and fungi that return
complex organic compounds back to
the original abiotic mineral condition,
thereby releasing the remaining
chemical energy.

2 From a functional standpoint, an

ecosystem has two parts (Figure 2)

1-9
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CONSUMERS

PRODUCERS REDUCERS

NUTRIENT
MINERALS

FIGURE 1

a The autotrophic or producer 2 Within the protista, two principal sub-
organisms, which construct groups can be defined on the basis of
organic substance. relative complexity of structure.

b The heterotrophic or consumer and a The bacteria and blue-green algae,
reducer organisms which destroy lacking a nuclear membrane may
organic substance, be considered as the lower protista

{or Monera).
3 Unless the autotrophic and hetero-

trophic phases of the cycle approximate b The single-celled algae and

a dynamic equilibrium, the ecosystem protozoa are best referred to as

and the environment will change, the higher protista.

B Each of these groups includes simple, C Distributed throughout these groups will
single-celled representatives, persisting be found most of the traditional "'phyla"
at lower levels on the evolutionary stems of classic biology.

of the higher organisms. (Figure 2)

1 These groups span the gaps between the IV FUNCTIONING OF THE ECOSYSTEM
higher kingdoms with a multitude of .
transitional forms. They are collectively A A food chain is the transfer of food energy
called the PROTISTA, from plants through a series of organisms
with repeated eating and being eaten,
Food chains are not isolated sequences hut
are mterconnected.
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RELATIONSHIPS BETWEEN FREE LIVING AQUATIC ORGANISMS

Energy Flows from Left to Right, General Evolutionary Sequence 1s Upward

PRODUCERS I CONSUMERS REDUCERS

o ic Material P b Orgamc Material [ngested or Organic Material Reduced
U:\%:ill; byapil;tosﬁoé—:c{%i Consumed by Extracellular Digestion
Digested Internally and Intracellular Metabolism
to Mineral Condition
ENERGY STORED ENERGY RELEASED ENERGY RELEASED
Flowering Plants and Arachnids Mammals
Gymnosgperms Bas:diomycetes
Insects Birds
Club Mosses, Ferns Crustaceans Reptiles
Segmented Worms Amphibians
Liverworts, Mosses Fungi Imperfecti
Molluscs Fishes
B
Multicellular Green ryozoa Pr'én}:;:‘:fates
Algae Rotifers
Ascomycetes
Roundworms Echinoderms
Red Algae Flatworms
Coelenterates
Higher Phycomycetes
Brown Algae Sponges
DEVELOPMENT OF MULTICELLULAR OR COENOCYTIC STRUCTURE
L] o
Protozoa
Unicellular Green Algae Lower
Amoeboid Cilhated
Diatoms Phycomycetes
Flagellated, Suctoria
Pigmented [lagellates (non-pigmented) (Chytridiales, et al )

DEVELOPMENT OF A NUCLLEAR MEMBRANE

LOWER PROTISTA
(

or Monera)

Blue Green Algae Actinomycetes
Spirochaetes
Phototropic Bacteria
Saprophytic
Bacterial

Chemotr opic Bacteria Types

FIGURE 2
Bl ECO pl 2a 1 69
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B A food web is the interlocking pattern of

food chains in an ecosystem,

(Figures 3, 4)

In complex natural communities, organisms
whose food is obtained by the same number
of steps are said to belong to the same
trophic (feeding) level.

C Trophic Levels

1

First - Green plants (producers)
(Figure 5) fix biochemical energy and
synthesize basic organic substances.

Second - Plant eating animals (herbivores)
depend on the producer organisms for
food.

Third - Primary carnivores, animals
which feed on herbivores.

Fourth - Secondary carnivores feed on
primary carnivores,

Last - Ultimate carnivores are the last
or ultimate level of consumers,

D Total Assimilation

The amount of energy which flows through
a trophic level is distributed between the
production of biomass and the demands of
respiration in a ratio of approximately
1:10, ¢

Trophic Structure of the Ecosystem

The interaction of the food chain
phenomena (with energy loss at each
transfer) results in various communities
having definite trophic structure or energy
levels. Trophic structure may be
measured and described either in terms
of the standing crop per unit area or in
terms of energy fixed per unit area per
unit time at successive trophic levels.
Trophic structure and function can be
shown graphically by means of ecological
pyramids (Figure 5).

Figure 3. Diagram of the pond ecosystem. Basic units are.

organic compounds; IIA, pi

nivores); 111-3, tertiary consumers (secondary carnivores); IV, decomposers—

follows: I, abiotic substances—basic inorganic and
ucers—rooted vegetation; IIB, producers—phytoplankton; III-1A, primary consumers
(berbivores)—bottom forms; II1-1B, primary consumers (herbivores)—zooplankton; I11-2, secondary consumers (car-

bacteria and fungi of decay.
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(CARYIVORES)

Figure 4. A MARINE ECOSYSTEM (After Clark, 1954 and Patten, 1966)
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Includes bacteria, algae, protozoca, and
other microscopic animals, and often the
young or embrycnic stages of algae and
other organisms that normally grow up

to become a part of the benthos (see below).
j Many planktonic types will also adhere
n (&) to surfaces as periphyton, and some
typical periphyton may break off and
be collected as plankters,

(a)

-

T Decomposers Carmvores (Secondarly
Carnivores (Prumary

Herbivores

Producers

I l C Benthos are the plants and amimals living
{c) on, 1, or closely associated with the

bottom. They 1nclude plants and
{

invertebrates.
M777 77T T T 1111

777777777777 T 7] D Nekton are the community of strong
aggressive swimmers of the open waters,

often called pellagic., Certain fishes,
whales, and invertebrates such as
shrimps and squids are included here,

Figure 5. HYPOTHETICAL PYRAMIDS of

(a) Numbers of individuals, (b) Biomass, and

(c) Energy (Shading Indicates Energy Loss). E The marsh community 1s based on
larger "mgher' plants, floating and
emergent. Both marine and freshwater
marshes are areas of enormous bio-
logical production.

V  BIOTIC COMMUNITIES
VI PRODUCTIVITY
A Plankton are the macroscopic and
microscopic animals, plants, bacteria, A The biological resultant of all physical
ete., floating free in the open water, and chemaical factors is the quantity of
Many clog filters, cause tastes, odors, life that may actually be present., The
and other troubles in water supplies. ability to produce this "biomass' 1s
Eggs and larvae of larger forms are often referred to as the "productivity”
often present. of a body of water., This is neither good
nor bad per se. A water of low pro-
ductivity 1s a ''poor'' water biologically,
and also a relatively ''pure'’ or 'clean"
water, hence desirable as a water supply
or a bathing beach. A productive water
on the other hand may be a nuisance to

1 Phytoplankton are plant-like. These
are the dominant producers of the
waters, fresh and salt, '"the grass
of the seas'.

2 Zooplankton are animal-like.
Includes many different animal types,
range 1n size from minute protozoa
to gigantic marine jellyfishes.

B Periphyton (or Aufwuchs) - The communities

of microscopic organisms associated with
submerged surfaces of any type or depth.

1-14

man or highly desirable, It 1s a nuisance
if foul odors and/or weed-chocked
waterways result, 1t 1s desirable if
bumper crops of bass, catfish, or
oysters are produced. QOpen oceans on
the other hand have a very low level of
productivity in general
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THE AQUATIC ENVIRONMENT

Part 3.

I INTRODUCTION

The freshwater environment as considered
herein refers to those inland waters not
detectably diluted by ocean waters, although
the lower portions of rivers are subject to
certain tidal flow effects,

Certain atypical inland waters such as saline
or alkaline lakes, springs, etc., are not
treated, as the main objective is typical
inland water.

All waters have certain basic biological cycles
and types of interactions most of which have
already been presented. Hence this outline
will concentrate on aspects egsentially
peculiar to fresh inland waters,

II PRESENT WATER QUALITY AS A
FUNCTION OF THE EVOLUTION OF
FRESH WATERS

A The history of a body of water determines
its present condition, Natural waters have
evolved 1n the course of geologic time
into what we know today.

B Streams

In the course of their evelution, streams
in general pass through four general
stages of development which may be
called. birth, youth, maturity, and old
age.

1 Establishment or birth. In an extant
stream, this might be a "'dry run" or
headwater stream-bed, before it had
eroded down to the level of ground
water,

2  Youthful streams, when the stream-
bed 1s eroded below the ground water
level, spring water enters and the
stream becomes permanent,

BI.21d,9.71

The Freshwater Environment

Mature streams, have wide valleys,
a developed flood plawn, deeper,
more turbid, and usually warmer
water, sand, mud, silt, or clay
bottom materials which shift with
increase in flow,

In old age, streams have approached
geologic base level. During flood
stage they scour their beds and deposit
materials on the flood plain which

may be very broad and flat. During
normal flow the channel is refilled

and many shifting bars are developed.
(Under the influence of man this
pattern may be broken up, or
temporarily interrupted. Thus an
essentially "youthful”" stream might
take on some of the characteristics

of a "mature'' stream following soil
eroswon, organic enrichment, and
increased surface runoff, Correction
of these conditions might likewise be
followed by at least a partial reversion
to the ""original" condition).

C Lakes and Reservoirs

Geological factors which significantly
affect the nature of either a stream or
lake include the following

1

The gecographical location of the
drainage basin or watershed,

The size and shape of the drainage
basin.

The general topography, 1.e.,
mountainous or plains,

The character of the bedrocks and
soils.

The character, amount, annual
distribution, and rate of precipitation,
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6 The natural vegetative cover of the b Filling wath detritus eroded from
land 1s of course responsible to many the shores or brought 1n by
of the above factors and is also tributary streams.
severely subject to the whims of
civilization, This 18 one of the major ¢ Filling by the accumulation of the
factors determining runoff versus remains of vegetable materials
soil absorption, etc. growing in the lake 1itself,

(Often two or three processes may
D Lakes have a developmental history which act concurrently)

somewhat parallels that of streams.

1 The method of formation greatly III PRODUCTIVITY IN FRESH WATERS
influences the character and sub-
sequent history of lakes, A Fresh waters in general and under
natural conditions by definition have a
2 Maturing or natural eutrophication of lesser supply of dissolved substances
lakes, than marine waters, and thus a lesser
basic potential for the growth of aquatic
a If not already present shoal areas organisms, By the same token, they
are developed through erosion of may be said to be more sensitive to the
the shore by wave action and addition of extraneous materials
undertow, (pollutants, nutrients, etc.) The
following notes are directed toward
b Currents produce bars across bays natural geological and other environ-
and thus cut off irregular areas. mental factors as they affect the

productivity of fresh waters,
¢ Silt brought 1n by tributary streams
settles out 1in the quiet lake water. B Factors Affecting Stream Productivity
(See Table 1)
d Rooted aquatic plants grow on
shoals and bars, and in doing so TABLE 1

cut off bays and contribute to the EFFECT OF SUBSTRATE ON STREAM
filling of the lake.

PRODUCTIVITY*
e Dissolved carbonates and other {The productivity of sand bottoms 1s
materials are precipitated in the taken as 1)
deeper portions of the lake 1n part
through the action of plants. Bottom Mlaterial Relative Producin ity
f When filling 1s well advanced, S\?::’l :
mats of sphagnum moss may extend Fine Gravel 8
outward from the shore. These g“‘"ﬂ and 5‘{' ;‘2‘
oarse grave
mats are followed by sedges and Moss on fine gravel ‘ B9
grasses which finally convert the Fissidens (moss) on coarse gravel 11
lake 1nto a marsh Ranunculus (water buttercup) 194
* Watercress 301
dAnacharis (waterweed) 452

3 Extinction of lakes, After lakes reach
maturity, their progress toward
filling up 1s accelerated. They become
extinct through

~Selected from Tarzwell 1937

To be productive of aquatic life, a
stream must provide adequate nutrients,
light, a suitable temperature, and time
for growth to take place.

a The downcutting of the outlet.
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1

Youthful streams, especially on rock
or sand substrates are low 1n essential
nutrients, Temperatures in moun-
tainous regions are usually low, and
due to the steep gradient, time for
growth 1s short. Although ample

light 1s available, growth of true
plankton 1s thus greatly limited.

As the stream flows toward a more
"mature" condition, nutrients tend to
accumulate, and gradient dimimishes
and so time of flow increases, tem-
perature tends to increase, and
plankton flourish.

Should a heavy load of mert s1lt
develop on the other hand, the
turbidity would reduce the light
penetration and consequently the
general plankton production would
diminish,

As the stream approaches base level
(old age) and the time available for
plankton growth increases, the
balance between turbidity, nutrient
levels, and temperature and other
seasonal conditions, determines the
overall productivity,

C Factors Affecting the Productivity of
Lakes

1

The size, shape, and depth of the lake
basin. Shallow water 1s more pro-
ductive than deeper water since more
light will reach the bottom to stimulate
rooted plant growth, As a corollary,
lakes with more shoreline, having
more shallow water, are in general
more productive. Broad shallow lakes
and reservolrs have the greatest
production potential (and hence should
be avoided for water supplies).

Hard waters are generally more
productive than soft waters as there
are more plant nutrient minerals
avallable, This 1s often greatly 1n-
fluenced by the character of the soil
and rocks 1n the watershed and the
quality and quantity of ground water

entermg the lake. In general, pH
ranges of 6.8 to 8,2 appear to be
most productive,

TABLE 2

EFFECT OF SUBSTRATE
ON LAKE PRODUCTIVITY *

{The productivity of sand bottoms 1s taken as 1)

Bottom Material

Relative Productivity

Sand

Pebbles

Clay

Flat rubble
Block rubble
Shelving rock

] = (D 00 s =

3

*Selected from Tarzwell 1937

3

Turbidity reduces productivity as
Iight penetration 1s reduced.

The presence or absence of thermal
stratification with 1ts sem:-annual
turnovers affects productivity by
distributing nutrients throughout the
water mass.

Clhimate, temperature, prevalence of
1ice and snow, are also of course
important.

D Factors Affecting the Productivity of
Reservoirs

1

The productivity of reservoirs 1s
governed by much the same principles
as that of lakes, with the difference
that the water level 1s much more
under the control of man Fluctuations
1n water level can be used to de-
liberately increase or decrease
productivity. This can be
demonstrated by a comparison of

the TVA reservoirs which practice

a summer drawdown with some of
those 1n the west where a winter
drawdown 1s the rule.

The level at which water 1s removed

from a reservoir 1s important to the
productivity of the stream below

1-18
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The hypolimnion may be anaerobic
while the epilimnion 1s aerobic, for
example, or the epilimnion 1s poor 1n
nutrients while the hypolimnion is
relatively rich,

Reservolr discharges also profoundly
affect the DO, temperature, and
turbidity in the stream below a dam,
Too much fluctuation i flow may
permit sections of the stream to dry,
or provide inadequate dilution for
toxic waste.

VII CLASSIFICATION OF LAKES AND
RESERVOIRS

A The productivity of lakes and impound-
ments is such a conspicuous feature that
it 1s often used as a convement means of

classification.
1 Ohgotrophic lakes are the younger,

less productive lakes, which are deep,
have clear water, and usually support

Salmonoid fishes 1n their deeper waters.

Eutrophic lakes are more mature,
more turbid, and richer They are
usually shallower They are richer
1n dissolved solids, N, P, and Ca are
abundant. Plankton 15 abundant and
there 1s often a rich bottom fauna.

Dystrophic lakes, such as bog lakes,
are low in pH, water yellow to brown,
dissolved sohds, N, P, and Ca scanty
but humic materials abundant, bottom
fauna and plankton poor, and fish
species are hmited.

B Reservoirs may also be classified as
storage and run of the river.

1
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Storage reservoirs have a large
volume 1n reilation to their inflow.

Run of the river reservolrs have a
large flow-through in relation to their
storage value,

VIIL

According to location, lakes and
reservoirs may be classified as polar,
temperate, or tropical,
climatic and geographic conditions
result in differences in their biology.

Dfferences in

SUMMARY

A body of water such as a lake, stream,
or estuary represents an intricately
balanced system in a state of dynamic
equilibrium. Modification imposed at
one point in the system automatically
results in compensatory adjustments at
associated points,

The more thorough our knowledge of the
entire system, the better we can judge
where to impose control measures to
achieve a desired result.
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THE AQUATIC ENVIRONMENT

Part 4. The Marine Environment and its Role in the Total Aquatic Environment

INTRODUCTION

A The marine environment is arbitrarily

defined as the water mass extending
beyond the continental land masses,
including the plants and animals harbored
within, This water mass is large and
deep, covering about 70 percent of the
earth's surface and being as deep as

7 miles. The salt content averages

about 35 parts per thousand., Lafe extends
to all depths.

The general nature of the water cycle on
earth 15 well known, Because the rel-
atively large surface area of the earth

is covered with water, roughly 70 percent
of the earth's rainfall is on the seas.
(Figure 1)

Pigure 1. THE VATER CICLE

Since roughly one third of the earth's
rain which falls on the land 1s again
recycled through the stratosphere

(see Figure 1 again), the total amount

of water washing over the earth's surface
1s significantly greater than one third of
the total world rainfall. It 1s thus not
surprising to note that the rivers which
finally empty into the sea carry a con-
siderable burden of dissolved and
suspended solids picked up from the land.
This is the substance of geological
erosion.(Table 1)

TABLE 1

PERCENTAGE COMPOSITION OF THE MAJOR IONS
OF TWO STREAMS AND SEA WATER

(Data from Clark, F.W., 1824, "The Composition of River
and Lake Waters of the United States”, U.S. Geol. Surv.,
Prof. Paper No. 135, Harvey, H.W., 1957, "The Chemistry
and Fertility of Sea Waters', Cambridge University Press,
Cambridge)

Delaware River Rio Grande
Ion at at Sea Water
Lambertville, N.J. Laredo, Texas
Na 6 70 14,78 30 4
K 1.486 85 1.1
Ca 17.49 ! 13.73 1.16
Mg 4 81 3.03 37
Cl 423 21 65 55 2 {
SO4 17 49 i 30.10 77,
co, 32,95 ! 11.55 FHCO, © 35,
e 1

C For this presentation, the marine
environment will be (1) described using
an ecological approach, (2) characterized
ecologically by comparing it with fresh-
water and estuarine environments, and
(3) considered as a functional ecological
system (ecosystem).

II FRESHWATER, ESTUARINE, AND

MARINE ENVIRONMENTS

Distinct differences are found 1n physical,
chemical, and biotic factors in going from
a freshwater to an oceanic environment.

In general, environmental factors are more
constant 1n freshwater (river) and oceanic
environments when compared to the highly
variable and harsh environments of estuarine
and coastal waters,

A Physical and Chemical Factors
(Figure 2)

1 Rivers
2 Estuary and coastal waters

3 Oceans
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Degree of 1nstability A
\ vail-
Type of environment Water Vertical abilit
and gencral direction Salimity Temperature strati- Y Turbidity
elevation of
of water movement fication
nutr:ents
{degree)
Riverine | i L S .
L ) . T
Oceanic + L a - u n n
Figurc2 . RELATIVE VALUES OF VARIOUS PHYSICAL AND CHEMICAL FACTORS

FOR RIVER, ESTUARINE, AND OCEANIC ENVIRONMENTS

B Biotic Factors C Zones of the Sea
The nearshore environment 1s often
classified 1n relation to tide level and
water depth, The nearshore and oceanic
regions together are often classified in
relation to light penetration and water

1 A complex of physical and chemical
factors determine the biotic composi-
tion of an environment, In general,
the number of species 1n a highly
variable environment tends to be less

than the number in a more stable depth.
environment (Hedgpeth, 1966).
2 The dominant ammal species (in 1 Neritic - Relatively shallow-water

terms of total biomass) which occur
1n estuaries are often transient,
spending only a part of their lives 1n
the estuaries, This results in better
utilazation of a rich environment.

zone which extends from the high-
tide mark to the edge of the
continental shelf. (Figure 3)
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Primary subdivisions of the marine habitat.

Figure 3.

Stability of physical factors 1s
intermediate between estuarine
and oceanic environments,

Phytoplankters are the dominant
producers but in some locations
attached algae are also important
as producers.

The animal consumers are
zooplankton, nekton, and benthic
forms.

2 Oceanic - The region of the ocean
beyond the continental shelf. Divided
into three parts, all relatively
poorly populated compared to the
neritic zone.

a

Euphotic zone - Waters into which
sunlight penetrates (often to the
bottom in the neritic zone), The
zone of basic productivity. Often
extends to 600 feet below the
surface.

1-25

C

1) Physical factors fluctuate
less than in the neritic zone.

2) Producers are the phyto-
plankton and consumers are
the zooplankton and nekton.

Bathzal zone - From the bottom
of the euphotic zone to about
6, 000 feet.

1) Physical factors relatively
constant but laght 1s absent.

2) Producers are absent and
consumers are scarce.

Abyssal zone - All the sea below
the bathyal zone,

1} Physical factors more con-
stant than in bathyal zone.

2) Producers absent and
consumers not as abundant
as 1n the bathyal zone.
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oI SEA WATER AND THE BODY FLUIDS

A Sea water 1s a most suitable environment

for living cells, because it contains all
of the chemical elements essential to the
growth and maintenance of plants and
animals. The ratio and often the con~
centration of the major salts of sea water
are strikingly similar in the cytoplasma
and body fluids of marine organisms.
This similarity is also evident, although
modified somewhat in the body fluids of
both fresh water and terrestrial animals.
For example, sea water may be used in
emergencies as a substitute for blood
plasma in man.

Since marine organisms have an internal
salt content similar to that of their
surrounding medium (isotonic condition)
osmoregulation poses no problem. On the
other hand, fresh water orgamsms are
hypertonic (osmotic pressure of body
fluids is higher than that of the surround-
ing water). Hence, fresh water animals
must constantly expend more energy to
keep water out (i.e., high osmotic
pressure fluids contain more salts, the
action being then to dilute this concen-
tration with more water).

1 Generally, marine invertebrates are
narrowly poikilosmotic, 1.e., the salt
concentrafion of the body fluids changes
with that of the external medium, This
has special significance in estuarine
situations where salt concentrations
of the water often vary considerably
in short periods of time,

2 Marine bony fish (teleosts) have lower
salt content internally than externally
(hypotonic). In order to prevent
dehydration, water is ingested and salts
are excreted through special cells in
the glls.

1-26
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Fresh Water
Stenohaline

FACTORS AFFECTING THE DISTRI-
BUTION OF MARINE ORGANISMS

Salinity - The concentration of salts 18
not the same everywhere in the sea; 1n
the open ocean salimty is much less
variable than in the ever changing
estuary or coastal water, Organisms
have different tolerances to salimity
which Iimit their distribution. The
distributions may be in large water
masses, such as the Gulf Stream,
Sargasso Sea, etc., or in bays and
estuaries,

1 In general, animals in the estuarine
environment are able to withstand
large and rapid changes in salinity
and temperature. These animals are
classified as

a Euryhaline ("eury' meanmng wide) -
wide tolerance to salimity changes.

<>

Marine
Stenohaline

0

Salimity ca. 35

Figure 4. Salimty Tolerance of Organisms

b Eurythermal - wide tolerance to
temperature changes.
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SNAILS

Littorina neritoides
L. rudis

I.. obtusata

L. littorea

BARNACLES

O oo

Chthamalus stellatus
Balanus balanoides
B. perforatus

60

Zonation of plants, snails,

: 5’
7 ' IS '.,""‘L*\_ )
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Figure 5

and barnacles on a rocky shore., While

this diagram is based on the situation on the southwest coast of
England, the general idea of zonation may be applied to any temper-
ate rocky ocean shore, though the species will differ. The gray
zone consists largely of lichens, At the left is the zonation of rocks
with exposure too extreme to support algae; at the right, on a less
exposed situation, the animals are mostly obscured by the algae.
Figures at the right hand margin refer to the percent of time that
the zone is exposed to the air, i.e., the time that the tide is out.
Three major zones can be recognized: the Littorina zone (above the
gray zone); the Balanoid zone (between the gray zone and the

laminarias);

and the Laminaria zone. a. Pelvetia canaliculata;

b. Fucus spiralis; c. Ascophyllum nodosum; d. Fucus serratus;

e. Laminaria digitata. (Based on Stephenson)
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2 In general, animals 1n river and
oceanic environments cannot withstand
large and rapid changes in sahnity and
temperature, These animals are
classified as

a Stenohaline {"steno' meaning narrow) -
narrow tolerance to salinity changes.

b Stenothernal - narrow tolerance to
temperature changes.

3 Among euryhaline animals, those living
in lowered salinities often have a
smaller maximum size than those of
the same species living in more saline
waters. For example, the lamprey
(Petromyzon marinus) attains a length
of 30 - 36" in the sea, while in the
Great Lakes the length 1s 18 - 24",

4 Usually the larvae of marine organisms
are more sensitive to changes in salinity
than are the adults This character-
istic limits both the distribution and
si1ze of populations.

B Tides

Tidal fluctuation is a phenomenon unique
to the seas (with minor exceptions). It is
a twice daily rise and fall in the sea level
caused by the complicated interaction of
many factors including sun, moon, and the
daily rotation of the earth. Tidal heights
vary from day to day and place to place,
and are often accentuated by local
meteorological conditions. The rise and
fall may range from a few inches or less
to fifty feet or more.

V FACTORS AFFECTING THE
PRODUCTIVITY OF THE MARINE
ENVIRONMENT

The sea 15 1n continuous circulation, With-
out circulation, nutrients of the ocean would
eventually become a part of the bottom and
biomass production would cease. Generally,
in all oceans there exi1sts a warm surface
layer which overlies the colder water and
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forms a two-layer system of persistent
stability. Nutrient concentration is usually
greatest in the lower zone., Wherever a
maxing or disturbance of these two layers
occurs, biomass production 1s greatest,
Factors causing this breakup are, therefore,
of utmost importance concerning productivaty.
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THE AQUATIC ENVIRONMENT
Part 5: Tidal Marshes

INTRODUCTION: The Marsh and the
Estuary

"There is no other case in nature, save
1n the coral reefs, where the adjustment
of organic relations to physical condition
15 seen in such a beautiful way as the
balance between the growing marshes
and the tidal streams by which they are
at once nourished and worn away. "
(Shaler, 1886)

Estuarine pollution studies are usually
devoted to the dynamaics of the circulating
water, its chemical, physical, and
biological parameters, bottom deposits, etc.

It is easy to overlook the intimate relation-
whips which exist between the bordering
marshland, the moving waters, the tidal
flats, subtidal deposition, and seston
whether of local, oceanic, or riverine
origin,

The tidal marsh (some 1nland areas also
have salt marshes) is generally considered
to be the margmal areas of estuaries and
coasts 1n the intertidal zone which are
dominated by emergent vegetation., They
generally extend inland to the farthest
point reached by the spring tides, where
they merge into freshwater swamps and
marshes (Figure 1). They may range in
width from nonexistent on rocky coasts to:
many kilometers.

MARSH ORIGINS AND STRUCTURES

In general, marsh substrates are high in
organic content, relatively low in minerals
and trace elements, The upper layers
bound together with living roots called
turf, underlaid by more compacted peat
type material,
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1 Rising or eroding coastlines may
expose peat from ancient marsh
growth to wave action which cuts
into the soft peat rapidly (Figure 2).
Such banks are likely to be cliff-like,
and are often undercut. Chunks of
peat are often found lying about on
harder substrate below high tide line.
If face of cliff is well above high water,
overlying vegetation 1s likely to be
typically terrestrial of the area,
Marsh type vegetation is probably
absent.

2 Low lying deltaic, or sinking coast-

lines, or those with low energy wave
action are lhikely to have active marsh
formation 1n progress (Figure 3).
Sand dunes are also common 1n such
areas (Figure 4). General coastal
configuration is a factor,

a Rugged or precipitous coasts or
slowly rising coasts, typically
exhibit narrow shelves, sea cliffs,
fjords, massive beaches, and
relatively less marsh area (Figure 5).
An Alaskan fjord subject to recent
catastrophic subsidence and rapid
deposition of glacial flour shows
evidence of the recent encroachment
of saline waters 1n the presence of
recently buried trees and other
terrestrial vegetation, expcsure
of layers of salt marsh peat along
the edges of channels, and a poorly
compacted young marsh turf developing
at the new high water level (Faigure 6).

b Low lywing coastal plains tend to be
fringed by barrier i1slands, broad
estuaries and deltas, and broad
associated marshlands (Figure 7, 14),
Deep tidal channels fan out through
innumerable branching and often
interconnecting rivulets. The
intervening grassy plains are
essentially at mean high tide level.
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Figure 3. Effects of deltaic subsidence
during distributary system abandonment

¢ Tropical and subtropical regions
such as Florida, the Gulf Coast,
and Central America, are frequented
by mangrove swamps. This unique
type of growth is able to establish
itself in shallow water and move out
into progressively deeper areas
(Figure 8). The strong deeply
embedded roots enable the mangrove
to resist considerable wave action
at times, and the tangle of roots =
quickly accumulates a deep layer of
organic sediment. Mangroves are
often considered to be effective as

land builders. When fully developed,
a mangrove swamp is an impene-
trable thicket of roots over the tidal
flat affording shelter to a sort of
semi-aquatic organism such as
various molluscs and crustaceans,
and providing access from the
nearby land to predaceous birds,
reptiles and mammals,

Mangroves are not restricted to
estuaries, but may develop out into
shallow oceanic lagoons, or upstream
into relatively fresh waters.

III PRODUCTIVITY OF MARSHES

A Measuring the productivity of grasslands

is not easy, because grass is seldom used
directly as such by man. It is thus
usually expressed as production of meat,
milk, or in the case of salt marshes, the
total crop of animals that obtain food per
unit of area, The primary producer in a
tidal marsh is the marsh grass, but very
little of it is used as grass. (Table 1)

The actual nutritional analysis of several
marsh grasses as compared to dry land
bay is shown in Table 2. A study of the
yield of Juncus per square meter in a
North Carolina marsh is shown in Figure 9.

The actual utilization of marsh grass is
accomplished primarily by its decom-
position and ingestion by micro flora and
fauna. A small quantity of seeds and
solids is probably consumed directly by
birds (Figure 10).

1 The quantity of micro invertebrates which
thrive on this wealth of decaying marsh
hay has not been estimated, nor has the
actual production of small fishes such
as the (sp minnows (Fundulus) which
swarm in at high tide, or the mud
snails (Nassa) and others. Many forms
of oceanic life migrate into the estuaries,
especially the marsh areas, for impor-
tant portions of their life histories as
has been mentioned elsewhere (Figure 11).
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Figure 4

Development of a Massachusetts Marsh since 1300 BC, involving an
18 foot rise in water level. Shaded area indicates sand dunes. Note
meandering marsh tidal drainage. A: 1300 BC, B: 1950 AD,
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Figure 5. A River Mouth on a Slowly Rising Coast. Note absence
of deltaic development and relatively little marshland,
although mud flats stippled are extensive.

2 An indirect approach in Rhode Island

revealed in a single August day on a
relatively small marsh area, between
700 and 1000 wild birds of 12 species,
ranging from 100 least sandpipers to
uncountable numbers of seagulls. One
food requirement estimate for three-
pound poultry in the confined inactivity
of a poultry yard is approximately one
ounce per pound of bird per day.
One-hundred (100) black bellied plovers
at approximately ten (10) ounces each
would weigh on the order of sixty (60)
pounds, At the same rate of food
.consumption, this would indicate nearly

four (4) pounds of food required for
this species alone. The much
greater activity of the wild birds
would obviously greatly increase their
food requirements, as would their
relatively smaller size.

Considering the range of foods con-
sumed, the sizes of the birds, and the
fact that at certain seasons, thousands
of migrating ducks and others pause

to feed here, the enormous productivity
of such a marsh can be better under-
stood.
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Figure 6. Some general relationships in a northern fjord with a rising water level. 1, mean low

water, 2. maximum high tide,

3. Bedrock, 4. Glacial flour to depths in excess of

400 meters, 5. Shifting flats and channels, 6. Channel against bedrock, 7. Buried
terrestrial vegetation, 8, Outcroppings of salt marsh peat.
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Figure 7. -A Coastal Plain Marsh
in India subject to a high
tidal range.
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TABLE 1. General Orders of Magnitude of Gross Primary Productivity 1n Terms
of Dry Weight of Organic Matter Fixed Annually

2
gms/M" [year
Ecosystem (grams/square meters/year) Ibs/acre/year
Land deserts, deep oceans Tens Hundreds
Grasslands, forests, cutrophic Hundreds Thousands
lakes, ordinary agriculture
Estuaries, deltas, coral reefs, Thousands Ten-thousands

intensive agriculture (sugar
cane, rice)

TABLE 2. Analyses of Some Tidal Marsh Grasses

T/A Percentage Composiion
Dry Wt Protein Fat Fiber Water Ash N-free Extract
Distichlis spucata (pure siand, dry)

28 53 17 324 82 67 455
Shart Spartina altermflora and Salicorma curopaea (in standing water)

12 77 25 311 88 120 377
Sparting altermiflora (all, pure stand 1n standing water)

35 76 20 290 83 155 373
Sparting patens nere stand, dry)

32 f 0 /2 300 a1 90 45
Sparting altermflony and Sparting patens (mexed stand, wet)

14 iR} 1Y 08 81 104 428
Sprartma aftermflors (shorl, wet)

22 48 24 304 87 133 363

Comparable Analyses for Hay

1t (R} 20 Ih 2 67 42 449
Jrwd ot 130 47 5 04 99 WS

Analyses performed by Roland W, Gilbert, Department
of Agricultural Chemistry, U.R.I
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Figure 9. Standing crop of Juncus.
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values, broken line represents seasonal cycle calculated
on the bagis of an assumed constant total biomass.
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Figure 10. The nutritive composition of
successive stages of decomposition of
Spartina marsh grass, showing increase
in protein and decrease in carbohydrate
with increasing age and decreasing size

of detritus particles.
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Figure 11. Diagram of the life cycle
of white shrimp (after Anderson and
Lunz 1965),
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Figure 12, Some Common Marsh Birds
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SIGNIFICANCE OF "LIMITING FACTORS" TO POPULATION VARIATION

I INTRODUCTION

A All aquatic organisms do not react uniformly
to the various chemical, physical and
biological features in their environment
Through normal evolutionary processes
various organisms have become adapted
to certain combinations of environmental
conditions. The successful development
and maintenance of a population or community
depend upon harmonious ecological balance
between environmental conditions and
tolerance of the organisms to variations
in one or more of these conditions.

B A factor whose presence or absence exerts
some restraining influence upon a population
through mcompatibility with species
requirements or tolerance 1s said to be a
Iimiting factor. The principle of limiting
factors 1s one of the major aspects of the
environmental control of aquatic organisms
(Figure 1).

II PRINCIPLE OF LIMITING FACTORS

This principle rests essentially upon two basic
concepts. One of these relates organisms to
the environmental supply of materials essential
for their growth and development The second
pertains to the tolerance which organisms
exhibit toward environmental conditions.

IIUNLIMIT!D GROWTH

/ _ _DECREASE IN
/ » 77 TATMTTATIOMNS
/ e
/7 o EQUILIBRIUM WITH
/ BN ENVIRONMENT

A Y
W~ o _INCREASE IN

\, _ TIMTTATIONS
‘POPULATION DECLINE

POPULATION GROWTH

—_——
TIME

Figure 1 The relationships of limiting factors
to population growth and development
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RELATIVE ABUNDANCE

Liebig's Law of the Minimum enunciates
the first basic concept In order for an
organism to mnhabit a particular environ-
ment, specified levels of the materials
necessary for growth and development
(nutrients, respiratory gases, etc.) must
be present. If one of these materials 1s
absent from the environment or present
in minimal quantities, a given species
will only survive in limited numbers, 1if
at all (Figure 2).

OPTIMUM

~—Extinction

CRITICAL RANGE )
W — MAGNITUDE OF FACTOR — HIG'H

O=— p—Extinction

—

Figure 2. Relationships of environmental

factors andthe abundance of organisms.

1 The subsidiary principle of factor
interaction states that high concentration
or avallability of some substance, or
the action of some factor in the environ-
ment, may modify utilization of the
minimum one. For example

a The uptake of phosphorus by the
algae Nitzchia closterium is influenced
by the relative quantities of nitrate
and phosphate 1n the environment;
however, nitrate utilization appears
to be unaffected by the phosphate
(Rexd, 1961),

b The assimilation of some algae 1s
closely related to temperature.

¢ The rate of oxygen utilization by fish

may be affected by many other sub-
stances or factors in the environment.
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d Where strontium 1s abundant, mollusks
are able to substitute it, to a partial
extent, for calcium 1n their shells
(Odum, 1959).

2 If a material 1s present 1n large amounts,
but only a small amount 1s available for
use by the orcanism, the amount available
and not the total amount present deter-
mines whether or not the particular
material 1s imiting {(calcium 1n the form
of CaCOS).

B Shelford pownted out in lus Law of Tolerance
that there are maximum as well as minimum
values of most environmental factors which
can be tolerated Absence or failure of an
organism can be controlled by the deficiency
or excess of any factor which may approach
the luimits of tolerance for that orgamsm
(Figure 3).

Minimum Lamst of Range of Optimum Maximum Limlt of
Toleration of Factors Toleration
Absent Decreasing Greatest Abundance Decreasing Abgent
Abundance Abundance

RELATIVE ABUNDANCE

CONCENTRATION

Figure 4. Relationship of purely harmful

factors and the abundance of
organisms.,

3 Tolerance to environmental factors
varies widely among aquatic organisms.

a

Figure 3. Shelford's Law of Tolerance.

1 Orgamisms have an ecological mmnimum
and maximum for each environmental
factor with a range in between called
the critical range which represents the
range of tolerance (Figure 2). The
actual range thru which an organism can
grow, develop and reproduce normally
15 usually much smaller than 1ts total
range of tolerance.

2 Purely deleterious factors (heavy metals,

pesticides, etc.) have a maximum
tolerable value, but no optimum (Figure 4),
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A species may exhibit a wide range
of tolerance toward one factor and a
narrow range toward another. Trout,
for instance, have a wide range of
tolerance for salimity and a narrow
range for temperature.

All stages in the life history of an
organism do not necessarily have the
same ranges of tolerance. The
period of reproduction 1s a critical
time in the life cycle of most
organisms,

The range of tolerance toward one
factor may be modified by another
factor. The toxicity of most sub-
stances increases as the temperature
increases.

The range of tolerance toward a given
factor may vary geographically within
the same species. Organisms that
adjust to local conditions are called

ecotypes.
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RELATIVE ABUNDANCE

e The range of tolerance toward a given

factor may vary seasonally. In general

organisms tend to be more sensitive
to environmental changes 1n summer
than in other seasons. This 1s
primarily due to the higher summer
temperatures.

A wide range of distribution of a speciles
1s usually the result of a wide range of
tolerances. Organisms with a wide
range of tolerance for all factors are
likely to be the most widely distributed,
although their growth rate may vary
greatly. A one-year old carp, for
instance, may vary in size from less
than an ounce to more than a pound
depending on the habatat,

To express the relative degree of
tolerance for a particular environmental
factor the prefix eury (wide) or steno
(narrow) 1s added to a term for that
feature (Figure 5).

STENOTHERMAL STENOTHERMAL
{OUGOTHERMA L) EURYTHERMAL (o6 1 yTiERMAL)

—————
TEMPERATURE

Figure 5. Comparison of relative limits of

tolerance of stenothermal and
eurythermal organisms,

C The law of the minimum as 1t pertains to

I

factors affecting metabolism, and the law
of tolerance as 1t relates to density and
distribution, can be combined to form a
broad principle of himiting factors.

1 The abundance, distribution, activity
and growth of a population are deter-
mined by a combination of factors, any
one of which may through scarcity or
overabundance be limiting.

2 The artificial introduction of various
substances i1nto the environment tends
to eliminate limiting mimimums for
some specles and create intolerable
maximums for others.

3 The biological productivity of any body
of water 1s the end result of interaction
of the organisms present with the
surrounding environment,

VALUE AND USE OF THE PRINCIPLE OF
LIMITING FACTORS

The orgamism-environment relationship

1s apt to be so complex that not all factors
are of equal importance 1n a given situation;
some links of the chain guiding the organmism
are weaker than others. Understanding

the broad principle of Iimiting factors and
the subsidiary principles involved make

the task of ferreting out the weak link in

a given situation much easier and possibly
less time consuming and expensive,

1 If an orgamism has a wide range of
tolerance for a factor which 1s
relatively constant in the environment
that factor 1s not likely to be limiting.
The factor cannot be completely
eliminated from consideration, however,
because of factor interaction.

2 If an organism 1s known to have narrow
limits of tolerance for a factor which 1s
also variable in the environment, that
factor merits careful study since 1t
might be limiting.

2-3
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B Because of the complexity of the aquatic
environment, it is not always easy to
1solate the factor in the environment that
is limiting a particular population,
Premature conclusions may result from
limited observations of a particular
situations. Many important factors may
be overlooked unless a sufficiently long
period of time 1s covered to permit the
factors to fluctuate within their ranges of
possible variation. Much time and money
may be wasted on control measures without
the real limiting factor ever being dis-
covered or the situation being improved.

C Knowledge of the principle of limiting
factors may be used to limit the number
of parameters that need to be measured or
observed for a particular study. Not all
of the numerous physical, chemacal and
bilological parameters need to be measured
or observed for each study undertaken,
The aims of a pollution survey are not to
make and observe long lists of possible
limiting factors but to discover which
factors are significant, how they bring
about their effects, the source or sources
of the problem, and what control measures
should be taken.
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D Specific factors in the aquatic environment
determine rather precisely what kinds of
organisms will be present in a particular
area. Therefore, organisms present or
abgent can be used to indicate environ-
mental conditions. The diversity of
organisms provides a better indication of
environmental conditions than does any
gsingle species. Strong physio-chemical
limiting factors tend to reduce the diversaty
within a community; more tolerant species
are then able to undergo population growth,
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THE SYSTEM OF BIOLOGICAL CLASSIFICATION

I INTRODUCTION

There are few major groups of orgamsms
that are either exclusively terrestrial or
generally aquatic. The following remarks
apply to both, however, primary attention
will be directed to aquatic types.

II CLASSIFICATION

One of the first questions usually posed
about an organism seen for the first time

1s "what 1s 1t? " usually meaning, ''what 1s
1its name?" The naming or classification of
biological organisms 1s a science 1n 1tself
(taxonomy). Some of the principles involved
need to be understood by anyone working
with organisms however.

A Names are the "key number", "code
designation', or "file references'' which
we must have to find information about
an unknown organism,

B Why are they so long and why must they
be 1n Latin and Greek®? File references
1n large systems have to be long 1n order
to designate the many divisions and sub-
divisions. There are over a million and
a half items {or species) included 1n the
system of biological nomenclature (very
few libraries have as many as a million
books to classify).

C Common names are rarely available for
most invertebrates and algae. Exceptions
to this are common among the molluscs,
many of which have common names which
are fairly standard for the same specles
throughout 1ts range, This may be due
to their status as a commercial harvest
or to the activities of devoted groups of
amateur collectors. Certain scientific
societies have also assigned "off:cial”
common names to particular species,
for example, aquatic weeds - American
Weed Society, fish - American Fisheries

BI.AQ.15c. 7,69

Society, amphibians (salamanders and
frogs) - American Soclety of
Ichthyologists and Herpetologists.

D The system of biological nomenclature
1s regulated by 1international congresses.

1 It 1s based on a system of groups and
super groups, of which the foundation
{which actually exists 1n nature) 1s

the species.

2 The taxa (categories) employed are
as follows

The specties 1s the foundation
(plural species)

Similar species are grouped into
genera (singular- genus).

Similar genera are grouped 1nto
families.

Similar families are grouped into
orders.

Similar orders are grouped 1nto
classes,

Similar classes are grouped mnto

phyla (phylum).

Similar phyla are grouped into

kmgdoms.

Other categories such as sub-species,
variety,strain, division, tribe, etc.
are employed 1n special circumstances.

D The scientific name of an organism 1s 1ts
generic name plus its species name,
This 15 analogous to our system of
surnames (family names) and given
names (Christian names).

I The generic (genus) name 1s always
capitalized and the species name
written with a small letter. They

3-1
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should also be underlined or printed
in 1talics when used in a techmeal
sense, For example:

Homo sapiens - (=sentiensg) modern man

Homo heidelbergensis - heidelberg man

Homo neanderthalis - neanderthal man

Oncorhynchus gorbuscha - pink salmon

Oncorhynchus kisutch - coho salmon

Oncorhynchus tshawytscha - chinocok
salmon

Common names do not exist for most
of the smaller and less famihar
organisms. For example, if we wish
to refer to members of the genus
Gomphonema (a diatom) we must
simply use the generic name, and:

Gomphonema olivaceum

Gomphonema parvulum

Gomphonema abbreviatum

three distinct species which nave
different significances to algologists
interpreting water quality

A complete list of the various
categories to which an organism
belongs 1s known as 1its ‘'classification’
For example, the classification of a
type of diatom and a midge larva or
"bloodworm" are shown side by side
below Their scientific names are
Gomphonema olivaceum and Chironomus

riparius,

a Examples of the Classification of
an animal and a plant:

Kingdom Plantae Animaha
Phylum Chrysophyta Arthropoda
Class Bacillariophyceae Insecta
Order Pennales Diptera
Famuly Gomphonemaceae Chironomida
Genus Gomphonema Chironomus
Species olivaceum riparius

b These seven basic levels of
organization are often not enough
for the complete designation of
one specles among thousands,
however, and so additional
echelons of terms are provided
by grouping the various categories

into "super...' groups and sub-
dividing them into ''sub...' groups
as

Superorder, Order, Suborder, etc.,
Still other category names such

as "'tribe", "division”,"variety',
"race', "section’, etc., are used
on occasion.

¢ Additional accuracy is gained by
citing the name of the authority
who first described a species
(and the date) immediately
following the species name.
Authors are also often cited for
genera or other groups.
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d A wmore complete classification of

the above midge, follows:

Kingdom Animalia
Superphylum Anneld
Phylum Arthropoda
Class Insecta

Order Diptera

Suborder Nematocera
Family Chironomidae
Subfamily Chironominae
Tribe Chironomini
Genus Chironomus

Species riparius Meigen 1804

e It should be emphasized that since
all categories above the species
level are essentially human con-
cepts, there 1s often divergence of
opinion 1n regard to how certain
organmisms should be grouped,
Changes result as knowledge
grows.

f The most appropriate or correct
names too are subject to change,
The species 1tself, however, as
an entity i1n nature, 1s relatively
timeless and so does not change
to man's eye.

This outline was prepared by H. W, Jackson,
Chief Biologist and R. M. Sinclair, Aquatic
Biolomst, National Traiming Center,

Water Programs Operations, EPA, Cincinnati,
OH 45268,
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AQUATIC ORGANISMS OF SIGNIFICANCE IN POLLUTION SURVEYS

INTRODUCTION

Any organism encountered 1n a survey 1s
of sigmficance Our problem is thus not
to determune which are of significance

but rather to decide'what 1s the signifi-

cance of each? "

The first step in interpretation 1s
recognition ''The first exercise 1n
ecology 1s systematics "

Recognition implies 1dentification and an
understanding of general relationships
(systematics) The following outline will
thus review the general relationships of
living (as contrasted to fossil) organisms
and briefly describe the various types

THE GENERAL RELATIONSHIPS OF
LIVING ORGANISMS

Living orgamisms have long been grouped
into two kingdoms® plant and animal
Meodern develepments, nowever, have
made this simple pattern technically
untenable It has become evident that
there are as great and fundamental
differences between certain other groups
and these (two), as there are between the
traditional "plant” and "amimal." The
accompanywng chart consequently shows
the fung as a third "kingdom "

The three groups are essentially defined
as follows on the basis of their nutritional
mechanmsms (see figure

1 Plantae- photosynthetic, synthetizing
their own organic substance from
inorganic minerals Ecologically
known as PRODUCERS,

2 Ammalia 1ingest and digest solid
pariticles of organic food material
Ecologically known as CONSUMERS,

BI.AQ.22b.7 68

3 Fungi1 extracellular digestion
(enzymes secreted externally )
Food material then taken 1n through
cell membrane where 1t 1s metab-
olized and reduced to the mineral
condition Ecologically known as
REDUCERS.

Each of these groups includes simple,
single-celled representatives, persisting
at Jower levels on the evolutionary stems
of the higher organisms.

1 These groups span the gaps between
the higher kingdoms with a multitude
of transitional forms They are
collectively called the PROTISTA,

2 Within the protista, two principal
sub-groups can be defined on the
basis of relative complexity of
structure

a The bacteria and blue-green algae,
lacking a nuclear membrane may
be considered as the lower
protista (or Monera)

b The single-celled algae and
protozoa are best referred to as
the higher protista

Distributed throughout these groups will
be found most of the traditional "phyla"
of classic biology.

PLANTS

The vascular plants are usually larger
and possess roots, stems and leaves.

1 Some types emerge above the surface
(emersed),

2 Submersed types typically do not
extend to the surface.

4-1
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CONSUMERS

7\

PRODUGERS REDUGERS

NUTRIENT
MINERALS

Figure 1. BASIC CYCLES OF LIFE

4-2
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3

Floating types may be rooted or free-
floating.

B Algae generally smaller, more delicate,
less complex 1n structure, possess
chlorophyll like other green plants.

For convenience the following artificial
grouping 18 used 1n sanitary science.

1

"Blue-green algae'' are typically small
and lack an organized nucleus, pigments
are dissolved in cell sap Structure
very simple.

"Pigmented flagellates' possess nuclel,
chloroplasts, flagellae and a red eye
spot This 1s an artificial group con-
taining several remotely related organ-
i1sms, may be green, red, brown, etc.

"Diatoms' have "pillbox" structure of
510, - may move. Extremely common
Many minute 1n s1ze, but colonial forms
may produce hair-like filaments

Golden brown 1n color

"Non-motile green algae' have no loco-
motor structure or ability in mature
condition Another artificial group

a Umecellular representatives may be
extremely small

b Multicellular forms may produce
great floating mats of material

IV FUNGI

Lack chlorophyll and consequently most are

dependent on other organisms

They secrete

extracellular enzymes and reduce complex
organic material to simple compounds which
they can absorb directly through the cell wall,

A Schizomycetes or bacteria are typically
very small and do not have an organized
nucleus

1

Autotrophic bacteria utilize basic food
materials from inorganic substrates.
They may be photo-synthetic or
chemosynthetic.

2

Heterotrophic bacteria are most
common. They require organic
material on whach to feed.

"True fung1" usually exhibit hyphae as the
basis of structure

ANIMALS

Lack chlorophyll and consequently feed on

or consume other organisms.

Typically

ingest and digest their food.

The Amimal Phyla

1

10

PROTOZOA are single celled organisms,
many resembling algae but lacking
chlorophyll (c¢f llustration in "Oxygen"
lecture)

PORIFERA are the sponges, both marine
and freshwater representatives.

CNIDARIA (= COELENTERATA)
include corals, marine and fresh-
water Jelly fishes, marine and
freshwater hydroids.

PLATYHELMINTHES are the flat worms
such as tape worms, flukes and Planaria.

NEMATHEL MINTHES are the round
worms and include both free-living
forms and many dangerous parasites.

ROTIFERS are multicellular micro-
scopic predators

BRYOZOA are small colonial sessile
forms, marine or freshwater

MOLLUSCA 1nclude snails and slugs,
clams, mussels and oysters, squids
and octopi

BRACHIOPODS are bivalved marine
organisms usually observed as fossils

ANNELIDS are the segmented worms
such as earthworms, sludge worms and
many marine specles
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11

12

13

ECHINODERMS 1nclude starfish, sea

urchins and brittle stars.

They are

exclusively marine.

CTENOPHORES, or comb jellies, are
delicate jelly-lhike marine organisms.

ARTHROPODA, the largest of all
amimal phyla. They have jointed ap-
pendages and a chitinous exoskelton.

a

CRUSTACEA are divided into a

cephalothorax and abdomen, and
have many pairs of appendages,

including paired antennae.

1) CLADOCERA include Daphnia
a common freshwater micro-
crustacean, swim by means of
branched antennae.

2} ANOSTRACA (s=PHYLLOPODS)
are the fairy shrimps, given
to eruptive appearances in
temporary pocls.

3) COPEPODES are marine and
freshwater microcrustacea--
swim by means of unbranched
antennae.

4} OSTRACODS are hike micro-
scopic "clams with legs."

5) ISOPODS are dorsoventrally
compressed, called sowbugs.
Terrestrial and aquatic,
marine and freshwater.

6) AMPHIPODA - known as scuds,

laterally compressed, Marine

and freshwater.

7) DECAPODA - crabs, shrimp,
crayfish, lobsters, etc.
Marine and freshwater.

INSECTA - body divided into head,

thorax and abdomen, 3 pairs of legs,

adults typically with 2 pairs of
wings and one pair of antennae.
No common marine species. Nine
of the twenty-odd orders include
species with freshwater -inhabiting

stages 1n their life history as follows

C

1) DIPTERA - two-winged flies

2) COLEOPTERA - beetles

3) EPHEMEROPTERA - may fhes
4) TRICHOPTERA - caddis flies
5) PLECOPTERA - stone flies

6) ODONATA - dragon flies and
damsel fhes

7) NEUROPTERA - alder flies,
Dobson flies and fish flies

8) HEMIPTERA - true bugs,
sucking insects such as water
striders, electric light bugs
and water boatman

9) LEPIDOPTERA - butterflies
and moths, wncludes a few
freshwater moths

ARA CHINIDA - body divided into
cephalothorax and abdomen, 4 pairs
of legs - spiders, scorpions, ticks
and mites. Few aquatic repre-
sentatives except for the freshwater
mites and tardigrades.

C CHORDATA

1

PROTOCHORDATES- primitive marine
forms such as acorn worms, sea
squirts and lancelets

VERTEBRATES - all amimals which
have a backbone

a

PISCES or fishes' including such
forms as sharks and rays,
lampreys, and higher fishes, both
marine and freshwater

AMPHIBIA - frogs, toads, and
salamanders - marine species
rare

REPTILA - snakes, lizards and
turtles

MAMMALS - whales and other
warm-blooded vertebrates with
hair

AVES - birds - warm-blooded
vertebrates with feathers
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REFERENCE This outline was prepared by H. W, Jackson,
Chief Biologist, National Training Center,
Whittaker, R,H. New Concepts of Water Programs Operations, EPA, Cincinnati,
Kingdoms of Orgamsms. Science OH 45268.

163-150-160, 1969,
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FUNGI
3/4

Sohizomyoetes - Bacteria, free living representatives

L4 N\
’ = ~— ¥ % » .
4
" I ‘ el L ’ .\ ’ -
T Ay X g W, =
' d % Py =
’ S * L ) “~
Rhizobium Azotiobao ter
radicicole
(¢}

Phyoomycetes - Saprolegnia; A,detail of immature reproductive

stages; B, mature oogonium and antheridia, with egzs and fertili-
zation tubes; C, dead tadpole with growth of S.

IR E

LYY

Phyo te - Leptomitus i - @ ¢
omycete - -
this genus includes pollution Amonyoets - § ouyces, &
tollerant species. yeast including poll. tollerant
species. A, single cell; B,budding;
C, ascospore formation.
HW.Jaockson

PLATE I
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BLUE GREEN ALGAE

3/4

Osoillatoria spp., filaments (trichomes) range from .6 to over
0OM in diemeter. Ubiquitous, pollution tollerant.

Lyngbia spp.. similar to Oscillatoria dbut has a sheath.
A, Lyngbia gontorta, reported to be generally intollerant
of pollution B L. birgei.

T

Aphanizomenon flos-aguae
A, colony; B,filament Anabaena flos-aguae
A, akinete; B heterooyst

HeWo.Jackson

PLATE II
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NON-MOTILE GREEN ALGAE: COCCOID
1/67 (CHLOROPHYCEAE)

Pediastrum

Species of the Genus Scenedesmus

5. favdatue Shar——

Desmids

Closteri
———

PLATE III



NON-MOTILE GREEN ALGAE:

Aquatic Organisms of Significance

FILAMENTOUS

(Chlorophyceae)

PLATE v
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PIGMENTED FLAGELLATES

3/4

A, form of oo&m: ’.oon in lorioca.

H.W.Jaokson

PLATE V
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DIATOMS

Valve views <RI

Girdle views,

stylized to show j
l basic diatom
structure.
A discoid or central A pennate or navioular
diatom such as diatom such as
Stephanodisous Fregillaria

aaa

dilisias
¥ aad
SR

VTS DTERTRTI Iy
e +
da

2

A oolany of zm%.m
girdle views
s N

S

A colony of Az&zs.lsuih Somphonems
(girdle views A,valve view; B ,girdle
D view.

" q/\___

Disgram showing progressive diminution in the size of certain
frustules tnrough sacocessive oell generations of a diatom.

H.W.Jaokson

PLATE VI
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/4 FREE LIVING PROTOZOA

I. Flegellated Protozoa, Class Mastigophora

Anthophy sis
Pollution tolerant

6n

Colomy of
Pollution tolerant , .

Dimastizamooha sreported Rifflugig
Pollution tolerant to be olerant of Pollution tolerant
10-50 m pollution, 45 m. 60-500 u

1I1. Ciliated Protozoa, Class Ciliophora

Colpods Holophrys,reported pollution
Pollution tolerant %o bde intolerant of M A "Colonies often
20-120 u pollution, 35 m masrosoopio.

PLATE VII B.W.Jacksen
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PLANKTONIC PROTO ZOA

Top
Side
Arcella
Chaos vulgaris Actinosphaerium

Codonella Tintinnidium
M cratera fluviatle

PLATE VIII
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PLANKTONIC ROTIFERS

Synchaeta Brachionug
pectinata guaan' dentata

Rotaria sp

PLATE IX
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FREE LIVING NEMATHELMINTHES, OR ROUND WORMS

pharynx

nerve ring

excretory pore
salivary gland
renette

intestine

seminal vesicle

vas deferens

W
‘_‘;r-‘-:r‘_-?;cu_‘_ D e S

av:

m~
7 R
X ¢ ; i e

e jaculatory gland

~,
AA e

-

____,__.rectal gland

Rhabditis o'

Achromadora Q

PLATE X



Aquatic Organisms of Significance

FRESH WATER ANNELID WORMS
Phylum Annelida

Class QOligochaeta, earthworms

Ex: Tubifex , the sludgeworm

(After Liebman)

H.W.Jackson

PLATE XI

mouth

\ponorior sucker disc

Class Hirudinea, leeches
(After Hegner)

N anterior end

Class Polychaeta , polychaet worme

Ex: Manayunkia, a minute, rare, tube
bullding worm.
(After Leidy)
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Class: Cephalopoda’

8quids, octopus,

cuttlefish.

Limax,

a slug

SOME MOLLUSCAN TYPES

gE&BQ.

Exclusively marine.
The giant squid shown
vas captured in the
Atlantic in the early
ninteenth century.

(After Hegner)

Campeloma

an air breathing snail a water breathing

snail

Olass: Gastropoda; snails and slugs. (After Buchsbaum)

-l g, @
: .Q, -

Class: Pelecypoda; clams, mussels, oysters.

Locomotion of a freshwater clam, showing how foot is extended, the tip
expanded, and the animal pulled along to its own anchor. (After Buchs-

baum)

PLATE XII

H.W.Jackson
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Class CRUSTACEA
3/4

S MR A
Lo )
Fairy Shrimp;
Eubranchipus, Order

P

Crayfish, or orewded;
Cambarus, Order Decapoda
1020 em

‘Weter Flea;

Daphnia

Order
'Cladocera

Fish Louse,
Soud; a parasitio Copepod
Order Amphipoda 56 mm
10=15 mm
HoW.Jackson

Copepod; Cyolops, @rder Copepoda
2-% ma
PLATE XIII
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Two Winged Flies
Order DIPTERA

Adult midge
(Chironomid)

A
4
Rat-tailed maggot
Adult sewage fly (Bristalis)
(Psychoda) A, adult; B,larva.

Midge pupa bt
Sewage fly pupa

H.W.Jackson
After various authors

PLATE XIV
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Beetles
Order COLEOPTERA

Whirligig beetle (Gyrinus) A, Side view
of head of adult gho vided eye;
B, Larva; C, Adul%. Carnivorous.

A diving beetle (Dytiscus)
taking air at the ace.

The riffle beetle (Ps
A, adult; B, dorsal side of larva;
C, ventral side of larva. Predominantly
herbivorous.

-~

e —————-
Ve sw ace

i,
A
/ Crawling water beetle;
i1 A;adult; B,larva. Predominantly
A diving beetle (Cybister). The div- BAEULYURNS.
ing beetles include some of the largest H.W.Jackson. After
and most vorasious of aquatic insects. Needham, Pennak, Morgan,and others.

A, larva; B,adult.
PLATE XV
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MINOR PHYLA

Phylum Coelenterata

Medusa of
Craspedacusta

Hydra with bud;
extended, and contracted

Phylum Bryozoa

Statoblast

Creeping colony
on rock

Massive colony on
stick

Single zooid, young statoblasts in tube

PLATE XVI
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SOME PRIMITIVE FISHES

ot e u;u;gmu';;/rlli,.;f}‘,n Ny
R S

Class Agnatha, jawless fishes (lampreys and hagfishes) - Family
PETROMYZONTIDAE, the lampreys. Lampetra aepyptera, the
Brook Lamprey A: adult, B: larva (enlarged)

Class Chondrichthyes - cartilagenous fishes (sharks, skates, rays)
Family DASYATIDAE - stingrays. Dasyatis centroura, the Roughtail Stingray

Class Osteichthyes - bony fishes - Family ACIPENSERIDAE, sturgeon.
Acipenser fulvescens, the Lake Sturgeon

Class Osteichthyes - bony fishes - Family POLYODONTIDAE, the
paddlefishes. Polyodon spathula, the Paddlefish. A:side view B:top view

Class Osteichthyes - bony fishes - Family LEPISOSTEIDAE - gars
Lepisosteus osseus, the Longnose Gar

ruihrs VIS ISV ooy
1T T

Class Osteichthyes - bony fishes - Family AMIIDAE, bowfins
Aniia calva, the Bowfin

Reproduced with permission; Trautman, 1957.
BI. AQ.pl.91.6. 60

PLATE XVII
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TYPES OF BONY FISHES

n (7] 7.‘
A
x?';l{nu 550

iR

Family CLUPEIDAE - herrings
Dorosoma cepedianum - the eastern gizzard shad

Family POECILIIDAE - livebearers
Gambusia affinis - the mosquitofish

Family ANGUILLEDAE - freshwater eels
Anguilla rostrata - the American eel

Family GADDIDAE - codfishes, hakes, haddock,
Lota lota - the eastern burbot

Family ESOCIDAE - pikes
Esox lucius - the northern pike

Reproduced with permission; Trautman, 1957.

BI.AQ.pl.9m. 6.60

Family SCIAENIDAE - drums
Aplodinotus grunniens - the freshwater drum

burbot

20UeSTJTUSIS JO swisTuedaQ orjenby




SECTION B

PLANTS: PRODUCERS

The producers in both aquatic and terrestrial communities are the photosynthetic
plants, autotrophic in function, which produce "fixed" energy and carbon in the
forms of their own structure, and also oxygen that consumers can then use,
Included in this section are surveys of the aquatic plant types from algae to
vascular plants with keys for identification. All studies of productivity must
take into account the four major plant life groups phytoplankton, benthic algae,
periphyton, (in part) and macrophytes. Excessive or unwanted production of
any one or combinations of these plant life groups is now a serious problem in

environmental management,

Contents of Section B

Types of Algae

Blue-Green Algae

Green and Other Pigmented Flagellates
Filamentous Green Algae

Coccoid Green Algae

Diatoms

Key to Algae of Importance in Water Pollution
Aquatic Macrophytes

An Artificial Key to Some Common Plants
(Freshwater, Estuarine, and Marine)

Outline No.

10

11

12

13



TYPES OF ALGAE

1 INTRODUCTION 2 The nucleus lacks a nuclear membrane
3 Tend to achieve nuisance concentrations
A Algae 1n general may be defined as small more frequently in the warm summer
pigmented plant-like organisms of rela- months and 1n the richer waters.
tively simple structure Actually the
size range 1s extreme from only a 4 Vegetative reproduction, in addition
few microns to over three hundred to cell division, includes the forma-
feet 1n length Commonly observed tion of "hormogones, "' or short specif-
examples include the grecnish pond ically delimated sections of trichomes
scum or frog spiitie of freshwater (filaments)
ponds, much of the golden brown
shme covering rocks in a trout stream, S Spores of three types are encountered
and the great marine kelpg and gea-
weeds Large freshwater forms as a Akimetes are usually larger, thick
Nitella and Charz or stonewort are also walled resting spores
included.
b Heterocysts appear like empty
B  Algae approach ubiquity in distribution, cell walls, but are actually f1lled
In addition to the commonly observed with protoplasm, have occasionally
bodies of water, certain algae also been observed to germinate
live 1n such unhkely places as thermal
springs, the surface of melfing snow, ¢ Endospores, also called "gomdia™
on the hair of the three toed sloth in or comdia, are formed by repeated
Ceniral America, and in conjunction division of the protoplast within a
with certain fungy to form lichens gwen cell wall Present inonly a
few genera,
6 Some common examples of blue
I ALGAE WILL BE GROUPED FOR THE green algae are
SAKE OF CONVENIENCE INTO FOUR
GENERAL TYPES Anacystis (Microcystis or
Polycystis), Anabaena, Aphani-
zomenon, and Oscillatoria,
A Blue-greens (See plate Blue-Green

Algae, Cyanophyceac} Thas s a valid

technical group The si1ze range 1s not B The Pigmented flagellates {1n contrast
very great, some being so small as to to the non-pigmented or animal-like
approach the size range of the bacteria flagellates) are a heterogeneous
collection of motile forms from several
different algal groups (See plate
Flagellated algae)

1 These are the only algae in which
the pigments are not localized 1n
definite bodies but dissolved through-
out the cell Blue, red, or other 1 There may be one, two, four, or
pigments are present in addition to more flagella per cell
chlorophyll thus giving the cells a
bluish green, yellow, or red color, 2 There 1s a well organized nucleus
at least enmasse

3 A lLight-sensitive red eyespot usually
present

Bl MIC, cla. 19a. 8. 69 5-1



Types of Algae

4 The chlorophyll 1s contained 1n one D The Diatoms constitute another valid
or more distinctive bodies called technical group (See plate Diatoms-
plastids. Bacillariophyceae)

5 Two or more cells may be assoclated 1 In appearance, they are geometrically
in a colony regular in shape The presence of a

brownish pigment in addition to the

6 Non-motile life history stages may chlorophyll gives them a golden to
be encountered greenish color

7 Masses of stored starch called 2 Motile forms have a distinctive
pyrenoid bodies are often conspicuous hesitating progression,

8 Some examples of pigmented flag-

ellates are Euglena, Phacus,
Chlamydomonas, Gonmium, Volvox,
Peridinium, Ceratium Mallomonas,
Synura and Dinobryon

3 The most distinctive structural
feature 1s the two-part shell
(frustule) composed of silicon
dioxide (glass).

a One part fits inside the other as

C The Non-motile green algae constitute
another heterogeneous assembly of un-
related forms (Sce plate Non-Motile

the two halves of a pill box, or a
petr: dish.

Green Algae)

1

Like the flagellates they have well
organized nuclei and chloroplasts.
The shape of the chloroplasi 1s often
distinctive

They lack flagella or any other loco-
motor device.

There 1s extreme structural variation
among the group.

Some types tend to occur as a general
planktonic mass or "bloom, " often
i combinations of two or more species

Some examples are Sphaerocystis,
Pediastrum, Scenedesmus, and the
desmid Cosmarium

Threadlike (filamentous)greenalgae may
form masses or blankets, cutting off
light, and reducing water circulation.
They also add considerably to the total
mass of organic matter Some examples
of this type are Spirogyra, Hydrodictyon,
Cladophora, Oedogonium, and Chara.

b The surface of these shells are
sculptured with minute pits and
lines arranged with geometrical
perfection

¢ The view from the side 1s called
the '"girdle view, " that from above
or below, the ''valve view "

4 There are two general shapes of
diatoms, circular (centric) and
elongate (pennate) The elongate
forms may be motile, the circular
ones are not.

5 Diatoms may associate in colomes
1n various ways.

6 Examples of diatoms frequently en-
countered are Stephanodiscus
Cyclotella, Asterionella, Fragilaria,
Tabellaria, Synedra, and Nitzschia

This outline was prepared by H. W. Jackson,
Chief Biologist, National Traiming Center,
Water Programs Operations, EPA, Cincinnaty,

OH 45268,



Types of Algae

KEY FOR IDENTIFICATION OF GROUPS OF FRESHWATER A LGAE

Beginning with "1a'" and "1b", choose one of the two contrasting
statements and follow this procedure with the "a'’ and "b"' state-
ments of the number given at the end of the chosen statement.
Continue until the name of the algal group 1s given instead of
another key number,

la. Plastid (separate color body) absent, complete protoplast
pigmented, generally blue-green, iodine starch test*

negative ------------s----o--ssococo-o--- Blue-green algae

1b., Plastid or plastids present, parts of protoplast free of some
or all pigments, generally green, brown, red, etc., but not
blue-green, 1odine starch test* positive or negative-------- 2

2a, Cell wall permanently rigid (never showing evidence of
collapse), and with regular pattern of fine markings
{striations, etc.), plastids brown to green, 10dine starch test*

negative, flagella absent, wall of two essentially similar halves,
one placed over the other as a cover----------------- Diatoms

2b. Cell wall, 1f present, capable of sagging, wrinkling, bulging
or rigidity, depending on existing turgor pressure of cell
protoplast, regular pattern of fine markings on wall generally
absent, plastids green, red, brown, etc., 1odine starch test*
positive or negative, flagella present or absent, cell wall
continuous and generally not of two parts----------------- 3

3a. Cell or colony motile, flagella present (often not readily visible),
anterior and posterior ends of cell different from one another 1n

contents and often in shape------------------- Flagellate algae

3b. Non-motile, true flagella absent, ends of cells often not
differentiated------------------- Green algae and associated forms

%A dd one drop Lugol's (10dine) solution, diluted 1-1 with distilled water.

In about 1 minute,

if posative, starch 1s stained blue and, later black, Other structures (such as nucleus,

plastids, cell wall) may also stain, but turn brown to yellow.

5-3
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CMP
COMPARISON OF FOUR MAJOR GROUPS OF ALGAE
P1gm—e;ted
Blue-Green flagellates Greens Diatoms
Color Blue-Green Green Green Brown
{Brown) Brown (Light-Green)
Location Throughout In plastids In plastids In plastids
of pigment cell
Starch Absent Present or Present Absent
Absent
Slimy Present Absent Absent Absent
coating in most in most in most
Nucleus Absent Present Present Present
Flagellum Absent Present Absent Absent
Cell Wall Inseparable Thin or Sema-rigid Very rigid,
from slimy Absent smooth or with regular
coating with spines markings
"Eye' spot Absent Present Absent Absent




BLUE-GREEN ALGAE

I WHAT ARE THE BLUE-GREEN ALGAE?

The blue-green algae (Myxophyceae) comprise
that large group of microscopic organisms
living 1n aquatic or moist habitats, carrying
on photosynthesis and having differentiation
of cells which 1s a little more complex than
bacteria, and simpler than all of the other
plants called algae

{I WHY ARE THEY CALLED BLUE-GREEN:

In addition to the green photosynthetic pigment
(chlorophyll-a) they always have a blue p1g-
ment (phyocyanmin-¢) which tends to give the
cushions or mats they may form a bl-ge-green
tinge.

III WHERE ARE THE BLUE-GREENS FOUND"”

Some are free floating (pelagic and planktonic),
others grow from submerged or moist soil,
rocks, wood and other objects 1n both fresh-

. water and marine habitats.

IV WHAT ARE SOME OF THEIR GENERAL
CHARACTERISTICS?

Some are gelatinous masses of various shapes
floating 1n water. Others, microscopic in
size, grow 1n great numbers so as to color
the water in which they live. Structurally
their cells are similar to bacteria. Their
protoplasts may be sheathed or imbedded in
gelatin, making them slimy Cells of blue-
green algae are without organized nuclei,
central vacuoles, or cilia and flagella.

No sexual reproduction 1s known. Asexual
reproduction may be effected by fragmentation,
in which case special separation devices are
formed (dead cells, and heterocysts). Some
species are preserved over unfavorable
periods by special spores {akinetes and endo-
spores).

V OF WHAT IMPORTANCE ARE BLUE-
GREEN ALGAE®?

They have both positive and negative economic

BI MIC,.cla 1Ga.8.69

significance Because they can convert
radient energy into chemaical energy, they
are producers forming a first link at the base
of the food chain. Because many very in-
tricate nutritional relationships exist among
the myraids of organisms 1t 1s difficultto
know the value of the blue-greens However,
people who know what the blue-greens can do

to drmkin? and recreational water classify
them as of negative economic importance,
because they are often nuisances when they
mmpart color, bad odors, and fishy tastes,
or toxins. Some of them can foul pipes
and clog filters.

VI WHEN ARE THEY MOST COMMON ?

They are waidely distributed in time and space,
but tend to reach nuisance concentrations more
frequently 1n the late summer and in eutrophic
waters.

VII WHAT DO BLUE-GREEN ALGAE DO
FOR A LIVING?

The pioneer-forms are of great ecological
importance because they live 1n habitats fre-
quented by few other forms of live, synthesiz-
ing organic substances and building substrata
that can support other kinds of life.

A Some blue-greens live in association
with other organisms as symbionts,
Still others are found 1n polluted
waters because they are able to
exist in habitats poor in oxygen. The
growth of these kinds of algae under
such conditions tends to make a pol-
luted condition worse

B  On the other hand some species
should be promoted because they
provide oxygen and food through photo-
synthesis. The first evident product
of photosynthesis 1s glycogen, and
15 the cause of the brown coloration
with the 1odine test. Some of the
glycogen 1s used to produce glycopro-
teins. The gelatinous sheath 1s com-
posed of pectic substances, cellulose
and related compounds
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C  When blue-greens mat at the surface
of the water the increased lighting
may be too strong, resulting 1n a
kill. At this time they may turn
from a blue-green to a yellow-green
color. Here they decompose 1n
mass. The resulting intermediate
products of decomposition may be
highly undesirable, because of bad
looks, four odors, bad tastes and
toxins. Under these conditions the
BOD may produce conditions not
unlike raw sewage.

VIII WHAT DO BLUE-GREEN ALGAE LOOK
LIKE UNDER THE MICROSCOPE?

A A cross section of a typical cell
would show an outside nonliving
gelatinous layer surrounding a woody
cell wall, which 1s bulging from
turgor pressure from the cell (plasma)
membrane, pushing the wall outward-
ly. The protoplasm, contained with-
in the plasma membrane, 1s divided
into two regions The peripheral
pigmented portion called chroma-
toplasm, and an 1nner centroplasm,
the centroplasm contains chromatins,
which 1s also known as 1n 1ncipient
nucleus or central body, containing
chromosomes and genes. Structures
(chromatophores or plastids) con-
taining pigments have not been found
in the blue-greens The photosyn-
thetic pigments are dissolved in the
peripheral cytoplasm, which 1s known
as the chromatoplasm.

B A simple way to understand the cross

section would be to compare 1t with

a doughnut, with the hole represent-
ing the colorless central body or
incipient nucleus, which houses the
chromatoplasm, having the charac-
teristic blue-green color from 1its
dissolved photosynthetic pigments

IX WHAT CAUSES THESE FOUL-TO-SMELL
UNSIGHTLY BLOOMS?

When the protoplasts become sick or old they
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may develop a great number of "'pseudovac-
uoles' filled with gas. These gas bubbles make
the algae buoyant in such a way that they may
"flower'' or bloom by rising to the surface
(planktonic, healthy blue-greens normally
possess pseudovacuoles, which are here
excepted). Soon they begin to stink because

of the odors produced from puirefaction.

The lack of dissolved oxygen during this

period may affect other organisms,

X ARE ALL BLOOMS PUTREFACTIVE?

No. Healthy blooms are produced by myraids
of cells living near the surface of the water
at times when environmental conditions are
especlallwfavorable for them. Putrefactive
blooms are usually from masses of algae
undergoing degradation.

XI WHAT ARE SOME OF THE MAJOR
KINDS OF BLUE-GREENS?

Most species of blue-greens may be placed
Into two major groups the nonfilamentous
(coccord) forms, and the filamentous forms.
See the set of drawings following this treat-
ment to get a graphic concept of the two
groups.

XII WHAT ARE SOME OF THE MORE
DISTINCTIVE FEATURES OF BLUE-
GREENS?

A In comparing the blue-greens with
other algae 1t 1s easier to tell what
they do not possess than what they
do. They do nat have chromatophores
or plastids, cilia, flagella, orgamzed
nucle1, gametes, central vacuoles,
chlorophyll-b, or true starch.

B Many of the filamentous forms, es-
pecially the Oscillatoriaceae, exhibit
an unexplained movement. When the
filamentous forms are surrounded
by a gelatinous sheath the row of cells
inside 1s called a trichome, and the
trichome with 1ts enclosing sheath 1s
called a filament. There may be more
than one trichome within a sheath,
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True branching occurs when a cell

of the series divides lengthwise and
the outer-formed cell adds cells to
form a true branch. However, two

or more trichomes within a single
sheath may be so arranged that though
they appear to be branches, their cells
actually have all divided in the same
plane, and the trichomes have pushed
out from growth to form false branch-

ing, as in Tolypothrix.

An occasional reticulated or bubbly
appearance 1s referred to as pseudov-
acuolation, and en mass 1mparts a
pale, yellowish color to the algae.
Under low powers these vacuoles
appear dark, under higher magnifi-
cations they are reddish.

Vegetative reproduction i1n addition
to cell division for the unicellular
forms, 1s by special kinds of frag-
mentation, This includes the for-
mation of hormogones, which are
specifically delimited sections of
trichomes, and are characteristic
of some taxonomic entities,

Spores of three types are encountered.

1 Akinetes are usually larger, non-
motile, thick-walled resting spores.

2 Heterocysts appear like empty cell
walls, but are filled with colorless
protoplasm and have been occasion-
ally observed to germainate.

3 Endospores, also called gomdaa,
are formed by a repeated division
of the protoplast within a cell wall
container.

WHAT ARE SOME EXAMPLES OF BLUE-
GREEN ALGAE?

A Anacystis (Microcystis) 1s common

in hard waters.

1  Colonmes are always free floating.

2 Their shapes may be roughly
spherical or irregular, micro-

sScoplc Or macroscopic,

3  The gelatinous matrix may be

extremely transparent, easily
broken up on preservation.

4 They frequently contain pseudov-
acuoles,

Anabaena 1s an example of a fila-
mentous form.

1 Filaments may occur singly or
in irregular colonies, and free
floating or 1n a delicate nucous
matrix.

2  Trichomes have practically
the same diameter throughout,
may be straight, spiral, or
irregularly contorted

3 Cells are usually spherical,
or barrel shaped, rarely cy-
lindrical and never discoad.

4  Heterocysts are usually the same
shape but are slightly larger
than the vegetative cells,

5 Akinetes are always larger than
the vegetative cells, roughly
cylindrical, and with rounded
ends.

6 It may be readily distinguished
from Nostoc by the lack of a
firm gelatinous envelope.

7 It may produce an undesirable
grassy, moldy or other odor.

Aphanizomenon 1s a strictly plank-
tonic filamentous form.

1  Trichomes are relatively straight,
and laterally joined into loose
macroscopic free-floating flake-
like colonies

2  Cells are cylindrical or barrel
shaped, longer than broad.

3  Heterocysts occur within the
filament (1.e., not terminal).

4  Akinetes are cylindrical and
relatively long.
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Agm enellum

(Merism ope dlum). ~x600

m

Microcyntls (X600). Polycystis
(X825)

Coccochloris (Gloeocapsa) X600.

II. Filamentous blue-green algae:
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A~ e Cas),

Trichomes of Spirulina. (X600)
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Anabaena rue branching Tolypothrix (X375)
(X825) Hapalosiphon prepared by Louis G. Williams

Aquatic Biologist, Basic Data, SEC.
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5 Often imparts grassy or nastur-
tium-like odors to water.

Oscillatoria 1s a large and ubiquitous
genus.

1 Filaments may occur singly or
interwoven to form mats of
indefinite extent.

2 Trichomes are unbranched, cy-
lindrical, and practically with-
out sheaths,

3  Species with narrow trichomes
have long cylindrical cells
while those with broader tri-
chomes have short broad cells.

4  No heterocysts or akinetes are
known in Oscillatoria, It re-
produces by fragmentation from
hormongonia only.

5 Live species exhibit "oscillatoria”

movements, which are oscillating.

6  Species of Oscillatoria may be
readily distinguished from
Lyngbya by the absence of a
sheath.

Nodularia 1s an occaslonal producer
of blooms.

1 Vegetative cells, heterocysts,
and even the akinetes are broader
than long.

2 Trichomes are practically the
same diameter throughout.

3 Sheaths are usually distinct,
fairly firm, and with a single
trichome.
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GREEN AND OTHER PIGMENTED FLAGELLATES

INTRODUCTION

A flagellate is a free swimming cell
{or colony} with one or more flagella.

Motile flagellated cells occur in most
(not all) great groups of plants and anmimals.

"Metabolic movement' characteristics of
some genera (Euglena).

Eyespot usually present in anterior end,
rarely more than one flagellum,

A Euglena 1s a large genus with pronounced

C Out main concern will be with "mature"
flagellated algae,

O THE STRUCTURE OF A PIGMENTED OR
PLANT-LIKE FILAGELLATE

A There 1s a well organized nucleus.

B The flagellum is a long whip-like process
which acts as a propeller.

1 It has a distinctive structure,
2 There may be one or several per cell,

C The chlorophyll is contained in one or
more chloroplasts.

D Two or more cells may be associated in
a colony.

E Non-Motile Life history stages may be
encountered.

F Size is of little use in identification.

G Pyrenoid bodies are often conspicuous.

I The Euglenophyta or Euglena-like algae
(Figures 1-4) are almost exclusively single
celled free swimmung flagellates. Nutrition
may be holophytic, holozoic, or saprophytic,
even within the same species. Referred to
by zoologists as mastigophora, many animal
like forms are parasitic or commensalistic,
Food reserves of plant-like forms are as
paramylin (an insoluble carbohydrate) and
fats (do not respond to starch test). Thick
walled resting stages {cysts) are common,

BI,MIC, cla.6c.3.70

metabolic movement (Figure 1).
1 Cells spindle shaped

2 Single flagellum

3 Eyespot usually present

4 Chloroplasts numerous, discoid
to band shaped

5 E. sanguinea has red pigment.

6 E. viridis generally favors water
rich in organic matter.

7 E. gracilis is less tolerant of pollution,

Phacus cells maintain a rigad shape
(Figure 2),

1 Often flattened and twisted, with
pointed tip or tail end.

2 Cell wall (periplast) often marked
with fine ridges.

3 P. pyrum favored by polluted water,

4 P. pleuronectes relatively intolerant
of pollution,

Trachelomonas cells surrounded by a
distinct shell (lorica) with flagellum
sticking through hole or collar (Figure 4).

1 Surface may be smooth or rough
2 Usually brown in color

3 Some species such as T. cerebea
known to clog filters
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D Lepocinclis has rigid naked cells with
longitudinal or spiral ridges (Figure 3).

1 Cells uncompressed, elipsoidal to oval
(in contrast to phacus)

2 Only two species with pointed tails

3 L. texta often associated with waters
of high organic content

IV The Chlorophyta or grass green algae
(Figures 5-9) are the largest and most varied
group., Non-flagellated forms predominate but
many conspicuous flagellates are included,
Food reserves are usually stored as starch
which 1s readily identified with iodine,

Usually two flagella of equal length are
present. More planktonic forms are included
than 1n any other group, predominating in the
late spring and early autumn,

The cell is typically surrounded by a definite
wall and usually has a definite shape, Cell
pigments closely resemble those of higher
plants, but some have accessory pigments
and a few forms have lLittle or none, The
chloroplasts always have a shape charac-
teristic of the genus.

The flagellated chlorophyta are contained in
the Order Volvocales, the Volcocine algae.
Al are actively motile during vegetative
phases, May be unicellular or colonial, All
have an eyespot near the base of the flagella,
Colonies may range from a simple plate
{Gonium sociale) to a complete hollow sphere

(Volvox spp ).

A Chlamydomonas 1s a solitary free swimming
genus (Figure 5).

1 Species range from cylindrical to
pearshaped.

2 Some species have a gelatinous sheath.

3 There are two flagella inserted close
together.

4 Generally favored by polluted waters.
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Carteria resembles Chlamydomonas very

closely except that it has four flagella
instead of two. Generally favored by
polluted water (Figure 7).

Phacotus usually has free swimming
biflagellate cells surrounded by biconcave
envelopes resembling two clam shells,
These are usually sculptured, dark
colored, and impregnated with caleium
carbonate,

1 The eyespot ranges from anterior
to posterior,

2 Several daughter cells may be retained
within the old envelopes of the parent
cell,

3 A clean water indicator,

Chlorogonium is a distinctive genus in
which the cell is fusiform, the tail end
pointed, and the anterior end slightly
blunt (Figure 6).

1 The two flagella only about half as
long as the cell.

2 The cell wall is rather delicate.

3 An eyespot usually present near the
anterior end,

4 Favored by pollution.

Gonium colonies typically have 4 to 32
cells arranged in a plate (Figure 8).

1 The cells are imbedded in a gelatinous
matrix.

2 Sixteen celled colonies move through
the water with a somersault-like
motion.

3 Four and eight celled colonies swim
flagella end first,

4 Gonium pectorale is typically a
plankton form,

Pandorina colonies range up to 32 cells,
usually roughly spherical (Figure 9).
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1 Cells arranged in a hollow sphere
within a gelatinous matrix.

2 Often encountered especially in hard-
water lakes, but seldom abundant.

3 P. morum may cause a faintly fishy
odor.

G Eudorina has up to 64 cells in roughly

spherical colonies.

1 The cells may be deeply imbedded in
a gelatinous matrix.

2 Common in the plankton of soft water
lakes.

3 E. elegans is widely distributed.
4 May cause faintly fishy oaor.

Pleodorina has up to 128 cells located
near the surface of the gelatinous matrix.
It is widespread in the United States.

Volvox rarely has less than 500 cells
per colony.

1 Central portion of the mature colony
may contain only water,

2 Daughter colonies form inside the
parent colony.

3 V. aureus imparts a fishy odor to the
water when present in abundance,

Chlamydobotrys has "mulberry shaped”
colonies, with biflagellate cells alternately
arranged in tiers of four each,
(Spondylomorum has quadriflagellate cells),

1 There is no enveloping sheath,

2 C. stellata is favored by pollution.

V The Pyrrhophyta includes principally the
armored or dinoflagellates (Dinophyceae)
(Figures 14-16), This group is almost
exclusively flagellated and is characterized
by chromatophores which are yellow-brown
in color, Food reserves are stored as
starch or o1l, Naked, holozoic, and
saprozoic representatives are found,

Both "unarmored", and "armored" forms
with chromatophores are found to ingest
solid food readily, and holozoic nutrition
may be as important as holophytic.

The great majority have walls of cellulose
consisting of a definite number of articulated
plates which may be very elaborate in
structure. There is always a groove
girdhing the cell in which one flagellum
operates, the other extends backward from
the point of origin,

Most of the dino-flagellates are marine and
some are parasitic. There are six fresh
water genera of importance in this country,

A Gymnodinum species are generally naked
except for a few freshwater species.

G. brewis (marine) is a toxic form
considered to be responsible for the
"red tide" episodes in Florida and
elsewhere.

B Species of Gonyaulax (catanella and
tamarensis) are responsible for the
paralytic shellfish poisoning.

C Ceratium is distinctive in that the
anterior and posterior ends are con-
tinued as long horns (Figure 16),

1 Seasonal temperature changes have a
pronounced effect on the shape of the
cells of this species,

2 C. hirudinella in high concentration 1s
reported to produce a "vile stench',
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D Peridwmium is a circular, oval, or
angular form, depending on the view
(Figure 15).

1 Cell wall 1s thick and heavy.
2 Plates are usually much ornamented.

3 P. cinctum has been charged with a
fishy odor.

VIl The Division Chrysophyta contains two
classes which include flagellates, the
Xanthophyceae or Heterokontae (yellow-
green algae) and the Chrysophyceae (golden-
green algae) (Figures 10-13). The third
class, the diatoms (Bacillarieae or
Bacillariophyceae), 1s not flagellated.

A None of the Xanthophyceae are included
in the present discussion,

B The Chrysophyceae possess chroma-
tophores of a golden brown color, usually
without pyrenoids. Food reserves are
stored as fats and leucosin, One or two
flagella, if two, they may be of equal or
unequal length, Internal siliclous cysts
may be formed. Tend to occur in
relatively pure water. Both holozoic and
holophytic types of nutrition are found.
Certain minute forms considered to be
highly sensitive to pollution.

1 Mallomonas 1s a solitary, free
swimming genus with one flagellum
(Figure 13),

a Covered with silicious plates, many
of which bear long silicious spines.

b Tends to inhabit clear water lakes
at moderate depths,

¢ M. caudata imparts a fishy odor
to the water.

2 Chrysococcus cells are minute, with
two yellowish brown chromatophores
and one flagellum,

a Droplets of stored o1l present

b Lorica distinct

¢ C. rufesceus a clean water form

3 Chromulina has a single flagellum,
may accumulate single large granule
of leucosin at posterior end of cell
{Figure 10).

C. rosanoffii is a clean water ndicator.

4 Synura is a biflagellate form growing
in radially arranged, naked colonies
(Fagure 11),

a Flagella equal in length
b Cells pyriform or egg shaped

¢ S. uvella produces a cucumber or
muskmelon odor

5 Uroglenopsis forms free swimming
colonies of approximately spherical
biflagellate cells embedded near the
periphery of a roughly spherical
gelatinous matrix.

a Flagella are unequal in length.
b U. americana may range up to
.5 mm in diameter, and contain

1000 or more cells.

¢ U. am, also causes strong fishy
odor.

6 Dinobryon may be solitary or colonial,
free floating or attached. Colonies
are arborescent (Figure 12),

a Cells attached to bottom of open
roughly cylindrical lorica or sheath,

b Two flagella of unequal length,

¢ Conspicuous eyespot usually present,
d Taxonomy of the group is involved.

e D. sertularia may clog filters.

f D. divergens may cause a fishy odor.

—
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(fig 1 - 13 from Lackey and Callaway)

Ng

M Trachelomonas

GREEN EUGLENOIDS

Pandorina

Chlamydomonas Gonium

Chlorogonium GREEN  PHYTOMONADS

11

Dinobryon ‘ Mallomonas
YELLOW CHRYSOMONADS

14

Massartia 15

16

Ceratium

Peridinium
e~ 3 -70 YELLOW-BROWN DINOFLAGELLATES

-5



Green and Other Pigmented Flagellates

F LAGELLATES
(MASTIGOPHOR

r
PLANT FLAGELLATES
P HYTOMASTIIGINA)

CHRYSOMONADINA

CRYPTOMONADINA

PHYTOMONADINA

ANIMAL FLAleLLATES
(Z OOMAS IGINA)

RHIZOMASTIGINA

PROTOMONADINA

EUGLENOIDINA PoLYMASTIGINA

Figure 17 Phylogenetic Family Tree of the Flagellates

(from Calaway and Lackey)

VO There are two distinctive groups whose

systematic position is uncertain, the chloro-

monads and the cryptomonads. Only one
genus of the latter group is included here.

A Rhodomonas may range from bright red
through pale brown to olive green.

1 Cells compressed, narrow at the
posterior end

2 Two flagella of unequal length

3 R. lacustris a small form intolerant
of pollution
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FILAMENTOUS GREEN ALGAE 1

MANY OF THESE FORMS ARE VISIBLE
TO THE UNAIDED EYE

They may be several inches or even a foot
or more n length, In many cases they are
not found as isolated filaments but develop
1n large aggregations to form floating or
attached mats or tufts, The attached
forms are generally capable of remaining
alive after being broken away from the
substrate,

Included 1n the group are some of the most
common and most conspicuous algae in
freshwater habitats. A few of them have
been given common names such as pond
silk, green felt, frog-spawn algae, and
stoneworts,

CHARACTERISTICS OF FILAMENTOUS
ALGAE

These algae are 1n the form of cylindrical
cells held together as a thread (''filament'’),
which may be in large clusters or growing
separately. Some are attached to rocks

or other materials while others are free.
They may be unbranched (''simple") or
branched, the tips are gradually narrowed
("attenuated') to a point, Some are
surrounded by a mucilaginous envelope,

Each cell is a short or long cylinder with
a distinct wall, The protoplast contains
a nucleus which is generally inconspicuous,

1 The plastid or chloroplast 1s the
prominent structure. It contains
chlorophyll and starch centers
("pyrenoids'), and varies in size,
shape, and number per cell, It may
be pressed against the wall (''parietal'’)
or extend through the central axis of
the cell ("axial"),

2 Clear areas of cell sap {''vacuoles') are
generally present in the cell,

1 Including a few yellow-brown and red algae.
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C Specialized structures are present 1n
some filaments.

1 Some filaments break up into '"H"
sections.

2 Ap:ical caps are present in others,

3 Replicate end walls are present in
some,

4 Some filaments are overgrown with a
cortex.

5 Attached filaments have the basal cell
developed into a ""hold fast cell"
(hapteron).

IIT REPRODUCTION MAY TAKE PLACE

BY SEVERAL METHODS

A Cell division may occur in all cells or

1n certain selected ones,
B Spores called akinetes may be formed.

C Zoospores (motile) and aplanospores
(non-motile) are common,

D Fragmentation of filaments may occur.

E Many kinds reproduce sexually, often
with specialized gamete forming cells,

IV EXAMPLES OF FILAMENTOUS GREEN

ALGAE ARE-

A Unbranched forms

*@irogzra
*Mougeotia
Z ema

Ulothrix
Microspora

Tribonema
Desmadium

Oedogonium
*Planktonic or occasionally planktonic
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B Branched forms

Cladophora
Pithopora
Stigeoclonium
Chaetophora

Draparnaldia
Rhizoclonium

Audouinella
Bulbochaete
Nitella

C Specialized and related forms

Schizomeris
Comsopogon
Batrachospermum
Chara

Lemanea
Vaucheria

V Habitats include the planktonic growths as

well as surface mats or blankets and benthic

attached forms on rocks in riffles of streams,

at the shoreline of lakes and reservoirs,
concrete walls, etc.

A Attached forms may break loose to
become mixed with plankton or to form
floating mats.

B Cladophora mats are a nuisance on many
beaches on the Great Lakes.

VI IMPORTANCE OF FILAMENTOUS

GREEN ALGAE

A They may cause clogging of sand filters,
intake screens, and canals,

B They may produce tastes and odors in
water or putrid odor (also producing
H_S which damage painted surfaces) when

washed ashore around lakes and reservoirs.

C They may cause unsightly growths or
interfere with fishing and swimming in
recreation areas,

D Some are useful as indicators of water
quality in relation to pollution.
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v

Together with other algae, they release
oxygen required by fish, and for self-
purification of streams.

They may produce a slime which inter-
feres with some industrial uses of water
such as in paper manufacture and in
cooling towers,

CLASSIFICATION

Ulotrichaceae

Ulothrix, Microspora, Hormidium

Cladophoraceae

Cladophora, Pithophora, Rhizoclonium

Chaetophoraceae

Chaetophora, Stigeoclonium, Draparnaldia

Oedogeniaceae
Oedogonium, Bulbochaete
Schizomeridaceae

1 Schizomeris

Ulvaceae

Enteromorpha, Moncstroma

Zygnemataceae

Zypgnema, Spirogyra, Mougeotia

Desmidiaceae

Desmidium, Hyalotheca

Tribonemataceae

Tribonema, Bumilleria

Characeae

Chara, Nitella, Tolypella




Filamentous Green Algae

13. GREENS, FILAMENTOUS
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Filamentous Green Algae

VIII IDENTIFICATION

A Branching and attenuation are of primary
importance.

B Plastids: shape, location and number per
cell are essential,

C Other characteristics include grouping
of filaments, gelatinous envelope and
special features such as ""H'" shaped
fragments.,
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COCCOID GREEN ALGAE

I INTRODUCTION a Chlorella ellipsoides 1s reported to
be a common plankton form.

For the sake of convenience, the non-motile

green algae are to be discussed 1n two b Chlorella pyrenoidosa and Chiorella
sections: those that tend to live as relatively vulgaris are often found in

discrete or free floating planktonic units, organically enriched waters.

and those that tend to grow 1n masses or Indeed a dominance of Chlorella
mats of material, often filamentous in nature, specles is considered in some
attached or free floating. places to be an indication that a
sewage stabilization pond 1s func-
tioning to maximum capacity.

O The green or ''grass green'’ algae 1s one
of the most varied and conspicuous groups
with which we have to deal. The forms ¢ Chlorella pyrenoidosa is reported
mentioned below have been artificially grouped as a filter clogger in water treat-
for convenience according to cell shape. ment plants.

Botanists would list these genera in several
different categories in the family ''Chloro-

2 Sphaerocystis colonies are free floating

phyceae, " and almost always with a perfectly
spherical, homogeneous gelatinous
These algae typically have a relatively high envelope. Up to 32 spherical cells

may be included. haerocystis
scheoeferi, the only species, is of
wide occurrence in the plankton of
lakes and reservoirs,

chlorophyll content, and the food reserves
accumulated are typically starch. Thus
these forms will usually give a typical black
or deep purple color when treated with iodine,

A Indiwvidual cells of the following genera are 3 Coelastrum forms coenobial* colonies
perfectly round, or nearly so. The first of up to 128 cells. Generally spherical
does not form organized colomes. In the or polygonal in shape--both cells and

next two the colonies themselves tend to
be round, and in the last, the colonies are
triangular or irregular, and the cells bear
long slender spines.

colony. Cells connected by protoplasmic
processes of varying length,

Coelastrum microporum 1s often
reported in the plankton of water

supplies. Not surrounded by gelatinous
1 Chlorella cells are small and spherical envelope as in Sphaerocystis.
to broadly elliptical. They have a
single parietal chloroplast. This is a 4 Micractinium. The cells of this alga
very large genus with an unknown are spherical to broadly ellipsoidal and
number of similar appearing species, are usually united in irregular 4-celled
living 1n a great variety of habitats. coenobes, These in turn are almost
Although often accumulating in great always united with other coencbes to
numbers, organized colonies are not form multiple assoclations of up to
formed, 100 or more cells. The free face of

1 Including miscellaneous yellow-brown algae.

A coenobe 1s a colony 1in which the number of cells does not increase during the life of the
colony. It was established by the union of several independent swimming cells which simply
stick together and increase in size.
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Coccoid Green Algae

each cell in a coencobe bears from one
to seven very long slender setae or
hairs.

Micractinium pusillum, This is a
strictly planktonic genus.

B Individual cells of the following genera

are elongate,

In the first two they are

relatively straight or irregular and pointed.
The next two are also long and pointed,
but bent into a tight ""'C" shape (one in a

gelatinous envelope, one naked),

The last

one (Actinastrum) i1s long and straight,
but with blunt ends, and with the cells of
a coenobe attached at a point.

1

Ankistrodesmus cells are usually long

and slender, tapering to sharp point at
both ends, They may be straight,

curved, or twisted into loose aggregations,
Ankistrodesmus falcatus is often found

in the plankton in water supplies and is
considered to be one of the forms
indicative of clean water,

Schroederia 1s a solitary, free floating
alga. Cells are long and pownted at

both ends., May be bent in various ways.
Terminal points are continued as long
slender spines which may be forked and
bent back, or end as a plate. Of the
three species reported in this country,
Schroederia setigera has been reported
in water supplies.

Selenastrum cells are pointed at both
ends, and bent so that their tips approach
each other. They tend to occur in groups
of 4, 8, or 16, which may be associated
with other groups to form masses of a
hundred or more cells, There 18 no
gelatinous envelope. Selenastrum
gracile occurs in the plankton of water
supplies.

Kirchneriella, The cells of this genus
are generally relatively broad, tapering
to a sharp or rounded point at each end,
and the whole cell bent into a C-shape,

They usually occur in groups of four
to eight 1n a broad, homogeneous,
gelatinous matrix. Kirchneriella
lunaris is known principally from the
plankton,

5 Actinastrum colonies or ''coenobes"
are composed of 4, 8, or 16 elongate
cells that radiate in all directions from
a common center,

Actmastrum is a widely distributed
plankton organism. There are two
species:

Actinastrum gracillimum and
Actinastrum Hantzschu differ only

in the sharpness of the taper toward
the tips of the cells. The former has
relatively little taper, and the latter,
more,

Cells of the following genera are
associated 1n simple naked colenies,
The first has elongate cells arranged
with their long axes parallel (although
some cells may be curved)., The last
two are flat plate-like coenobes.
Crucigenia has four-celled coenobes
while Pediastrum coenobes may be
larger, appear plate-like, and are much
more ornate,

1 Scenedesmus 1s a flat plate of elliptical
to double ended pointed cells arranged
with their long axes parallel. Coencbes
consist of up to 32, but usually 4 to 8
cells. The number of cells in a
coenobe may vary from mother to
daughter colony. The appearance of
cells may vary considerably with the
species.

a Scenedesmus bijuga, S. dimorphus,
and S. quadricauda are common

planktonic forms,

b Scenedesmus guadricauda is also
common in organically enriched
water, and may become dominant,

¢ Scenedemus abundans is reported
to impart a grassy odor to drinking
water,
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2 Crucigema forms free floating four-
celled coenobes that are solitary or
joined to one another to form plate-
like multiple coenobes of 16 or more
cells, The cells may be elliptical,
triangular, trapezoidal, or semi-
circular in surface view. Crucigema
quadrata 1s a species often reported
from water supplies,

3 Pediastrum. Colonies are free floating
with up to 128 polygonal cells arranged
1n a single plane, There may or may
not be open spaces between the cells.
The exact arrangement of the cells
seems to depend largely on the chance
distribution of the original motile
swarming zoaspores at the time the
coenobe was formed. Peripheral cells
may differ in shape from interior cells,

a Pediastrum boryanum and P. duplex
are frequently found in the plankton,
but seldom dominate.

b Pediastrum tetras has been reported
to impart a grassy odor to water
supplies.

D Celis of the following Genera are slightly

elongated,

1 Oocystis, The cells of Oocystis may
be solitary, or up to 16 cells may be
surrounded by a partially gellatinized
and greatly expanded mother cell wall,
Cells may be ellipsoidal or almost
cylindrical, cell wall thin, no spines
or other ornamentation, Qocystis
borgei, for example, 1s of frequent
occurrence 1in the plankton.

2 Dimorphococcus cells are arranged in
groups of four, and these tetrads are
united to one another in irregularly
shaped free floating colonies by the
branching remains of old mother-cell
walls, Two shapes of cell are normally

found in each tetrad (hence the name), two

longer ovate cells end to end, and a
pawr of slightly shorter, C-shaped cells
on either side. Dimorphococcus
lunatus 1s a widely distributed plankton
organism, sometimes reported in
considerable numbers.

E A distinctive group of green algae

characterized by a median constriction
dividing the cell into two geometrically
similar halves 1s known generally as the
"desmids.' (Closterium and Penwum do
not have this construction), Each half

of the cell 15 known as a "semucell, "

The nucleus lies in the "1sthmus. "
Extremes of ornamentation and structural
varliety exist., Most are unicellular, but '
a few are filamentous or have the cells
associated in shapeless colonies, They
are found sparingly in the plankton almost
everywhere, but predominate mn acid
waters,

1 Closterium 1s one of the exceptional
genera without a median constriction,
The cells are elongate, attenuated
toward the tips but not sharply pointed,
usually somewhat bent.

a Closterium aciculare is a planktonic
species.

b Closterium moniliforme 1s reported
as a filter clogging organism.

2 Cosmarium 1s a large, poorly defined
genus of over 280 species, many of
which apparently intergrade with other
genera such as Staurastrum, In
general, it can be said that Cosmarium
species are relatively small, with a
length only slightly greater than the
width, and with a deep median con-
striction. Shapes of the semicells
may vary greatly. Although shallow
surface ornamentation may occur,
long spines do not occur.

a Cosmarium botrytis 1s reported in
plankton from water supply
reservoirs,

b Cosmarium portianum is said to
impart a grassy odor to water,

¢ Other species have been reported
to be sufficiently resistant to
chlorine to penetrate rapid sand
filters and occur in distribution
systems in considerable numbers.
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3

Micrasterias is relatively common,
ornate.

Euastrum cells tend to be at least twice
as long as broad, with a deeply con-
stricted isthmus, and a dip or incision
at the tip of each semicell, The cell
wall may be smooth, granulate, or
spined.

Euastrum oblongum 1s reported as a
planktonic species from water reser-
voirs., It has also been noted as
intolerant of pollution, and hence an
indicator of clean water,

Staurastrum is the commonest of the
desmids in the plankton of fresh waters,

the genus contains upwards of 245 species

in the United States alone., Inter-
gradation with other genera such as
Cosmarium make 1t a difficult group
to define. Most of the species are
radially symmetrical, and almost all
have a deeply constricted isthmus,
The cell wall may be smooth, orna-
mented, or spined in a variety of ways.
Relatively long truncated processes
extending from the cell body n
symmetrical patterns are common.

a Staurastrum polymorphum is a
typical planktonic form,

b Staurastrum punctulatum is reported
as an indicator of clean water,

¢ Staurastrum paradoxicum causes a
grassy odor in water,

IO A type of ""green' alga known as ''golden
green'' (Xanthophyceae) is represented in the
plankton by two genera. In these algae there
15 a predominance of yellow over green pig-

ments, hence frequently imparting a yellowish

or golden tint to the cell. Reserve food
material is stored as oil and leucosin, rather
than as starch, hence giving a negative test
with iodine in most cases.

A Botryococcus braunii 1s a widely dis-

tributed plankton alga, though it is
rarely abundant.

9-4

1 The plant body 15 a free floating colony
of indefinite shape, with a cartilag-
inous and hyaline or orange-colored
envelope, surface greatly wrinkled
and folded.

2 Individual cells e close together, in
several aggregates connected in
reticular fashion by strands of the
colonial envelope.

3 The envelope structure tends to
obscure cell structure., Considerable
deep orange colored oil may collect
within the envelope, outside of the
cells, obscuring cell structure,

B Ophiocytium capitatum like Botryococcus,
1s widely distributed, but seldom abundant.

1 Both ends of cylindrical cell are
rounded, with a sharp spine extending
therefrom.

2 Many nuclei and several chloroplasts
are present,
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DIATOMS

GENERAL CHARACTERISTICS

Diatoms have cells of veryrigid form due
to the presence of silica in the wall. They
contain a brown pigment in addition to the
chlorophyll. Their walls are ornamented
with markings which have a specific pattern
for each kind.

1 The cells often are 1solated but others
are 1n filaments or other shapes of
colomes.

2 The protoplast contains normal cell
parts, the most conspicuous beling the
plastids. No starch 1s present.

Cell shapes include the elongate (''pennate'’
and the short cylindric ("'centric') one view
of which 1s circular,

1 Pennate diatoms may be symmetrical,
transversely unsymetrical, or longitudi-
nally unsymmetrical.

Wall 1s formed like a box with a flanged
cover fitting over it

1 "Valve' view 1s that of the top of the
cover or the bottom of the box.

2 "Girdle" view 1s that of the side where
flange of cover fits over the box.

3 End view 1s also possible for pennate
types.
Cell markings include:

1 Haphe or false raphe extending
longatudinally.

2 Striations which are lines of pores
extending from the area of the raphe to
the margin, Coarse ones are 'costae'’.

3 Nodules which may be terminal and
central.
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4 Internal shelves ("septae') extending
longitudinally or transversely,

II REPRODUCTION

A The common method 1s by cell division.
Two new half cells are formed between the
halves of the parent cell.

B Auxospores and gametes may also be
formed.

I EXAMPLES OF COMMON DIATOMS.

A Pennate, symmetrical

Navicula
Pinnularia
§yﬂgd ra
Nitzschia
Diatoma
Fragilaria
Tabellaria
Cocconeis

B Pennate, unsymmetrical

Goniphonema
Surirella
Cymbella
Achnanthes
Asterionella
Meridion

C Centric

Cyclotella
Stephanodiscus

Melosira

IV Habatats include fresh and salt water. Both

planktonic and attached forms occur, the latter
often are broken loose. They may be attached
by stalks or by their slimy surface,.
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A Many diatoms are more abundant in late
autumn, winter, and early spring than in
the warmer season.

B The walls of dead diatoms generally remain
undecomposed and may be common 1n water.
Many deposits of fossil diatoms exist.

V Importance of diatoms 1s in part due to
their great abundance and their rigid walls.

A They are the most important group of
organisms causing clogging of sand filters,

B Several produce tastes and odors i1n water,
including the obnoxious fishy flavor,
C Mats of growth may cause floors or steps

of swammaing pools to be slippery.

D They may be S1gn1fléant 1n determining
water quality in relation to pollution.

E They release oxygen into the water.

VI Classification. There are several thou-
sand species of diatoms. Only the most com-
mon of the freshwater forms are considered
here.

A Centrales Group

1 Representative genera.

Cyclotella
Stephanodiscus

Melosira
Rhizosolema
Biddulphia
B Pennals Group
1 Fragilarineae. The false raphe group.
Representative genera
Tabellaria

Meridion
Diatoma
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Fragilaria
Synedra
Asterionella

2 Achnanthineae. Group with cells
having one false and one true raphe.

a Representative genera

Cocconels
Achnanthes

3 Naviculineae. True raphe group with
raphe 1n center of valve.

a Representative genera.

Navicula
Pinnularia
Stauroneis

Pleuros1gma
Amgmgrora

Gomphonema

Cymbella
Epithemia

4 Surirellineae. True raphe group with
raphe near one side of valve,

a Representative genera.

Nitzschia
Cymatopleura

Surirella

Campylodiscus

VII IDENTIFICATION OF DIATOMS

A Some genera are easily recognized by their
distinctive shape.

B Many genera and most species can be
determined only after diatoms are freed
of their contents and observed under the
high magnification of an o1l immersion
lens of the compound microscope.

C Contents of the cell are generally not
used 1n identification. Only the char-
aracteristics of the wall are used.



Diatoms

D For identification of genera, most im-
portant features include.

1 Cell shape, and form of colony
2 Raphe and false raphe
3 Striations

4 Septa

E For identification of species, measure-
ments 1nvolving the number of striae per
10 microns, the direction of the striae
and many other characteristics may be
needed.
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II KEY TO ALGAE OF IMPORTANCE IN WATER POLLUTION

2y
2!

3(2)
3V

4 (3)
4!
5 (4)
Sl

6 (5)
6!

7 (6)
7'

8 (7)
8'

9 (8)
9|

10 (8")
10!

1 (7"}
1

12 (6")
12!

13 (12)
13!

14 (12")
14!

15 (14)
15!

16 (14')
16'

17 (16}
17!

18 (16')
18'

19 (18")
19!

20 (19)
20!

21 (20"
2y

Plant atube,thread, strand, ribbon, or membrane, frequently visible to the unaided eye 2
Plants of microscopic cells which are 1solated or 1n irregular, spherical, or microscopic
clusters, cells not grouped into threads 123
Plant a tube, strand, ribbon, thread, or membrane composed nf cells 3
Plant a branching tube with continuous protoplasm, not divided into cells 120
Plant a tube, strand, ribbon, thread, or a mat of threads 4
Plant a membrane of cells one cell thick (and 2 or more cells wide) 116
Cells 1n 180lated or clustered threads or ribbons which are only one cell thick or wide 5
Cells 1n a tube., strand, or thread all (or a part) of which 18 more than one cell thick or

wide 108
Heterocysts present 6
Heterocysts absent 23
Threads gradually narrowed to a point at one end 7
Threads same width throughout 12
Threads as radii, 1n a gelatinous bead or mass 8
Threads not 1n a gelatinous bead or mass 11
Spore (akinete) present, adjacent to the terminal heterocyst (Gloeotrichia) 9
No spore (akinete) present (Rivularia) 10
Gelatinous colony a smooth bead Gloeotrichia echinulats
Gelatinous colony 1rregular Gloeotrichia natans
Cells near the narrow end as long as wide Rivularia dura
Cells near the narrow end twice as long as wide Rivularia haematites
Cells adjacent to heterocyst wider than heterocyst Calothrix braunu
Cells adjacent to heterocyst narrower than heterocyst Calothrix parietina
Branching present 13
Branching absent 14
Branches 1n pairs Scytonema tolypothricoides
Branches arising singly . Tolypothrix tenuis
Heterocyst terminal only (Cyclindrospermum) 15
Hetrocysts intercalary (within the filament) 16
Heterocyst round Cylindrospermum muscicola
Heterocyst elongate Cylindrospermum stagnale
Threads encased 1n a gelatinous bead or mass 17
Threads not encased 1n a definite gelatinous mass 18
Heterocysts and vegetative cells rounded Nostoc pruniforme
Heterocysts and vegetative cells oblong Nostoc carneum
Heterocysts and vegetative cells shorter than the thread width Nodularia spumigena
Heterocysts and vegetative cells not shorter than the thread width 19
Heterocysts rounded (Anabaena). . 20
Heterocysts chndric Aphanizomenon flos-aquae
Cells elongate, depressed in the miadle, heterocysts rare. Anabaena constricta
Cells rounded, heterocysts common 21
Heterocysts with lateral extensions. Anabaena planctonica
Heterocysts without lateral extensions 22
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22 (21"
22
23 {57
23
24 (23)
24
25 (23)
25
26 (25')
26
27 (26")
27
28 (27)
28!
29 (28)
29’
30 (29')
30
31 (30")
3
32 (28"
32
33 (32)
33
34 {329
34
35 (27")
35
36 (35)
36
37 (36"
37
38 {37)
38
39 (35')
39!
40 (39"
40"
41 (40)
ar
42 (41")
42
43 (40%)
43"
44 (43)
44"
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Threads 4-8p waide
Threads 8-14, wide

Branching absent
Branching (including '‘false' branching) present

Cell pigments distributed throughout the protoplasm
Cell prgments limited to plastids

Threads short and formed as an even spiral
Threads very long and not forming an even spiral

Several parallel threads of cells 1n one common sheath
Onec thread per sheath 1f present

Sheath or gelatinous matrix present
No sheath nor gelatinous matrix apparent (Oscillatoria)

Sheath distinct no gelatinous matrix between threads (Lyngbya)

Anabaena flos-aquae

Anabaena circinalis

24
84

25
49

285
26

Microcoleus subtorulosus
27

28
35

29

Sheath indistinct or absent, threads interwoven with gelatinous matrix between {Phormidium)

Cells rounded
Cells short cylindric

Threads in part forming spirals
Threads straight or bent but not 1n sparals

Masimum cell length 3 5u , sheath thin
Maximum cell length 6 5., sheath thick

Ends of some threads with a rounded swollen ''cap'’ cell
Ends of all threads without a "cap" cell

End of thread (with "cap') abruptly bent
End of thread {with "cap') straight

Threads 3-5, 1n width
Threads 5-12, 1n wadth

Cells very short, generally less than 1/3 the thread diameter
Cells generally 1/2 as long to longer than the thread diameter

Cross walls constricted
Cross walls not constricted

Ends of thread, if mature, curved
Ends of thread straight

Threads 10-14, thick
Threads 16-60p thick

Threads appearing red to purphsh
Threads yecllow-green to blue-green

Threads yellow-green
Threads blue-green

Cells 4-7 times as long as tne thread diameter

Cells less than 4 times as long as the thread diameter

Frominent granules (''pseudovacuoles') in center of each cell
No prominent granules in center of cells

Cells 1/2-2 times as long as the thread diameler
Cells 2-3 times as long as the thread diameter

Cel! walls betwecen cells thick and transparent
Cell walls thin, appearing as a dark hine

32

Lyngbya ocracea
30

Lyngbya lagerheimu
1N

Lyngbya diguets
Lyngbya versicolor

33
34

Phormidium uncinatum
Phormidium autumnale

Phormidium i1nundatum
Phormidium retzin

36
39

Oscillatoria ornata
37

38

Oscillatoria himosa

Oscillatoria curviceps
Oscallatora

rinceps

Osciliatoria rubescerns
40

4]
43

Oscillatoria putrida
42

Oscillatoria lauterbornu
Oscillatoria chlorina

44
48

Oscillatoria pseudogeminata
45




45 (44")
45
46 (45")
a6
47 (46"
47
48 (43")
48
49 (24")
49’
50 {49")
50"
51 (50")
51
52 (51)
521
53 (52)
53!
54 (53]
541
55 (54')
55!
56 (511
56
57 (56)
57!
58 (57)
58"
59 (58')
59’
60 {57")
60!
61 (56"
61
62 (61)
62
63 (62)
63"
64(62")
64'
65 (64')
65!
66 (61')
66'

Ends of thread straight
Ends of mature threads curved

Prominent granules present especially at both ends of each cell
Cells wathout prominent granules

Cross walls constricted
Cross walls not constricted

End of threcad long tapering
End of thread not tapering

Oscillatoria agardhn
46

Oscillatoria tenus
47

Oscillatoria chalybea
Oscillatoria formosa

Oscillatoria splendada
Oscillatoria amphibha

Cells separate from one another and enclosed in 2 tube (Cymbella) 25)
Cells attached to one another as a thread or ribbon 50
Cells separating readily into discs or short cylinders their circular face showing radial
markings 233
Cells either not separating readily, or if so, no circular end wall wath radial markings 51
Cells 1n a ribbon attached side by side or by their corners 52
Cells 1n a thread, attached end to end 56
Numerous regularly spaced markings in the cell wall 53
Numerous markings in the cell wall absent (Scenedesmus) 128
Wall markings of two types one coarse, one fine 185
54

Wall markings all fine {Fragilaria)

Cells attached at rmiddie portion only
Cells attached along entire length

Cell length 25-100p
Cell length 7-25s

Plastid 1n the form of a spiral band (Spirogyra)
Plastid not a spiral band

One plastid per cell
Two or more plastids per cell

Threads 18-26p wide
Threads 28-50p wade

Threads 28-40p wade
Threads 40-50p wade

Threads 30-45p wide, 3-4 plastids per cell
Threads 50-80w wide, 5-8 plastids per cell

Plastids two per cell
Plastids either one or more than two per cell

Cells with knobs or granules on the wall
Cells with a smooth outer wall

Each cell with two central knobs on the wall
Each cell with a ring of granules near one end

Cells dense green, each plastid reaching to the wall
Cells hight green, plastids not completely filling the cell

Width of thread 26-32p, maximum cell length 60p
Width of thread 30-3éu. maximum cell length 120p

Plastid a wide ribbon, passing through the cell axi1s (Mougeotia)
Plastid or plastids close to the cell wall (parietal)

Fragilaria crotonensis

55

Fragilaria capucina

Fragilaria construens

57
61

58
60

Spirogyra communis
59

Spirogyra varians
Spirogyra porticalis

Spirogyra fluviatihis
Spirogyra majuscula

62
66

63
64

Desmidium grevillu
Hyalotheca mucosa

Zygnema sterile
65

Zygnema insigne
Zygnema pectinatum

67
69
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67 (66)
YA

68 (67"}
68"

69 (66")
69’

70 (69)
70!

71 (70
7

72 (70)
72!

73 (69")
73!

74 {73)
74

75 (74%)
75°

76 (75)
76!

77 (75Y)
e

78 (73Y)
78'

79 {78)
79!

8O (78')
80’

81 (80)
81

82 (81)
82!

83 (80'}
a3

84 (237)
84

85 (84)
85!

86 (85')
86!

B7 (86)
87!

B8 (87')
By’

11-4

Threads with occasional 'knee-joint'' bends
Threads straight

Threads 19-24p wide, pyrenoids 4-16 per cell
Threads 20-34y wide, pyrenoids 4-10 per cell

Occasional cells with one to several transverse wall lines near one end (Oedogomum)

Occasional terminal transverse wall lines not present

Thread diameter less than 24y
Thread diameter 254 or more

Thread diameter 9-l4p
Thread diameter 14-23p

Dwarf male plants attached to normal thread, when reproducing
No dwarf{ male plants produced

Cells with one plastid which has a smooth surface
Cells with several plastids or with one nodular plastid

Cells with rounded ends
Cells with flat ends {Ulothrix)

Threads 10p or less in diameter
Threads more than 10p 1n diameter

Threads 5-6p 1in diameter
Threads 6-10p 1n diameter

Threads 11-17y 1in diameter
Threads 20-60p 1n diameter

Iodine test for starch positive, one nodular plastid per cell
lodine test for starch negative, several plastids per cell

Thread when broken, forming "H" shape segments

Thread when fragmiented, separating irregularly or between cells

Side walls of cells straight, not bulging
but often indistinct {Melosira)
Side walls of cells slightly bulging

Spine-like teeth at margin of end walls
No spine-like teeth present

Wall wath fine granules, arranged obliquely
Wall with coarse granules, arranged parallel to sides

Plastids 2-4 per cell
Plastids more than 4 per cell

Plastids present, branching "true"
Plastids absent, branching ''false'

Branches reconnected, forming a net
Branches not forming a distinct net

Fach cell 1n a conical sheath open at the broad end (Dinobryon)
No conical shcath around each cell

Branches diverging, often almost at a right angle
Branches compace often almost parallel

Narrow end of sheath sharp pointed
Narrow end of sheath blunt pointed

Pattern of wall markings not present {Tribonema)

Mougeotia genuflexa
68

Mougeotia sphaerocarpa
Mougeotia scalaris

70
73

7!
72

Oedogonium suecicum
Oedogonmium boscty

QOedogonmium 1dioandrosporum
Oedogonium grande

74
78

Stichococcus bacillans
75

76
7

Ulothrix variabihis
Ulothrix tenerrima

Ulothrix aequalis
Ulpthrix Zonata

A pattern of fine hines or dots present in the wall

79
80
Microspora amoena
{Rhi1zoclonium} 100
&1
83
82

Melosira varians

Melosira crenulata
Melosira granulata

Tribonema minus
Tribonema bpombycinum

85

Plectonema tomasiniana

Hydrodictyon reticulatum
86

87
350

Dinobryon divergens
88

89
Dinobryon sertularia




89 (88)
89!

90 (86")
90'

91 (90)
9"

92 (90"
g2’

93
93!

94 (92"
94!

95 (94")
95!

96 {(9%)

25!

97 (96)
97"

98 (96")
98!

99 (95"
99"

100 (99"}
1¢0'

101 (100")
101"

102 {101}
102!

103 (102)
103"

104 (101")
104!

105 (104"}
105!

106 (105"}
106!

107 (106"
107"

108 (4")
108’

109 (108")
109'

10 (109")
110’

111 (110)
mnr

Narrow end drawn out into a stalk
Narrow end diverging at the base

Short branches on the main thread in whorls of 4 or more (Natella)
Branching commonly single or 1n pairs

Short branches on the main thread rebranched once
Short branches on the main thread rebranched two to four times

Dinobtyon stipitatum
Dinobryon sociale

91
92

Nitella flexihis
Nitella gracilis

Termanal cell eacn with a colorless spine having an abruptly swollen base {Bulbochaete) 93

No terminal spines with abruptly swollen bases

Vegetative cells 20-48y long
Vegetative cells 48-88y long

Cells red, brown, or vioclet
Cells green

Threads enclosed 1n a gelatinous bead or mass
Threads not surrounded by a gelatinous mass

Abrupt change in wadth from main thread to branches {Draparnaldia)
Gradual change 1n width from main thread to branches (Chaetophora}

Branches (from the main thread) with a central, main axis
Branches diverging and with no central main ax1s

94

Bulbochaete mirabilis

Bulbochaete 1nsigmsg

Audouinclla violacea
95

96
99

97
98

Draparnaldia plumosa

Draparnaldia glomerata

End cells long-pointed, with colorless tips
End cells abruptly pointed, mostly without long colorless tips

Light and dense dark cells intermingled inthe thread

Chaetophora attenuata

Chaetophora elegans

Pithophora oedogogonia

Most of the cells essentially alike 1n density

Branches few 1in number, and short colorless

100

Rhizoclonium hieroglyphicum

Branches numerous and green

Terminal attenuation gradual, involving two or more cells (Stig