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This course is for anyone who needs the skills‘to i .
use a compound microscope to-analyze microscopic . - ¢
. communities, present in wastewater treatment
. . processes, for operational control Prior experience
- . in m1croscopy is net necessary.. - .
. * After sucgessfully-gompleting the course; the student
- will be able to relate microscopic comnrnities pfesent
. . in the wastewater treatment process to operational 0
controls., The student will also be capable of mstx‘uctmg
tre,atmé"nt plant personnel in the more prof1cient use of
} . the compound mit¢roscope and relating communities
‘ ' . . present to operat1onél control,
! . PRSI Wy . ' .
T & < The training includes classroom 1nstruct1on and - °
) laboratory practice. ) ’ %
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¥ .
. FHE AQUATIC ENVIRONMENT
Part 1 he Nature and Behavior of Water : I
” \T T ® - . , .. . -
I INTRODUCTION ., . forms, but also with living 6rganisms

The earth is physigéi.lqsdivis'ible into the ,

lithospheresor land

masses, and the -

. hydrosphez{vhich includes the oceans,

lakes, str

ms, and subterranean waters,

and the atmosphere.

.

/\A

“»

~
%

+ -

Upon the hydrospere are based a number -

of sciences which represent different
approaches. Hydrology is the general
science of water itsell with its various -
special fields suchyas hydrography, -
hydraulics, etc. These in turn merge
into physical chemistry and chemistry.

Limnology and oceanography combine -

aspects of all of these; and deal 'not oaly, *
with the physical liquid water and its
various naturally occurring solutions and

. . TABLE 1

¥ .

Property

UNIQUE PROPERTIES OF WATER
7

infipite interactions that occMr
hem and their environment.

', and
bet
C Water quality management including
+ pollution control, thus looks to all
branches of aquatic science in efforts
to coordinate and improve man's
relationship with his aquatic environment.

cen

“II SOME FACTS ABOUT WATER

ANWater is the only abundant liquid on o
lanet.. It has many properties most /
unusual for liquids, upon which depend
most df the familiar aspects of the world
about ‘us as we know it. (See Table 1)

. ’

\ [y

. Significance

-HT;;-h'ce't heat capacity (specific heat) of any
solia or liquid (except NH:{)

[

4tabilizes temperatures of o\ganlsmsland

“Ygeographical regions '

Highest latent heat of lus(o’n,(except NHS)

Thermostatic effect at freezing point . ‘

Highest heat.of evaporation of any substance

Important in heat and water transfer of

- .

. n(mosphere
L} - ° - ’ =
The_only substance that has ns maximum Fresh and brackish waters have maximum B
* density as a liguid (40C) density above freezing point., This is
- : fmpogtant in ‘vertical circulation pattern 5
- in laKes, - ,
Highest surface tension of any liquid Controls surface and drop phenomena, .

tmportant in cellular physiology -

’ Dissolves more substances in greater
quantity than any other liquid

Y

Makes complex biological system possible.
Impormnt for transporzat(on of materials .
*in solution.’ :

» . ¢

l‘ure water has the hfghest d(-electr(c
gonstant of any liquid .

Leads to high dissociation of (norgan'ic
sGbstances in solution .

4 Very little electrolytic dissacatf

Neutral, yet tontains both H+ and OH™ fons

[

13

Relath{ely t‘ransparent

Absorbs much.energy (n infra red and ultru
violet ranges, bt little {n visible range. '
Hence, colorless" °

o

-

-



The Aquatic Environment

£ 3
B Bhysical Factors of Significance . °. TABLE 2 T

1 Water substance - EFFECTS OF TEMPERATURE ON DENSITY

' - - OF PURE WATER AND ICE* ~
Water is not simply "H,O" but in

reality is a mixture of Some 33 Temperature {°C)
different substances involving three . :
isotokes each of hydrogen and oxygen ' Water - Tegi*
ordinary hydrogen H1 » deuterium Ig T

and tritium H3; ordinary oxygen O} . .99815 ©7.9397

. oxXygen 17, and oxygen 18) plus 15 ' - . 99869 , 9360
known types of ions. - The molecules - ' .99912 - .9020
of a water mass tend to associate .99945 . L9277
themselves as polymers rather than - .99970 T . 9229
t6 remain as discrete units. " . .99987---- y 9168
(See Figure 1) . . .99997 |

. 00000

. 99997

. 99988

.99973

.99823

Q - . . .99225
N . 98324
' @ } % } } } _ .en183 :
Q 100 . "= J95838 N :
) * Tabular values for density, etc., represent
|l

@ estimates by various workers rather than

absolute values, due to the variability of \

water,

@@@ggg%%%@wwm%@nwm

more other "forms" of ice are known to

: *.exist (ice II, ice III, etc.), having densities. . °
@ @ ' ; at 1 afm. pressure ranging from 1, 1595 :
ST to 18T, i

[}

Density

-

SUBSTANCE OF PURE WATER

These are of.extremely restricted
’: occurrence and.may be ignored in most
Flgre T . " » routine operations, ¢ ..

* 2 Density o " This e sures%that ice ysually
‘ . ~—— formsfon top of a body of water
‘ a Ten‘nperature and density: Ice. / and tends to insulate the renrain-
Water is the only known substance B T ing wate’f' mass from further.loss
in whlch the solid state ‘will float . of heat. Did ice sink, there
on the liquid state., (See Table 2) ° ) could be little or no carryover of
aquatic life from .season to season
- in"the higher latitudes. Frazil or
needle ice forms colloidelly at a
few <thousandths of a degree
‘below 0° ¢, 1t is adhesive arid , "
may build up on submerged objects
as "anchor ice!, but it is still °
.,typical ice (ice Do

’
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.t thermocline, L

1) Seasonal increase in ‘solar
radiation annually warms
surface watgrs in symmer  “--
while other factors result in
winter-cooling. The density

¢+ differences resulting establish
two classic layers: the epilimnion
or surface layer,‘ and the -
hypolimnion or lower layer, and
in between.is the thermocline

* or shear-plane.
[} - °

2) While for certain theoretical
purposes & ''thermocline' is
defined as a zone in 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 may be regarded as a

3) Obviously the greater the /7~
temperature differences
between epilimnion and
hypolimnion and the sharper
the grddient in the thermocline,
the more stable will thc/
situation be.

he'S

4) From information given above,
» it should be evident that while *
the temperature of the I
hypolimnion rarely drops -

much below 4° C, the
eplhmmon may range from

' 0° C upward. T .

5) When epilimnion and hypolimnion
achieve the same temperature,
stratification no longer exists.
The entire body of waterYehayes
hydrologlcally as.a,unit, fand
tends to assume uniform chemical
and physical characteristics."
Even a light breeze may then,
cause the entire body of water

« to circulate,
overturns, and usually result in .
water quaIity changes of consider-
able physical, chemigal, and °
biological significance,

.

- L3

LY [
Mineral-rich water from the
hypolimnion, for example,,
is mixted with oxygenated
water from the epilimnion. |
This usually triggers a
sudden growth or,''bloom"
of. plankton organisms,

- . '\
When stratification is present,
v however, each layer bebaves
relatively. independently, and
_significant quality differences.
may develop. . -
Thermal stratification as
described above has no
reference to the size ¢f the .
water mass; it is found in
oceans and puddles.

7)

o

The relative densities of the
various isotopes of water .o

" influence its molecular com- -
position.- For example, the "

s lighter O, ¢ tends to go off .
first in the process of evaporation,
leading to the relative enrichment
" of air by O1g and the enrichment - .
. of water by 017 and O18 This
can lead to a measurably higher ,
" 0O;g content in warmer climates.
Also, the temperature of water
in past geologic ages can be |
closely e.stimated from the ratio -
of Oyg in the carbonate of mollusc
shells. s

4

¢ Dissolved and/or suspended solids

Such events. are called _

may also affect the density of ~ .
. natural water masses (§ee Table 3)
TABLE 3 : Coe
EFFECTS OF DISSOLVED SOLIDS . ) -
: ON DENSITY . T .
.. Dissolved Solids Density .
Y (Grams,per liter) (at 40C)
— 0 1. 00000
1 1.00085
1,00%69
3 1,00251
“10 . -, I 1,00818
35 (m'ean for sea water) 1,02822

3
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.d Types-of density stratification '« This is important nst only in situations
. . T involving the control of flowing water
1) Density differences produce as in a sand filter: but also since, -
stratification which may be . overcoming yresistance to flow gen- .
. permanent, transient, or - erates heat, it is signifieant in the
* seasohal. - heating of water by internal friction
_—_— . . ot L from wave and.current action.
.2} ‘Permanent stratification Living organismg mare easﬂy suppor¢ °.
. exists’for example where ° . themselves in the more Viscous |,
there is a heavy mass of . . , (and also denser) cold waters of the
"brine in the deeper areas of . QAarctlc than in thé less wiscous warm
a basin which dogs not respond ° waters of the tropics. (See Table 4).
to seasonal’or other éhanging . . e
) conditions. N . . TABLE 4’
3) Tra.nsient stratification may ) VISCOSITY OF WATER (In millipoises at 1 atm) 0 .
° occur with the recurrent ]f e
influx of tidal water in an ° Dlsso;lved solids 1nj/L
- éstuary,for example, or the ] - .
occasional influx of cold Temp. 0 C 0 . 5 10 30
muddy water into a deep lake -10 26.0 IZ ———- ———-- _———-
! or reservmr s . v /
T, < o - 5. o 2l.4 === Sl Eiied
¢ 4) \,Seasonal stratification is ) 0 17. 94 18.1 18.24 18.7
o typically tharmal in nature, . . o )
“ ) and mvolv%‘the-annual . 5 . 15,19 | 15.3 ”1}5. 5 16.0
. establishmignt of the epilimnion, - 10 - 13.10 | 13.2 13.4 13.8
hypolimnion, and thermoclme ) s . ‘ .
a}srpdescmbeé above. ,3.0 8.00 8.1 8.2 8.6,
' ~ 100 © 2,84 | ---- | mmm | ---]
5) Densny stratification is not’ - r .
limited to two-layered systems; ‘ i
. three, four, or-even more . - 4 Surface-tension has bic;logfc‘:al as,well
layers may be encounEered -, ° . ‘as physical.significance. Organisms
1ar;lger bodies of water. " whose body Surfaces cannot be wet by . .
* ) water can either ride on the surface
€ A "plunge hm?, (sometimes called” film or ip some instances may be , °® .
"thermal line") may develop at . "trapped" on the surface film and be ° .

the mouth of a stream. Heavier . unable to re-enter the water..

water flowing into a lake or C e

reservoir plunges below the ' ¢ 5 Heat oy ..

lighter water mass of the epiliminium .0 ZS2L DT SRRy .

‘,to ﬂow. e.longa:zlaf a 1owlerd1§ve1. Such . Incident solar r;acfiai:ion is;the "prime
- - 2 line ;slalzsu Zfr{lai, € dybaI} T gource of energy for virtually all
- accumulation of 1loating debris. organic ahd most inorganic processes
’ on earth. For the earth as a wholé,
o Stratlfilcaltmn may be ?Odiﬁ‘e‘j . the total amount (of energy) recewed .
or ent Wre Y. Suppresse mdlsox;'neb _annually muét exactly balance that
cases When deemed expedient, by , . lost by reflectioh and radiation into . o

.

space if clirhatic and related con-
ditions are to remain re1at1ve1y
constant over geologic time.

m’e;{q,ns of a simple air lift."

3 The viscosity of water is greater at .
lower temperggures (see Table 4). . .
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a‘’ For a given body of water,

immediate sources of energy
ingluyde in addition to solar .
irradiation: terrestrialheat,
transformation of kinefic energy
(wave and current action) to heat,
‘chemical and blochemical o
reactions, convection from the 3
atmosphe?e and condensation of _,
ater vapor. - :
The prop’ortion“of light reflected *
depends on the angle of incidence,
the temperature, color, and other
qualities of the water; and the
presence or absence of filmss {
,of lighter liquids su§h -as oil, "
In general, “as the. depth increases
arithmetically, the light fends to
decrease geometrlca’lly Blues, f
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

illuomination which penetrates the -
surface film is absorbed in the

first 10 meters -of even the clearest
water, thus fending to warm the

‘upper 1ayer.s -

[}
¢ ~

a

6 Water movements - . o

Ny

Waves ~or' rhythmic movement oo

. ~

1) 'The best known are travehng
waves caused by wind. These are !
effective only against objects near
the surfice. They have little-
effect on the movément of large
masses of water. - . '

-
»

2) Seichés ;- - -

- a

Standmg Wwaves o sexches occur
"in laiffs, estuarles, and other, *

seich" is an oscillatién in a
subrhersed mass of water such
asya hypohmmon accompanied
by compensating oscillation in the .
overlymg Water SO, that-no, o

v

i ]
a
A

+ b Tides

are steady arythmlc vgater movemen&s

significant change in surface.
level is detected. Shifts in
submerged water masses of
this type can have severe effects-
on the biota and also on human
water tises where withdrawals
arecconfined to-a given depth,
Descriptions and analyses of
many other types ard sub-types
of waves and wave-lik¢ moyements
may be found in the literature.

a

1) Tides are the:longest waves

known, and are responsible for

the orce or twice a day rythmic' .

rise and fall of thefocean level

,on most shores. around the world.
2) While part and pdrcel of the |
same phenomencn, it is often

convenient to refer to the rise »
and fall of the water level as . N

"tide, " and to the resulimg
4 currents as t1da1 currents
3) Tides are basxcally caused by the
* attraction of the sun and moon on
- water masses, large and small;
however, it is®nly in the oceans
and p®sibly certdin 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. ) tLh

.Y
[N

Currents (except tidal currents) -
which have had maJor study only in
oceanography a,ltnough they are.
most often observed. in rivers and
stredms, ‘They are primarily

-

* concerned {nth the translocation of
watler masses.

They may be generated-
internally by virtue of density changes,
or externally by wind or terrestrial
tepography,”’ Turbulence’ phenomena
or eddy currents are largely respon-
sibje. for, lateralmixing in a current.
These are of far more importance
in the econgmy of a body of water than
mere lammar flow.- ,

., ® ~ . \

1-5 °

.
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> d “Cotriolis force i$ 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

in the southern hemisphere.”
While the result in fresh waters is
usually negligible, it may be con-
siderable in marine waters, For
example, other factors perm_ltti_ng,
there is a tendency in estuaries for
fresh water's-to move toward the
oceah faster along the right bank,
while galt tidal waters'tendto .
intrude farther inland.along the.
left bank. Effects are even more

dramatic-in the open eceans. s

a N 3 @

e Langmuire spirals (or Langhuire
circulation) are a relatively- ©

massive cylindrical motion imparted
to surface waters under. the influence
of wind.' The axes of the cjlinders
<are parallel to the direction of the,
-wmdamuwnumhmdmmaw'

“WATER .
SINKING -

WATER _
RISIG ,

°

-

..

* spirals on either gide Wwill be meet-~
- ing and rising.

‘a This phenomenon is of consider-

depend on the depth of the water,
the velocity and duration of the
wind, and other factore’, " The net
result is that adjacent cylinders
tend to rotate in opposite directions
like meshing cog wheels, Thus, .
the water between two given spinalg
may. be meeting and sinking, while .
that between spirals on eitler-side -
will be meeting anqd rising, Water
over the sinKing, while that between

Water over.the. *
sinking areas tends t6 accumulate
flotsam and jetsam on the surface

in long conspicuous lines, °

able importance to those sampling
for'plankton (or even chemicals)
nedr the surface when the.wind
is blowing., Grab samples from
either dance might obviously
differ considerably. agif

., a plankton tow is contemplated .
it should be made Aacross the
wind in order that the net

may pass through a succession

of both dances. -

" Flgurez L.angmuiré” Spirals ‘

b. Blue dancé, water rising. r. Red e
dance, water smkmg, floating o A
o -swimming. uhlec‘m concentrated - R
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. | , -
b _Langmuiré spirals.are not : REFERENCES ) ]
usually established until the .
wind has either been blowing ' ;L Buswell A, M. and Rodebush W H. .
° . for an extended period, or . Water. _Sci, Am, Apr11 1956 :
,else,is blowing rather hard. _
. Their presence can be detected ,2 Dorsey, N. .Ernest. Prbperties of
. by the lines of foam and . X . Ordinary Water - Substance.
other floating material which ‘Reinhold Publ. Corp. NNew York. '
coincide with the directign ~ pp. 1-673. 1940, ’}}
of the wind. . . , : , \ .
. ' ) ' 3 Fowle, Frederick E. -Smithsonian

‘ . Physical Tables. “Smithsonian
8 The pH of pure water has 'been deter-, Miscellaneous Collection, 71(1)'

mined between 5.7 and 7. 0+by various , Tth revised ed., 1929,
workers. - The latter value is most . - ;o . .
+ widely accepted at the preésent time, 4 Hﬁtcheson George ‘E. A Treatige on

Natural waters of coarse vary widely Limnology. John Wiley Company.
according to circumstances. 1957,

.

The elements of hydrolo mentioned - .
above represent a selection of some of . . .. "
the more conspicuous physical factors S - .
involved in working with water quality . ¢
Othar ;{ems no: specmcalli mentioned - ' .
include:. molecular structure of waters ‘ AR : !
1nte§_ract1on of water and radlatlon = .
internal pressure,’ acoustical charac- e, . -
teristics, pressure-volume-temperature’ _ RS \ .
relationships, refractivity, luminescence, - \‘ Ay . . . “
. color, dielectrical characteristics and \ < ' -
.phepomena, solubjlity, actign and intep- _ R . . B -
‘actions ‘of gases,<liquids and 'solids, o | N, * oo
g A
water vapor, phenomena of hydrostatics \ .
and hydro dynamics in general R " ) x

‘e
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. Part 2: The Aquatic Environment as an Ecosystem“' s 7

' \ , - . E _ . \Q
. - . \

I INTRODUCTION .. / .- * I ECOLOGY IS THE STUDY OF THE

. . : INTERRELA TIONSHIPS BETWEEN -

- . 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 photp,— -
graphs from’ space have shown is a finite
globe in infinite space:

.
’

. i

: This is the habitat of man and the other
organisms., His relationships with the
aquatic biosphere are our common concern,
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THE BIOLOGICAL NATURE OF THE.
_ WORLDWE LIVEIN  ° :

« A We can only imagine what this world
must'have’ been like before there wa's life: .

B The wérld as we know 1t is largely shaped
. by the forces of life, °

.1 Primijtive forms of life created organrc
" matte¥sand established soil.

ORGANISMS, AND BETWEEN ORGA- .
NISMS AND THEIR ENVIRONMENT. —_
A The ecosystem is the basic funct1ona1‘
unit of ecology Any area of nature that
includes Hying organisms and nonliving
substances \nteracting to produce an
exchange off maferials between the 11v1ng
and nonliving parts constitutes an
ecosystem, (Odum, 1959) . -

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

a Abiotic NUTRIENT MINERALS
which ape the physical stuff of
.. .which living protoplasm will be
. synthes1zed

gy
b Au/t.ot:)phm ( self-nour1sh1ng) or
PRODUCER organisms. These

. T . e - ,are largely the. -green plants .
2 Plants cover the lands and enormouSIy (holophytes) ‘but other minor
; mfluemce the forces of erosion, - , groups must also be included
o , ..(See Figure 2), They assimilate

' 3 The nature and rate of ‘ergsion affect N the nutrient, P;unerals . by the use
the red1str1butmn of mater1a1§ e v of cons1derab1e energy, and combine
(and mass) on the surface of-the e them into 11Vmg orgamc substance.
earth (topographlc changes). . ”

4 Organisms-tie up vast quantities of
certain chemicals, suchas carbon’
. -and OXygen
R Y
“5 Resp1rat1on of plants and animals .
releases carbon dioxide to the ‘
: atmosphere in influential quantities. ..

H

CO affects the heat transm1s§1on of

.
LE]

.

C érganisms respond to and in turn affect
~ their environment. Man is one ¢f the
most influential, - . ,
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e Heterotrophlc(other-nourlshing)
%CONSUM@R (holozoic), are chiefly
‘ the animals. They ingest (or eat)
.+ and digest organic matter, releasing ,
- considerab% energy in the process

-
Q

d Heterotrophic REDUCERS are chiefly

, » bcteria and fungi that return

. . . complex organic compounds back to
- the original dbiotic mineral condition,
thereby reledsing the rema1ning
chemical energy.

2 From a functional standpoint, an |
' ecosystem has two parts (Figure 2)

o o 1a9
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FIGURE 1

¢ »

Q" .

a The autotrthic or producter

© 8ole energy source,

, 3

organisms, which utili%e light )
energy or the oxidation of in-
organic tompounds as their:

b The heterotrogic or consumer .

and reducer organisms which
~utilizes organic compounds for
its energy and carbon requirements,

Unless the autotrophic and hetero-

trophic phases of the cycle approximate C

"a dynamic equilibrium, the ecosystem

B Each of these groups includes simple, .
" single-celled representatives, persisting

s» at

of the higher organisms. (Figure 2)

1

and the environment will change. .-

v
lower levels on the evolutionary stems A

These groups span the ga.ps between the

‘higher kingdoms with a multitude of

transitional forms; They are collectively
called. the PROTISTA and MONERA. ’

>

REDUCERS

NUTRIENT
" MINERALS .

2 These two groups can be defined on
the basis of relative complexity of
structure.

a The bacteria and.blue-green algae,.
lacking a nuclear membrane are .
the Monera,

b The single-celled algae and

. protozda are Protista,

s

DistriQuted throughout these groups will
be found most of the traditiona/l".phy]a‘"
of classic biology, :

FUNCTIONING OF THE ECOSYSTEM -

A food chain is the transfer of food energy

from plants through a geries of organisms
with repeated eating and being eaten.

Food chains are rot isolated sequences but
are interconnected

14
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' RELATIONSHIPS BETWEEN FREE LIVING AQUATIC ORGAN ISMS

}
° ‘ /
. X Energy Flow/éﬁ':/"'eﬂ to Right, Gﬁgl Evolutionary Sequence is Upward ’ -
7. © p ’ = \
' . PRODUCERS | CONSUMERS . . REDUCERS \
.Organi Sdu e Organic Material Ingested or Organic Material Reduced )
S Uguanc 'pizigs%o;g—:%? 1 Consumed . by Extracellular Digestion -
/ -}; (O Digested Iﬁfernally ‘d and Intracellular Metabolism, ‘
P - - to Mineral Condition
: ENERGY STORED * ENERGY RELEASED '* ENERGY RELEASED
Flowering Plants and Arachnids Mammals ‘ : T
Gymnosperms . . Basidiomycetes N
Insects Birds <
EIUb Mosses, Ferns _ ¥ crystaceans Reptiles T
J] Segmented Worms Amphibians . . T
. Liverworts, Mosses . . Fung: Imperfecti.
’ : ) Molluscs Fishes
Multlcellular Green Bryozoa p“glhl(t)lr‘ijeates
Algae > J Rotifers N o T ST o -
. Ascomycetes .
Roundworms Echinoderms . .
Red Algae Flatworms . T
~ Coelentera'tes . . - »
- y Righer Phycomycetes
Brown Algae » Sponges vt \
) * ) DEVELOPMENT OF MULTICELLULAR OR COENOCYTIC STRUCTURE .
‘ — . = - '
~ PROTISTA | ’
N -
E Protozoa . ,
Unicellular Green Algae . . . l.ower
c Amoebmd . Cilliated
‘ N Diatoms . 0 Phycomycetes
v v Flagellated, Suctonia - , .
Pigmented Flagellates ﬁmdn-pl;,,mcntcd) (Chytridiales, et. al. )’ . L
¢ , I)I'Z\’ELOI’M‘ENT OF A NUCLEAR MEMBRANE
. u ; ]
S, MONERA ' .
. v ' ' . T
- Blue Greén Algae Actinomycetes .
. a » v l 1. N °
. -2 ‘Sprrochactes
Phototropic Bacteria ’ 17 ¢ ,
sSaprophytic 7/
. N I | Bacterial
\ R Chemotropic Bacteria 'lxpcs' -
AN . 3 T . ' l " .
. ° ° - . » . F) . ,
' ' d . « 3%
' . s . , FIGURE 2 . - .
. ' BI.ECO.pl.2a.1.69 * ~
j . o . . ‘ .
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B A food web is the interldcking pattern of . . D Total Assimilation ) o .
.. _  Tood chains in an ecosystem. (Figures 3,4) TR
In complex natural communities, organisms The amount of energy which flows through
whose food is dbtained by the same number” a trophic level is distributed between the
of steps are said to belong to the same production of biorhass (living substance),
. trophic (feeding) level. . and the demands of respiration (internal
: = energy use by living organisms) in a ratio
C Trophic Levels - L. of approximately 1:10. o

, ‘ —~ . B Trophic Structure of the Ecosystem —
1 First - Green plants (producers) . N

(Figure 5) fix biochemical energy and * The interaction of the food chain | .
synthesize: basic organic subgtances. phenomena (with energy loss at each
is is "primary production’. . transfer) results in various communities
2 Second - Plant eating animals (herbivores) having definite trophic structure or energy
depend on the producer organisms for levels. Trophic structure . may be
food. . measured and described either in terms
. of the standing crop per unit area or in
. 3 Third - Primary caghivores, animals : terms of energy fixed per unit area per
which feed on herbivores. s ‘unit time at successive trophic leVels.
o ] < Trophic structure and function can be
4 Fourth -.Secondary carnivores feed or shown graphically by means of ecological
primary carnivores, pyramids (Figure 5)," |

5 Last.~ Ultimate carnivores are the last . "y
or ultimate level of consumers. ' )

Figure 3. Diagram cf the pond ecosystem, Basic units are as follows: 1, abiotic substances—basic inorganic and
compounds; 1A, -producers—rooted vegetation; 1IB, producers—phytoplankton; I1L1A, primary consumers

(herbivores)~bottom forms; I11-1B, primary congumers (herbivores)—zooplankton; II1-2, sccondary consumers (car- .

nivores); 1H-, testiary consumers (secondasy camivores); 1V, decomposers—bacteria and fungi of decay. ~
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(a) .
i Decomposers Carnivores (Scc,gndary)
- ‘ Carmvores (Primaryf
[ Herbwores .
F ) 2 Producers _L
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‘ Flg'ure 5. HYPOTHETICAL PYRAMIDS of
(a)’Numbers of individuals,. (b) Biomass, and
"(c) Energy (Shading Indicates Er}erg}"Loss)
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4 *V BIOTIC COMMUNITIES -

,poA Plankton are the macroscoplc and
microscopic ammals plants, badteria,
ete., floating free in the open water.
Many clog filters, cause tastes, odors,
and other troubles in water*supplies

» Eggs and larvae of larger forms are
often preseift. .
1 Phytoplankton are: plant,,.likﬁu 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 in size from minute protozoa

X to gigantic marine jellyfishes. -

2

ﬁ Periphyton (or Aufwuchs) - The commuiﬁties
% of microscopic organisms associated.with
% submerged surfaces of any type or depth.

« -

¥

Ty !
VIl PRODUCTIVITY . N

. Includes bacteria, algae, protozog; and
other mlcnoscopxc animals and often the
young or embryonfe stages of algae and
other organisms that' normally grow.up -
to become a part of the benthos (see below)
Many planktonic types will also adhere
to surfaces as periphyton, and some
typical periphyton may break off and
be collected as plankters:

4

s

C' Benthos are the plants and animals living =

on, in, or closely associated with the .
bottom. They include plants and A
"mvertebrates '

D Nekton are the community of strong
aggressive swimmers of the open waters,
often called pellagic. Certain fishes,

" whales, and invertebrates such as
shrxmps and squlds are included here.

E The marsh commumty is based on 'larger -
"higher' plants,* floating and emergent.
. - Both marine and freshwater marshes are
areas of enormous biological production.
. Collectively known a$ "wetlands", they

——We gap between the waters and the .-
y dry ]_h - " ) )

4

A The biological resultant of all physical
and chemical factors in thé quantity of
li¥e that may actually be present, The
abilitp to produce this "biomass" is
often referred to as the "productivity"
of a body of water. This is neither good

. nox bad per se A wate'r of low’pro-
ductwﬂy is 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 -
man or highly desirable. 1t is a nuisance
if foul odors and/or weed-chocked
waterways result, it is désirable if
bumper crops of bassg, catfish, or
oysters are produced. Open oceans have’
a low level of productivity in geheral. -\

t -
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Vil \RERSISTE:.NT CHEMICALS IN THE

| ENVIRONMEN

', Increasingly complex manufacturing processes,
. coupled with risinig industrialization, create

" health hazards for humans and aquatic life.

Compounds besides being toxic (acutely or
chronic) may produce mutagenic effects
including ¢dncer, tumors, and teratogenicity
(embryo defects). Fortunately there are tests,
such as the Amis test, to screen chemical ¢
compounds for these effects.

Metals - current le\gs of cadmium, lead

and other substances constitute a mount-

ing concern. Mercury pollution. as at

'Vlimmata Japan has been fully documente
»

_,,‘,,,B Pesticides

L)

- - R -

e
1 A pest1C1de and its metabolites may ,
“ move through an ecosystem in many
ways, Hard (pesticides which are
persistent, having a long half-life in
the environment includes the organo-
chlotines, ex., DDT) pesticides
ingested or otherwise borne by the
. ..target species will stay in the .
S envu'onment possibly to be recycled
or concentrated further through the
hatdral action of food chains if the
species is eaten._ Most of the volume
of pesticides do not reach’ the1r target
at all. '

Biological magnification

" Initially, low levels of persistent
Jpesticides in air, soil, and water 'may
o . be concentrated at every step up the
> food chain. Minute aquatic organisms
\nd scavengers, which screen water and
ottom mud having pesticide levels of a
few parts per;billion, can accumulate
levels measured in parts per million-=a.
. thousandfold increase. The-sediments
including fecal deposits are continuously

recycled by the bottom animals.
I & 1

d.

p

-

L -

-

a -Oysters, for instance, will’cen- |
centraté DDT 70, 000 times higher
\ in their tigsues than it's concentration
in surroundmg water. They can
also partidlly cleanse themselves
in water free-of DDT.

b Fish feeding on lower organisms
build up concentrations in their
visceral fat which may raach several
thousand parts per million and levels
in their edible flesh of hundreds of
parts per million,

o Larger animals, such-as fish-eating
gulls and other birds, can-further
concentrate the chemicals. .A survey
on organochlorine residties in aquatic
birds in the Canadian prairie provinces
showed that California and ring-billed.
gulls were among the most contaminated.
Since gulls breed in colonies, breedmg
populatlon changes‘can be detected and
‘related to levels of chemical con-
tamination. Ecological research on
colonial birds to monitor the effects
of chemical pollution on the énviron-
ment is useful.

"Polychlorinated biphenyls” (PCB's).
PCRB's were.used in plasticizers, asphalt,
ink, papédr, and a host of other products.
Action was jaken to curta;}&their release

to the environment, since“their effects
are similar-to hard pesticides. However
this doesn't solve thesproblems of con-
tafninated sedimients and ecosystems and
final fate of tha PCB's still circulating.
There ar:humerous'other compoiinds
which are toxic and accumulated in the

ecosystem, .




.

The Aquatic Environment .. - S,

0 .
. . ° R [}
7 »
v
\ . 1]
.

. REFERENCES

- ‘\ -
1 Clarke,” G.L. \—Ble ents of Ecology.
- * .. 'John Wiley & Sons,» New York. 1954,

rickling Filter Ecology.
19569,

2 Cooke, W.B. :
Egology 40(2):273-291,

‘3 Hanson,-E.D. - Animal Diversity.
Prentice-Hall, Inc,, New Jersey, 1964,

Hedgp_eth,. J. W, Aspects of the Estuarine
. Ecosystem. Amer. Fish. Soc., Spec.
Publ. No. 3. 1966.

.y
-

5 Odum, E.P. Fundamentals of Ecology.
W.B. Saunders Company,

Philadelphia

6 Pa.tten, B.C.

.Ei‘ga%'ﬁnce.

and London 1959,

Systems Ecology.
16(9). 1966,

7 Whittaker, R.H. New Concepts of .
Kingdomg. Science 163:150-160. 1969,

.




- N .
' - —
, N A : ;‘ a
. = . .
~ \’ ’ )> ¢ . r ‘
) . ~ . Part 3. The Freshwater Environment ,
. ) . . - .
I INTRODUCTION r N/
INT - . . During periods of run-off after a .

rain or snow-melt, Such a gulley
. would have a flow of water which
—might yange from torrential'to a
mere trickle. Erosion may proceed
rapidly as there is no permanent
aquatic flora or fauna to stabilize
streambed materials, On the other
hand, terrestrial grass or forest
growth may retard’erosion. When
e run-off has passed, however, .
' the "streambed" is dry. V

. . .
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 here is tyﬁicalt\
inland water,

2 Youthful streams, When the
streambed is. erodea beIow the
ground water 1eve1 spring or
seepage gvater enters, and the

‘. " stream becomes permanent. An

" aguatic flora and fauna develops

.and water flows the year round.

Yout hful streams typically have a:

relatively steep gradient, rocky,beds,

with rapids, falls, and small pools. *

All water's have certain basic biological cycles
and types of interactions most of which have
already been presented, hence this outlme
will concentrate on aspects essentially} 3
pecu]iar to fresh inlapd waters

’

o | _ .

I PRESENT WATER QUALITY ASA .° -
FUNCTION OF THE EVOLUTION OF’
FRESH WATERS > :

A The history of 'a’body of Water determines
its present condition. Natural waters have
evolved in the course of geologic time
into what we know today.

3 Mature streams, Mature stredms
have wide valleys, a developed
" flood plain, are deeper, more
_‘turbid, and usually have warmer
‘ water, gand, fud, silt, g clay
bottom materfals w,ku&t shift with
mcrease in Tlow,+ In their more
favorable reaches,- streams in this
oondition are at a peak of biological
productivity. Gredients'are moderate,
riffles or rapids are often separated
by long pools . -

B Streams. - .

» &
) “

In the course of their evolution, wtf-eaMs
in general pass through four stages of

. development which may be called: b1rth
youth, maturity, and old age.

b -

( -

' These terms or conditions may be
employed or considered in two contexts:
témporal, or spatial, Interms of geologlc
* time, a given point in a stream may pass
through each of the stages described below
or: at any given time, thes¢ various stages
of development can be loosely identified
in successive reaches of a stream traveling
from its headwaters tb base level in ocean

. or major laze. : o

. )

4 In‘old age, ‘streams have approached
geologic Hase level,. usually the
ocean. Duringflood ségige they scour

- their beds and deposit materials on

. thé flood plain which may be very o

" bréad and flat. During normal flow

the ‘channel is refilled and'many - .

and ox-bow lakes are often formed.
- 1 Establishment o‘rbirth This ' v -
’ might be a !'dry run” or headwater".

* stream-béd,, before it had erodeda_/"—"—r

down to the 1eve'1 of ground water,

@

‘'
v

shifting bars are developed Mea;ndere i
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.<.»,_,_~(Under the influ

e

ce of man this
pattern may be byoken up, or
temporarily interrupted. Thus an

. essentially "youthful" stream might. .
take on some of the 'characteristics
of.a "mature' stream following soil
erosion, organic ehrichment, and
increased surface runoff. Correction
_of these-conditions might likewise be
followed by at least a partial revef'sion
to the "original" condition).

C '.Lakes and Reservoirs

- Geologi::al factors.Which significantly
affect the natune of either a stream or
‘lake include the following:

»

1 The geographical location of the

X

AR

\'
- e

-~

o

©

* became a lake. Or, the ,glacier mayr
actually scoop out a*hole.. Landslides
may dam valleys, extinct volcanoesmay
co]lapse, etc., ete.’ °-

RESN

. 2, Maturing or natural eutroph1cat1-on of
lakes.
9 € . ‘?
a If not glréa@y present shoal areas
.are developed through erosion
and deposition of the shore material
by wave action and undertow
Qurrents produce bars across bays
and thus cut off irregular areas.
4
Silt brought in by tributary streams
settles out in the quiet lake water

*

o

;

‘drainage basin or watershed.
The size and shape of the drainage
basin., ’

The general topography, i.e.,~
mountainous or plains. o

N Y.
The character of the bedrocks and
soils., -

The character, amount, annual
distribution, and rate of precipitation.

. The natyral vegetative cover of the
land is, of course, responsive to and
responsible for many. of the above "
factors and is algo severely stbject
to the whims of civilization. This .

* is one of the major factors determining

ﬂrun-off vérsug soil absorp*ion, etc.

D Lakes have a developmental history which
~  somewhat parallels that of streams. This
process is often referred to as natural
eutroj)hicationﬁ"“‘

}
1 Theé methods of farmation vary’ greatly?
. but all influence the character and
subsequent<history of the lake.

In glaciated areas,- for example, a

huge block of ice may have beén coveréd
with till, The glacier retreated, the
ice melted, a.nd the resulting hole -

Algaegrow 'ed—tqfsurfaces, .
apd floating free Le plgnkton Dead
organic matter begins to ‘accumulate
onsthe bot,tom

~ P

Rooted aquatic plants grow on
shoals and bars, and in doing so

cut off bays and-confrihute to the
filling of the.lake. .

Dissolyed carbonates and other
materials are precipitatet in the
deeper pogtions of the lake in part
th®ough the action plants.”
When filling is weéll-advanced, -
mats of sphagnum moss may extend
outward from the shore. These
mats are followed by sedges and
grasses, which finally convert the
lake in'l:o a.marsH.

3 »_Extinction of lakes. After lakes reach
maturim théir progress totvard
fillihg up is accelerated. They become
extinct through . .

a- The. downcutting of theoutlet.

b Fi'llfng with detritus erode from
the shores or brought inb
tributary streams

® o
n
ot

Pl

) Fi]Jing by the accumuJ.at1on of the-,
remains of vegetable materials
gr, wing in the lake itself. .
(Often two or three processes may
act concurrent]y) :
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. » IIB PRODUCTIVITY IN FRESH WATERS . 2 As the stream flows toward a more

' . . R S IR "matare" condition, nutrients tend to

A Fresh waters’in general and under ° ¢t . accumulate, and.gradiént diminishes
. ndtural conditions by definition have a . a+ and §o time of flow increages, tem; .

" lesser supply of dissolved substances ' perature tends to increase, _and

) than marine waters, and thus a lesser . = plankton flourish. o

basic potential for-the growth.of aquatic

organisms By tHe same token, they, _Shquld a heavy load of inert silt

may be said to be more sensitive to t e i develop on the other hand, the
addition of eytraneous materials s . ' .% ¢ tyrbidity would reduce the light
(poliutants, nutrients, etc.), The oo~ penetration and consequently the
following notes are directed toward ’ general plankton production would
natural geological and gther environ- - . d1mimsh o
meintal fagtors as they'affect the ) o
productivity‘of fresh whters, vy ] As the st'ream 'approacpes base- 1eve1
. ' <. , ) (o1d age) and the time available for
B Factors Affecting Stream Rroductivity < -plankton growth increases, the {-. .
(See Table 1) . balance between turbidity, nutrient
C - levels; ang tempergture and other
;,,'I“ABLE'I;’ . o . seasonal conditions, determines the 3
: T ' - overall productivity. . ©o-
EFFECT OF SUBSTRATE ON STREAM _ . ' . 3 )
= ) PRODUCTIVITY* C Factors Affecting the Productivity of .
' ) : lakes (See Tﬂple 2) . : \
(The productlvny of sand bottoms is - ' : .
takenas 1) . 0., 1 The size, shape, and .depth of the . i}
. - % o lake basin. Shallow water is more \
. c b \ - ‘ kroductxve than deeper Wwater since
N . Relative T . more light will reach the bottom to
- Bottom Material ” Froductivity stimulate rooted plant grdwth:‘ As
' a corollary, lakes with more shore-
Sand Coe . 1 . o line, having more shallow water, °
M.arl o ' ot .8 are in general more productive.
. Fine Gravel = ” , 9% N Broad shallaw lakes ‘and reservoirs
) . Gravel and silf . N f 14 . .. ! have the greatest productxon potential
te Coarse gravel N s 32 . - .~ * (and hence should be avoided for
Mass on fine gravel - _° 8g .. . Awater supplies) 4
Fissidens (moss) on coarse =yt , ] et
23 : gravel - o et ) TA-BLE 2
! ° Ranunculus (water buttercup) ©o19e’ . - . 4 2 /.
) " |Watercress Lowe 301 I SRR EFFECT OF SUBSTRATE ° T
- [Elodea (waterweed) .452°7 10 ON LAKE ,PRODUCTIVI’PY o
*Selected from Tarzwell 1937 ° ° . ~(The product1v1ty 'of sand bottoms is taken-e&s‘ 1)
\‘ . - . <
\ . TO o€’ productive of aquatic life, a» , . , . Bottom-Material Relative Productivity )
stream must provide adequate_ nutrients, - — > = e —
. light a \suitable temperatuye;’ and time . - Sand o o l\ 2 ,
‘ : ¢ growth to. take plaf:e .. o 4" Pebbles ',-w. R P . -
' 1 Yohthful -streams, especially onrock ‘Clay - "; 4 _ TP A '\\ S
T ' . .or sdnd Substrates are Jow in-essential ¢ 1 Flat rubble.” = + 1} R ] Mo
- aqutrients. Temperatures in moun- Block rubble N . 11 o
SR tainous regions are usually 16w, and . Shelving rock, - {, NG A
‘ due to the steep, gradient time for e —
owth is ghort. Although ample - " % Selected fro Tarzwell 1937 Y it
- 1ight is avajlable, growth of true - . S, o S i
planktof is thus greatly limitéd. 23 . O ; )

I ., . . \. » . ) Z ) 1-19 -.‘
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2 - Hard waters are generally mbore
v ‘productive than soft waters as there
 are more plant nutrient minerals ~—- °
available.” This is often greatly in~
fluenced by the character of the soil
and rocks in the watershed ‘and the
. quality and qug.ntlty of ground water .
entering the lake, In generaf pH
ranges’oi®5.8 to 8.2 appear to be

.

” most productive. .

Turbidity reduces prpglpctivity as-

\(sewage,

ligehg penetraﬁgn, is reduced. . °

o P 3.
The presence or absence of thermal
stratificdtion with its-semi-annual
Turnovers affects productivity by
distributing nutrients throughout the -
water mass. ) .
Climate, temperature, prevalence of
*sice and snow, of course
1mportant. %
.

Facto;gg Affecting the\Ptoguctivity of .

1 The productivity of resérvoirs is"
governed by much the same principles .
‘as that of lakes, with@e di,fference .
that the water level‘is much more
under the control of man, Fluctuations
in water level can be used tb de-
liberately increase or decrease
productivity. "This can be demonsti'atedn
by a comparison.of the TVA reservoirs
~ which practice a summemdrawdown
with some of those in, the west where
.a {vinte.r drawdown is the rule.
[ -
The level at which watey is removed .
from a reservoir is important to the,
productivity of the stream below, .
"The hypolimnion may. be anaerobic .
while the epilimnien is aerobic, .for
wexample, or.the epilimnion is popr in
nutrients, while the hypoli!nnion is £ 0
. relatively rich ' ,

'Reservoir diSCharges also profoundly
affect the DO, temperature, and
turbidity in 'the .stream below a'dam, ¥
Too much fluctuation-in flow may=
permit sections of’ the stream, to dry, *
or provide inadequate dilution for -

.

Jdoxic waste . . ¢

v, CULT\kR

- A,

AL EUTROPHICATION ‘

The ge\eral processes of natural’ ,
eutrophication, or natural enrichment .
and pro uctivity have been briefly ouit-

lined ahove. .

9

When the'\athities of ‘man speed up
these enrjchfment processes by intro-
ducing atural quantities of nutrients
tc.) the result is often called
Itural ettrophication. This term is

to include|the enrichment (pollution) of
streams, estuaries, and even oceans, as
well as lgkes. .

often extETded beyond its original usage

z =

CLASSIFICATION OF LAKES AND
RESERVOIRS

The productivity of lakes and impoand-
ments is such a conspicuous feature that
it is often used as a convenient’ means of

~.classification.

Rl

B

£

Q,

Oligotrophic lakes are the yeunger,
less productive lakes, which are deep,
have clear water, And usually support

1

Salmonoid fishes in their deeper waters.

" Eutrophic lake are more mature,
more turbid, and richer, They are
usually shallower. They are richer
in dissolved solids; N, P, and Ca are
abundant. - Plankton is abundant and
there is often a rich bottom fauna.

) .

p& strophic lakes, such as bog lakes,

are low in Ph, water yellow to brown,

dissolved solids, N, P, and Ca scanty
but humic materials abundant, bottom
fauna and plankton poor, and fish
species re limited.

y ~

ay also be classifled as

run of the river, ™« ¢
orage reservgirs have a large

volume in relatfon t6 their inflow.

L'd
[ .

Run of the river reservolirs have a *

large ﬂow-thrc‘;?gh in relation to their

storage value,””

i R | v

2

eservoirs
storage, an?

1

-~

.
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C Accordmg tolocation, lakes and *
reservoirs may be classified as polar,
temperate, or tropical. Differences in .
climatic and geographic conditions

_ result inydifferences in their*biology.
‘ SN ‘ ,

A\ »

VI SUMMARY

-

PN : '

A A bc;’dy of water such as a lake, stream,?
or estuary represents an intricately
balanced-system in-a state of dynamic-
equlhbmum Modification imposed at
one point. in the system automatically
results in.compensatory adjustments at
associated points',
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\ IN’I‘RODUCTI%M

' A The mariné gn¥ir Virénment is arbitrarily

"+ defined as the water mass extending
beyand the continental land ‘masse
includihg the plants and animals harbored
therein. This water mass is large and

“deep, covefing about 70 percent of the

earth's surface and being as deep as .
7 miles. The salt content averages- .

.. -, about 35 parts per»thousand . Life extends
to all depths. 1 S
B The general nature of the water cycle on
earth is well known. Because the largest

portion of the surface area of the earth

is covéred with water, roughly 70 percent’
‘of the earth's ramfall is on the seas.
(Flgure 1)

a

Jw

-
.

.

-

[l

X‘V;t Oceanic
Evaporation

P:art 4. Tpe Marine Environment and its Role in the Total Aquatic Eh\;ironment

* (Data from Clark, F.W,,

a

s

TABLE 1 v .

PERCENTAGE COMPOSITYON OF THE MAJQR IONS,
. OF TWO STREAMS AND SEA WATER o e

Py

1924, The Compbsition of River_\_

and Lake Waters of the Unlted States", U. S. Gegl. Surv.,

. Prof. Paper'No. 135; H’arvey, HW,
and Fertility of Sea Waxers B Cqmbrldge Un(verslty:?‘reds
Cambr(dge) »‘f‘,

1957, "“The Chemistry *

.

I

Delaware R(ver

"aLa‘mb ertvule ‘N .
4&‘

i »{3.10 Grandg; oo

) t

}.a;é‘do {I‘exa sy o

~K |-
}s_,.

\

B.70 '
'31.46
17,49+

4.81

R

17.49

32,95

g xa;w_!
ﬁ}: o |

, 13,93

03
2‘?%5
30,10

11.55
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Ml % AL

C For this présentation, thé marine .

o I FRESHWATQR ESTUARINE AND

.environment will be (1) described using ~
an ecological approach, (2) characterized °
ecologxcally by cbmparing it with fresh-.
water and estuarine environments, and
(3) considered as a functiohal eéologwal

. 'systern (ecosystem)

-

+

RINE ENVIRONMENTS - 2

SZA SURFACE - - I{‘
Figure 1. THE WATER CTOLE : Distinct- differences are found in physical,
iy ‘/‘\che cal, dnd biotic factors in going from
g A a freghwater to an oceahic environment.

. Since roughly one third of the
rain which falls on the land is again
. _ recycled through the atmosphere.
v (see Figure 1 again), the total amount®

In general environmental factors-are more
. constani in fre
_“.-environments than in‘the highly variable -

water {rivers) and oceanic¢

~ d harsh nts of estuarine an
. . of water waghing.over lthe garth's surface, ” : iggat:;ivate;:f O?E;:eoz)es €
; is significantly gireater’than one third of ’ . .-
: the total world rainfall, It is thus'not™ - e Ai Physical ;md Ch m_ical Factors -~ .

surprising to note that the rivers which
finally empty into the sed carrya . .
disproportionate burden of'dissolved and

s o

suspended\éolids picked up from the la.nd.y "-_u..;_;

Thé chemical composition of this burden
depends on the co'mpos‘itxon of the rocks
and soils through which-the river flows;
T the”proximity of an ocean, the direction
of prevailing winds, and otherfactdrs. .-,
, This is the substance of geologica‘l erosion,
“ (Table. - . & 0

v
e 3%,
3. -

»

-
4

N

o]
-

Rivers, es.télaries,' and oceans &re

* ztompared.dn Figure 2 with reference to

" the relative instability (or variatipn) of .
several important parameters, ~-In the
“oceans, it will be noted,nvery little change
occurs in any. parametei‘ In Hivers, while
.""salinity" (usually referyed to as “dissol¥ed
~solids") and temperature (accepting normal
seasohal variatiOns) changé’]ittle'\t_he other

four payameters ‘vary c nsiderably. "In *
estuartes, they.all change, °
‘ 23
-y \\. > - - - L
, N .
< - L

.

in
oy
.
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Oceanic

-

o

- gl

) - o :
L ) . ¢
~ ~
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. - ¢ “'
Degree of instability P ’ Avail-
Type of environment - Water “Vertical | l;,'?'lt
a‘yene'ral direction | Salinity | Temperature elevatio strati- - | 2001 Turbidity
- o water movement cleyation fication o.j,,&
) . g nutrients
{degree)
;| e .

Figure2.

B Bioti¢ Factors

"1 A complex of physical and chéfmical

factors determine the biotic composi-

tion of an environment.

In generail,

the number of species in a rigorous,
highly variable environment tends to be
less than the number in a more stable
environment (Hedgpeth, 1966),

The dominant animal species (in
terms of total biomass) which ozcur .

in estuaries

estua; ries.

N

age

pending only

often transient,
part of their lives in

This results in better
utilization of & rich enmronment

/

- .

C Zones of the Sea

v

@
A

RELATIVE VALUES OF VARIOUS PHYSICAL AND CHEMICAL FACTORS .
FOR RIVER, ESTUARINE, AND OCEANIC ENVIRONMENTS

-

The nearshore environment is often’
classified-in relation to tide level and’
water depth. The nearshore and offshore
oceanic regions #ogether, are often

* classified with reference to light penetra~
tion and water depth.

(Figure 3)

1 Neritic - Relatively shallow-water
zone which extends from the high-\ -
tide mark to the edge of the )
continental shelf.

e M
‘

-
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 beyond the eontinental shelf. Divided

I BENTHI C

a Stability of physical factors is
intermediate between estuarine °,
and oceanic environments.

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

. -‘ as producers, -

@ » ~

c <The animal consumers are
zooplankton, nekton, anq benth1c
ferms.,  »

Oceanic -~ The region of the ocean .

into three parts, -all relatively
poorly populated compared to the

"neritic zone. , .

-
MY

a Euphotic zone - Waters into which
sunlight penetrates (often to the
bottom, in the neritic zone). The
zane of primary productivity often

extends to 609 feet below the suriace,

— >
i P \ 3
“ '
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the bathyal zone,

1HWione

Fieyre 3—-Classifi~ation of marine environments - -

el

e

.I) Rhysical factors fluctuate
less than in the neritic zone.

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

Bathyal zone ~ From the bottom
of the euphotic zone to about
2000 meters.

1) .Physical factors relgtively
constant but light is absent. 5

=

2) Producers are absent and
consumers are scarce,

Abxssal zone - A1l the sea below M

i

1) Physical factors’ more con-
, Stant than in bathyal zone’’

2) Producers abgent and consumers
-even less abundant than in the
bathyal Zone,

S ) ' < 125
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Il SEA WATER AND THE BODY FLUIDS

A Sea water is a remarkably suitable
environment for living cells, as it
. contains all of the chemical elements

of plants’and animals. The ratio and

. often the concentration of the major
salts of sea water are strikingly similar
‘in the cytoplasm: and body fluids of
marine organisms, This similarity is
also evident, although medifiéd somewhat
in the body fluids of fresh water and
_terrestrial animals. For example,
sterile sea water may be used-in
emergencies as a substltute for blood
plasma in man. . -

B 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 organisms are
hypertomc {osmotic pressure of body
fluids is higher than that of the surround-

', ing water). Hence, fresh water animals
must constantly expénd 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 poikilosmadic, i.e., the salt
concentration of the body fluids changes
withthat 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 (teléosts) have lower
salt content internally than the external
environment (hypotonic).* In order to
prevent dehydration, water is ingested
and salts are excreted through special
- cells in the-gills.

essentialfto thesgrowth ‘and maintenance: .

13

IV FACTORS AFFECTING THE DISTRI-
. BUTION OF MARINE AND ESTUARINE
ORG/}NISMS

A Salinity. Salinity is the single most
constant and controlling facto%n the °
marine environment, probably*followed
by temperature. It ranges around
35, 000 mg per liter, or ''35 parts per .
thousand" (symbol: 35%0) in the language
of the oceanographer. While variations
in the open oceédn-are relatively small,
salinity decreases rapidly as one
approaches shore and prpceeds through
the estuary and up into fresh water with
a salinity of "0 %, (see Figure 2)

-~

B Salinity and temperature as limiting
. factors in ecological distribution. ?

2

* 1 Organisms differ in the salinities

" and temperatures in which they

prefer to 1ive, and in the variabilities

of ‘these parameters which they can

tolerate. These preferences and

tolerances often change with successive

life history stages, and in turn often

dictate where the orgamsms live:

their "distribution, " '

- -

2 These requi.rements ox, preferences
- often lead to extensive migrations
' of various Spemes for breeding, ’
. feeding, ahd growing stages One

very important fesuit. of this is that
an estuarine environment is an
absolute necessity for over half of
all coastal commercial and sport

related species of fishes and invertebrates,’

life htstories. (Part V, figure 8)

3 The Greek*word roots eury
(meaning wide) and "steno"-(tneaning
narrow) are customarily combined.,
with such words as 'haline' for salt,
and "therma;l" for temperature to
give us "euryhaline' as an adjective
ta characterize an organism able to
tolerate a wide range of salinity, for °
example; or '"'stenothermal" meaning
one which cahnot stand much change
" in temperature. "Meso-" is a prefix
indicating an intermediate capacity.

.

for either-all or certain portions of their

&
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C Marine, estuarine, and fresh water
organisms. (See-Figure 4)

Marine _
Stenohaline

Fresh Water
Stenohaline

0 ] Salinity
Figure 4. Salinity Tolefance of Organisms

1 Offshore marine organisms are, in
general, both stenohaline and :

' stenothermal unless, as noted above,
they have certain life history require-
ments for estuarine conditions. . _

Fresh water organisms are also

stenohaline, and (except for seasopal R

adaptatijon) meso-~ or steng &ermal.
(Figure 2) -

us or native estuarine species
at normally spend their entire.lives
in the estuary-are relatively few in
number. (See Figure 5). Tpey are
generally meso- or euryhaline and
meso~ or eurythermal,

~

Numbers of Speéies

25 30 35

o

5 ga.linity

Figure 5. DISTRIBUTION OF

~a EBuryhaline, freshwater  °

b Indigenous, estuarine, (mesohaline)

¢ Euryhaline, marine
. { -

2

, ca. 35

ORGANISMS IN AN ESTUARY

<

-
-

Some will known and interesting °
examples of migratory species which
change their environmental preferepces
with the-life history stage include the
shrimp (mentioned above), striped bass,
many herrings and relatives, the
salmons, and many others. ~None are
more dramaticd than the salmon hordes
which hatch in headwater streams;
migrate far out to feed and grow,

then return to the mountain stream-
where they hatched to lay their own

eggs before dying.

5 Among euryhaline animals landlocked

(trapped), populations.living in lowered
- salinities often have a smaller maximum

size than individuals of the same species
living in more saline waters. For
example, the lamprey (Petromxzon
marinus) attains a length of 30 ~ 36"
in the sea, while in the Great Lakes
the length is 18 -, 24".

Usually the larvae of aquatic organisms
are more sensitive to changes in ..
salinity than are the gdults. This
characteristic both limits and dictates
the distribution and size of populations.

D The effects of tides on oréanisms. -

+

1 Tidal fluctuations probably subject
the benthic or intertidal populations
to the most extreme and rapid variations
of environmental stress encountered
in any aquatic habitat. Highly specialized
communities have developed in this
zone, some adapted to the gocky surf
zones of the open coast, others to the
muddy inlets of protected estuaries.
Tidal reaches of fresh water rivers,
sandy beaches, coral reefs and
mangrove swamps in the tropics; all
‘have their own floras and faunas. All
must emerge and flourish when whatever
water there is rises and goversor .
tears at them, all must collapse or
retract to endure drying, blazing
tropical sun, or freezing arctic ice
during the low tide interval., Such a
community is depicted in Figure 6.

12
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Figure 6

/onauon of plants, snails, 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- . . L
ale 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 pport 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 Lo
the zone is exposed.to the au', 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 canhliculata;

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

e. Laminaria digitata, (Based on Stephenson)

]




L4

RS

' The Aquatic Environmrent

B i : .

V FACTORS AFFECTING THE
PRODUCTIVITY OF THE MARINE
ENVIRONMENT

-

‘A The sea is in contmuous circulation

~

With-

“out c1rcu1at1on, nutrients of the ocedn would
eventually become a part of the bottom and

biological productmn would cease.

Generally, X

in all oceans there exists a warm surface
1ayer which overlies the éolder'water and
forms a two-layer system of persistent
. stability, Nutrient concentration is- usually
: greatest in the lower zone. Wherever a
mixing or disturbance of these two layers =
occurs biological production is greatest.

B The estuaries are algo a mixing zone of
- enormous importance. Here the fertility
washed off the land is mingled with the
nutrient capacity of seawater, and many
. of the would's most productive waters
result. v, '
{
C- When man adds his cultural contributions
of sewage, fertilizer, silt or toxic waste,
it is no wonder that the dynamic. equilibrigy/
of the ages is rudely upset, and the
_ eavironmentalist. cries, '"See what man
" hath wrought''!
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Wetlands

Part 5:

. 5
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I INTRODUCTION B BEstuarine pollution studies are usually °
. devoted to the dynamics-of.the circulating .
_A Broadly defined,_ wetlands are areas . - water, its chemical, physical, and
which are "to wet.to plough but too biological parameters, bottom: deposxts, etc.
thick to flow." The soil tends to be . W}
saturated with water, salt of fresh, C It is easy to overlook the intimate re&atlon-
and numerous channels or ponds of ships which exist between the bordering ’
) shallow or open water are common,. marshland, the moving waters, the tidal
- . Due to ecological features too numerous flats, subtidal deposition, and seston ;
< \MiHid variable to list here, they comprise whether of local, oceanic, or riverine |
. general g rigorous (highly stressed) * origin.
L habitat, occupied by a small relatively ’ . |
. specialized indigenous (native) flora D The tidal marsh (some inland areas also. f
and fauna, \\ have salt marshes) is generally considered
. . to be the marginal areas of estuariés and
, B They ara prodigiously productive o, coasts in the intertidal zone, -which are
. howeyer, and many constitute an dominated by emergent vegetation. They
absolutely essential habitat for some ' generally extend inland to the farthest
portion of the life history of animal point reached by the spring tides, where
forms generally recognized as residents -~ they merge into freshwater swamps and
of other habitats (Figure 8), This is marshes {Figure 1). They may range in

~

partxpu]arly true of tidal marshes as . width from nonexistent on rocky coasts to
mentioned below, many kilometers.

C Wét]énds in toto comprise a remarkably
large proportion of the earth's surface,
and the total organic carbon bound in

-\l = theirmass constitutes an enormous
sink of energy.

: ‘

) Freshwater

D Since! our main concern here is with (Channel 1 Mud Flat o Tioul Macsh .
the "é. uatic'' enyironment, primary \
emphasis will be"directed toward a
description ofwetlands as the transitional
zone between the waters and the land, and

. 'how their desecration by human culture

L spreads degradation in both directions.

Y s . .

i
\
i

R . ‘ . * -
I TIDAL MARSHES AND THE, ESTUARY .

Figure 1. ftiva New distuary. 1. Spring tids level, 2. Mean highgide,

qure,
™ pool. 6. Chunk of Spartlne turf deposited by ice,
T e mu’ b Bo. e o o Zomrl 'F—Rﬁbed mussele (modioluals

A "There is no dther case in nature, save Zi.mo?m”;;mfmﬁ(m_)mmwv 16, Bas lattuce (Ulm .
in the| coral reefs, where the adjustment
of organic relations to physical Condition
. iB seen.in such a beautiful: way as the ' -
. balan e'between the growing marsghés . : / T
. and tlﬂ e tidal streams by which they"ére : . . A
at once nourished and worn awdy: . o -
(Shalér, 1886) -. :
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.. I MARSHORIGINS AND STRUCTURES

- . A Ingeneral, marsh substrates are high in
organic content, relatively low in minerals
and trace elements. The upper layers '
bound together with Hving roots called
turf, underlaid by mpre compacted peat
type material, ] - -

.

\ oo
——— - 1 Rising or eroding coastlines may

expose peat from ancient marsh
growth to wave action which cuts
into the soft peat rapidly (Figure 2).

\ AN
\A\«ul\{' ']‘{K{}\'\/\""}'f" iy 'lh’/

Terrestrial turf
ot 4l )

~Sefand

— Pl U1

- PO

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 is likely to be

, typically terrestrial Of the area,
‘Marsh type vegetation is probably’ °

absent, t

Low lying deltaic, or sinking coast=
linés, or those with low energy wave
action are lkely to have active marsh
formation in progress. Sand dunes

. are also common in such areas

(Figure 3). General coastal
configuration is a factor,

%) Salt mauhxut
\
14 , .
° Substraic ]
< -‘_2".‘-;; ) ) . o
Pigure 2. Diagrammatic sc{‘uon of .eroding peat cliff o -
s ° ‘
-
N
1 . )
[N . v
. ¢ _
— ot
) ) ‘ ‘ ] o
. Figure 3 i
) Development of a Massachusetts Marsh since 1300 BC, involving an . _ “
‘. ) 18 foot rise in water level, Shaded area indicates sand dunes. Note -
: . e . * | meandering marsh tidal drainage. A: 1300 BC, B: 1950 AD, .
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a Rugge'd or precipitous coasts or . .
slowlx rising coasts, typically . ]
exhibit narrow shelves; sea /cliffs,
fjords, massive beaches, and ,°
relatively less marsh area (Figure 4).
An Alaskan fjord subject to recent
catastrophic subsidence and rapid -

deposition of glaciallflour shows "
evidence of the recent enq;'odchment

of saline waters in the presence of
Trecently buried trees and otber -
terrestrial vegetation, ‘exposure

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 (Figure 5). T e

B

‘Figure 4 A River Mouth on a Slowly Rising Coast. Note abserce
of deltaic development and relatively little marshland,

S \ . ) although mud flats stippled are extensive,
o i . . . e
: L °‘ o \
4 T : Terrestria]
B < SRifting flats - e '.I‘idal marsh N i‘%)'*—. erres l.‘_)i
0 {e . o
!i'g I 14 *
1 31 ”
0!_‘ /i
ot 8 .o
\ . - . .
7
R . .
A o i :
e a
< P ’ N
LIS
‘a rising wat rlevel 1. mem low , ot
. Figure 5 Some gené'%al relationships in & northern fjord with'a rising wate o
. AN "water, 2. maximum high tide, 3. Bedrock, 4. Glacial flour to depths in excess of'- .
T Y00 meters, 5. Shifting flats and channels, 8. Channel againgt bedrock 7. Buried
v . terrestrial vegetatlon, 8, Outcropplngs ol salt marsh peat.— . ., ) . )
- 4
r3 hd % ./ * .’ P . . &y @
. b Low'lying coastal plains tendtobe . - 9 - Deep tidal' channels fan ot through '
¢ - fringed by barrier islands, broad - = -~ ° | innumer&Ble branching and often -,
v estuaries and deltas, and broad ) - mter’conne‘cting rivulets: The -
- ° . assqciated marshlands (Figure 3), _- . . ., ~.limtervening grassy plains aré © ° .. . -
. . T - essentially‘ at mean high tide level. : .
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tidal marsh is the marsh grass, ‘but ver¥,

e Tropical and subtropical regions
littie of it is use&l’"}ngn as grass.

. such as Florfda, the Gulf Coast,

4]

@

and Central America, are frequented . ('I‘able 1) .

" by mangrove swamps. This unique .

- type of growth is able to establish : The nutritional.analysis of several
itself in shallow water and move out marsh grasses as compared to dry land”
- " into progressively deeper areas hay is shown in Table 2. . -
. (Figure 8). The strong deeply . v o . ¢ . e
> embedded roots enable the 'mangrave : 4 oo LT
" to resist considerable wave action . TLT ’ >

at times, and the tangle of rodts
. & : ‘TABLE 1., General omr- of Maguitude ¢ Groge Primary Productivity in Terms

. » . quickly ac cumulates a deep layer of - of pryW.(‘htotOrnnlc ‘Matter Fixed Amunny
. organic sediment... Mangroves -t * . il

in the south may be considered'to * . . Ecgsystem *° ° (mmzm[a quhre meters/year) _ lbs/acrelyéar

- be roughly the equivalent of the Land desckts, decp geeans” > Tens Hundreds

*  Spartina marsh grass-in the north ° Graselihds, forests, cutrophle  Hundreds Thouspnds
as a land builder. When-fully — °:d*1:" e« rhacsats C onteoussnds
developed, a mangrove swamp isan u,t:,,.";,. agriulture (supar Lo L

¢ . impenetrable thicket of roots over | cand, rice)

. the tidal flat affording shelter to an -

. assortment of semi-aquatic organisms - *
¥ . such as various molluscs and ‘ ; / ;
@ e 14
- crustaceans, and providing access °, ’ e , '
. erm the nearby land to predaceous * 3
N, birds, .reptiles, aifd mammals. . N R
. N S -~ .
. Mangroves are not restricted to ¢ ,‘ . - .
estuaries, but%ay develop out into . TABLE 2. Analyses of Some Tidal Marsh Grasses
o - shallow oceanic lagoons, or upstream IS -
, ..| intorelatively fresh waters, . ) L, .
. . . . - . < 7
. - * T/A . d’evccmage Composltlon .
“;ozm .mn aoctwas AToOns - Dry w12 Proteln  <Fat . Fiber~  Water _ , Ash®  Nefree Extract
consooes Distichlss spicata (purc stand, dry) -
S 28 ) 17. 324 82 67 455
Short Spartina alterniflora and Sahcornia curopaea (in st Py anding water)
1.2 77, 25 - M . 88 120 ‘3.7
. Sparllna alterniflora (tall, pure stand in standing water)
38 76 20 o« 290 83 85 g 73
Spartina*patens ‘pure: standd, dry) . o, . .
.. 32 - 6o .o *300 , 81 9.0 “s
Spurtina alternifioea and Spartina patens tmixed stand, wet) b :
g 34 - 68 194 .28 81 104 28 o
‘ Sparting alterniflura (short, wot) .
. . 22, 88 . 24 30.4 87 133 363
o RACA T4 PCK - - c,,mpanble Analyses (or Ha} o .
Wt rut 60 | 20 ° %2 4, &7 4.2 449
Figure 8 Diagramn}auc transect of a mangrove swamp’. 2:",-,‘.,. 110 37 25 04 59 N
showing transition from marine to terrestrial’ *
. habitat. . Analyses‘ performed by Roland W, Gilbert, Deggrtment |
g e oo ~of Agriculturnl Chemistry, U.R. I . ‘
- ' - v . o -
ﬁ’ T, \0 - L3N . . i 3 R ' .
. . +IV PRODUCTIVITY OF WETLANDS : S o

e A Measurmg the productlvity of grasglands . T /A

" ' ¢is not_easy,: because. today grass is séldom T o T .
L aused d1rect1y as such by man. Itis thus s T - ’
- usually expressed as production of meat, . T ' 0
"inilk, or in the case of salt marshes, the - ) : N
:.. - " total crop of animals that obtain food per oA e [} T

_Theﬂprimary producer ip ",

unit of area.
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B The actual utjlization’of marsh grass is
.accomplighed primarily by its decom-
positien-and ingestion by micro organisms.
(Figdre 7) ‘A small quantity of seelis and  ~
solids is consumed directly by blrds. -

< . \l.'f

VPART 1WA e DETAITUS - -

h

. .
PER CEINT ASHIRLC ' DAY VT,
A S

Figure 7 The nutritive composition of

. successive stages of decomposition of -. -«
Spartina marsh grass, showing increase - .
i.n protein and décrease in carbohydrate
with'increasing age and decreasinf size
of detritus particles. .

.
7

1 The quantity of micro invertebrates
whlch thrive on this wealth of decaying
marsh has not been estimated, nor has
the actual production’of small indigenous
fishes and invertebrates such as the
top minnows (Fundulus), or the mud
snails (Nassa), and others.

b

2 Many forms of oceanic life migrate
¢ into the estuaries, especially the
marsh areas, for important portioris -

of their life histories as is mentioned =~ *
elsewhere (F1gure 8). It has been 2
estimated that in exgess of, 60% of the
marine commercial ‘and sport fisheries
are estuarine or marsh dependent in

some way. o~ . \

- 1y »

*

A}

".-August day by ret:ording the numbers” - °

STAGES
(ffa’f—;?—*o co@/ ' -

Aoutr

¢
L]

Figure 8 Diagram of the life cycle” «
of white shrimp (after Anderson and
-Lunz 1965) .

Il -

"
-
[

3. An effort to make an indirect L
estimate > of 'groductlwty in a Rhode
7 Island marsh was made on a single -~

‘and kinds of’brrd?s that fed on a | e
relatlvely:small area (Figure gy, !
Betwegn 700 and 1000 wild o1rds-of N .-: -~
12 species, ranging from 100 least E
sandpipers to uncountable numbers ° .

¥ of seagulls were counted. One food .
requirement estimate for three- s
pound poultry in the confined inactivity
of a poultry yard is approximately one -
ounce per pound of bird per day. ‘

»

éreater yellow legs (left)
and black duck .

- - . 2

‘Figure @ SomeCommon Marsh Birds
[ -

+ 2
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e s )
. One-hundred black bellied plovers - . and geographic distribution, etc.
) T e at approximately ten ounces each i Ingluded would be the familiar cattails,
" " would weigh on the order of sxxty . ‘ spike rushes, cotton grasses;, Sedges,
. pounds, At’the same rate of food trefoils, alders, a,nd many, many
. consumption, this would indicate - bthers. .
\ nearly fodr pbunds of food required :
for this species’ 4lone. 'The much C Types of inland wetlands.
i greater activity of the wild birds - .
. +  would obviously greatly increase their 1 As noted above (Cf: Figuré 1)
. food !‘equlrements, as would their . tidal marshes often merge into
T .relatn?ely smallér size. . freshwater marshes and bayous,
’ N . N ’ L "+ Deltaic tidal swamps and marshes
"Considering the range of foods con- * are often saline in the seaward -~
sumed, the sizes of the birds, and the t portion, and fresh in the landward ,
. fact that at certain seasons, thousands . . areas. .
of migrating ducks and others pause
R to feed here, the enormous productivity, 2 River bottom wetlands differ from
of such a marsh can be better under- those formed from lakes, since wide
stood. - - flood plains subject to periodic
S .. ) — ' inundation are the final stages of
‘ ' 1 . the erosion of river valleys,” whereas
i v ~ lakes in general tend to be eliminated
“. V INLAND BO#@S AND MARSHES g by the geologic proceses of natural
’ @3 eutrophication often involving %,
A Much of what has been said of tidal : ‘. Sphagnum and peat formation.
, marshes also applies to inland wetlands. Riverbottom marshes in the southern
' As was mentioned earlier, not all inland United States, with favorable climates,
. swamps are salt-free, any more than ali ) have luxurient growths such as the
- . marshes affected by t1da1 rythms are ' canebrake of the lower Mississippi,
. saline. L . or a characteristic timber growth
e N ‘ Lo ' - such as cypress. . :

LY

.. B The specfﬁgﬁy of specialzed floras to . o, .

.\ particular types &f weétlands is perhaps  © . 3 Although bird Lif®is the
more spectacular in freshwater wetlands conspicuous animal element in the
than in the marine, where Juncus, . fauna (Cfr figure 9), many mammals
Sgart a, and Mangraves tend to dbminate . such as muskrats}&beavers, otters,

L E A A and others are al®d marsh-oriénted.
- 1 Sphagnum, or peat mosgs,~is' - e (Figure 12) e

g ) probably one of the most widespéad . . 2, L 2o . -

and abundant wetland plants on earth, . . S e e

Deevey (1958) quotes an estimate that

there ig probably upwards of 223

billions (dry wgight) of tons of peat \~

in te world today, derived during Lol

recefit geologic time from Sphagnum

~ bogs. Particularly in the northern -

o regions, peat moss tends to overgrow

e ponds and/shallow deprgssions, eventua]:ly
) . forming the vast tund lains-and-

R moores of the north, '

2 Long lists of other bog and marsh plants
might be cited, each with its own _
spacial requirements, topographical, . . ” g

-~ o -
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VI POLLUTION

- -

. A .
A No single statement can sgmmarize thé
effects of pollution on marshlands'as
distinct from effects noted elsewhere on
* . other habitats. 9 s
X * .

. B Reduction of Primary Productivity

The primary producers in most wetlands  °
are the grasses and peat mosses.
Production may be reduced or elimmated

. by

-

<! s
I Changes in the water level brought -*
about by flooding or dra.mage
. A}
a Marsnland areas are sometimes | =,
" diked and flooded tg produce frja{-'
water ponds This may be for:
. aesthetic -réasons, to suppress the
ﬁ:‘owth of noxious marsh inhabitating -
sects-such as mogquitges or biting
midges, to construct’an industridl
waste Holding pond,’ a thermal or a
.- sewagq stabilization pond, a
. "convenient" result of highway
‘causeway construction, or other
. . reason,, The resqlt is the ehm- ..
+ ination of an area of marsh. A
sﬁran“compensati,ng border of
. marsh may or may not develop,

[y

- b ~High tidal marshes were often

harvesgting which was highly
sought after in‘colonial days. This
,inevitably changed the character
. of the marsh, but it remained as
‘essentially marshland. Conversion
to outright agricultural land has
v béen less w1déspread because of the
- necessity of diking to exclude the
"+ periodic flopds or tidal incursions,\v ,
* . and carefully timed drainage to
v eliminate excess precipitation,
: * Mechanical pumping of tidal, marshes
has_not been economjcal in this

-

country, although the success of -~ , *
the Dutch and’others in this regard
ig well known,

-

2 Marsh grasges may also be eliminated
by smothering as, for example, by
deposition of dredge spoils, or the .
spill or discharge of sewage sludge.

3 Considerable marsh.area has been. L.,
" eliminated by industrial construction ... o
actiyvity such as wharf and dock con-
structien, oil well construction and
. operation, and the discharge of toxic

Cs brines and other chemicals.

C Consumer production (animal life) has
been drastically ‘reduged by the deliberate:_*
distribution of pesticides. -I¥'some cases,
this has been aimed at nearby agricultural. .
lands for economic crop pest control, in
other cases the marshes have been sprayed -
or dusted directly to control noxious
insects.

+ 1 The results have been universally
* disastrous for the marshes, and the -
benelity jo the human community often .
questlo able. - . .
A . .~ ;
.2 Pesticides designed to kill nuisance*

- insects, are afso toxic to other ,
arthropods 8o that in addition to the'
target species, such forage staples as
the various scuds (amphipods), fiddler ..

. crabs, and othei* macroinvertebrate "

have either been drastically reduced

or entirely eliminated in many places

For. example, one familiar with fiddle:
crabs can traverse miles of marsh
margins, still riddled with their burrows,’
without seeing a single live crab.

3 DDT and related compounds have been’ \ -
"eaten up the food chain'' (biological 5
magnification effect) until figh eating L%

A

and other predatory birds such as heron
- and egrets (Figure 9), have been virtually
eliminated from vast areas, and the /
* , “accumulation of DDT in man himself -,
is only too well RnOWn . LT, - -
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D Most serious of ‘fﬂ‘e marsh _enemies is

man himself, In his quest for, "lebensraum"
neéir the water, he has all but killed the
water he strives to approach Thus up to
twenty percent of the marsh--estuarine
area in various parts of the ‘country has

. already beentutterly destroyed by cut and °

. fill real estate developments (Figures

‘10, 11),

<
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E Swimming birds such as ducks, loon;: .

cormorants, pe’hcans, and many others '

pollutants ‘such as oil. .
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_Figure 10.
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Diagrammatic represeatation of cut-and-fill for
. ‘ ) real estate.development.

(mlw = mean’low water
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Figure 11,

Tracing of portiorr of map of a southern

* city. showing extent of eut-and~fill real .
- _estate dqyelopment

i

are severely jeopardized by floating
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- VII SUMMARY

0

’ A Wetlands comprise the marshes, swamps,

bogs, and tundra areas of the world.
w4 They are. essential to the well-being of
%our surface waters and ground waters.

They are essential to aquatic life of

all types living in the open waters They

* are essentia® as habitat for all forms ofr o,

- -

s

Jwildlife,
B :.The tidal marsh is the area of emergent o

estuary.

. C Marshes are highly producti;/e areas,
essential to the maintenance of a well
rounded community of aquatic life.

D Wetlanés ma§' be destroyed by:
) .

Degradation of the life forms of
which it is composed in the name of
nuisance control. - LA

PR

Physical destruction by cut-and-fill
to create more land area.

.
b2
%o
S
o)

‘
T
%

R,‘EFEREN“CES ,

t Anderson W.W. The Shrimp and the
Shmmp F1shery of the Southern ™
United States. USDI, FWS, BCF.
Fishery Leaflet 589. 1966. °

2 Dee%ey, E.S., Jr. Bogs. Sci.” Am. Vol.

199(4):115-122,
L s " o - v -
3 "Emery, K. O, and Sievenson. Estuaries
and La.goons Part 1, Blologlcal
Aspects by J. W, Hedgep.,th pp.-693-
728, in:. Treatise on Marine Ecology
and Paleoecology. -Geol. Soc. Am,
Mem, 67, Wasghington, DC." 1957,
S ' -
4 Hesse; R.; W. C. Allee, and K, P.
) o Schmldt Ecological Animal
Geography. John Wilex& Sons. 1937

.4

O,ctober 1958. o

.

v

Morgan, .J.P. Ephemeral Estuaries of
the Deltaic Environment in:*Estuaries; °
pp. 115-120. Publ. No. 83, Am. ’
+ Assoc.:>Adv. Sci, Washmgton DC. 1967.

Odum, E.P. and Dela Crug, A.A.

. Particulate Organic Detritus in'a
Georgia Salt Marsh - Estuarine
Ecosystem. in: Estuaries, pp. 383-
388, Publ. No. 83, Am. Assoc. Adv,
Sci. Washington, DC. 1957,

Redfield, “A.C. The Ontogeny of a Salt
Marsh Estuary in: Estuaries, pp.
.108-114. Publ. No. 83, Am. Assoc.
Adv. Sci. Washington, QC 1967,

Stuckey, O.H. Measuring the Productivity
of Salt Marshes, Maritimes (Grad
School of Ogean., U.R.I.) Vol. 14(1):
9-11. Feébruary 1970.

Williams, R.B. _Compartmental
Analysis of Production and Decay
of Juncus reomerianus. Prog.
Report, Radiobiél. Lab., Beaufort, NC,
Fiscal Year 1968, USDI, BCF, pp. 10-
2.,

This outline was prepared by H. W. Jackson,
former Chief Biologist, National Training.
Center, and revised by R. M. Sinclair, Aquatic
Biologist, National Training Center, MOTD,
OWPO, EPA, Cincinnati, OH 45268.

.

Descriptors: Aquatic Environment, Blologlcal

. Estuarine Environment, Lentic Environment, -

Lotic Environment, Currents, Marshes,
Isimnology, Magnification, Water Properties




-

~

CLASSIFICATION-OF COMMUNITIES, ECOSYSTEMS, &ND TROPHIC LEVELS -

>

A COMMUNITY is an asfémblage of T

.

populations_of plants, animals, bacteria
and Inngi that live in an environmental and

iriteract with one another, forming together _

a destinctive living system with its own
composition, structure, environmental .
relations, development, and fq.nction.

An ECOSYSTEM is a community and its
environment treated together as a functional
system of complementary relationships,

and transfer and circulation of energy and
matter. (A delightful litte essay’ on the
odyssey of atoms X &nd Y through an
.ecosystem is in Leopold's. A Sand County

Almanac. )

TROPHIC levéls are a convenient means
of classxfy ing organisms according to
nutr1fion, or food and feeding, (See

‘Figure 1.)" g //

PRODUCER, the photosynthetic plant or
first organism on the food chain sequence.
Fossil fuels were produced photosyhthe-

- tically!

-

Herbivore.or primary CONSUMER, ‘the  °
first animal which feeds on plant fo‘od.‘

First carnivore or secondary CONSUMER,
an animal feeding on a plant-eating animal,

Second carnivdre or tertiary CONSUMER
feeding on the preceding.

Tertiary carnivore.

e

Quaternary carnivore.

DECOMPOSERS OR REDUCERS, bacteria
which break down the{above organisms,
Often called the middlemen or stokers of .’
the furnace of photosyn\thesis.,

Saprovores.oxl DETRITIVORES which feed

on bacteria and/or fungi. .
o

Macroinvertebrates have been subdivided

into trophic levels according to feeding

habits (See Figure 1 from Cummin's).

Iv

-

A

v

- PLANKTON.

" refers strictly to the bottom substrates of

1 Collectors strain, filter, or otherwise
collect fine particulate organic matter
from the passing current.

2 Shredders feed on leaves, detritus,
and coarse particulate organic matter.

<«

N .
4 -

3 Grazers feed on attached growtlis.

4 Predators feed on other organisms.

Taxonomic Groupings ‘

TAXOCENES, a specific group of organisms.
Ex. midges. For obvious reasons most

systematists (ga.xonomists) can specialize’ |
in only one group of organisms. This fact |
is d:.fﬁcult for the non-biologist to grasp. |

Size, wh1ch is often dictated by the inves-
tigator's Sampling equipment and specific
interests.

Arbitrary due to organism habita.t prefer- i
ences, available 'sampling devices,

personal preference of the investigator, .
and mesh sizes of nets and sieves. .

PLANKTON, organisms suspended in a |
body of water and at the mercy of currents.- |
This group has been SubJe’ct to numerous |
divisional schemes. Plants are PHYTO- ' |
PLANKTON, and animals, ZOOPLANKTON.
Those retained by nets are obviously, MET |
Those bassing thru even the -
finest meshed nets are NANNOPLANKTON:

PERIPHYTON, the community of micro-
organigms which grow on submerged
objects (substrates). Literal meaning
"to grow around plants', however
standard glass microslides are sub-
mersed in the aquatic habitat to 4
standardize results.

BENTHOS. is often used to mean
MACROINVERTEBRATES although there

' are ‘benthic organisms in other plant, - — :

animal, and protist groups. Benthic L

lakes. .8treams, and other Water bodies. |
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D “MACROINVERTEBRATES, are animals

retained on a No. 30 mesh screen (approx-
imately 0.5 mm) and thus visible to the-
naked eye.

MACROPHYTES,. the larger aquatic planis
which are divided into emersed, floating.
and submersed communities. Usually ~

- vascular-plants but may include the larger

algae and "primitive" plants. These have
posed tremendous economic problems in
the large man-made lakes, especia.uy -
in tropical areas.

©

NEKTON, in freshwater, essentially fish,
salamanders, and the larger crustacea.

In contrast to PLANKTON, Bese organigms
are not at the mercy of the-current.

NEUSTON, or PLEUSTON, are inhabitants
of .the surfade film (meniscus organisms), -
either supported by it, hanging from, or
breaking through.it. Other organisms

are trapped by this neat little-barrier of
nature. The micro members of this are
easily sampled by pldcing a clean cover.,
slip on top of the surface film then either

¥

‘leaving it a specified time or examining:

- BIOLOCIAL FLOCS, are suspended

it immediately under.the microscope.
DRIFT, macroinvertebrates which drift
with the streams current either periodically
(diel or 24 hour), behaviorally, catastro-
phically or incidentally.

-8

‘microorganisms that are formed by .-
various means. In wastewater treatment -
plants they are encouraged in concrete aer
aeration basins using diffused air or’
oxygen (the heart of the activated sludge
process).

»

Classification of Communities, Ecosystems and Trophic Levels
.

.
.

J MANIPULATED SUBSTRATE COMMUNI-

TIES. Like the preceding community,
theses are manipuylated by man. Placing
artificial or natural substrates in a body
.of water will cause these communities
to appear thereon. .

K We will ‘again emphasize ARBITRARY,
because organisms confound our neat
little schemes to classify.them. Many
move from one conimunity to another
for various-reasons. However, all
these basic scheme do have intrinsic’
value, provided they are used with

- reason.
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INTRODUCTION - -

. lviost Interference Organisms areé
1 *#*  Small,

Small Organisms generally have
" Short Life Histories.
* “
Populations of Organisms with ~ -
. Short Life Histories may Fluctuate
) Rapidly in Response to Key Environ-
mental Changes.

. D Small Organisms are Relatively
at the Mercy of the Elements
"E The Following Discussion will

- Analyze the Nature of These Ele-
. -~ ments with Reférence to the Res-
’ . ponse of Important Organisms:

PHYSICAL FACTORS OF THE ENVIRON-
oo MENT ’

; A Light is a Fundamental Source- of
Energy for Life and Heatr

1 Insolation™is affected by geo-
graphical location and mete-
orological factors, '

2  Light penetration in water is

~ affected by’angle of .incidence

" _(geographical}, turbid1ty, and

color., The proportlon of 11ght
reflected depends on the arigle )
of incidence, the temperature,
color, and other qualities of
the water. In general, as the
depth increases arithmetically,
the light tends to decrease geo-
metrically, Blues, greens, and
yellows tend to penetrate most
deeply while ultra violet, vio-
lets, dnd orange-reds are most

", quickly absorbed. On the order
of 90% of the total illumination

.+ which penetrates thte surface
film i%§ absorbed in the first

10 meters of even the clearest

-—

tér
X, ste vithin
R  Turbidity may originate within .

",
LIMNOLOGY AND ECOLOGY OF 'PLKNKTON

" ’ - |
. . . |
4 -
. or outside of a lake, * ' ‘
That which comes in from "+ -,
outside (allochthonous) is . -
¢ predominately inert solids
’ (tripton)s
That of internal origix; (auto-
chthonous) tends todbe bio-
, °logiéa14 in nature,

B Heat and Temperature Phénomena
are Important in Aquatic Ecology.
r

The total quantity.of heat avail-
\ able to a body of water per year -
can be calculateq and is known .
\ as the heat budget, ‘

2 Heatis deriveqfdirectly fram in-
solation; alsé by transfer from

’ air, internal friction, and other

sources, o .

/ F} 5] ety
N
: '

C Density Phenomena ¢

- *1 . Density and viscosity affect, the
" floatation and locomotmn of
microorganisms.
a  Pure fresh water achieve(s)
v its maximum density at 4 C
- and 1ts maximum viscosity ]
- at 0°C. : o
b  The rate of change of density

increases with the temperature,
2 Density stratification affectd
aquatic life and water uses,
a In summer, a mass of warm
surface water, the epilimnion,
R is usually present and separated
, from a cool deeper mass, the
hypolimnion, by a relatively
- thin layer known as the
thermocline, - Coee e T

Ice cover and annual spring

and fall overturns are due to

successive seasonal changes

- in the relative densities of I

the epihmnion and the hypo- ~
o

3-1-
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limnion, profoundly influ-
enced by prevailing meteoro-
logical conditions,

The sudden exchange of
water masses having differ-
ent chemical characteris~
tics may have catastrophic
effects on certain biota, may
cause others to bloom,

Silt laden waters may seek
certain 1évels, depending

on their ¢wn specific gravity
in relation tq existing layers
already present,

Saline waters will also
stratify according to the
relative densitie’s of the
various layers.

3 Theviscosity of water is greater -

at lower temperatures, v

" b

.

1 8

4

This is important not énl
in situations jnvolving the

control of flowing water as in

a.sand filter, but also since
overcoming resistance to

. flow generates-heat, it is

significant in the heating

- of water by internal friction
from wayve and current ac-
tion and many delay the
establishment of anchor

ice under critical conditiqns. .

‘

It is easier for plankion
to remain suspended in cold

+ viscous (and also dense)

water than in less viscous
warm water. This is re-
flected in diffepences in the
appearance of winter vs
summer forms of life (also
arctic vs tropical),

D .Shore development, depth, inflow -
outflow pattern, and topographic
features affect the behavior of the water.

E Water moVvements that may affect organ-
isms include such phenomena as waves,
currents, tides, seiches, floods, and

others.

L

1 - Waves or rhythmic.movement

These are effective

only against objects.near

P {The best knovgn are traveling
waves,

the surface, They have little

& '

Pl

effgct on the movement of
large masses of water.

b Standing waves or seiches N
4 ocdur: in all lakes but are .
- —seldomrlarge &nough to be .
observed. An "internal seich"
_ is an oscillation in a density
mass within a lake with no
surface manifestation may
cause considerable water

movement,
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- @urrents
a  Currents are arhythmic
" water movements which have
had major study only in ocean-
1 ography. They primarily
: are concerned with the trans-~
location of water masses.
\ They may be generated inter-

' nally by virtue of density .
changes, or externally by
wind or runoff.. -/

. » ‘
b Turbulefice phenomena or
eddy currents are largely re-
- sponsible for lateral mixing
in a current, These are of
far more importance in the
economy of a body of water
than mere laminar flow,

. Tides, or'rather:tidal
currenfs. are reversible
(or qsclllatory) on a relative-
ly long and predictable period.
_____ THey are closely allied to
seiches. For all practical
purposes, they are restricted
to oceanic (especially-coastal)
waters, o

*

If there is no freshwater

- are basically "in and out;"
if a significant amount of
freshwater is added to the

! _ systemat a constant rate, the

exgeed the inflow by the amount
of freshwater input.

inflow involved, tidal currents

Limnology and-Eco‘,.Iogy of Plankton

There are typically two tidal
cycles per lunar day (approx-
1mate1y 25 hours), but there is
continuous gradation from this

* to only one cycle per (lunar) day
in some places,

]
Estuarine plankton populations
are extremely influenced by local
s " tidal patterns,

d Flood waters rangefrom torren-
tial velocities which tear away
and transport vast masses of
substrate to quiet backwaters
which may inundate normally dry

and areas for extended periods

" "oftime., Inthe former case, .

. plapktonic life is flushed away

.completely; in the latter, a local
on bloom may develop which
may\be of immediate significance,
or which may serve as an inoculum

for receding watez:s. .

F Surface Tension and the Surface Film

1 The surface film is the habitat of
the ''neuston’, a group of special *
- significance. N

2 Surface tension lowered by surfactants®

may eliminate the neuston,” This can

be a significant biological observation.

Il DISSOLVED SUBSTANCES

animals in respiragon, but taken in by
plants in photosyn hesis.

' "7 outflowing current will in general A Carbon dioxide is rejeased by plants and ~

» ’

B Oxygen is the biologmal complement of
* carbon dioxide, and necessary for all
animal life,

C Nitroegen and phosphorus are fundamental
nutrients for plant life,

by plants, t

-

' N * . -»
1 Occurin great dilution, doncentratéd




14
v * . . ® . '
The distribution of nitrogen BIOTIC COMMUNITIES (OR ECOSYSTEMS)
compounds is generally correfat-
ed with the oxygen curve, espg- A A biotic commumty will be defined. here
cially in oceans, ' - ' as an assemblage of organisms living in
) , a given ecological niche (as defined
D Irom, manganese, sulphur, and silicon below). Producer (plant-like), consumer
are other mmer.als imp ortant to aq.uati.c (animal-like) and reducer (bacteria and
life which exhibit biological stratification. ) fungi) organisms are usually dncluded.
' A source of energy (nutrient, food) must
also be present. The essential concept
in that each so-called cOmmumty’/, is a
relatively independent entity. Actually

E Many other minerals are present but their
biological distribution in waters is less
~well knowny fluorine, .tin, and vanadmm

have recently been added to the "essential"
list, and moie may well follow.

- 1 this position is only tenable at any given
T instant, as individuals are constant}y
shifting from one community to another in
response to stages in their life cycles,
physmal conditions, etc. The only one

th
IV BIOLOGICAL FACTORS ;olal::&t coonnsa.dered in detail here is the

F Dissolved organic matter is present in
even the purest of lakes.

A Nutritional Clasgsification of Organisms Plankton are the macroscopic and

, . . . ‘ ‘ microscopic ammals‘, Qla:nts, bacteria,

Holophyt 1c.or independent or- etc. ﬂoatmg free in the open water.
ganisms, like green plants, pro- Many clog filters, . cause tastes, odors,
duce their own basic food elements * and other troubles in water supplies.
from the physical environment, |, :

. L. 1 Those that pass through a plankton
Holozoic or dependent organisms, net (No. 25 silk bolting cloth or
like animals, ingest and digest equivalent) or sand filter are often
solid food particles of organic - known as nannoplankton (they

"Elgm @ ) usually greatly exceed the ''net"
plankton in actual quantity).

©

Saprophytic or carrion eating
organisms, liRe many fungi and
bacter1a, digest and assimilate
the dead bodies of other organ-
isms or their products.

Those less than four microns in
length are sometimes called
ultraglankton.

There are many ways in wh1ch
plankton may be classified: taxo~
nomic, ecological, mdustr;al}

B The Prey-Predator Relationship is
Simply one Organism Eating Another.

-

C Toxic and Hormogic Relationships - The®oncentration of plankton varies

s markedly in space and time.
Some organisms such as certain -

I
blue green algae and some ar- a  Depth, light, currents, and

mored flagellages produce 8 ) © 7 witer quality profoundly affect
stances poisonous to others. . plankton distribution.

' Ahtlbiotic action ih nature is ‘b The relative abundance of
not well understood but has been - . plankton in the various gea-
shown {o play a very influential sons is generally:
role in the economy of nature. : T .

’ 1 spring, 2 fall, 3 summer,

4 wi.nrter ’
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5 Marine plankton include many .
» larger animal forms than are
found in fresh'waters,

C The benthic community is generally
stidered to be the macroscopic life
living in or on the bottom,

. D The periphyton community might be
defined as the microscopic benthos,
except that they are by no means confined
to the bottom, Any surface, floating, or
not, is usually covered by ‘film of living
organisms. JLhere is frequent exchange
between the periphyton and plankton
communities.

E The nekton is the community of larger,
free-swimming animals (fishes, shrimps,
etc, ), and so is dependent en the other

- communities for basic plant foods.

F 'Neuston or Pleuston ) .
This community inhabits the air/water -
interface, and may be suspended above
or below it or break it, *Naturally this
interface is a very critical one, it being
micro molecular and allowing interchange
between atmospheric contaminants and

- the water medium,’/ Rich in bacteria,
metals, protozoa, pesticides etc,

V1 THE EVOLUTION OF WATERS _-

A, The history of a body of water determineés

its present condition. Ndtural'waters haye

* evolved-in the course of geologie time
to what'we know today-

L

In the course of their evélution,

B streams
in general pass through four general
stages of development which may be called:

) birth, ypyth, rhaturity, and old age.
1 Estafblishmeh_t of birth, ‘-Inan * .
.extant’ stream, .this might be
a "dry run" or headwater
’ . streambed, before it had eroded
= down to the level of ground water,
2 Youthful ‘'streams; when ! she

' stream bed is eroded below the

s ground water level, spring water

. enters and the stream becomes
b <,permanvent. ! .

-3 Mature streams, have wide
valleys. a deve‘loped flood plain,

[ep

. : .
Limnology and Edology of Plankton

¢

-

- : . B .. oo -

_deeper, more turbid, and usually .
“warmer water, sand mud, silt, N
or clay bottom-materials which

. shift with increase in flow,

4 —

* In old age, streams have appfoa- . ‘
ched base level. During flood ‘
stage they scour their bed and de-*
posit materials on the flood plain
which may be very broad and flat. :
During normal flow the nel'is _

. refilled and many shifting bars are -

developed, "

. - Fa)
. (Under the influence of man this

pattern mayy .be broken up, or tem- -
porarily interrupted, Thus as essen~
tially "youthful" stream might take

on some of the characteristicsof a * .
.'mature' stream following soil -
erosion, organic enrichment, and
increased surface runoff. Correction |
of these conditions might likewise be 3
followed by at least a partial rever-
sion to the "original" condition,)

C Lakes have a developmental history - >

. which somewha&t parallels that of stredms,
M . \ )
1 The method of formation greatly
influences the character and sub-
sequent history of lakess .
2 Maturing or natural eutrophication
of lakeg
- - . " g:br__
a If not already present, shoal
areas are developed through
erosion of the shore by wave
-action and undertow, N .

- oS

4

+

—

b Cux.'reﬁts produce bars across’
bays and thus cut off irrégulars

areas,
<t Silt brought in by tributary .’ )
, a— streams settles eut in the quiet
lake water, ", )
d f‘tooted aquatics grow on shoals ,4
and bars, and in doing so cut T
off bays and contribute to the .5

ﬁlli.ng of the lake.

e Dissolved carbonites and other .
* materials ‘are precipitated in the: 4 -
deeper portions of the lake in ¢
part through Ehe_a‘ction of plants,

~¢

35 g
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When filling is well adxanced

- sphagnum mats extend o

ward from the shore. Tﬁ’ése'

mats are followed by sedges

and grasses wiiich finally
‘ convert the~lakehinto a o

v

marsh,
» vy .
3 Extinction of lakes.  After lakess®
} reach maturity their progress

V. toward filling -up is accelerated.
They become ext,mct throd‘gh'

3~ R

»

. ‘a  The downcutting of the out-
, ' . let. . ..
e, < »
) . 0 b¢ Filling with detritus eroded.
. . ‘ " from the shores or brought
in by tributary streams, .

. @

c 'FJ.]JJ.ng by the accunﬁ‘b’l}atmn of
_the reniains of vegetable
. m-materials growing:in the
%ke itself. .
% PRI R
¢ (Often two or'thr'ee pro- . o .
“cesses may act coz;currently)

4 ~
When mén Hastens the: above
process, it‘is often called %‘ /

. "cultural eutrophication, ! ** g
. . . X~ ¢ s
vii PRODUCTIVITY

-

5 ‘

R

® &

« ' ability to produce this "biomass" is
-often referred to as the "productivity"
s~ of a body of water!
nor bad per se. A'Watér of low productl-
vity is a "poér" water. b1010g1g:a11y, and
also a relatively "pure" or "clean' water;
!\ hence desirable as a water supply. A
productive water on the other hand may
/ be a nuisance to man or highly desirable..
: Some of the factors which influence the
¢ productivity of.waters are as follows:

N

B Factors affecting stream productikvity.

, -+To be productive of plankton, a, stream

L must provide adequate nutrients, light,
3 a suitable temperature, and time for
X growth to take place, . )

P

m .

This-is neither gogd .

¥ o
o Youthful streams, especially on _—
rock or sand substrates age low .

in essgntial nutrients. Tempera- .
tures in mountainous regions are ;

» ugually low, and due to the steep

gradient; time for growth is short. ,
Althougli-ample hgﬁ't is available, . .
growth of true planktorf is thus .

! greatly 11m1ted .

-2
..
3,

Feeremstend to accumulate, and gradient

D
e

&

[ 9

€ -

5
£
£

.

3

s

S

¥
. %Aanﬁd other_ seasonal conditions,

o’?

"3

Rk . ‘ )
As the stream_flows toward a .
more mature condition nutrients

« diminishes ang so time of flow ,
increases, temperature tends to
i increase, and plankton flourish,

©

-.Should a heavy load of inert silt
develop on the other hand, the
turbidity would reduce the light
penetration and eonsequently the
general plankton productlon would )

 cdiminish, W

~.

¢As the stream approaches base
‘i‘vf level (old age) and the time avail-
able for plankton growth increages, . '
o the balance between turbidity, T,
nutrient levels, and temperature __ _
dete‘rn'n.nes the overa11 produc-
tivity,” " -

+f

-«

C Eactors Affectmg the Product1v1ty

A The, biological resultant of all physical . of Lake‘s . L .
and chemical factors is the quantity’ of A AR BN .
lJ.fe that may actually be present, The .* . \1" * The size, shape,,and depth -

.of the lake basin, Shallow water -
= is more productive than deeper .
water since more light will reach <o
_«the bottom to stimulate rooted - T
plant growth As a corollary, -
_lakes“with more shoreline, having ]
more* shallow water, are in general i
more productive, Broad sfiallow '
lakes and reservoirs have the
greateshkproduction potential (dnd
hence should be avo1ded for water
supphes) v .

. b 7 ' ,

Hard waters are geénerally more - \
produdtive than soft waters as
there are more plant nutrient
mi;xerals’a:vailable. This is often

-
-
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greatly inﬂuenced by the

. character’ of the soil and rocks
in’the watershed, and the quality

.. and quantity of ground water
entering the lake, In general,
pH ranges of 6.8 to 8,2 appear
to be most productive,

Turbidity reduces productivity
as light penetration is reduced,

4 The presence or absence of
. thermal stratification with its
semi-annual turnovers affect
productivity by distributing
. nutrients throughout the water
mags.

~.

5 Climate, temperature, pre-
valance of ice and snow, are
also important.,

D/, Factors Affecting the Productivity of

Reservoirs
1 The productivity of reservoirs
N ig governed by much the same

principles as that of lakes, with
the difference that the water
level is much more under the
control of man, ' Fluctuations
v in water levelican be used to
R «  deliberately increase of decrease
Co " productivity. This can be dem-
> onstrated by a comparison of .-
’ ) ' the TVA reservoirs which practice
a summer drawdown with some of
those in the west where a winter
drawdown is the rule,

\4

A .

: THe level at whiéx water is re- “
- _ moved from the reservoir is also
. important £ The upper epilimnion
may have a high plankton turbi- X
v " dity while'lower down the plankion
¥ count'may be less, but a taste
. and odor causer {such as-Mallo-
monas)may be present, There-
Do may-be’two thermoclines, with
T . amass of muddy water ﬂdwing
. " between-a clear upper epilimnion
T canda clear hypolimnion, Other

combinations ad infinitum may
occur. p

.

P

Reservoir discharges also pro- °-
;7 ‘foundly affect the DO, temperature,
f and turbidity in the stream below
' a dam, Too much®fluctuation in
flow may permit sections of the
.stream to dry per'iodical]y ’ '

vIiao CLA’SSIFICATION OF LAKES AND ‘ 2
RESERVOIRS

°

N\ ® LT
t L) -~
A The productivity.of lakes and impound-
ments is such a conspicuous feature ».

\ that it is often used as a means of
classification,

1" OQligotrophic lakes are the _
geologically younger, less produc- * ' .
tive lakes, which are deep, have
clear water, and usually support <8
Salmonoid fishes.

K . .

\ 2 Mesotropic lakes are generally
. . ~ intermediate between oligotrophic « *
ol and eutrqphic lakes. They are
| moderately productive, yet ,
\ - pleasant to be around,

Al

b3 EutroE ic lakes dre more mature,
| more turbid, and richer, They
; are-usually shallower. They are
richer in dissolved solids; N; P
. . and Ca are abundant. Plankton is”
N\~ abundant and there is often a’
rich bottom'fauna, Nuisance
conditions often appear,

4 | Dystrophic lakes - bog lakeg -
low in pH, water yellow to .,brown,
S dissolved solids; N, P, and Ca o
scanty but humic materials abun-
. dant; bottom fauna and plankton.
~+ 7 poor, a.nd fish species are limited,
, . .
B Reservoirs may be classified as storage,
or run of the river, .
.1 Storage reservoirs have a large - i
*  volume in relation to their 1nflow. : B

2 qRun of the river reservoirs have v
a large flow through in relation . -
to their storage value,

A - . ot -
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C 'According to location, lakes and
reservoirs may be classified as polak,

" temperate, or tropical. Differences
in-climatic anq geographic conditions

" result in &llff?rences in their biology.

*o -

THE MANAGEMENT OR CONTROL-OF
ENVIRONMENTAL FACTORS

A Liebig's Law of the Minimum states
that productivity 18 limited by the
\ ; nutrient present in the least amoung
* at any given time rglative to the
agsimilative capacity of the organﬁ*sm.

B Shelford's Law of T oleration:

A~

Minimum Limit Range of Optimun’ Maximum limit of !
of toleration of factor toleration
Absent ~¢———— | Greatest abund b »- | Absent
Decreasing . Decreasing
Abundance . Abundance }

D (S
C The artificial introductioélof nutrients
U (sewage pollution or fertilizer) thys
. tendsto eliminate existing iting
¢ minimums for some species and create .
intolerable maximums for other species.

t

[ » 1 *

Knawn limiting minimums /may
’ ' sometimes be deliberately
maintainéd

— - . D

2 As the total availablé en

. 3 tends to increase. .
)
3 ‘As productivity. mcreases, the
whole charac‘ter oi the water
. ' may be changed from’a meagerly
- ~ . productive clear water lake
(oligotrophic) to a highly pro-
ductive and usually turbid lake
(eutrophic) . .
= R .
i . 4 Eutrophication 1eads to treatment
; ® . trouf)les. e
. J . R el ?
x ., -D.,Control of' eutrophication may be aceom- -,
.plisked by various means .

U ~’: . oL } "
Watershed management, ade-

* '’ quate preparation of regervojr.

e » sites, and pollution control tend-”

L c .

N . .
M . e ' S

e . . b ~ : L L. . .
2 - LR 1Y .

iy . .

- e

oty e e

e

o e g

A A bady of water such as a lake rep-
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to maintain minimum limiting nu-
~ tritional factors. . .

Shading out the enefgy of'insola-

) .
* tion by roofing or inert turbidity; w
e T suppresses photosynthesis. .
3 . Introduction of! substances toxic

\ to some fundamental pait of the , - .
food chain (such as copper sul- ' )
phate) tends to temporarily inhibit
productivity. .

4
~
.

X SUMMARY L

4

in a state of dyhamic equilibrium, ~
* ' Modification imposed at one point in
the system automatically results in
‘ compensatory adJustments at associated

Ao o

p')l.ntB‘ -

resents an int;\i"cately balanced system , .

- B The more thorough our krTowledge of

the entire systei, the better we can
judge where to impoge control measures .
to athieve a desired resu1t
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BIOLOGY OF ZOOPLANKTON COMMUNITIES ~ °
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. 1+ CLASSIFICATION

A The planktonic cor_nm.miiy is composed of
organisms that are relatively independent

They, inhabit the open water of lakes

of the bottom to complete their life history.

: (pelagic zone). Some Species have inactive

or resting stages-that lie on.the bottom
and carry the species through periods of
stress; e. g., winter, A few burrow in

. the mud and enter the pelagic zone at night
but most live in the open water all thg
time that the species is present in an activ
form. '

]
B Compardd to the bettom fauna and flora,
the plankton consists of relatively few

~ kinds of organisms that are consistently

and abundantly present. Two major cat-
egories are often called phytoplankton
(plants) and zooplankton.{animals), but
this is based on an outmoded classification
of living things. The modern tendency is
to identify groupings according to their
function in the ecosystem: Primary pro-
ducers (photosynthetic organisms), consum
(zooplankton), and decomposers (hetero-
trophic.bacteria and fungi). ’

C. The primary difference then is nutritional;
phytoplankton use inorganic nutrient

2

e

¢

elemehts. and solar radiation. Zooplankton

‘feed on particles, much of which can be
phytoplankton cells, but"can be bacteria or
particles of dead organisms (detritus)
originating in the plankton, the shore ‘

" region; or the land surrounding the lake.

‘D The swimming powers of planktonic

organisms is so limited that their hor}-
zontal distributiondis determined mostly

. by movements of water. Some of the

/‘. animals are able to swim fast enough that

they can migrate vertically tens of meters
each day, but they are capable of little
harizontal havigation, At most, some
species of crustaceans show a general
avoidance of -the shore areas during;calm
weather when the water is moving’more
slowly than the animals can swim #By
definition, animals that are able to control
their horizontal location are nekton, not
plankton, . N

. Q A ot . .
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E In this presentation, a minimuim of clas- -

II

B

sification and taxonomy is used,

but it

should be, realized that each group is
typified by adaptations of structure on
physiology that are related to the plank-

tonic mode of existence. These

adapta-

tions are reflected in‘the classifieation,

LI ¥

FRESHWATER ZOOPLANKTON

-

The, freshwater zooplankton is dominated
by.representative_s of three groups of
animals, two of them crustaceans:

Copepoda, Cladocera, Rotifera.
feeding mechanisms that permit

All have
a high

degree of selectivity of food, and two can
produce resting eggs that can withstand

severe environmental conditions

. In

general the food of usual zooplankton pop-
ulations ranges from bacteria and small

algae to small animals,

The Copepoda reproduce by a normal
biparental process, and the females lay *
fertilized eggs in groups which are carried

around in sacs until they hatch.

The

immature animals go through an elaborate
. development with many stages.
stages have mouthparts that permit them

to collect particles. In many cases, these
are in the form of combs which remove
small'particlgs by a sort of filtration
process, In others, they are modified to
form grasping organs by which small .
animals or large algae are captured

"individually.

The later

The Cladocera"(.xrepresen'ted by Daphnia)
reproduce much of the time by partheno-

esis, so that only females are present. _ .

ggs are held by the mother in a brood
chamber until the young are developed far

.enough {o'fepd for themselves.

The newborn

animals look like miniature ,adults, and do
not go through an elaborate series of
‘deve}opméntal stages in the water as do
the copepods. Daphnia has comb-formed
filtering structures on some of its legs ,

that act as filters.

VS
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t D Under some environmental conditions the’ 2 Inorganic materials
h development of eggs is affected and males 5
are produced. Fertilized eggs are produced Freshwater lakes vary in the content
that can resist freezing and drying, and of dissolved solids according to the
thése carry the population thrbdugh geological situation. The total salinity
\a unsatisfactory condxtxons and proportxon of different dissolved .
e
- . materials in water cari"iffect the pop-
E The Rotifera are small ammals with'a ulation. Some species are limited to
ciliated area-en the head which creates soft water, others to saline waters, as
currents used both for locomotior and for the brine shrimp. The maximam pop-
bringing food particles to the mouth. They ulation size developed mray be related
* too reproduce by parthenogenesis durmg to salinity, but this.is prabably’an
much of the year, but production of males _ indirect effect working through the
results in fertilized, resistant resting eggs. ‘abundance of nutrients and productxon
: " Most rotifers lay eggs one at a time and of food
" carry them until they hatch. ~

NG

3 Food supply .

-

. e ~
III ZOOPLANKTON POPULATION DYNAMICS Very strong corglatxons have been
found between reproductxon and food
supply as measured by abundance of
phytoplankton. The rate of food supply
can affect almost-all aspects of pop- : .

ulation biology including.rate of indi-

A In general, zooplankton populations are at
a minimum in the cold seasons, although
some species flourish in cold water Species
with similar food requirements seem’to

reproduce at different times of .the year or . .- -« vidual growth,, time of maturity, rate
A are segregated in- dh‘li:enent layers of lakes. . of reproduction and length of life.
N B There is no single, simple measurement ’ 4 Apparently in freshwater dlssolved
of activity for the zooplankton as a whole organic materials are of liftle nutri- .
« . . that can be used as an.index of production tional significance, although som'e

species can be kept if the concentration.
of dissolved material is high enough.
Some species require def1n1te vitamins
in the food.

as can the uptake of radioactive carbon for
the phytoplankton. However, it is possible

to find the rate of reproduction of‘the species
that carry their eggs. The basis of the
method is that the number of-eggs in a .
sample taken ada given time represents

"

5 Effect of predation on pdpulations

the number of animals that will be added
to the population Huring an interval that
is equal to the length of time it takes the

-

The 'kind, guantity and relative pro-
portions of species strongly affected

by grazing by vertebrate and inverte-

brate predators. The death rate of -
Daphpia is correlated with the abun-

dance of a predator. Planktivorous

fish (alewives) selectively feed on

larger species, so a lake with alewives

is dominated by the smaller species of
crustaceans and 1arge ones are scarce

or absent

eggs to develop. Thus the potential growth’
rate of.the populations can be determined.
The-actual growth rate, determined by
) successive samplings and counting, is less
than the potential, and the difference is a
measure of the death rate..

C Such measurements of birth and death rates
permits a more penetrating analysis to be
‘ made of the causes of population change
than if data were available for population
size alone.
o ) ) Many speciés migrate vertically con-
‘ D Following is an indication of the major siderable distances each day. Typically,

8 Other aspects of zooplankton

- environmental factors in the control of migrating species spend the daylight
zogplankton. . hours deep in the lake and rise toward
- . the surface in late afternoon and early

1 Temperature has an obvious effect in
its general control of rates..In addition,
the production and hatching of resting
eggs may be affected.

- ‘evening. .

~

Some species go through a seasonal
- change of form {cyclomorphosis) which
_— is not fully understood. It may have an
effect in reducing predation.

o 5% o ' |
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. ) ' . OPTICS AND THE MICROSCOPE
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£ ’
i OPTICS -, Strictly speaking, of course, all reflected .

 An understandmg of elementary optics is
" essential to the’ proper uge of the microscope.
,The rmcx'osco;nst will find thgt unusual pro-
‘blems in {llumination and photomicrography
can be handled much more effectively dnce*
the underlying ideas in physzca’l Optiis are’ -
understood, . \
A Reflection + .
A good place to begin is with reflection at
a surface or interface. Specular (or
regular) réflection results when 4 beam
of light leaves a surface at’ the same angle
.at which it'reached it. This type of
" reflection occurs with highly polished
smooth surfaces. It is stated more pre-
cisely as Snell's Law, e, , the angle of
incidence, 1i,.is equal to to the angle .of
, o reflectlon, r (Figure ‘1) . Diffuse (or
‘scatteredl) reflection results when a beam
of light strikes a rough or irregular sur-
face and different portions of the incident
", light are reflected from the surface at
different angles. The light reflected from
a piece of white paper or a ground glass is
an‘example of diffuse reflection.

.-

Figure 1 ‘

SPECULAR REFLECTION SNELL'S
LAW :
-, BI, MIC. 18.‘2 79 . .

Ie -

light, even diffuse, obeys Snell's Law,
Diffuse reflected light is made up & many
specularly reflected rays, each from a

a tiny element of surface, and appears
diffuse when the reflecting elements are
very. numerous and very small, The terms
diffuse and specular, referring to reflection,
describe not so much a difference in the
nature of the teflection but rather a differ-
ence in the type of surface. A polished sur-
face gives specular reflection; a rough
surface gives diffuse reflection.

It is also important to note and remember
. that specularly reflected light tends to'be

-strongly polarized in the plane of the reflect-

. ing surface. This is due to the fact that
those rays whose vibration directions lie
closest to the plane of the reflection surface
are most strongly reflected, This effect is
strongest when the angle of incidence is

" such that the tangent of the angle is equal
to the refractive imdex of the reflecting sur-
face. This particular angle of incidence is
called the Brewster angle,

B Image Formation on Reflection «

. Congidering reflection by mirrors, we find
(Figure 2) that a plane mirror forms a
virtual image behind the mxrror, reverled
right to left but of the same size as the
object. The word vxrtual means that the

»image appears to be in a g;yen plane but
that a grourd glass screen or a photographxc

film plaq:gd in that plane would show no N

image.* The converse of a vn‘tug‘i _imiage is
a real image. ‘

Spherical mirrors are either convex of con-
cave with the surface of the mirror repre-
senting a portion of the surface of a sphere.
The center of curvature is the.center of the
sphere, part of 'whose- surface forms the
mirror: The focus, hes haIfWay b¥tween the '
°center of curvature wd" the mu‘}gr sul‘face.

.
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N & of the mirror,
- ~ The image from an object can be located
: using the familiar 1ens formula
- 1, 11
: P q £
_Ah Vittugl
Imoge where p = distance from the object to
the mirror * '
’ ' q = distance from the image to
¢ the mirror -
. Figure 2 f = focal length
IMAGE FORMATION BY PLANE MIRROR C Spherical Aberration .
. , No spherical surface ca;z be perfect in its
Ctznstru;:t;;m of ;n im&getb%a :ong::e image-forming ability. The most serious
n; "0:; 1° OYFS' om.3)-e~ WO premises of the imperfections, spherical aberration,
* given below {¥igure 3): , ~occurs in spherical mirrors of large
- aperture (Figure 4). The rays of light
- _making up an image point from the outer
' zone of a sphericdl mirror do not pass
through the same point as the more central
N rays. This type of aberration is reduced by
blocking the outer zone rays from the image
* area or by.using aspheric’ surfaces. .
- ) . e
i
\."' IMAGE FORMATION BY CONCAVE MIRROR .;
¥
e 1 A ray of ligh; parallel to the axis of ‘ .
the mirror must pass through the’ ' .
: focus after reflection. . , .
¢ . Figure 4 \
L4 th -
? A ray of light yhich passés trough the SPHERICAL ABERRATION BY ~
‘cenfer of curvature must retarnalong SPHERICAL MIRROR  \_
the ‘same’ patg,- N B v
‘A corollary of the Iirstpremise is \ . 8]
R R . . ’ . L '
5-2 . - .
R % . e ) . % .

3 A rayof fight which passes through the
focius is reflected parallel to the axis
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D Refraction o"f.Light . into focus and the new micrometer reading

Fl . . ..

~ Turning now to lcpses rather than mirrors
we find that the most impor tint « hatfeter-
jstic is refraction.  Refrav tion refers to
the change of dirve tion .\mllm velocity of
light as it passces Mrom one n. «dium to
another. The ratio of the n'lm ity inair
. {or more (01‘!‘(‘1.“\ in a vacuum) to, the
Velomty in-thel medium is called the
vefractive index. Some-ty pical values of
refractive index measured with mono-
. chromatic light (sOdlun\ D Line} are hsted
1 Table 1. e

y

.

*Table |
MATTERIALS MEASURED WITH SODIUM LIGHT -~

is taken.  )4nally, the microscope is re-

" focuscd until the surface of the liquid appears

in sharp focus. The micromater reading,
is taken again and, with this information, .,
the refractive index may be calculated from
the simplified cquation:

/rPl‘ravtivv index =

-

actual depth
apparent depth

RIFFMRACTIVE INDICES.OF COMMON

. ® ‘
‘Refraction causes an object imnu-xj,st\d in

"a me@ium of higher refractive index than Vatuum 1.0000000 Crown glass 1.48 to 1,61
air to appear vloser,to the surface than it Air L. 000"‘”8 Rock salt "1.5443
actually is (Figure 5). This vffect ma ¢+ COy , f (1004498 Didmond 2,417

- & Water . 3330 Lead sulfide 9.912.

When the situation’is reversed, agfd a ra)\'"

L - ) _ of light from 3 medium of high refractive
e ' . A\ index pasges through the interface of a -
h . s medium of lower index, the ray is refracte
<. - T until a critical angle.is reached beyond which
. , ) T Ar all of the light is' reflected from the interface
e N (Flgure 6). This critical angle, C, has the
X r . Jn t foll@wing relationship to the refractive ipdices
' + Apparent { , , Medi of the two media: - T
*. v Actuok depth . L v
depth . , r—t— . Image Ve - N ) I
o . R ' o 1. 5“{ ¥ ‘sinC= =2, whereng <n;. .
y ) e——a—=  QObject™a o ' R ny o, - )

L s S A I B T * ; ’
L . ) . PRTI N When the second Medium'is air, the formula
N & - ‘ . a . - « D i‘ ‘o .' b'?COmC‘SZ' 0

W T e F1gure 5 ° '} *gim C _'ﬁ N R
e, REFR:ACTION OF I:*IQI'LT‘&T INTE}U"ACE , RN y .
. . . ) . ¢ o o ‘ _\ g . . 6“ N . s _

J H N (b . v .l"» ﬂ . JQ? . \ . ‘ . .‘ ‘ . . . , .
""" be used to deté\'mure th,e@:gfractlve index ;
24 of a.iquid w1 the roscope. A flat ) .
. & . vial‘with a.sc.rdtct},dh the bottom (msxde) Yol 2
s et is placed/m the stage of the microscope.t L
d o Th#' microscope i8 focused on the -st:ratch st
P «and the fine ad]ustment micrometer reading* -
+ . '+, isnoted, A small amqunt of the unknown, ’ R
o . hqnid is added‘ the scratch is agam bronght . e -
N LTE . o " ,. Figure 6
. ey T T ", I REFLECTION ‘AT CRITICAL ANGLE
i ?. “I’ “Vl‘ ‘ ! : > i . . .oV ’ ‘.
': ; .' ~ - ° L. 8 7 s - »”
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E Dispersion

f)lspersxon is another uﬁportant property
of transparent mate erials. This is the
variation of refractive index with color,
(or wavelength)-of light. When white’ hght
passes throligh a glass prism, the light
\rays arefre’fracted’by different amounts
and" separated into the colors of the
spectrum.- This spreading of hght into
its component- colors is due to dxspersx
which,, in turnis due to the fact that the
.refractive index of transparent substances,

. liquids and sohds, is lower for long wave-
lengths than for short wavelengths.

-

Because of dispersion, determination of
"the refractive index of a substance re- -
ve- ’

quires designation of the particular”
length’'uged. Light from a sodium lamp -
has a strong, closely spaced doublet with
an average wayelength of 5893A, called
the D line, which is commonly used as a
reference wavelength. Table 2 illustrates
the change of refractive index with wave-s
length for a féw common subst@ﬁces

}Sefraetwe index

g

-

F line Dline C line.
. blue (yeliow) ' {red) .
to. 4861A~ 5893A 6563A -
Carbonedisulfide 1.6523 1.6276 1.6182
Crown glass 1.5240 *r.5172 °1.5145
Flint glass - 196301 1.6270. 1. b22¥
water .. 1.3372 1.3330 1,3312 .

&

-

Dp

'

The dispersion d a matemal can be defined

. quant‘tatiVel)?' as:
n (yellow) - 1
n (blue)-- n (red)

n (§93myp) - 1° -
n (486mp) - n(656myp)

v =.dispersxon 21

wherefn is the refractive index of the
material at the particular wavelength
noted/in the parentneses. ,

[L
-

F‘ Lenses .

¢

\C

3 -
There are two chbses of lenses. con- .
verging and diverging, called also convex: VR

and concave, respectively. The focal

; point of a converging lens is "defined as °

‘the paint at which a bundle of light rays

= parallel to the axis of the lens appeanrs to
‘converge after passing through the lens. 9 |
The focal lerigth of the lens is the distance °*- _ .
from the lens to the focal point (Figute 7).

, 1

- Figure 7

CONVERGENCE OF 'LIGHT AT FOCAL POINT

L]

’

G Image Fo}\-na tion by Refraction )

.

v

Image formation by lenses (Figure 8)
follows rules analogous to those already
given above for mirrors: .

Light traveling parallel to the axis of
the lens will bfurefracted 8o as to pass
through the fo2us of the lens. .

1

Light travelmg through the geometrical
\ center of the lehs will be unrefracted.
’I‘he posinon of the image can'ze determined-
by remembering that a light ray passing
through ti focus, ’F, will be parallel to
the axis of the lens on the opposite side’ of
the lens and that a ray passing through the |
geometrical. center of the lens’wxll be
unrefracted. A

-

.
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« . object points aré not located on the Opti:cal
. ' ' t . axis of the lens and results in the formation- »
) . .. of an indistinct image. The simplest .
‘- v T\ . - - remedy for astigmatism is to place the

. ‘ . . I objeet close to the dxis of the lens system.

- 0 ' F\ ) : 1 Intérference Phenoména . v

R N . T ) ‘ J Interference and diffraction are two phe=-

nomena which are due to thg wave character-' .
istics of light. The superposition of two

] . light rays arrwmg simultaneously at a given

. ) . A . point will give rise td interference effects,

. whereby the intensity at that point will vary -

. Figurc 8 from.dark to bright depending on the phase -, °

- diffe b5 betwee igh ’S.
IMAGE FORMATION BY A CONVEX 1.ENS h i Lren: ¢s between the two light ra)s'

° N -

The first requirement for interference is \
- Thé magmhcatlon M, of an imagce° of an that the light must come from a single

C object. produced by a lens is gwen by the ’ source. The light may be split into any -
» relationship: number of-paths but must originate from
’ image size _ image distance _ q tt}e same poipt (or coherent source). Two .
. M= — = - = = light waves from a coherent source arriv- / e
i . ob_]ect size object digtance p - e
. , - . .. ing at a“point in phase agreement wil

Lot where q dlstanc‘",fl‘om image to lens ‘ r_einfo'rce each other (Figure 9a), Two . ;
and p = distance from dbject to lens. light waves.from a coherent source arriv-

' v

e, W ing at a point in opposite phase will cancel *
. H Aberrat'rons of Lendeg_ . each other (Figure 9b). -

. Lenseg have aberranons of several types V- ’ .

CR * which, unless corrected, cause loss of . ~—T" .

id , detail in the image. Spherical aberration L ﬁ ® ﬁ; —‘." ;

t appears in lenses with.spherical surfaces. ) -
° Reduction of sphencal aberration canbe . ) , & v '
. * accomplished by diaphragming the outer o . —

'+ .—s + ,» + zones of the lens or by desxgmng special , ’
< aspherical surfaces in the'lens system. . ——T' M

Y \ ‘% s . = . .

; -+ Chromatic aberration is 2 ‘Phenoménon | -

5 o . R caused by the variation of refractive index : ‘
- »t e with wavelength {dispersion). . Thug’ a lens pz '

LY

) C rece.1vmg white light from an object will
P ~ " © form a violet image closer to the leps'and . . ] ) .
» . * " a'red one farther away. Achrom’ﬁc : ; . - A
. lenses are emplGyed to mxmmxze ﬂus v Fxgu:;e 9a, Two-)xght rays, 1 and 2 of *
o ; ° effect.. The lenses arg combima.ﬁcms of < the same. frequency’but dif- . ,
A two or_more lehs elements made tp.ofy - », . ferent amplitudes, are in phage ° = 3 i
PR materials having different dispersivé - in fhe upper diagram, In the o --.'(‘,;
: Cop rs” The use of monochromatic light- .. g lower diagram, rays 1'and 2 ¥ S
.« is¥nother obvious way of eliminating .ot “  interfere constructwely to gwe '
MO ' chramatic aberratiod,, e ‘ R a single wave of the same fre- . |
D . « ) ", quency and-with an amplitude C ‘e
R Astlgmatxsm is a th1rd aberration of | . equal to the summation of the ’-
; sphetxcal lens: systems It occurs’ when ot - two former waves.,, .
- 4 ‘ ,- ' « ' ! . - |
. ' . - r ’ 5«5 |
- ‘ . N : 8 9 e R |
'.h o a it AN v oge &




traveled by the latter beam #1 excess of
®  the firstis twice the, thickness of the film
+ and (ts equivalent air path 1s

2 nt °

¢ I ’
where n is the refractive index and
7 « * t ig°the thickness-of the film,
... .« The second beam, however, upon reflection

* . at the bottom surface, undergoes a ha1£

wavelength shift and now the total retard-

. /ayon of the second beam with respect to
“the first is given as:

-

Co , retagdatlon =2 nt+-% .
‘ where \ is the Wavelength of the light '

beam. -
When retardation {s exactly an odd-pumber .
of half wavelengths destructive interfer-
ence takes place resultmg in darkness, °
., When it is zero 6r an even number~of half
wavelengths,, constructive interference

’

_ results in brightness (Figure 10). .
\A - * - ’ .
,;, 5'6 Cad 1‘
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\ Flgure 9b.” Rays 1and 2 are nov 180° Figurge 16 )
“out of phase and interfere ‘ Y
destructively, The resultant, INTERFERENCE IN A THIN FILM
in the bottom diagram, is of ] -
v the same frequency but is of A simple interferometer can be made/ﬁy .
reduced amplitude (a is partially silvering a microscope slide and .
- negative and is subtracted - cover slip. A preparation between the two
. from b). partially silvered surfaces will show inter- -
ference fringes. when viewed with mono-
. chromatic light, either transmltted or by
. & The reflection of a monochromatic light vertical illuminator. The fringes will be
beam by a thin film results in two beanfs, close together with a wedge-shaped prep-
.. one reflected from the top surface and one aration and will reflect-refractive index
’ from the bottom surface. The distance. ) differences due to temperature variations, :

concr.ntrat:on dxfferences) different solid
phases, etc. The method has been used to
measure quantitatively the conc?ni:ratlon of
solute around a growing crystal (Fxgure 11}.

50% M«or/ ! i

Do o 2 .

skp - : —R

CN/ Specimen Micror
H
e b °

ot Figure 11
MICROSCOPICAL METHOD QF VIEWING
INTERFERENCE IMAGES
a Examination i3 by transmitted light.
L:ght ray undergoes multiple
. reflections and produces dark and
- light frifiges in the field. A speci-
" men introduces a phase ‘shift and,
changes the fringe pattern, ..
b Illumination Jds fromi the top. The

K principle ‘is the same but fringes
. show greater contrast.
c >
'( ‘-Mr -




N ' \
Bach dark Band represents an equivalént
air thickness of an odd number of half

wavelengths. Conversely, each bright
band is ‘the result of ar” even number\ of

half wavelengths., ° -

' With-interference illumination, the effect
———af a transparent object of different re-
b fractive index than the megiium in the
microscope fi d is: ™

if the background is uniformly illumi-
nated (parallel cover slip), or .

[

a shaft of the terferenu» bands within
the object if tl(: background consists
of bands (tilted cover slip).

The relationship of refractive indices of
the surrounding medium and the object is
as follows:

.

1 a change of lxght intensity of the object « -

Optics'and Qié Microsgcopge

.

’ d=-2:4D4fx

where [ is the focal length of the-lens,
X the wavelength, and D the diamete
of the lens.

It is seen that in order to maintain

small diffraction disc at a given wave-
length, the diameter of the lens should
be as large as possible with respect to
the focal length. It should be noted,
also, that a shorter wavelength produces
a smaller disc,

If two pin pounts. of light are to be distin-
guished in an image, their diffraction discs
must not overlap more than one half their
diameters. The ability to distingyish such
image points is called resolving powerand
is expressed, as one half of the-preceding
expressmn

resolving®power = M
. . ’ [$)N . D
ng* mll + 35
S . ' £
where ng = refractive index of the 11 THE"C‘OMPOUND MICB.OSCOEE
specimen
- . 'n, * refractive index of the The compoun é/roscope is an extension in
- —— — ————— surrounding medium__ ____ ‘principle of the Simple magnifying glass;
Y 6 = phase shift of the two ' hence 1t is’ e ntial to-uiiderstand fully the -
beanis, degrees o pI’OpLI‘tleS of/this simple lens system.
A = wavelength of the light N
t ¥ = thickness of the spetimen. A Image Formation by the Simple Magn.ifi'er

.

J Diffraction’

. In geometrical optics, it is assumed that
light travels in straight lines. This is not
always true. We note that a beam passing
through a slit toward a screen creates a
bright band wider than the slit W1th alter-
nate bright and dark bands appearjng on
éithter side of the céntral bright Band,

N decreasing in intensity as a function of

) " the distance from the center. Diffraction
describes this phenomenon and, as one of
. its-practical ‘consequences, limits the
o, lens in its ability to repraduce an image.
For examole, the image of a pin point of

['_

{

" centimeters,

The apparent size of an object i's determined "~ -

by the angle that is formed at the eye by the
extreme rays of the object. By bringing the
object closer to the eye, that angle (called

the visual angle) is increased. This also
increases the apparent size, Howevera °
limit of accommodation of the eye is reached,
at which distance the eye can no longer focus,
This limiting distance is about 10-inches or 25
It is at this’ distance that the
magnification of an object observed, by the.

unaided eye is said:to be unity. The eye can, -
of course, be focused at shorter distances but -

not usually in a relaxed condition.

e V= light produced by a-lens is 'not a pin point .
’ but .is revealed to be a somewhat larger A positive, or converging, lens can be‘used
patch of light surrounded by dark and . to’permit placing an object closer than 10
" bright rings. The diameter, d, of this inches to the eye (Figure 12). By this means
. diffraction disc (to the first dark rmg) the yisual angle of the object is increased
. ) is given as: - (as is its apparent size) while the image of
. ’ 4 5-7 °
“‘( <
¢ . ’ . 71
2 : o . .
2"% - / . g

-
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Figure 12

VIRTUAL IMAGE FORMATION BY
CONVEX LENS

the object appears to be 10 inches from
the eye, where it is best accommodated. .

° Objectve W '
B Magnification by a Single Lens System 4 “‘
A s
The magnification, M, of a simple magni- , Object \
fyin“lass is given by:
M= 2—1‘5 + 1 ’ |
. where f = focal length of the lens in [Vt o . il
centimeters, \ o Figure 13
Theoretically the magnification can be " * IMAGE FORMATYION IN
—77" increased with shorter-focal-lengthienses— -- - ———COMPOUND MICROSCOFE
* However such lenses require placing the
eye very close to the lens surface and + lengths to give different/magnifications-
—have much\image distortion and other ~ (Table 3). The magnj#cation is calculated
optical aberyations. The practical limit from the focal 1 by dividing the latter |
for a simple \magnifying glass is about into the tube length, usually 160 mm. - E\ ) :
20X, :
The numerical aperture (N.A.) is a measuré
In order to go to magnifications higher -of the ability of an objective to resolve detallb ‘
than 20X, the compound microscope is - This is more fully discussed in the next \‘
required. Two lens systems are used section. The working distance is in the free
to form an enlarged image of an object space between the objective and the cover \
. (Figure 13). This is accdmplished in slip and varies slightly for objectives of the i -
. two steps, the first by a lehs called the same focal length depending upon the degree ’
” objective and the second by a lens known of correction and the manufacturer. |
as the eyepiece (or oocplar). :
. /) ~ There are three basic classifitations of 1
C The Objective S objectives: achromats, fluorites and I
' . - : apochromats, listed in the order of their i :
* The obJective is the lens (or lens system) ’ complexity. The achromats are good for £5]
¥ clogestito the object. Its “function'isto. routine work while the fluorites and apo-
i reproduce an enlarged image of the object . chrgmats offer additional optical corrections !
t o in the body tube of the rhicroscope.— to compensatg for spherical, chromatic and’
.Objectives are available in various focal other aberrations. :

, e




N/ycéuse they have no_refracting elements,

do not suffer from chromatic aberrations

as ordinary refraction objectives do. Based
entirely on reflection, reflecting objectives
are extremely useful in the infrared and
‘ultraviolet regions of the spectrum# They
also have a much longer working distance
than the refracting objectives.

The body tube of the microscope supports
the objective at the bottom (over the object)
and the eyepiece at the top. The tube
length is maintained at 160 mm except for

usually noncenterable and the stage is
centerable. Several manufacturers pro-
vide centerable objective mounts so, that
each objective on the nosepiece need be
centered only once to the fixed rotatmg
stage. The insides of objectives are
better protected from dust by the rotating
nosepiece. This, as well as the incon-
venience of the so-called "quick-change"
objective holder, makes it worthwhile

to have one's microscope fitted with
rotating nosepiece.

D T’t} Qcular

g o . ‘ Optics and the Microscops
,! ks ] " N . o
L] o 7
a ‘- . ¥
e Table 3. NOMINAL CHARACTERISTICS OF USUAI. MICROSCOYE OBJECTIVES -
Nominal: * Nominal Working  Depth  Diam. of, Resolving Maximum Eyepiece
focal }engtb‘ maenif N.A. distance focus field poweT, white useful for max.
M gnit. mm 'S " mm. light, p magnif.. useful magnif.
| “ 56 | 2.5X 0.08 40 50 8.5 4.4 80X 30X
32 Ji\ . s 010 28 16 5 3.9 $ox 20X
16 10 0.25 7 8 2. 1.4 250X 25X
8 20 *0.50 .3 2 X 0.7 500X 25X
4 43 . 0.66 0.7 1 0.5 0. 4 660X 15X
4 45. - 0.85 ' 0.5 1 0.4 . 0.35 850X 20X
1.8 90 1. 30 0.2 ., 0.4 0.2 0.21 1250X 12X
Another tem of obJectxv c¢s employs at one time (there are some nosepieces
ref/e’ct x% surfaces in the shape of concave that accept five and even six objectives).
and_e¢0Ohvex mirrors. Reflection optics, In this system, the objectives are

Leitz instruments, which have a 170-mm
' tube length. ) % ] -~
i The eyepiece, or ocular, is necessary in
) . The objective support may be of two kinds, the second step of the magnification process.
an objectivé clutch changer or a rotating The eyepiece functions as a simple magni- -
\ nosepiece: fier viewing the image formed by the
. ‘ objective.
\ 1 The objective clutch changer ("quick- .
change" holder) permits the mounting - There are threv classes of eyepieces in
g of only one objective at a time on the . common use: huyghenian, compensating
mxgrosc0pe It has a tentering arrange- and flat-field. The huyghenian (or huyghens)
mient, so that each objective need be eyepiece is desxgnedf»to be used with
centered only once with respect to the -achromats while the compensating type is
stage rotation. ..The changing of objec- used with fluorite and apochromatic
tives with this system is somewhat objectives. Flat-field eyepieces, as the ’
awkward compared with the rotating ; name implies, are employed in photo-
nosepiece.. -micrography or prOJPcuon and can be used
0 - g with most objectives. it is best to follow
¢ 2' The revolving nosepiece allows mounting . the recommendations of-the panufacturer
three or four obJectWes on the mxcros<'0pe as to the proper combmatxon of objective
. , and cyepiece. . .
L \ o .-
e * 5-9
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Optics and the Microscépe

. The usual magnifications available in
oculars run from about X up to 25 or

30X. The 6X is generally too low to be of
any real value while the 25 and 30X oculars
have siightly poorer 1magery than medium

powers an{ have awvery low eyepoint. The '

most useful eyepieces lie in the 10 to 20X
magnification range. )

Magnification of the Microscope

The total magnification of the objective-
eyepiece combination is simply the product
of the two individual magnifications. A
convenient working rule to assist in the
proper choice of eyepieces, states ‘that the
maximum useful magnification (MUM) for
the microscope is 1, 000 times the numeri-
cal aperture (N,A.) of the objective. .
The MUM is related to resolving power
in that magnification in excegs of MUM
gives little or no additional resélving
power and results in what is termed empty
magnification, Table 4 shows the results
of such combinations and a comparison
with the 1000X N, A, rule. The under-

" lined figure shows the magnification near-
est'to the MUM and the eyepiece required

. with each objective to achieve the MUM. _
From this table it is apparent that only
higher power eyepieces can give full use
of the resolving power of the objectives,
It is obvious that a 10X, or even a 15X,

. '
£

"

)

cyepiece giwves insufficient magnification
for the eye 1o see detail actually resolved
by the objective, ,

Focusing the Microscope

The coarse adjustment is‘used to roughly
position the body tube (in some newer
microscopes, the stage) to bring the image
into focus. The fine adjustment is used
after the coarse adjustment to bring the

.image into perfect focus and to maintain
the focus as the slide is moved across the
stage. Most microscope objectives are
parfocal so that once they are focused any
other objective can be swung into position
without the necessity of refocusing except.
with the fine adjustment.

The student of the microscope should first
learn to focus in the fellowing fashion, to
/prevent damage to a specimen ox objective:

1 Raise the body tybe and place the speci-
men on the stafgs

Never focus the body tube down:(or the
stage up) while observing the field
-through. the eg'epiece.

Lower the body tube (or raise the stage)
with the coarse adjustment while care-

@  fully observing the space between the

Table 4. MICROSCOPE MAGNIFICATION CALCULATED
FOR VARIOUS OBJECTIVE-EYEPIECE COMBINATIONS .

Objective

0

Focal Magni- Eyepiece MUM?
length fication .~ 5X 10X _ 15X 20X ___ 25X _ (1000 NA)*
S6mm  3X 15X 30X | 46X 60X 715X - 80X
32 "5 25X 50X - 75X 100X 125X 100X .
16 10 50X 100X 150X  -200X 250X - 250X
.8 . 20  T00X.200% . 300% 4op;§ 500X 500X
4 40 .- 200X 400X  BOOX  BOOX 1000X 660X

1.8 90 . 450X 900X 1350X , 1800X 2250X 1250X

— fomem ’
*3MUM = maximum useful magnification

i
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Optics and the Microscope

“illumination.

L]

objective and shude and permitting the
two to come glow together wy.hout
touching.

4 Looking through the microscope and
turning the fine adjustment in such a
way as to move the objective away from
the specimen, bring the image into
sharp focus.

The fine adjustment is \Qually calibrated
in one- or two-micron steps to indicate.

thg vertical movement of the body tube.
This feature is useful in making depth
measure ments but should not be relied
upon for accuracy. '

The Substage Condenser

The substage holds the condenser and
polarizer. It can usually be focused in a
vertical direction so that the condenser can
be brought into'the,correct position with
respect to the specimen for proper

In some models, the conden-
ser is centerable so that it may be set
exactly in the axis of rotati(E—:f the stage,
otherwise it will have been precentered at
the factory and”should be permanent. .

The M:icroscope Stage

. The stage of the microscope supports the

specimen between the condenser and

. objective, and may offer a mechanical stage

. [MC

2 4 '
S, .
5"‘\’” e P

as an attachment to provide a means of
moving the slide methodically during obser-
vation. The polarizipng micioscope is
fitted with a circular rotating stage to .
which a mechanical stage may be added.
The rotating stage, which is used for object
orientation to observe optical effects,” will
have c¢ntering screws if the objectives are
not centerable, or vice versa. It is un-
desirable to have both objectives and stage
centerable as this does not provide a fixed
reference axis.

The Polarizing Elements

A polarizer is fitted to, thie condenser of all
polarizing microscopes. In routine instru-
ments, the polarizer is fixed witn its ’
vibration direction oriented north-south /
{east-w~st for most European instruments)

L

* body tube above the analyzer on a slider |, ,

while in research microscopes, the
poldrizer cah be rotated. ~Modern instru-
ments have pblarizing filters (such as |
Polaroid) Xeplacing the oider calcite
prisms. Polarizing filters are preferred

-because they:

1 are low-cost,

2 require no maintenance;
\ .

3 permit use of the full condenser

aperture, .
An analyzer, of the same construction as
the polarizer, is fitted in thc body tube of
the microscope on a slider so that it may
* be easily removed from the optical path.
It is orienjed with its plane of vibration
perpendicular to the corresponding direction
of the polarizer.

The Bertrand Lens

The Bertrand lens is usually found only on

the polarizing microscope although some
manufacturers are beginning to include it

on phase microscopes. It is located in the-, .°

{or p}\ot) to permit quick removal from .

the optical path. The Bertrand lens is used

to observe the back fooal plane of the objective.

it is convenient for checking quickly the type .
and quality of illumination, for observing ‘ >
interference figures of crystals, for adjust-

ing the phase annuli in phase micrescopy

and fﬁ\’a:justing the annular and central

stops in\dispersion staining.

The Compensator Slot

The compensator slot receives campensators
{quarter-wave, first-order red and quartz-
wedge) for observation of the optical prop-
erties of crystalline materials. It is usually
placed at the lower end of the body tube just
above the objective mount, and is oriented
45° from the vibration directions of the
polarizer and analyzer.

Y

The Stereoscopic Microscope '

The. stereoscopic microscope, also called
the binocular, wide-field, dissecting or

: ¥ 5-11
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GreenouLMOculu microscope, is in

., reality a combination of two separate .
compound microscopes. The two micro-
scopes,. usually mounted in one hody, have
their 0pt1ca1 axes inclined from the vertical
by about 7° and from each other by twice*
this angle. When an object is placed on.the
stage of a stereoscopic microscope, the
optical systems view it from slightly
different angles, presenting a stereoscopic
pair of images to the eyes, which fuse the
two into a single three-dimensional image,

o v

.The objec‘h'ves are supplied in pairs, cither
‘as separate units to be mounted on the

‘ microscope or, as in thehew mstruments,\
built into a rotating drum Bausch and
Lomb was the first manufacturer to have a
zooni lens system which gives a continuous
change in magnification over the full range.
Objectives for the stereomicroscope run
from about 0.4X to 12X, wall below the
magnification range of objectives dvailable
for single-objective microscopes.

The eyepieces supplied with stereoscopic

microscopes run from 10 to 25X.and have
s wider fields than their counterparts in the

single-objéctive microscopes,

Because of mechamcal limitations, the
stereomlcroscope is limited to about 200X
magmflcatxon and usually does not permit

" more than about 120X. It is most useful
at relatively low powers in observirg
shape and surface texture, relegating the
study of greater detail to the monocular
microscope. The _stereomicroscope is
also helpful in manipulating small samples,
sepdrating ingredients of mixtures, pre-
paring specimens for detailed study at
higher magnifications and performing
various mechanical operations under micro-

Scopical observation, e. g. micromanipulation.
o v

Il ILLUMINATION AND RESO@V‘ING POWER

Good resolvi;é power and optimum specimen
contrast are prerequisites for good microscopy.
Assuming the availability of suitable 0pt1cs
{ocular, o‘b]ectwes and substage condenser)

it is gtill of paramount importance to use

proper illumination. The requirement for a .a
# :J%ﬁ?%’ T
g 5-12
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good illumination system for the microscage”

. is to have uniform intensity of illumination

over the entire ficld of view with independent
control of intensity and of the angular aperture
of the illuminating cone.

Basic Types of Illumination

There are three types-of illuminatiop
{Table 5) used generally:

¥

1 Critical.
of illumination intensity are necessary
foroil immersion, darkfield, fluores-
cence, low birefringence or photo-
micrographic studies. Since the lamp
filament is imageéd in the plane of the’
specimen, a ribbon filament or arc
lamp is required. The lamp must be
focusable and have an iris diaphragm;
the position of the filament must also
be adjustable in all directions.

2 Kohler. Also useful for intense illumi-
nation, Kohler.illumination may be
obtained with any lamp not fitted with'a
ground glass.” The #luminator must, ,
however, be focusable, "it, must have an

This issused when high levels *

adjustable field diaphragm (iris) and the -

lamp filament position must b& adjust-
able in all directions.

3 "Poor man's'". So-called because a low-
priced illuminator may be used, this
method gives illumination of high quality
although of lower intensity because’of the

. presence of a ground glass in the system.
No adjustments are necessary on the
illuminator or lamp filament although
an adjustable diaphragm on the 111ummator
is helpfu]

All three types of illumination require that .
the microscope substage condenser focus
the image of the illuminator aperture in the
plane of the specimen. In each case, then,
the lamp ipis acts as a field diaphragm and
should be closed to just illuminate the field
of view. The differenced in these three
types of illumination lie jh the adjustment
of the lamp condensing lemg. With poor
man's illumination there is“o lamp conden-
ser, .hence no adjustment.
be placed close to the microscope so that

- o

LI

&

The lamp should °

x’ﬁg -

*
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Wxth critical illumination the lam') conden-
ser is focused to give parallel rayq focqﬂ
ing the lamp filament on a far wall is
sufficient. Aimed, then,. at the gubstage
mirror, the substage condenser will focus
the lamp filament in the.object pline. “The
substage condenser iris will now be found
imaged in the back focal plane of the ob-

. ‘jective; it serves as a control dver con-

B

Y] - »
- A 2
) * S ' Optics and the Microscope s -
# :.«& ‘ - . ? . )
Table 5. COMPARISON OF CRITICAL, :
- OHLER AND FOOR MAN'S ILLUMINATION . @ -
. + Critical . Kohler , Poor man's . .
- Lamp filament ribbon filament dny type any type ° - N
e - . . o ‘ .
.Lamp condensing lens  required « re\quired none ' ° N e
) Lamyp/iris . required required __ useful- ' : s
: " Ground ‘glass at lamp ¢ none none . present . Lo °
. Image of light source * in object plane, ° at substage  + none ' ) \
’ iris ' . .
Image of field iris ‘nedr object in object ° heaxn object .
L. . plane planc gplane .
Image of substage iris back focal plane back focal ptane back focal plane . "
of objective of obj.ctive of objective = -~ ° ’
" . ? ° Ll = . »
- the entire field of ‘\;iew\ls always . the substage condenser iris (also coincident /
’ illuminated. If the surface struycture of the with the anterior fdocal plahe of the substage, ;
ground glass becomes apparent in the field ' condenser). The functions of the lamp LN ,
of view the substage condenser jg'ver - condenser iris and the substage condenser R
slightly defocused. ¢ iris in controlling, respectively, the area = .
. . ; of the illuminated field of view and the >
- Critical Illumination - A angulat aperture-of the :.llummatmg cone

~ are precisely alike for all three types of

1llummat16n. e

Critical illumination is seldom used because
It requires a special-lamp filament and be-
cause, wiren used, it shows no advantage + . .
over weld-adjusted Kohler illymination,
Koh_lcr Il_,lu’mination

L e M -

- -~

°

A vergence 'of the illumination., Although the . Toarrange the microstope and illuminator
substagwjiris also affects the light intensity for Kohler illumination it is well to proceed )
over the field of view it should most decid- through the followmg steps: - 6.
edly not be used for this purpose. The ’ ; :
intensity of illumination may be varied by * .a Remove "tﬁ""dlffusers and f11ters i .
the use of neutral density filters and, unless from the lamp . . %
color photomicrography is anticipated, by B v -

o .the use of variable voltage on the lamp " b Turn the lamp on and aim at-a con- S
filament, venient wall or vertical screen about °
. o vt '1¢ inches away, Open the lamp
Kohler illumination (Figure 14) differs dxaphrbgm . .
from critical illymination in the use of the ! - - .
lamp condenser u\\Mi'th ‘eritical illumination’ ) c By movmg the lamp condengé’r focus \ "
the lamp condenger focuseg the lamp . a sharp image of the filament, It *
/ filament at infinity; with Kohler illumination ‘should be of ‘such a size as to fill, - i
., the lamp filament- is focused in the plane of ~ s not necessarily evenly, the mmrogcope .-
v — ] - ’ ) - 5»13 -
-, ) . \7 7 @ a
. Qo . : " ’ . o, . - .
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substage condenser opening. If it |
does not, -move the lamp away [row

.. the wall to enlarge the l'nl.nm'nt umgu
refocus.

»

o 4
d Turn the lamp and™itim it atthe micro-
scope mirror~so as.to mainttin th(_-'
sanw, 18 inches ((u"-a(!_ua\-t(-d Limp
distance).” '

e Place a specimen o the microscaope.
‘stage and focus qharplv with.a 16-1mm
(10X) objuctive, Open fully the ‘
aperture diaphragm in the substage ~
condénser. Ifthe light is too bright,
temporarily place a ncutral gvnsny
iilter or a diffuser in the lamp.

f Closé the lamp d1aphragm, or field’
dxaphragm to about a 1-cm opening,
. Rack the microscope substage con-
denser up and down to focus the
field diaphragm sharply in the same
plane as the,specimen.» ¢ . .,
\ Tt Bk
g- Adjust thé mirror to center the field
diaphragm in ‘the field of view.

*
¢

#  h Remove the 16-m# objective.and
replace with a 4-mm objective, Move
the specimen so that a clear area is
"Place ‘the "
_Bertrand lens in the optical path, or
remove the eyepiece and insert an  [*
auxiliary telescope (sold with phase .
contrast accessones) in its place,
or,remove the eyepiece and observe .
the‘back aperture of the objective
" directly. Remove any ground glass
diffusers from the lamp. Now
observe the lamp filament through Y

" the" microscope. .

.

.1 If the filament does net appear to be -
centered, "gwing the lamp housing in
© @ horiz tal arc whoge center ig at~ -

_‘the field diaphragm. The pufpose .

. is.to maintain ‘he field diaphragm on
“the lamp in _)ts centered position, 1If
a vertical movement of the filament
" is required, 106sen the buib base ahd
_ " slide it up or down. If the base is"
" * fixed;tilt the;lamp housfig in a

.t

‘vertical arc with “the"field diaphragm -

‘e w L

o ;

»

as the conter of movemént (again
cndeavoring to keep the lamp dia-
phragm in the centered position), <.
It you have mastéred this step, you

¢ have aceomplished the most difficult
portion,  (Better microse Opeg;aﬁ?ﬁs
have adjustments to move the bulb.
*indepéndently of the lamp housing to

- simplify this step,,) .

.-

©) Put the sp('( imén in pld((, re placc
fothe (yvpu'( ¢ and the desired objec-
‘tive and refoc us. L.
thet fu-ld dxaphragm '
until it just dxsappcars from the field,

-

k Opcen orwlosge. |

<

> Observe the back apcrture of the “
objective, preferably with the Bertrand -
lens or the.auxiliary telescope, and .
close the aperture diaphragm on the
- substage condenser until it is about
four-fifths the diameter of the back
. apcrture: This s the bést position
for the aperture diaphragm, a posi-
- tion which minimizes glare and maxi-
mizes,the resolving power. It is =
instruttive to‘vary the apexture’dia-

° ) phragm’and observe the image criti-" -
£

the condenser. Do not use the cone.
“denser aperturé d;aphragm or the.
lamp field diaphragm to coftrol, the

! mtensny of 1lluminat10n. - °
Poor Man s Illumination R ' .
P ) »

Both crincal and ‘Kohler illumination re-
quire-expensives ﬂlummators with adJust-
able fécus, lamp iris and adjustable lamp
mounts. Poor man's illumination requires
a cheap illuminator altholgh an expensive
illuminator may be us‘gd if its-expensive
features are negated by inserting a ground
glass diffuser or by dsing afrosted bulb,
Admittedly an iris diaphragm on the lamp -
would be a help though it is not necessary.
g

a

[

'I‘he ﬂlummator muet have a fyosted
bulb or,a ground glass du‘fuser

P s » -
< e “

\o - ' 5"15'

. Lally during the manipulanon/,/‘/'f
——-——-"’/ : "

m If the illumination is too great, - '
insert an appropriate neutral déndity
filter between the illuminator and~ .
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- It should be pogsible to.direet it in Resolving Powcr - L

the eneral dircction of the substage
mirror, very close thereto or in -
place thercof.

°

[

b Focus on any preparation after
. tilting the mirror to 1llumm§u‘ the
'frcld

Yo .

. N
R . -

‘¢ Remove the top lens of the cogdenser

and, by racking the condenser up,or,
moue often, down, bring into focus
(in the samc planc as the gpecime :n)

a fxngcr pl‘nul or other ob_jm t pl.u od
in the same gencral region as the
groyndeglass diffuser on the lamp.

The glass surface itself can then be
focused in the planc of the specim~n,

d Ideally .the'groqn'd glass surface will |

just fill “the field of view when centered

. by the substage mirror; adjustment
mgy be made by moving the lamp

-

- " closet to or farthér from thc micro-

scope (the position might be marked
for each objective used) or by cutting
paper didphragms of fixed aperture
(one for each objective used). In this
instance a lamy iris would be usc;‘ful.

‘e _Loweprhe condenser just sufficiently
to defocus the ground glass surface
and render the field of illumination

‘ even,

f' Observe the back aperture of the
% objective and open the substage con-

denser iris about 75 percent of the
way... The final adjustment of the
gubstage iris is made while observing
the preparation; the iris should be
open as far as possible, snu giving
good contrast. -~

g The mtensxty of illumination should
‘be adjustéd only with neutral density

.

t‘ilters or by changing the lamp voltage,

" Proper illumination is one of the most im-

portant operations in mxcrosc0py. It is
easy to.judge a microscopist's ability by
a glance at his field of view and the objec-
tive back lens. .

/. |

¢

I3

[4

-
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The resolviry powd r of the mu:rosc ope is
its ability to distinguish ,separaté details

* of ¢losely Hpaced microscopic structures.

The theoretical limit of resolving t\yp
dxs( rete pomth, aistance X apart,' is:

1220
N A. A

X - ¢

(\-I:“

e i
where A 2 wWavele ng’th,,of light used to
illuminate the specimen
N,A.:= m'nm.ru_al apcrture of the
objcetive X
Substituting a wavelcngth of 4, 500
Angstroms and a numerical aperture of
1. 3, about est that can be done with

visible light, we find that two points about

2, 000A (or 0, 2 thicron) apart can Be>seen
as two separate points.

wavclength Ultraviolet light near 2, 000,
Angistroms lowers. the: limit to about 0. 1
micron, the lower limit for the light
microscope.

.
- Al

The -numerical aperture of an obJectxve is
usually engraved on the objective and is
related to the angular aperture, AA
(Figure 15), by the formula: .

N.A.:nsm-‘l—\A -

the lowest index in the space
between the object and the
objective.

where n =
-«

~ Figure 15 -

ANGULAR-APERTURE OF
MICROSCOPE OBJECTIVE

Further increase
in resolving power can be achieved for the
light microscope by using light or shorter
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1 Maximum useful magnification

A helpful’rule of thumb is that the use-
ful magnification will not exceed 1, 000
ttmes the numerical aperture of the
objective (see Tables 3 and 4). Although
* somewhat higher magnification may be’
uged in specific cases, no additional
, detail will be resolved. . v
. R '
It is curious, consideringghé figures ’ .
. in the table, that most, if Aot all, manu- -
facturers of microscdpes furnish a 10X
"+ eyepiece as the highest power. {-10X ",
eyepiecé is useful but anyone interested

- »

in critical work should use a 15+ isx eye- N
-, piece; the 5- 10X eyepieces are best for . b
scanmng purposes. VA
2 Abbe's theory of resolution . v

. ¢ . ‘ . f - - '4
> One of the mpstcdgent theories.bf
resolution is due to Ernst Abbe, who
+?  suggested that midroscopic objects act’
like diffraction gratings (Figure 16) and
that the angle of diffraction, therefore, ‘
mcreaseg with-the fineness of the detail. /

He prOpOSed that a given microscope
("d”

N

. objective would resolve a particular
detail if at ledst two or three transmitted
rays {one direct and two diffracted rays)
'ﬁ-entered the objective.? In Figure 16 the
* detail shown would be resolved in A and
v - C but not in B, This theory, which can
be,borne out by simple experiment, is
useful in sho‘wmg how to, improve resolu- -
tion. Sirce shopter wavelengths will | coe
give a smaller diffraction angle, there »

N is more chance of resolving fine detail

* With short wavelengths, « Also, sinde
only two.of the transmitted rays are

- needed, “oblique lighteand a high N.A.
condenser will aid In réesolving fine deta11

* . [ MR

v

3 Improving regolving power

The follqwing list summarizes the
practical approaches to higher resolu-
tion with the light mu.roscope

a The Spec1men should be illuminated
- ‘by either critical or ‘Kohler
+ illumination. i

Y - . .

[N

Figure 16

ABBE THEORY OF RESOLUTION

IS te

.

The condenser should he well-
corrected and have a numerical
aperture as high as the objective to
be used, N

An apochromatic oil-immersion
obj€ctive should be used with a comr
pensating eyepiece of at least 15X
magnification. The immersion oil
should have an index close to 1,515
and have proper dispersion for the
objective being used. ' N
Immersion oil should be placed

between the’ condenser and slide and e
between cover slip and objective. | k
The preparation itself should be __
surrounded by a liquid having a
refractive index of 1.515 or more..
The illumination should be reasonably
monochromatic and as short in wave-
length as possible. An interference
filter transmitting.a wavelength of
about 480-500 millimicrons is a
suitable answer to this problem.
Ideally, of course, ultraviolet light
should be used to decrease the wave-
length still further. ’

The practical effeqt of many of these .

factors is critically discussed by
Loveland(2)
- : obJect .space.

in a paper on the optics of *

.
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IV PHOTOMICROGRAPHY

L

A Introduetior;

photography,- is the art of ta King pictures—-
through microscope. A microphoto-

" graph is a small photograph; a photomicro-
graph is a photograph of a small object.
Photomicrography is a valuable tool4f
recording the results of microscopical
study, bles { icroscopi :

y. It Znables the mle\ scopist to

\—Photom.y.:i)gra hy, - as distinct from micro-

2

1 describe a ‘microscopic field objectively
- ithout resorting to written descriptions,

record a particular field for future
reference,

< . -

-

X

[RA3)

mgke particle sijze counts and counting
analyses easily and without tying 4ip a
microscope, -

enhance or exaggerate the visual micro-
scopic field to bring out or emphasize
certain details not readily apparéent

visually, .o

.
'

o

record 1mages in ultraviolef and infra-
red mlcroscopy, which are otherwise
invisible to the unaided-eye. *

There are two general appro‘aﬁ:hes to photo-
micrography; one requires only a plate or
film holder supported above the eyepiece

of the microscope with a light-tight bellows;

the other utilizes any ordinary camera with

- its .own lens system, supported with a light-

tight adaPor above the eyepiece. 1t is
best,— in the latter case, to use a reflex
‘camera so that the image can be carefully
focused on the ground glass. Photomi-

i crography of this type can be regarded
simply as replacing the eye with the camera .
lens system. The camera should be focused

- at infinity, just as the eye is for visual
-observation, and it shoulg be posxtioned
close to and over the eyepiece.

i

he requxrements for photormcrography,
however, are more rigorous than those
for visual wark, The eye can norimally ’
compensate for varying light intensitles,

Lof interest and to $elect optics to give

curvature of f1e1d and depth of field. The ) y
photographic plate, however, lies in one - ‘
plane; hence the greatest care must be -

used to focus sharply on the subject plane

3

minimum amounts of field curvature and
chromatic aberrations. DEC—
With black and white film, color filters
may be used to enhance the contrast of
¥ome portions of the specimen ‘while mini-
mizing chromatic aberrations of the lenses.
In color work, however, filters cannot .
usually be used for this purpose and better
optics may be.required.

%

™~

. Photomicrographic cameras which fit
directly onto the microscope are availabfe
in 35-min or up to 3-1/4 X 4-1/4 inch sizes.
Others are made which accommodate larger
film sizes and which have their own support
independent of the microscope: The former,
however, are preferred for ease of handling
and lower cost. The latter system ispre-
ferred for greater flexibility and versatility
and l'ack of vibration. The Polaroid camera
has-many applications in microscopy and
can bé fsed on the microscope directly but,
because of its weight, only when the micro-
sgope has a vertically moving stage for

. focusing ratffer tHan a focusing body tube.

, B Determination of Correct Exposure
. ,
“Correct exposure gbtermination can be-
accomplished by thial and error, by. relating
"new cohditions to previously used successful
.conditions and by photometry

With the trial and error method a series of
trial exposures is made, noting the type of
‘ subject, 1llummatlon, f11ters, objective,
eyepiece, magn1f1cat1on, tilm and shutter 3
Speed.. The best exposure is delected. The
.é’uowing parameters can be changed’ and

e exposure t1me~adJusted aecordmgly

Y

1 Magnification, Exposure time.varies
as the square of the magnifncahon

~

Lo Example Good exposure was obtained 5.
v . w. Wwitha 1/10- second exposure . -
- “'( ‘and a i'nagmficatwn of 100X, - °. '
L . If the’magnification is now;
- C !
A ° » ’
a ' - ’
. % ¢ 0. ’?;' s
’ ) - ¥ -
82 L 3y ' - - \ v P’ -
. o K - L
. - ?‘ ’ -j"J‘\.
. LR
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e . N _ v 200};, the' correct expo'sure, ° Kodachrome II.Type A . oo -
Gl . ¢ o ww..— is calculated as follows:, ) Professional is'40. o
I . ® - IR Y ) ' ! )} " . ’
’ PO xfew expogure txm"‘* ‘old exposure tim‘e 4 new exposure time = old exposure time _é" ,
’ ¢ )
. C new magmhcat'xon\z 200,2  A.S.A. of old film ¢ . vaon S
‘g.‘ - ¢ °° ‘old magnificatioh t/10 (100) - ) X &.s. A. “of new film 1,/ 100(400/40)
S 4110 or, sa¥ ”%59“‘“1' o 10/100 or 1/10 second. -
= wea ) vl ’ : ' Toe A
CT T Lt should begngted, however, that the 4 Other parameters may be varied but the .
! above caleulation caﬂ be made only when . prediction of exposure time cannot be Lowe
T there has been no cpange 1o the illumi- made readily. Experience and photo-. ‘
RN . nation system including the condenser . electric devices are the best guldes to
T or'the -objective. Only changes in magni‘- o ‘the proper exposure. .
ficatjon due to changmg eyepieces or’ . e
2 L ‘bellows extensmn dlstance canbe hand- "« Photoelectric devices are excellent for
led in the abov;e manner. R : . determining correct exposure. Since
. . e .y brdinary photographic _exposure meters o
- . ‘2 "Numerital ape'rture Exposure time \ “Fre not sensitive enough for photomi-
e varies inversely as the square of the’s \ crography, more sensitive instruwments,
. b" smallest ¥orkmg numerléakapen re : having a gglvanometer or electronic-. - A
'.%‘ of the condenser and objective. ¢ o’ amphfy1ﬁg c1rcu1t are required. .Some
) < < T A photosensitive cells are inserted in the * .
* . Example; Good exposure wag obta ihed ” body tube in place of the eyepiece for . . ' e en s
- - ) . .at 1/10Segond th‘ﬁ t[zg,..@OX .- -+ light intengity readings. This has the oo -
T . t  objective, N.A, 0,25, "at>. ° _advantage of detecting the light level ata - =
. ' . > full aperture., Witha 203; " point of h1gh intensity but daes not take e
o PR ' "t objective, N,A. 0..25, at™ ¢ ifitg account the eyepiece, the distance to \
s ,:" © .. full aperture and the same x,: " the .ﬁm or the f1lugvbpeed
. . final magnificatioy, what is . : T &3,
. '/ . - rthe correct éxpogire tx:me?‘ N, The cell may be placed Just above the eye- ' .
A S R ‘piece so that it registers, ;he total zmount :
R J new expOSure t1me old e*%asure time ofilight leavnjgy‘the eyeplece ‘Again, .the e 4
N : ) effqots of film speed and theg%rogectlon .
< X (2“—N-L lllo !——%— 1/40'or, dxstam;e are no r-‘-—’r-lae-prm
’ ; I new N.A. ) . czpal drawbo.ck with the total hgxht : 'J,f“ ./\13
Cen s‘y, 1,]50 second. N P measuring- photometer is the difficulty of o 5
A . . . tuking into account the arga:of f1e1d covered A,\ .
e v It i‘s*"seen that more‘hgm reaches the -. s ake, for example a’bright f1e1d in wf'uch RS
=t . PhOtOgmphlc hlrm with hishei‘ numeri- ¢ &\3'31(3 few,_crystals appear; perhaps 1 pef- - PR LW
t‘ - e. cal apertures at the nsacmef magnification. . . of the light entering the field of view is =, ,_:.,{‘
. e e A v o . Lo ‘sc.atterga by the crystals and the photomther e
N -3 Film. EXpOSure time varies inversely. 5 - shows closgfto'a magimum reading? Now = - R
N , .~ with the Aherican Standards Association - , assume that 'eve.a'ythiﬁg rerfiains_constant* ‘”“"— "
e speed index of the film, o ,,_,._exbept—thermrmﬁ'_ of cr}‘sﬂtals and, conse- ; _'i{f!;.. o
,J,er— TRy quently ~the amount of light- scattered’ WorTy
ETRS Example A goo‘d .picture was obtamed ‘,' _The’ pHOtOmeter reading -could easxly dr0p > . -
a . with Edstman Tri-Xfilm at - by 50: !pvrcent yet the pr0per e;tPOSure is °7
. 17100 second. - What is the* ~# " unchanged. Theigituation is'Simtiar for .. = &
,;:,6 ‘o ' correct exposure: ;‘or , o photoTnierografsf{y with croSs,ed polars since, f'.j»
PO . ' Fastman Kodachrome B 4 O . ¢ the photometer reading depen&s on the . o
A . . Type A, The A.S.A. speed ° . intensity of illﬁmmahon, «on the bire- ¢ T e
:{;_" L for Tri-X i¥ 400 and for ) frmgence and thickness of the crysgals and . .y W
T -, - Lt . X M
- . s T . . ) Coemi. ! N ' . g f T , N
N . ‘ AR ; . w - ,'..:. J’i‘?ﬁ"‘. ..: 1":‘3? oL .'-119 i",. .}13;
o, e o . - T SEe oo LI -
”: b’\\ ‘-,‘ < . M3 Y ";l‘ . 4"( ’ & ‘\.;g,'* ) }“; . ":?‘f@, T o7
: Q . . e 83" ' “’,.; 9"@'. ‘ .’ ; * . - s ..
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on the number and size of the crystals in’ ) same film and projection
+ the field or, alternatively, on the arca of distance) and that the new
the field covered by birefringent crystals. meter reading is-16; therefore:
One of the best solutions to this problem ’
is to measure the photometer reading with o expgsure time = k/meter’
no preparation on the stage. A first-order , reading = 8/16 = 1/2 second, ‘"
red compensator or. a-quartz wedge is in- : 2ot
- serted when crossépolars arfe being used . >
# -t rllumi‘nate the entire field, = "~ m .V~ MICROMETRY -

to place the cell on the
ground .glass \$Hiere the film will be

located. ever, although all variables
except fiim speed are now taker into
account, measurements in the image plane
have the disadvantage of requiring a more
sensitive electronic photoelectric apparatus.

An alternative i

No matter what-mzthod is used for placing’
the photocell, the exposure time can%
determined by the general formula:

k
meter reading

\ -

S, exposure time =
o “The constant k will depend on the physical
arrangém nt and film used.; To defermine
" k for any' sarticular system, first set up
the mxcrosca e totake a picture,. Record
the meter rea ing and take a series of
trial exposure§ Pick out the best exposure

A Particle Size Determination

) ’i‘able 6.

3

Linear distdnces and-areas can be
measured with the mieroscope. This
permns determination of particle size
and quanhtatwe analysis of physical
mixtures. The usual unit of length for .
microscopical measurements is
(1 X 10-3mm or about 4 X 10~5inc
Measuring parncleg in electron microscopy
requires an even smaller unit, the milli-
micron (1 X 10-3 micron or 10 Angstrom -
units), Table 6 show3 the approximate
avérage size of a few common airborne
materials. -+ s

~

.

\ SEVERAL COMMON PARTICULATES

%e micron

APPROXIMATE PARTICLE SIZE OF .

A

. angd calcglate k.- Then the k which was
determaned holds as long'as no change is
made m.\the Nght path Breyond the photocell,

e, ging to a faster film or changing

W
condenser position or illuminator may be
changed without affectmg k if the cell is

gs;used a’s described above.

(

f!)m

j)i?

Example With one parncular arrange-

Ragweed pollen
Fc;g droplets
-Power plant flyash

Tobacco smoke

Fqundry fumes

ment of photocell and film, .- ————"">

a2

- 4

-

[y -4
. 25 microns .-

20 microns '
A
s

2-5 microns
after precipitators)

0.2 micron
(200 ,millimicrons)

S ‘—»-“(IUU’ 1000 milhmicrons)

0.1 - 1 micron.— - -——- -

- »4—-the—nretér“i""'a"'é is found to
be 40, A-series of photographs
are: %ken.at 1/2, 1f5, 110, ‘
1[25 and 1/50 secom# The.
pht);omicrograph taken at 1/5 -
. secord is Judged fo be_the best;

~

.

[

|4 . hence k is calculaiec'i as follows:
¢ iéi%. R N L
A ' k =f meter- reading’ X expOSure k
';‘-, ) - o~ t1me = 40X 1/5.: 8. : ¥
‘ e 4, ¢ = ‘-
e B oo Assume now that a mew picture
L e .is to be taken at.gnother o .
LE 5 magnification (ﬁut with:the .
. ; )
T T W Y- -t - L
it ' . - - 4
- 5-20 © he w_" P .
) ‘ . ’ .
,I:_M-C ’ - B ' . [+

P

Lo i

% o

)

. The practical lower limjt of aceurate
parncle size meaSu;ement with the l}ght
microscope is about 0. 5, micron. The -
measurement of aparticle smaller than
this with the light microsc0pé leads to .
errors which, under the best circum-
,stances, increase to about + 100 percent
.(usually +), .

v

/ 3

A
.

Qne of the. prmcipal uses of'high resolving
power is in the precise measurement o

\
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partn':fe size THere are, ‘however, a

. variety of. approxxmate‘and useful proce-

dures.as well.

i
¢

1 Methdds oi‘ particle gize measurement

: Knowmg the magniﬁcatxon of the
microscope (product of the magni-
fication of objective and ey®picce), .

- the size-of.particles-can be-esgti~ - -
mated. For example, with a 10X
eyepiece*and a 16-mm (or 10X)
obJectxve, the total magnification ¥
is 100X. A part1cle that appears to
be 10-mm at 10 inches from the eye
has an actual.size of 10 mm divided
by 100 or 0. 10 mm, or 100 microns.
This is in no sense an accutate
met;hod, but it does permit quick
estimation of particle size; the error
in this estimation is usually 10-25
percent.

Angther approxu;nate method is also

based on the use of known data., If-~

we know approximately the diamster -

of the microscope field, we can

estimate the percentage of the

diameter occupied by the object to

be meaBured and calcfilate from . .

these figures the approximate size
«of the object. The size of the micro-

scope field depends on both the objec-

“tive and the ocular although the latter

is. a minor influence. The size of

the field should be determined with

a millimeter scale for each objective .

nd ocular. If this is done, esti-

1gn_aﬂt_rcm of sizes-by-comparigson with
“Yhe entire field diameter canbe quite
accurate (5-10%). :

The movement of a graduated mechan-
‘ ical stage can also be used for rough
measurement of diaméters of larg
rticles, Stages are usually grad
(with vernier) té'read to 0. 1
mill‘}meter, or 100 microns, In
spractic®,” the Ieading edge of the,
particlelis brought {o one of the lines .
of the cross hair in the eyep1e'ce and 1
asreading | is n of the gtage position, -

. ©  Then the particle ig m@ed acrogs the
) field'by moving the' qughan!cal Btagé

N L -

o N .

I3

in an appropriate direction until the
second trailing edge just touches the
cross-hair line, ,A second reading is
taken. and the difference in the two’
readings is the distance mov
size of the particle. This method is.
especially useful when the particle

is larger than the field, or when the
optics give a distorted image near the
edge of the field,

~

The above method can be extended to
projection or photography. The image

.of the particles can be projected on a
screen with a suitable light source or

they may be photographed. The final

N magmfxcatmn, M, on the pro;ecuon ,
surface (or film plane) is g1ven approxx-
mately by

4

M=DXO,M XE. M, /25

where O. M. = objective magnifica*’on
E, M. = eyepiece magnification
D = projection d1stance"
fromthe’ eyepiecesin
¥ . teéntimeters. !
N
The image detail can themn be measured\ o,

in centimeters and the actual size

puted by djviding by M. This mgtho )
is usuglly accurate to within 2-5 percernt

depending on the size range of the detail

measufed. ¢ ’

»
. . °

?

e The stated magnifications and/or focal )
lengths of the ‘microscope. _optics are——— 1"
“_nominat and Vary a bi} from objective ™
to objective or eyepiece to eyepiece. °
To obtain accurate measurements, .a
stage micrometer is used to calibrate .
each ¢ombination of eyepiece and’ . .
objective. THe stage micrometer is °
"a glass microscope slide that.has,
accurately engraved in the center, d
sgale, usually 2 millimeters*long, '
s divided into 200 parts, &ach part repre- .
senting 0.01 millimeter. Thus 'when
this scale is observed, projected or
wphOtbgrap'hed the exact.image magm-‘ -
fication can be'determined. For  ~, :
‘example, if 5 Spaces of thegstage ‘micro- L
meter measure 6 millimeters when **
’ °projected, the’ actual ma.gmhcatmn is ¢

s . -
' /

Y
’ .

/ 5e21. . . -

.
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v 8
5(0.01)
This r:;xagai}‘ieation figure can be

used to improve the accuracy of
method 4 above.

= 120 times.

¢ £ The simplest protedure and the most
, accurate is based on the use of a

e. Since the
eyep1ece‘magn1f1es a real image
from the objective, it is possible

to place a transparent scale in the
same plane as the image from the
objective and thus have a scale .
superimposed over the image. This
is done by first placipg an eyepiece

. micrometer scale disc in the eyepiece.

. The eyépiece micrometer has an

,  arbitrary scale and must be cali-
brated with each objective used, The
sinplest way to do this-is to place «
the stage micrometer on the stage -~
and note a convenient whole number
of eyepiecé micromgter divisions., B
The value in-microns for each eye-
piece micrometer division is then
eas:.ly coinputed. . When the stage ,
micrometer is removed and replaced,
by the specimen, the superimposed =
eyepiece scale can be used for accu-
rate measurement of any feature in-
the specimgen by dire'ct observatidn,
photogré‘%/for projection. ¢

. 13 * 5 -y i
2 Caljbration of eyepiece micrometéy .

Each micrometer ‘stage scale has
*divisions 100y (0. 1 mm) apart; ane °
or two of these are usu;l}y/sxrubdwmed
into 10;; (0. 01-mm) divigions. THese .
form the standard against which the
arbityary divisfons i.n the micrometer
eyepiece are to be calibrated. Each
objective must be calibrated- separately
by noting the correspondence between .
the stage scale and the eyepiece scale.
Starting with the lowest power objective
focus.on the stage‘scale, arrange) the
. two.scales parallel and in good™
It should be pqshible to determine the
. number of eyeplece d{visions exactly
. ,equal to some whole rumber of
divisibns of the stage scale, a distance -
', readily expressed i.n microns.

522 ) o

]
*

The calibx:ation consists, then, of
—  calculating the number of microns per
eyepiece 'scale division. To make the
comparison as accurate as possible; a
large part of each scale must be used
(see Figure 17). Let's assume that . g
+ with the-low power 16-mm objective, v ;
6 large divisions of the stage scale
- (s.m.d. )are equal to 38’divisions of .8
the eyepiece scale. This means that o T '\‘
38 eyepiece micrometer divisions (e.m.d.")

are equivalent to 600 microns. Hence:
. ‘ %
le.m.d. = 600/38 ‘
= 15. 8u. . .k

Stege Micromster Scele

s b
Llll‘l"l!lll!ll"l mllllllllllllllllllll]lllll

Eyepioce Micremeter Sosie .

t ' JFigure 17 . Lt
COMPARISON OF STAGE MICROMETER
SCALE WITH EYEPIECE MICROMETER SCALE

LI

" Thus twhen that m1crometer eyepiece

is used. with that 16-nim objective each

d1vtsion of the eyep1ece scale is equivalent L.
_to 15. 8y, and it can be used to'make an

,accurate measurement of any obJect on .

‘ the microscope stage, A particle, for .

example, ‘observed with the 16-mm objec-

tive and measuring 8.5 divigions on the
. eyepiece scale is 8.5 (15.8) or 135 in

diameter.,

.
LaR

. M . . ..

) Each obJective on you,r microscope .must

Eel

+  be cahbrated in tPis manner. - 4,
e . \ « s LI
AN A convenient way to record the necessary. ’ v
data-and ta calgulate ulemd is by. means ‘ .
~ of a table. . \ . —
v % -
° \
T e
- s I N
C e o~ ° J. ST o
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’ Table 7 The more particles counted, the more
= = : accurate will be the average particle
Objective N?, smd = B= B ] size. Plateltike and needlelike particles
no. em:i no. emd\ 1 emd R should have a correctioir factor applied
“32-mm- 18 = 44, 1800 44 40.9p to account for the third dimension since
N all such particles ape restricted in their
16-mm 6 = 38 600 %,8 15. 8ye s orientation on the n§'cr05c0pe slide.
4-mm 1'=30 100 = 30 3.33 When particle si#e is reportel, the
= — . ‘ genieral shape of the particles as well as
~ « T Tt oo s s = >~ ~ -~ - the mothod hsed to déterniing the
C : B - ““'diameter" should be noted. '
3 Determmanon of parncle size | . Particle size distribution is defermined
.d1str1but1on routinely by moving a preparation of

'.an edge or dzagonal

The measurement of particle size can
vary in complexity
cle shape.
denoted by i

conflguranons, the pa
include mformanon 3

comchcated form.

1]
Martin's diameter is
of measuring and expressing the dia-
meters of irregular particles and is -
suffict®gtly accurate when averaged for
a large humbér of particfes. In this
method; the horizontal or east-west
dimension of each papficle which divides
the projected area into halves.is taken as
Martin's diameter (Figure 1'8)

. ), =

e simplest means

- -

: P —i |-p-| l'—'" ""‘
A I
: 1 § ] 1 : l )
= i ! P @ | 1
Figure 18 - .
) 9 . -,
. MARTIN'S DIAMETER . ___,. .
o

¢ .

particles past an eyepiece micrometer
scale in such a way that their Martin's
Ydiametcer-can be tallied. All particles
whose centers fall within two fixed
divisions on thé scale are tallied.
ment of the preparation is uswally
accomplished by means of a mechdnical
stage but may be carried out by rotation
of an off-center rotating stage. A sample
tabulation appears In Table 8. The eye-
piece and objectivesare chosen so‘that

‘at least’six, but not more than twelve
size classes are required and sufficient
pirticles are counted to give a smooth

Move-

eurve, THe actual number tallied (200 /;..._——-

2 000) depends on particle shape .
larity and the range of sizes. The
iZ¢ tallied for each particle is that
number of eyepiece micrometer divisions
most closely approximating Martin's
diameter for that pgrticle. .

balculation of .size \averages
The size data may be treated in a variety
of ways; one simple, straightforward

tx:eatment .is shown in Table 9. Fora °

" more complete discussion of the treat--

and Mason’s gandbook of Chemical

ment of partlcle size data see Chamot

M1crosc0py 3, gage 26. .

- Thre averages with respect tg~number,

dy; surface, d3; and weight or volume,
dg4, are calculated as follows for the
data in Table 9 . *

3

o [y

se

-

»

.
Lot
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. Table 8. PARTICLE SIZE TALLY FORA uum OF STARCH GRAINS ‘ )
i !“(m‘“"‘., g Number of particles .7 Tol
TR T Mg L 18 v
' ) ] ' e I a0 T T I el s
. FHN Ml Ml I Ml el T '
Il bl Il reil 11 e
- . T TURM M T TR PRl PR T 10
, S o ST o X o R R o U R o X }
] i C ’
- iy
. ] B LR R R R LU S Ry PR 187
’ P MRl MRl MR TR MR ML .
Mg Mg N T Dl T Pl .
11 © : . . -
{ S g MY oM e re M4 Ml reRL n. ~ )
. . o K R T N U s SRR TR R o S ’ '
' 1 _ : )
R s 3 NNM iy SEES SRR VR 1 4 °
7 RS SRR SRR FE R SRR ‘n b
* .o f [
. s [ 11 .
> semd » exeniede micrometer divisions
o -
1 . . _‘.
dy = Znd/En = 1758/470 - , :
= 3.74 emd X 2.82%= 16, 5n  _
d; = nd3/ Znd? = 37440 /7662 °
= 4.89 emdX 2. 82 = 13, 8y :
- “~
Gy = znd4/znd3 -'199194/37440
=532ede282—150p ~ ,
. " %282 microns’ per emd : . for the cumulative weight or volume 7
’ . {détermined by calibration of the ) curve, are plotted against d. Finally,
.eyepiece~objective combinstion - - -the.specific surface, Sp,, -in square
- * ' used for the determination). . ° meters per gram, m, maybe calculated
. : ’ if the'density, D, is known, the surface '
Cumulative percents by number, . « average 'd3. is used. .
N\ gurface and weight (or volume) may be - .
" plotted from the data in Table 9. The . UD=11, Sy = 6/d3D = 6/13, 8(1. 1)
cal_c}xlated percentages, 8" Y " ‘ ) - 0.395m2 g . ,
B ‘ -t T
: - . 88 ,
[ ” o - -
i
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‘Table 8. CALCULATIONS FOR PARTICLE SIZE AVERAGE ° .

. . FTvavemn

.- 3 I - ‘
(Aver. diam. n nd nd?2 nd3 nd% - ., . . .
“" in emd) . ) , . ) -
) ' 1 A6 16- 16 16 = 16 '
2 98 198, 392 ° 784 . 1568 T R
. ... 3+ -0 330 950 2970 8910 * - T
. ) 4 . M07 428 1Tz 6848 27392 ce ot /
. 5 M 385 1775 8875""'9“‘4'4375 ’
, 6 45 270 1620, '*‘mg . 58320 - .
. . Y .
7. 2t 147 1029 " 7203. 50421
. 8 2 16 128 " 1024 8192 o, *
. ’ . % . gL
o -470 © 1758 7662 37440 199194, -1 ‘
. ) ? . N 'Q‘ c o, .
B Counting Analysxs ~_ * e.g. seountmg the percent of rayon fibers
o Ny - ipa s'amole of "silk", .
Mixtures of p culates can often be . ) . N
quantxtatwely ) yzed by countmg the Exampl.e 17"A dot-count of a mixture of
total ndmber of particulates from each w °  fiberglass and nylon shows: i
- component in a representative sample. ’ ‘o -, ) .
s . The calculations are, however, compli- . . ’-\\ . nylon ; 262 /
cated by three factors: average particle . . fiberglass . 168"
.size, particle shape and the density . ' . -
of thé compongnts If all of tht compon- Therefore: . : /
. ents were equivalent in particle size, % nylon = 262/(262 + 168) X IBO
shape and.density then the weight.per- . . = 60. 9% by number.
centage would'be 1dent1cal to-the number
. percentége Usually, however, it is -However, although both f rs are smooth
necessary to determine correction factors cylmders, they do have erent densities
. to account for the differences. and usually differept dia eters To . "
correct for diameter one must measure. - ., .
When properly applied, this meathod cai the average diameter of each type of fiber :
beaccurate to within + 1 pércent and, and calculate the volume of a unit lengtb
in special cages, éven better It is often of' ea@h ’ . * L)
applied to the analysis of fiber” mixtures aver. diam., - volume of . ‘.
and is then t\sually called a dpt-count B’ l1-p:.slice, p .
because the tAlly of fibers is kept a5, the B ~ i
’ preparation is \oved past & point o dot . nylor;' l?‘ 5 268 .
_in the e(épiece. . - fiberglass 13,2 17 . .
P > ° . N
A variety of methods chn be uged to _Jhe percent by volume is, then: D
_ simplify recognition of the different . 2'62»X 268 .
T ¢omponents,—These include chemical . % nylon (262 < 268F(l 88X 1 17) X 100
. stains’or dyes and enhancemént of optlegl———-- - __  * )
differences such as refractive indices, FOENR e 78 1% bywolume e

dispersion or tolor, Often, however, one

,relies. on.the differences. ln morphology, ,

]
[ =

Still we must take into account the density of
each in order to calculate the weight percent,

525 '
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- . for glass then the percent by welght is:

fone e b Y gy —

-~ . 262 X 268 X1, 6.

If the densities are 4.6 for nylon and 2.2 -

% nylon "(gsz'x 268 X TT9+(168 X117 X 2.
L4 . # -~
& . .= 72% by weight,

7

‘. Exampl\2 A count of quartz and .
: gypsum-shows e =
2 o7 qbartz “ 283
. gypsum 467
- J
* To calculate thé\ﬁgrcent by weight we must
take into accolnt the average particle size,
the shape and the-density of leaéh:

The average particle size with respect to
weight, d4, must be measured for each
.%  and the shape factor must be determined,
Since gypsum is more platelike than quartz
each particle of gypsuni is thinner. The
‘ shape factor can be approximated or can be
y Troughly calculated by measuring the actual,
- thickness of a number of particles, We
. might find, for example, that gypsum parti-
é cles averagé 80% of the volyme of the aver-

N

The final equation for the weight percent is:

283 X nd4/6 X Dq

- age-quartz particle; this is our shape factor. -

2) X 109 ) '

°

% quartz.
Mo

where Dq and Dg are the densities of quartz
and gypsum respectively;~0: 80 is the shape.
-'factor and d4 and dz are the average parti-
" . cle sizes with respect to weight for quartz
. and"gypsum respectively. .

I e
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I INTRODUCTION - ‘ // o

What are cells? " Cells may. be defined as the
basic structural units of life. The cell has
many different parts which’ carry on the -
various functions of cell-life.” These are

. called organelles ("little orga.ns") Lt

® "A The branch of l:;ﬁmlogy wh1ch deals w1th the
form aid structure of plants and animals
is called "Morphology." The study of the
arrangement of their several parts is
called "anatomy', and the study of cells
. 1,s called "cytology

i

B "There is no "typical" ce11 for cens%fer
from each’other in c_letaxl and these
differences are in part respohsible for the

A

variety of life that exists on the earth. A

«. ®» - <, #
-, - . \ . \‘/ﬁ ‘y
I FUNDAM;EN'I‘A’ LS OF CEL“L STRUCTURE
A How do.we recognize a structure as a cell?
We must 1 look for certain claracteristies.
"and/or structures which have been found
to occur  cells, The cell is composed
g ; ofa wvariety of substa.nc,es and structures,
. some of which result from cellular
" activities. These include both living and
non~hvmg matenals.

’ . N
\ .

! Non-living components inchide;
‘ V‘i a’ A "cell wall" composed of cellulose
wem L thay be found as the outermost
- ' ( covering of many plant.cells,

by "Vacuoles" are chambers 1n the .
protoplasm which contain ﬂu1ds of
different 'densities (i.e., , different

. from the surroundmg protoplasm),

2 The "living" partX of the cell aregcdlled
"protoplasm. " The follo\ving structures
are included:

SN just insidé the &ell wall, This'
. '%%@'& ” R T L !
! ‘r TS ' \, \& —

EKC BL CEL. 121 6. 76 m o 9t

. aﬂA thin ' ce11 membi'ane is located A

N

LY

o Y

membrane may be thought of as the
-outermost layer of protoplasm. .

*b In plant cells the most- consp1cuous
) protoplasm1c structures are the .
- - “"chloroplasts", which contam -
.~ highly organized membra.ne systems
bearing the, photosynthetic pigments _
(chlorophylls, carotenoids, and o
xanthophylls) and enzymes, .
c The 'nucleus" is a spher1ca1 body
which regulates cell functionby .
controaling enzyme synthesis,

d "Granules'. structures of small
size and- be "living" or
non-living'/ material. .

2
e~ "Flagellal are whip-like structures
“found in both plant and animal cells,”
The flagella are used for locomotion,
or to circulate the surrounding .
medium, ’
¢ ¢ - »

f "Cilia" résemble short flagella, found
*almost exclusively'on animal cells.

In the lower animals, tilia are use
for,Jocomotion and food gathering,

e
/ -

-

g The "pseudopod"”, or false foot, is

-

1

an extension of the protoplasm of t

certain protozoa, in'which the -
colloidal state of the protoplasm .
alternates from a "sol" toa "jel" *’
condition from time to time to
facilitate cell movement’.

. h "Ribosomes"are protoplasm1c bodies
which are the sité of protein )
synthgsm. They are too small
(150 A mdia.meter) to be seén with
a light microscope. T .

4
. .
1

i "Mitochondria" are smaH mem-
branous structures containing
- enzymes that oxidize food to produce P
senergy’ tra.nsfer comppunds (ATP).’
. t A . <'®

.

2

SR T

t

R
— A\a




e : . « x
» \ «t 0 . s ‘_&:@:‘ i ) 4 v . T -~ T
Structure and Function of Cells C. TN - .
L . . . . - °. M )
. . "' , LA . . . )
- B How basic stru“cture 1s expressed in some ’ 3 The green algae as a group mclude a
) maJor types of organisms. . * - ©  great variety of structural types, - -~
.o . % - ¢ ranging from s1ngle celled ndnqmotlle . >§
. We cafi better visudalize the var1ety of cell forms to large motile colonies. Some, .-
. structure’ by consldermg several sped‘xflc : ’ types are large enough to, resemble .
- , cells, ; s ! highér aquatic plants, :
, L . ¢ e \ ’. o
T 1 Bécteria have feuf'organelles, and are. ' o’ f a. The chloroplasts. are modlhed ihgo- -‘ .
~* 7+ .30 minute that under the light- S, a variety of shapes and are lot#té&d I
. microscope only general morpholdgical , in different positions. Examples . . .
- - types (i,e., the three basic shapes; . ~, of chloroplast shape and posmon are’
rods, spheres, and spirals} canbe = . , .
. recognized., The followmg structures ~ * . . .. ' v
~ . °  have been defined: ;. * ' . o " 1) Parietal -‘loca‘ted‘on‘ttre"‘" . Tt
I ’ o ‘. T periphery of the cell; uswally . _ ° “
) a The. capsule"" a thick protectlve . ©~ gup-shaped and may extend .o s
. covermg. of the cell exterior, con-+ ~ » !’ ' completely around the inner
. ST s1stmg of poTysacohath or ' .+ 7 < gurface of the plasma membrane, .
’ . polypepude. : . - e . -
o . “ - " 2) Discoid - also located on the - 5
oo b The cell wall and plasma membrane . : " periphery of the ce]J. but are: @ e
i * =~ are present < . plate-shaped; usually many per .,:“ L
o ) cell, - _
e J/Alt:hough no well. defined nucleus is o = - oL T "
~ * visiblé in bacterial cells, the . e “o 8) Axial - lying in the central axis- 273
. . = electron microscope has revealed o of the cell; may be ribbon-like =~ | . ..
! S * ‘areas of ‘deoxyribose nucleic acid .s - ' or starw-shaped RV LT
. " (DNA)-condentration.” This sub- .o 2 R
©  stance is present within the nucleus of . 4) Radial - hav S'or processes -5
’ of higher cellg, and is the genetic . ' that exgend outwa from the ) T
v , ' or heredltary matemal ¢, i R -center of the cell (radiate), ‘e .
1‘ & 4 ! T ’ reaching the plasma mémb’rane. . w0
, "d Some types of ba'cﬁerfa}contqm Y ' s
. special type of chlorophyll + , 5) Retlculate -a mesh 11ke netWork “ 4
. . -+, (bacterioc rophylzl) and carry on ’ that extends throughout volumé .
otogyntHesis, of 'the cell, roc N
," o i v - ’ “ * /_D .
"' — 2&}!1‘ ue-green algae are sirmlar to the _ b Located in the chloroplasts may be . .
) . bactéria in structure, but contain the s dense, proteimaceous, stdarche e
. pho osyﬁthgtic pigment chlorophyll a. - - forming bodies callgg ‘pyrenoclds", e
. ... a “Like the bacteria, these forms also " 4 The flagellated algde possess one-to- | . .
' / lack an organized nucleus (the o - eight flagella per-cell., The chloro- , ° ‘
’ °f 'nuclear regionis not bounded bya . .+ plasts may contain brown and/or red - R
e A m‘gmbrane). - .o pigments in addition to chlorophyll. ‘ v
. . . v . ¢ o ‘o s
’l‘he chlorzophyll-beamng membranes ’ "a Reserve food may be storéd as .
' . S ake not localized in distinct bodies ' starch (Chlamydomonas) paramylon : ,
° e i (chlorg%plasts), but are dispersed o . - (Euglena.), or as 011 - . - T
: o throughout the cell. . .. , , - : s
' ~ " " 5 The protozog are smgle -celled - IR
< Gas-fi]led structures called ‘animals whjgh exhibit a <variety of . :
"psetdovacuoles" are found 4A”some " cell structiire. . . e WL
typesg of blue-greens,- . <. : “ = : :
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Lt . . . oot - Y N A .
B ) o . R . Structure and Furiction of Cells ‘
.«.\' o; A ,-. - ) ’ . . . t . . . & \:o
. T g@ . I . . . . 7
. . a The amoebae move by means of ) ' « a hlgher concentratlon of a substance
-e pseudopodia, as described | . "(such ag phosphate) inside the cell than
- - prev]_oua]y L . is found outside. * Algae are able to
.. o~ T synthesis orgamc matter from inorganic
L b The flagellated protozoa ) * raw.matgrials (carbon dioxide and .
5 - (Mastlgophora) possess one or more ’ water), with the aid of energy derived
. LR flage]la. " @_ o - . ’ from light,  whereas animal cells must
: . ’ obtam their organic matter)''ready-.
L E Y The c;hates are the x‘nost highly ‘. .. made" by consuming other organisms,
- _ _ 7 - -modified'protozoans. ' The eilia may ~ +: . organic debris,. or dissolved organies. .
oy ‘ be more or less evenly dlstmbuted o i A - oo 0T
. S -fover°the entire surface of the cell, * = . - . . T
X : or maysbe locahzed ) ’ . . IV SUMMARY : co,
N ¢ T i » uo . . ~ ! .. .
o o ’ oo The cell is made up of many highly spec1a1-w
L III FUNCTIONS OF GELLS oo ized Substructures. The types of sub- -
v, “ Co structures present and their appearance
-~ What are the functions of cells and their . (shape, ,color, etc,) dre very important in
structural comf:onents? Cellular function, . understandmg"th role of the orgamsrh in
. . is called "life", and life is dﬁﬁcult to define. the aquatic com unity, and in classmcatlon. .
\ Lifeis chaaractemzed‘by procebsses commonly - . : R . e
o ..,' referred to as reprbductlon, growth, photo- e, T o . . & -
. synthesis, etc. AN o J L \REFERENCES‘* K o,
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BACTERJA AND PROTOZOA
_AS TOXICOLOGICAL INDICATORS

A

° "

. I INTRODUCTION

<

The.WINOGRADSKY COLUMN is an excellent

i simple classroom experiment as wéll s a
miniature.ecosystem which yields a var1ety
of” photosynthetxc and other protista especially
the bacterial forms important in photosynthesls
research., These photosynthetic bacteria, as
pointed out by Dr. Hitner, are ubiquitous in
wet soils and natural waters but ordmarlly

&

’

> ' 2, Green photosynthetic bactéria | -

" Microchloris, Chlorobium, and
Chlorochromatum; methane bacterla

and SO reducers. . . —
. .
- g3 Photosynthetlc purple sulfur bacteria, ° -
2 Thiopedia and Thiosarcina. B

A

4 Filamentous sulfur bacterla, &,

Begg}atoa. . . L

Ed

.escape notice. . —

" « ° -

it PREPARING THI:: COLUMN

s,

<
o

The materials needed are s1mple' laboratory .

v

Yitems. \ .

- .

A The moéulnm {a tﬂack sludge) ‘may be

LT easily obtamed‘from a 16cal ’ sewage
. * ' treatment plant or the bottom of a pond
*  of lake., Because the USPHS document,

-cohtammg Dr Hutne‘r s paper, is out of’
» prmt\n is. reproducéd here. ¢

o ’ S

, B D1rectio’ns for preparing the cof{xmn and v

. other ‘useful information are given in that_ *
paper. -° . .

M)r. Hutne 's°bibﬁography Should be -~
sufflcxent for th se whq wxsh more . o
1nformation. :

a® v, . . he . Y
. ' . © - [

2
<

eI ECOSYSTEM DEVELOPME(NT
- . ¢

- A Factors -such as the substrate used the ~

inoculum, the overlymg supernatant water,

-

t*” . d labérafory, conditigns as temperature PN S I .
' ~, »afid lght, wilk all;ipflue e pirticular hnL MICR,O rAQUARIA LT - .
type of biota forfnmg successive l,ayers e - .QM T
L : ,or zones, . Thel’@.cc!ompanymg figure is - A Fenchel descrlbes a micro Fuarium " .
| ‘therefore, generalized and is not 1.7/tended * (1.5 X5 gm) which may be observed umder
" ,to be absolute ot . a.compound mlcroscope. (Figure 2 .
AN : v e ’ * ‘ ® ) o .
ey B Some representatWe forms are hsted forv "B, The development of cpmmunltles of
. ..'general inforination. The numbers orgamsms ig quite similar.to the T
f tow correspond=to those won the figure.- . Wlnogradsky Column, . (F1gure 3), -,

5
L [}

1 Inorgamc substrat’e on towefing.

n

° experlmentatlon.

2 ¥ ¢ * Y i

5 Nan-sulfur photosynthetic bacteriw,
L Rhodopseudomonas.
<« 6 Blue- green algae, Schlzothrlx and
Oscillatoria, . =- S

7 D1atoms, Nitgschia.

L

.
s

»

8 Coccoid green algae Ankl.gtrodesmus,
' and flagellate greens, Chlamydomonas;
. similar to a stablhzatlon pond_ florar -

9 Filamentous green algae, Ulothrix,

C Besxdes the photosynthetic bacter;.a ang’
otheruprot1§ta there will be a var1ety of *
protozoa found in the B.?Oblc levels P
(dpp. 6 through.9). Many of-these’
protozoans are typical fauna of activated
sludge

‘D The possibilities are endless for further

Thesé ecosystems are

also conyenient and mexpenslve séurces

for protozoa and other protista for class,,

ard laboratory mstructlon. st 0

L

< e L3N

.
- ” - ;“;9‘0 N < .
A .
. s EXA :
‘. . . .

.




" Bacteriaaid Protozoa as Toxicological Ind,{é’ators pa

\
: L
i-
i

v
kY

R

- C The basic med1a consists of one hter of
® natural water 10'g CaSO 1 g glucose,
1 g of pepto

ne,. A utoclaveld and stored at
50Cc! . . .

-D B.efore use agar is boiled with the medl,a.

While hot; the med1a is mtroduced into
_one end of the "micrd aquarium" with a

pipet, _After the agar congeals, natural
~water samples are added. During-,
mcubatlon and when not being observed
the- micro aquaria are kept_in a m01st
chamber,

"E Although Fenchel used a seawater medium
and inoculum, freshwater sources would

»
N\

.
Y ~

.

- -

be equally useful,

-

F In these microaquaria simple ecosystems

develop -when they are kept in complete

" darkness, Complex photosynthetic

" communities develop when they are
illuminated,* A natural ecosystem is
figured by Fenchel (Figure 4), afd a
related food web is shown in Figure. 5
(both from Fenchel)

-
.

: 4 « ..
Sessile ciliates have been successfully
coljected, cullured, and used for bioassay

e

3

L

type with tight f1tt1ng hds)

o”

» Ha Mlcr‘oa%uama using sﬂieorf&eement rings

&thch allow, ‘diffusion ‘of gases throug'h the
slhco}ge cultuzes wilt ihergby remain *
active mdefm1t‘;ly e

) wioc N
2 ADQITIONAL REFERE CES

RN

l
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Tools.
11(1) 1- 6

The Jour, of Protozoology
1964, .

s

<
<
L3S v

>

»

>

[y

S
»

7 -

Q *
2 Spoorr, D M. and'ﬁu"rpanck,.w D¢
- A New Method :fgr Coﬂectmg Sessile
Ciliates in Plastic Petri Dishes with
Tight-Fitting Lids. Jour. of

_Protozoology 14(‘4) 735-"739,

LY
Y
2

1967."

“using the’same petri dish (membrane f11ter

B Hutner S.H. Protopoa as-Toxicologlc'afﬁ’

»

G Mi@croaquaria Using Plastic Petfi Dishes

ta

AL
*®

-

a
*»

-

8

-

*.

5 Curds, C.R. and Cockburn, A,
Protozoa as Indioators in th
Activated Sludge Process, Water

»

N

on
-

L]

-
e

S

%% édited by ‘R, N. F.;elfl‘;_e§

. »

“ o

.
4 9

*

>

3 Burbanck, W.D. and Spoon, D,M,.
The Use of Sessile Ciliates Collected

" in Plastic Petri Dishes for Rapid
Assessment of Water Pollution,
Jour, of Protozoology. 14(4):739-744.
1967.

4 Curds, C.R. and Cockburn, A,
Protozoa in Biological Sewage Treat-
thent Processes. 1. A Survey of the
Protozoan Fauna of British Percolating
. Filters~and Activated Sludge Plants.
Water Research 4:225-236, 1970,

II.

Research 4:237-249.

1970.

2

N ~8 Hufnﬁer, S.'H.. Botanical Gardens and’~

6 Curds, C.R. An Illustrated Key to the
British Freshwater Ciliated Protozoa
Commonly Found in Activated Sludge,
Water Poll, Research Laboratory

" Stevenage, England 90 pp. .

7 Fenchel Tqm, The Ecology of Marine ™
Microbenthos:’ IV, Structure and

tion’of the Benthic E¢osystem, *°
its,Chemical and Ph_ysical Factors °
and the 'Micrpfauna Gommunities with

) Specml Reference to the Ciliated
Protozoa. Op-ne‘ha 6:1-182. 1969.°

rd

3

° -

X ' 5
— "3 B

’ Homzons in Alga.LRes arcb In Challenge
. °for Surv1va1 Pierre Daaseteau ed.

s Columbia 2 University ] Press. 1970. -
09 -Hutner, S’H.,-Baker H,@n Co,: D s L.
Nufrition and Metabohsm Protozoa.‘ ST “ ’
Chzpter in Bialogy bf Nutrltloa. pp’ 85-177, ﬁu

»- "0

Pergamon. Press.””. "}
c Yo )

X . 3. P
if'!‘ S.H, The Urba.rI.Bot‘&mcaL Gat‘aer»" ¢
Acadegp@ ldlife -Presedve. , Garden “\.- :
n. 1&)“37 40: 1969
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This“butline«was prepared by Ralph M, Sindlair,
Aqua.tk‘Q Biolog:.st National Training Center,
.Water Programs Operations, EPA, Cincinnat1
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Drawing made by tracing a micrograpli”of the bacterial plate in 4 micro aquarium
v ° * (same experiment as shown ¥n Figure €.) Most conspicuous are the filaments of .,
: Beggiatoa and thg ciliates Cyclidium citrpllus, Euplotes elegans and Holosticha .
. ®p. Below the Oscillatoria filament (lower left) a Plagiopogon loricatus is séen. .
- . ,Bdgteria (except Beggiatoa) are not shown, - :
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FIGURE 4 ) "

The mzcroflora and fauna in the surface of the Beggzatoa patches. (Oscillatoria,
Beggiatoa, Thiovolum, diatoms, euglenoids, nematode, Tracheloraphis sp.,
Frontonia marina, Diophrys scutum, Trochzlozdes recta) J : .

4

CONDYLOSTOMA SPo

LS

¢ . . - FIGURE 5"
The food relationships of the most common ciliateg in "estuarine” sediments and in sulphureta.
- ; 5
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ENVIRONMENTAL REQUIREMENTS OF FRESH-WATER INVERTEBR.ATES '

'\ L. A, Chambers, *Chairman : )
Bacteria-Protozoa ds Toxicological Indicators in Purifying Water '
’ < S.H. Hutner,, Herman Baker, § Aaronson and A.C. Zahalsky
a4 2 f‘ 'i k N h }

There is a cynical adage that all travelers - _ The food-chain pyramlds of sewage plants -
become entomologifts. But, now with DDT “and polluted waters have been adeguately
and detergents, t velers and stay-at-homes described (Hynes, 196@; Hawkes, 1960),
{g toxicologists. We have A problem treated here is how to scale those
an immediate interest in pollution problems: microcosms to experimentally manipulable
“Our laboratory receives, like the East River microcosms yielding dependable predictions
and adjoining United Nations buildings, a for the behav1or of .sewage- plant microcosms,
generous$ sootfall from a nearby power plant. p
Also, we have'seen a superb fishing ground, . .
Jamaica Bay in New York City, become a THE WINOGRADSKY COLUMN AS SOURCE
sewer. (Jamaica Bay is, however, being OF INOCULA FOR MINERALIZATIONS AND "
restored to its pristine cleanlinesg--but not ~ AS TOXICOLOGICAL INDICATOR SYSTEM
the U.N.:area.) We take our’theme ‘
n? Total toxicity Qdepends on intrinsic toxicity- ~ .
Persistence relationship. Techniques for t.
testi.ng the degradab111ty of organic compounds--
predict with conf1dence-a new waste's and so their persistence in soil angd-water--
probable impact on certain important down- are’still haphazard. The enrichment culture
: strearn water uses.” And (2) "The -technique, in which one seeks microbes that *
" toxicological phasé.of he study is pgrhaps use the compound in. question as sole substrate--
its niost perplexing aspect‘ The specialized hence degrades it and even "'mineralizes"
services and cost necessary for determining . it--was developed by the Dutch school of /
the effect of repedted wxposure to low con- microblologists Enrichment cultures ares ’
centrations of the waste for*long periods of - used routinely by biochemists wishing tq
time would inevitably place this job out of work out the microbial catabolic metabolic
reach of most publiciagencies. Equally pathway for a compound 6f biochemical

nevertheldss not from, aesthetics but from
statements by Berger (1961): (1) It is an
expensive, time- consuniing project”. ..t

discouraging, perhaps, is the probability ‘ interest. Since the compounds dealt with by  .*

that the, tox1colog1ca1 study may take as long’ biochemists are of biological origin, micro- -
astwo years, " ' = bial degradability ‘can be assumed., $Still,
) finding a'microbe to degrade a rare biochemical

As describgd here, advances in microb1ology " is not always easy: "Dubos, in a classical
offer Hopes, of lightening this burden. The . hunt for a micfobe able to live off the capsules
first questmn {s: What kind of microcosm of pneumococei, found the bacterium only

1} serve for toxicological surveys, especially after a 1 ng search which ended in a cranberry ..

- for'predicting thre pdisoning of bjological means  bog.” Suth difficulty in finding mierobes that

of waste dlisposal? The second is: Can the degrade rar‘é biochemicals implies an even
" protozoa of this microcosm predict toxicity greater difficulty in finding microbes that _
_‘to highet animals? . * degrade many products of the synthetic

. e o R

*Directdr, AHap Hancock Founda,tion and Head, Bio. Dept., Univ, South., Calif.
+Haskins Laboratories 305 E. 43rd St., New York 17, N.Y,; apd Seton Hall College
- of Medigine and Dentistry, Jersey City, N,J. Pharmacologica work from Haskins
Laboratofties discussed here was assisted by grant R6-9103, Div. of General Medxca]_

- g

Sciences of the National.Institutes of Health. Paper presented by S..H. Hutner. ’ -

-

o . e A Lo

s

e



Py -

Efnvironmenta‘.l Requi:’rements of Fresh-Water.Invertebrates

. ~ 7 v'

organic chemicals industry, since such
campotunds may embody_piochemically rare

. or biochemically nonexistent linkages,, "
Intimations of the Y’ﬁﬁance of inoculum

" - abound in the literature, e.g., Ross and
Sheppard (1956) could not at first obtain ™ .
phenol oxidizers from ordinary inocula
(presumably soil and water); but manure
~and a trickling filter from a ciemical plant___

]

. One‘wonders how extensive a sfudy underlies
the statement qioted by Alexander (1961)that
"goils treated with 2, 4, 5-T (trichlorophenoxy-

.acetic acid) still retain the pesticide long
after all vestiges of toxicity due to equivalent
quantities of 2, 4-D have disappeared., "

What then is a reasonable inoculum for testing
a compound's susceptibility to microbial
-attack? The size range is wide: from the
traditional crumb or gram of soil or mud to
, the scow-load of activated sludge.contributed
by New York City to inaugurate the Yonkers,
X sewage- disppsal plant. We suggest that to
/™ striKe a practical mean in getting a profile
of goil, mud, er sludge to bg used as inoculum
the uses of the Winogradsky column should be
explored Directions for Winogradsky column
and bacteriological enrichments have been
detailed (Hutner, 1962) and so only an outline’
is given here. The column is prepared by
putting a paste of shredded’paper, CaCO,,
. and CaSO 4. at the bottom of a hydrometer’ jar,
illing the” jar with mud smelling HZS coveyxing
with a ghallow layer of -water, and illuminating
. from the side with an‘incandescent lamp In
2 or 3 weeks sharp zones. appear: a green-
: and-black anaerobic zone at.the bottom
+ (a mixture of green photosynth.'txc bacteria °
g along with SO -reducers, meth.
and the like); over ’chat‘a. red zoneY,
= (predominantly photosfnthetic bacteria), ,
above this garnet or magenta spots or zone
(predominantly hon-sulfur photosynthetic 3

green algae (the transition to the aerobic
zones), above this aerobic bacteria along with
green algae, diatoms, other algae, and an
.assortment of protozoa. This makes an
excellent simple classroom experiment to
defnonstrate the different kinds of photo-
synthetic organisms, especjally the bacterial
‘forms that are important in photosyhthe sis
research and that ordinarily escape hotice
yet are ubiquitous in wet soils and natural
waters.

proved abundant sources of active-bacteria.- \

bacteria); above this a layer rich in blue- 3,
) i+ valuable to know how complete a column
¥ could develop fromr material from a trickling

.

|
\
”in any case urge a greater use of sealed- - ’ \
|
|

1, .
. . ,
O O ¢ A °
. - ’ hd
- )
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As pointed out by our colleague, Dr. L
Provasoli (1961), the hetérotrophic, |
capacities of algae are very imperfectly
knpwn. This is underscored by recent
studies of the green flagellate Chlamydomonas
mundana as a dominant in sewdge lagoons in
the Imperial Valley of California (Eppley and
MaciasR, 1962); other than that it prefers
acetate among the few substrates tried; its
heterotrophic capacitfes are unknown,

More unexpectedly, some strains of the 7
photosynthetic bacterium Rhodopseudomonas:
palustris use benzoic acid anaerobically as,

the reductant in photosynthesis (Sch Scher,

and Hutner, 1962) narrowing the gap between !
the photosynthetic pseudomonads and the

ubiquitous pseudomonads*so often represented /
among bacteria attacking resistant substrates
(e.g., hydrocarbons) as well as highly

vulnerable substratgs. ‘For the widely .
studied, strongly heYerotrophic photosynthetié
flagellates Euglena gracilis ynd E. viridis,
common in sewage, no spec ic enrlchment
procedure is known, meaning that their
ecological niches are unknoWwn but 1aborat0ry
data prov1de hints. . L F

The mcreasmg nse of oxidation ponds would
down ecological systems in which dévelopment ~
of none of the photosynthesizers present in.
the original inoculum was suppressed: . J
Conceivably, -some of the rare microbes |
acking rare substrates--and such microbes |
are likely to represent a source, of degraders
of resistant non- -biochemicals--are speciahsts
in attacking products of photosynthetic *
organisms. . o i
N ' .
\

Traditlonally, the inoculum for a Winogradsky
column is a marineor brack:.sh mud (as

New Yorkers we would be partial to mud from
flats of the Harlem River), Little is known
about the effectiveness ag Inocula of freshwater
muds or water-logged soils, It would be

' .

filter or an activated-sludge plant.’ A practical -
iséué is: Might the poiséning of a sewage~ ‘
oxidatmn system be paralleled by the poisoning
of a Winogradsky coluan where'the poison
_was mixed with the 1nécu1um or the column?
" Might the variously photosynthetic-
zones, of the column and théf aerobic population
on top pro*’lide sensitive mdicators for the

77"
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.performance of a sewage-oxidation system

- ’

subjected to chemical wastes?

If a,particular compound mixed with inoculation

" mud or sludge suppressed development of the

4ull Winogradsky pattern, one might assume_
that the compound at the test concentration
was poisonous and persisteht. Biological

" destruction of such poisons, if at all possible,

might demand a long hunt for suitable micro-
organisms, tHen buildup of the culture to a
pilkctical scale, This might best be done with
iHuminategd, shake or aerated cul'l:ures, with
the inoculd coming from a variety of environ-
Optimism that microbes can be found
capable of breaking almost all the linkages of
oyganic chemistry is fostered by the study of
antibiotics, which include a wealth of
previously ''unphysiological" linkages--azo
compounds, oximes, N-oxides, aliphatic and
aromatic nitro and halogen compounds, and
strange heterocyclic ring systems. Some
natural heterocycles, e.g., pulcherriminic
acid and 2-n-nony1-4-hydrf)xyquinoline, have
a disquieting resemblance'to the potent
carcinogen 4-nitroquinoline N-oxide.

' U . !

PROTOZOA AS TOXICOLOGICAL TOOLS

4

A difficult problent is one mentioned earlier:
per81stence joined with low grade toxicity to
higher animals, Recent developments in the
use of protdzoa as pharmacological tools show
that protozoa can serve as sensitive detectors
of metabolic lesions ("51de actions"?) of a
wide assortment of ''safe' drugs. The list
includes the "'anticholesterol" triparanol
(MERI29) Triparanol toxicity manifested

. itself with several protozoa, including
" Ochromenas danica (Aaronson et al., 1962)

and Tetrahymena (Holz et al.,. 1962), I
Tripara.nol was not acting simply ag an anti-
‘cholesterol for its obvious toxicity to protozoa
wags q.nnulled by fatty. acids as well as’ by .
sterols, The connection between the protozoan
results and the-Uside actions' of triparanol--
baldness, impotence, and cataracts--are of
course unclear, but protozoal toxicity might
serve as an initial warning that it might not
Je as harmless as assumed from ghort-term
experiments with higher animals.

*

*

T - -~
: f
-

The anticonvulsant primidone provz.eles a v,
clegr indication of how protozoa can be used
to pinpoint the location of a metabolic 1esion.
Primidone had been known to cause folig acid-.
responsive-anemias. It is therefore easy~to
find that with Jomt use of a thymine-dependent .
Escherichia coh and the flagellate Crithidia

fasciculata reversal of growth inhibition by =
folic acid and related compounds permitted |

the charting of interferenees with the inter-
connected folic acid, biopterin, and'DNA
function (Baker et al,, 1962), which amply
accounted for the megaloblastic anemias.
Lactobacillis casei, a bacterium much used

. phthiocol.

in chemotherapeutic research, was unaffected
by the drug. s

In another instance, where the mode of act).on
of the drug in higher animals was unhknown,
growth inhibition property of the anticancer
compound 1- ammocyclopenta.ne 1-carboxylic
acid was.reversed for Ochromonas danica

by L-alanine and glycine, as wag the inhibition
property of 1-amino-3-methyl-cyclohexane-
1-carboxylic acid by L-leucine (Aaronson

and Bensky, 1962), =

Growth in_l&ibition of Euglena by, the potent
carcinogen 4-nitroquinoline N-oxide was
annulled by a combination of tryptophan,. .
tyrosine, nicotinic acid, phenylalanine,
uracil (Zahalsky et al,}..1962) and, in more
recent experiments, the vitamin K relative
These N- o:ildes are of interest
because of recent work indicating that perhaps
the main way in whlch the body converts such
compounds as the amino hydrocarbons to the
actual carcinogens m#y be by an initial
hydroxylation of the nitrogen, e.g., work
by Miller et al., (1961). Whether the =~ _
peroxides in photo- chemlcal smogs of the
geles type act,on hydrocarbons to
produ e carcinggeni¢ N- oxides is entirely
unknown. Leighton (1961) lists an array of
peroxy reactions pro uced1 by sunhght m
polluted air.

» »

., . -

Our aforementioned exper ence with primidone,
a ketonic, heterocycle, led us to test the
gedative thalidomide. It was toxic for
Ochromonas danica __Q malhemensis and ..

_Tetrahymena pyriformis; this toxicity was

. 101




The Paraméecium (and perhaps too the : .organs. These are precisely the poisons
Tetrahzmena) test for polynuclear benzenoid like2y to ‘put out of business a pollution-
carcinogens has remarkable sensitivity and contr¢l installation primarily dependent on
spec‘lﬁmty (Epstein and Burroughs, 1962; Hull, microbial activity.
1962). This test depends on the carcinogen- , ) o

sensitized photgdynamic destructton of . : ? :
paramecia by ultraviolet light. This test is REFERENCES o .,
approaching practicality for air, and there is T :
-nofreason to suppose it cannot be applied to *  Aaronson, S, and Bensky, B, 1962,

sbenzene extracts of foodstuffs and water. v frotozoological' studies of the cellular

/ " . X . . action of drugs. I. Effect of

' , . ) - l-aminocyclopentane-1-carboxylic acid ,
CONCLUSIONS - . and l*amino-3-methylcyclo-hexanel-1 -

. = cai',boxyhc acid on the phytoflagellate
We have suggested here new procedures for _'Ochromonasg danica. Biochem.‘ Pharmacol.
examining the intrinsic toxicity-persistence . . 11:983-6. ] . .
relationship, using as test organisms the - L .
protists represented conspicuously in a Aaronson, S., Bensky, B., Shifrine, M, and
Winogradsky column., The new field of Baker H. 1962, Effect of hypocholes-
micro-toxicology is virtually undeveloped. teremic agents on protozoa. Proc, Soc.
- « The\urgent need for detecting chronic, low- Exptl. Biol, Med. 109:130*2
grade tox1c1t1es is evident from many sides, I T

Environmental Requifements of Fresh-Water Invertebrates . * .

‘ . . a
: N \ -
annulled by nicotinicacid (or &\inam de) Since the embryos appear to lack the
or vitamin K (menadione) (Frank et al, 1963). detoxication mechanisms of the adult animal
We do not know whether & similar protection (Brodle 1962), toxicity for protozoa (whlch o
could have been conferred on human embryos presumably lack these detoxication

or po]ynet‘ﬁ'itls in the adult mechanisms) should be compared with that

for the embryo, not the adult, as emphasmed
Many widely used herbicldes of the dimtrophenol by the thalidomide disaster,
type are powerful poisons for higher animals.

We do not know how sensitive protdzoa would There ‘are further limitations on the use of
be for detecting their persigtence, However, - microbes as detectors of toxicity. High-
since spmewhat similar thyro-_active com- molecular toxins seem inert to microbes,

. . pounds can be sensitively detected by their- | and antihormones (with the exception of
exaggeration of the B, requirement of santi-thyroid compounds) are generally inert,
Ochromonas malhamensis (Baker ef al, 1961),~ 'The main usefulness of microbial indices of
this flagellate might be a useful test object . tox101ty would appear, then, to be fo detectmg

low-molecular poisons dcting o celllilar
targets rather than on cell systéms and

_for dinitrophenols and congen'ers

This is fiot the place for a detailed discussioRe.., Alexander, M. 1961. "Introduction to Soil
of the medical implications of jhis area of Microbiolog’r" John WLley & Sons, N.Y.

research, but it should be emfphasized that (see p. 240) .

. chronic toxicities and carcinogenesis are® o . -
related. Conversely, Umezawa (1961) has Bakelr,' H., Frank, 0., Hutrer, S.H., )
remarked that most antitumor substances , Aaronson, S., Zjffer, H. and Sobotka, H.
have chronic toxi¢ities and that elaborate ' 1962, Lesions in fol\c acid .rneta/bohsm
testing ‘procedures for toxicity are réquired induced by _prirmdone "Experientia
to fix the daily.tolerable dose; apparently this 18: 224 6. .
problem is a central theme in medical as well '
as pollution research, Inhibition of growth oft ~ Baker, H., Frank, O., Pasher, ]., Ziffer, H.,
an'array of protozoa is now. in practlcal use * Hutner, °S.H. and Sobotka, H, 1961,
ag a means of detecting anticancer substapces Growth inhibition of microorganisms by
irf antibiotic beers (Johnson et al, 1962). o thyroid hormones. Proc. Soc. Exptl.
T ’ : / - . Blo. Med. 107:965-8. tn
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~ - 1 hinTRODUCTION

.

FILAMENTOUS BACTERIA

. /'

There are a number of types of filamentous
bacteria that occur in the aquatic environment,
They include the sheathed sulfur and iron

“bacteria such as lie;ggiatoa,_ Crenothrix and
Sphaerotilus, the actinomycetes which are
unicellular microorganisms that form chains
of cells with special branchings, and
Gallionella, a unicellular organisrh that
sécredes a long twisted ribbon-like stalk,
These filamentous forms have at times .
created serious problems in rivers,
reservoirs, wells, and water distribution
systems.

II BEGGIATOA

Beggiatoa is a sheathed bacterjum that grows
as a long filamentous form. The flexible

_filaments may béras-large as 25 microns wide

and 100 microns long.- (Figure 1) .

R
DLy
.

/

4
Transverse separations within the sheath
indicate that a row of ‘cells is included in
one sheath. The sheath may be clearly
visible or so slight that only special staining
will indicate that it is present. -

The organism grows as a ‘w.hite slimy or.
felted cover on the, surface of various objects
undergoing decompdsition or on the surface
of stagnant areas of a stream receiving
sewage. It has also been observed . on the
base of a trickling filter and in contact

‘aerdtors.

t
.

It is most commonily found in’ sulfur sﬁrings
or polluted waters where H,_S is present.’
Beggiatoa is distinguished by its ability to
deposit sulfur within its cells; the sulfur
deposits appear as farge réfractile globules.
(Figure 2)

¢

S RS- . Figure 2
N\ Fillaments of B'egglatol

containing granules of
sulphur.

—

When H_S is no longer present iri‘the environ-
ment, tﬁe sulfur deposits disappear. .

-Dr. Pringsheim of Germany has recently

proved that the organisin can grow as a true

atitotroph obtaining all it’s energy from the

oxidation of H,S and using.this energy to fix

CO ‘ipt_o all material. It can also use .

cer%ain 'Qr% ic materials.if they are present
.th

along with) e HZS'

Faust andl olfe, and Scotten and Stokes
have grownithe organism in pure culture.in '
this country'y Beggiatoa exhibits a motility
that is quite different.from the typical
flagellated motility of most bacteria; the
filaments have a flexiblé gliding motion,
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Filamentous Bacteria - -

. B ‘ ~
The only major nuisance effect of Beggiatoa
known has been overgrowth on.trickling filters
receiving waste waters rich in H_ S, The

normal inicroflgra of the filter was suppressed

and the filter failed to give good treatment,

Renoval of the H,S from the water by blowing -

v

air through the water before it reached the
filters caysed the slow decline of the
Beggi_gtoa and a recovery of the normal .
“microflora. Beggiatoa usually indicates
polluted conditions with the presence of H S
rather than being a direct nuisance, -

.

II ACTINOMYCETES AND EARTHY ODORS
IN WATER '

v
LY

Acfmomycetes are unicellular microorganisms,

1 ‘micron in diameter, fllamentous, non-
sheat.hed branching monopodially, and
reproduced by fission or by, means*of spec1a1
‘comc;la (Figure 3) .

v

' Figure 3 Filaments: of Actinomycetes,

- - - '
Their filamentous habit and method of
sporulation is reminiscent of fungi, However,
dheir size, chemical composition, *and other.
characteristics are more similar to-bacteria.
(Figure 4)

Appearance:

dulil and powde;y

K4

ES

Figure 4

. Egg albumin Isolatlc_:n plate.
‘A’ an actinomycete colony,
and ‘B’+a bacterial colony

0\\\"’ J
Appearante:

,8mooth and mucoid .
These orgamsms may be considered as a
group intermediate between the fungi and
the bacteria. They require organic matter
for growth but can use a wide variety of
substances and are widely distributed.

Actinomycetes have been implicated as the
cause of earthy odors in some drinkipg

, waters (Romano and Safferman, Sil y and,
Roach) and in earthy smelling substance has
been isolated from several members of the
group by Gerber and Lechevalier, Safferman .
and Morris have reported on a method for the -

"Isolation and Enumeration of Actinomycetes

Related to'Water."Supplies. " But the actino- -
mycetes are primarily soil mictroorganisms
and often frow in fields or on the banks of a .
river or lake used for the water supply.
Although residual- chlorination will kill the

? organisms 'in the treatment plant or distribution

A ,_ . | ﬁ)
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system, the odors often are present-before
the water enters the plant. Use of perman-
ganate oxidation and activated carbon filters
* ¢ have been most succegssful of the methods
tried to rdmove the odors from the water.
Control procedures to prevent the odorous
material from being washed into the water .
suppl
menj, of the actinomycetes in water rich in

deca¥ing organic matter is still needed.
. ‘ t

IV FILAMENTOUS IRON BACTERIA U,

The filamentous iron bacteria of the ¢
Sphaerotilug- Leptothrix group, Crenothrix,
-and Gallionella have the ability to either

oxidize manganous or ferrous ions to manganic

or ferricrsalts-or are able to accumulat
precipitates of these compounds within the
sheaths of the organisms. Extensive growths
or accumulations of the empty, metallic .

? encrusted sheaths devoid of. cells, have
created much trouble in well§ or water dis-
tribution systems, Pumps and back-surge
valves have been clogged with masses of
material, taste and odor problems have - °
occurred, and rust colored masses of
material have spoiled products in coritact

‘  with water.- ‘

»
-

Crenothrix polyspora has only been examineq .

under the microscope as we have never been
able to grow_it in the laboratory.. The orga-
nism is'easily recognizéd by its special
morphology. Dr. Wolfe of-the University "of
Ilinois has published photomicrographs of

- the organism. (Figure 5) Y e

+ Orgapisms of the Sphaerotilus- Leptothrix
group have been extensively studied by many

Veén, and Amberg and Cormack.) Under
© . different environmental conditforis the mof-
ance,of the organism varies,

rains or to prevent possible deyelop-

[ XD

X

9.

-
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Crenothrix polyspora

Flgﬁre.s ) *

cellls are very variable in

size trom small coccior
N

polyspores to cells 3X12u

\Flgure 6

Sphaerotllus natans

A

3-8 x1.2.-1.8u
cells -
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This is a sheathed bacterium consisting of -
long, unbranched filaments, whereby mdividual
rod- shaped bacterial cells are enclosed in a
linear order within the sheath, The individual
.cells are'3-§ microns long and 1,2-1.8
~ microns wide. Sphaerotilus grows in great
masses; at times in streams or rivers that
receive wastes from pulp mills,' suggr
refineries, distilleries, slaughterhouses,
ilk processing plants. In these conditions,
it appears as large masses or tufts attached ~
to rocks, twigs, or other projections and the
masses may vary in color from light grey to
. .reddish brown. In sorhe rivers large Mmasses
* Vof Sphaerotilus break loose and ¢log watet
intake pipes or foul fishing nets, When the
cells‘die, taste and odor problerrLs may also
occur in the wa

]

Amberg, Cormack, and Rivers and McKeo/wxi
have reported onh methods to try to limit the
development of Sphaerotilus in rivers by
intermittant discharge of wastes. Adequate
contrel will probably only be achieved énce
.the wastes are treated before discharge to
such an extent that the growth of Sphaerotilus
is no longer favored in the river. Sphaerotilus
grows well at cool temperatures and slightly
low DO levels in streams receiving these

., wastes and domestic sewage. Growth is slow
. where the only nitrogen present is inorganic
nitrogen; peptones and proteins are utilized
preférentially. .

% .

Gallionella i an iron bacterium which appears
as a kidney-shaped cell with a‘twisted ribbon-
like stalk emanating from the congavity of the °

+ cell. - Gallionella obtains its energy by

" oxidizing ferrous iron“to ferric iron and uses
only CO_ and inorg‘gnic salts to form all. of
the cell material; it is an autotroph. lLarge
masses of Gallionella may cause problems
"in wells or accumulate in low-flow 1ow-
pressure water mains. Super chlorination
(up
" 48 houfs) fo].}owed by flushing will often *
rerhove the masses of growth and periodic
treatment will prevent the nuisance,effects T

-t

of the extensive masses*0f Gallionella.
® (Figure 7) ..
* . . Al ~
. “’ Y ,
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Figure 7
Galionella furruginea
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A

Description
Fungioge heterotrophic achylorophyllous
plint-like organisms which possess-true '
nuclei with nuclear membranes and'nu-
cleoli. Dependent upon the species and
. " in some instances the environmental
conditlons, the body of the fungus, the
thallus, var1es from a microscopic
.o single cell’to an extensive plasmodium
or mycelium. Numerous formsproduce
. .macroscopic fruiting bodies. )

Life Cycle

~ ,
o

The, life cycles of fungi vary from 31mp1e ,
.. to cox;nplex and may include sexual and
asexual stages with varying Spore types
as the reproductlve units.

- - I .

B

Y

Cl%srsif icai_tion -

Traditionally, true fungi are classified
within the Division Eumycotina of the

Phylum Mycota of the plant kingdom.
Some authorities consider the fungian
essentially monophyletic group distinct
from the classical plant and animal °°
kingdoms.

-

I ACHVITY

general fungi possess 'bioad enzymatic

I

. ¢apacities,” Various species are able-tg

A% /actively: degrade such compounds as/\

. f complex polysaccharides (e.g., cellulose,
" chitin, and glycogen), proteins (casein,
albumin, keratin), hydrocarbons (keroséne) °
and pesticides. "Most species possegs an
oxidative or microaerophilic metaboTiSm

* byt anaerobic eatabolism is not uncommon.

A feVr species’ show @naerobic metabolism

and growth, ° . -

»

>
-
1
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FUNGI AND THE "SEWAGE FUNGUS" COMMUNITY

-

.

ECOLOGY .

Distribution |

Fungi are ub1quitous in nature and mem-
bers of all classes may occur in large
numbé’ aquatic habitats. Sparrow
*(1968) hasYoriefly reviewed the ecology
‘of fungi in jreshwaters with particular
emphasis‘on the zg’gsporlc phycomycétes,
The gccurrence apd ecology of fungi in
marine and estuarine waters has been
examfned recently by a number of in-
vestigators (Johnson and Sparrow, 1961;
Johnson, 1968; Myers,,1968; van Uden
and Fell, 1968),

g

4

Relation to Pollution

-
- .-

: Bridge Cooke, in a series of in;
vestigeﬁlt’)fs (Cooke, 1965), has estab-

, lished that fungi other than phycomycetes

.occur in hlgh numbers ‘in sewage and
His reports on organic

polluted waters.
pollution of streams (€ooke, 1961; 1967)
show that the variety of the Deuteromy-

cete flora is decreased at the 1mmed1ate -

sites of pollution, but dramatically in-

- - 1 s
¢ creased downstream from these regions,

[T

Yeasts,” in particular, have been found
in*large numbers in organically enriched
waters (Cooke, et al., 1960; Cooke and:
_Matsuura, 1963; Cooke, 1965b; Ahearn,
et al;, 1968), N Centain yeasts are of

+ ‘special interest due to their potential

use as indicator organismsa and their
ability to degrade or utilize proteins,
varioys hydrocanrbons,  straight and
branch chained alkyl-benzene sulfonates,
fats, metaphosphates, and wood sugars.

-

.
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g Fungi . _ R
A . :
i 4 ' [ <. f - i
, C  "Sewage Fungus" Community (PlateI) * 2 ' Leptomitus lacteus also ,procﬁxces

.

. termed "sewage fungi."
< *'common microorganisms includ(;d in

A few micx‘?organisms have ®ng been
The most
this group are the iron bacter .
Sphaerotilus natans and the phycomy-
cete- Leptomitus’ lacteus, )

. 1 Sphaerotilug natans is not-a fungus,%‘l‘ .
rather it'is a sheath bacteriym of
the order -chlamydobacteriales.
This polymorphicbacterium occurs
,Cfmmonly in organically enriched
streams where it may produce
extensi\{e slimes.

a Morphology

Characteristically, S. natan’
+ forms chains of rod shaped
. cells (1.1-2,0u x 2,5-17u)
within a clear sheath or tri-
alome composed of a protein-
polysaccharidae-lipid complex.
The rod cells are frequently
motile upon release {rom the
sheath; the flagella are lopho-
trichous. | Occasionally two
rows of cells may be present
in a single sheath. Single tri-
chomes may be several mm .
in leftgth and bent at various
’ angles. Empty sheaths, ap-
- : pearirg like thin cellophane
straws, may be present. ’
-y
b" Attached growths .
The trichomes are cemented
at one end to solid substrata
such as stone or metal, and
their cross attachment and
bending gives a .superficial .
.similarity t6 true fungal hyphae,
The ability to attach firmly to °
solid substrates gives 5. natans
a selective ‘advantage in the
population of flowing streams.
For more thorough reviews of
S.natans see Prigsheim (1949)
and Stokes (1954).

- -

in {resl waters. This speciesforms
thallit

a ,'Morphol’ogy
" °  Cellulin plugs may be present *
near the constrictions and there
may be nuntereus granules in
the cytoplasm. The basal cell
of the thallus may possess
rhizoids.

-b Repvoductio.n

The segments delimited by the.
partial constrictions are con-
verted basipetally to sporangia.
The zoospores are diplanetic

~+ (i.e., dimorphic) and each
possesses one whiplash and one
tinsel flagellurn. Nq sexual
stage has been demonstrated
for this species.

Distribution .
For further information on the
distribution and systematics

of L. lacteus see Sparrow (1960),
Yerkes (1066) and Emersonand
Weston (1967). Both S. natans
and L. lacteus appear to thrive
in organically enriched cold
waters (59-22°C) and bothseem
incapable of extensive growthat’
temperatures of about 30°C,

d Gross morphelogy

Their metabolism is oxidative
and growth of both quci/eg/n{ay
appear as reddish browh flacs
or stringy.slimes of 30 ¢cm or
more in length,

e Nutritive requirements

Sphaerotilus natans is able to

'!x " utilize a wide variety of organic

compounds, whereas L. lacteus
does not assimilate simple

ified by regular constrictions,

-

.




PLATE, I

.

"SEWAGE FUNGUS'" COMMUNITY OR "SLIME GROWTHS"
.(Attached "filamentous" and slime growths) ..

Geotrichum candidum 5’
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S . = . PLATE II ‘ -7
. . REPRESENTATIVE FUNGI

Fusarium aquaeductuum
{Radimacher and
Rabenhorat) Seccardo

Microconidia (A) produced
from phialides a¢ in Cephalo-
sporium, remaining in slime
balls. Macroconidia (B), with
bne to several cross walls,
produced from collared phial
ides. Drawn from culture,

Agardh )

4
Cells of the’h

ing/ponalriclion'g/zmh cellubn

plugs. In .one/cell large zo0- -

spores hlve been delinug:d

. Redrawn .from Coker,

Figure Aq' LN

Zoophagus insidans
Sommerstorfl

Figure 3

Geotrichum candidum
Link ex Persoon

Mycelium with short cells
and arthrospores. Young hy- (\
pha (A): and mature arthro-*
spores (B). Drawn from cul-
ture,

Mycelium with hyphal pegs
(A) on which rotifers will
become impaled; gemmae (B)
produced as conidia on short
hyphal branches; and rotifer
impaled on hyphal peg (C)
from which hyphae have
grown into the rotifer whose
sshell will be discarded after
the contents' are cbnsumcd

\/Duwn from cuhurc.
y s
D

N

Figuro 5
Achlya americana Humphrey

Ocogonium with three oo-
spores (A); young zocspors
angium with delimited 2oo-
spores (B) ; and zoosporangia
(C) with released zo00epores
that remain encysted in clus-
ters at the mouth of the dis-
charge tube. Drawn from cul-
ture,

3

Doy moenxivh ulm marium

Fraure 7 llaf;lospara‘dnuu costale. A—mature spos;
, > B—carly plasmodinn,
Figuree 1 through 5 from Cpoke, Figure's 6 and 7 fx#om Galtsoff. .

o \ 112 o o
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sugars and grows most lugmriantly in

¢ the pre sence of Organio nitro,genous
o " ., wastes, o~
'3 Ecological roles s ’ e .

~ * <,
)

. Although the "sewage ﬁmgP op. .
occasion attajin visdally noticehble . <
! concentrations;..the less obvious
) populations of deuteromycetes may
LT . be more important in the ecology of
- . the aquatic habitat, Investigations of
the past decade indicate that numerous
fungi aré of primary importance in the
. mineralization of organic wastes; the
overall slgmflcance and ekact roles of
fungi in this process are yet to be
established. /

D Predacious Fungi _
/
' 1 Zoophagus insidians
- (Plate H, Figure 4) has been observed
) . to impair functioning of laboratory
activated sludge units (see Cooke and
}Ludzack) .

A -

2 Arthrobotrxs is usually found aleng
with Zoophagus in laboratory activated
sludge units,

. upon nematodes. Loops rather than
"pegs'' are used in snaring nematodes,

-

This fungus is predacious -

L
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IV CLASSIFICATION  ° Lo vE

In recent clagsification schemes, classes

of fungi are distinguished primarily on-the o
basis of the morphology of the sexual and -
zoosporic stages. In practical scirematics,
hpowever, numerous fungi do not demonstsate
these stages, ,\Classiﬁcatlon must therefore

be based/‘%;’fhe sum total of the morphological
and/or physiological characteristics, The
extensive review by Cooke (1963) on methods

of isolation and classification of fungi from
sewage and polluted waters precludes the

need herein of extensive keys and species
-illustrations, A brief synopsis key of the

fungi adapted in part from Alexopholous

(1962) is presented on the following pages.

This outline was prepared by Dr. Donald G.”
Ahearn, Professor of Biology, Georgia State
College, ‘Atlanta, Georgia 30303,

Descmptbr Aquatic Fungi

!
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‘Fungi

% ' ; ' .
KEY TO THE MAJOR TAXA OF FUNGI & . oL '
. . . <

1 . . v , A .

’ 1 Definite cell walls lacking. somatic phase a free living Plasmodium. ............ e
..................... Sub-phylum Myxomyeotina :.(true slime olds). .Class Myxomycetes .

) L Cell walls usually well defined, somatic phase not a free-living Pl:}‘nodi\\m. ........ IO

PN e e (true fungid.. ... uuan. .. Sub-phylum Eumycotina = . -...,.. . .2}

3

2 Hyphal filaments jusually coenoctytic, rarely s;:ptate, sex dglls when ptesent x:crming
oospores or zygospores, aquatic species propagating asexudlly by zoospores, terrestrial

species by zoospores, sporangiospores conidia or conidia-like sporangia .. Phycomycetes'. .. 3

. The phycomycetes are generally considered to include the most primitive of the true
fungi. As a whole. they encompass a wide diversity of forms with some ;showing relation-
ships to the flagellates, while others closely resemble colorless algae, and still others
are true molds. The vegetative body (thallus) maysbe non-specialized and entirely con-
verted into a reproductive, organ (holocarpic), or it may bear tapering rhizoids, or be *
mycelial and véry extensive. The outstandipg characteristics of the thallus is a tendency - . ¢
to be nonseptate and, in most groups, multinulliate; cross walls are laid down in vigorously
growing material only to delimit the r&orductive organs. The spore unit of nonsexual re-
production is borne in a siorangium, and, in aquatic and semiaquatic orders, 15 provided
with a single postériér-ox: amterior flagellum or two laterally attached ones. Sexual activity
in the phycomycetc‘s characteristically resu{ts in the formation of resting spores,

. 2_{1"Y Hyphal filaments when present sef;tate. without zoospores. with or without sporangia.
. . usually‘with conida; sexual reproduction absent pr culminating in the formation of asc1
or basidia ... ............ T P 8

! . M 3Q) Flagellated cells charéctenst?cally produced......... e e , . o e 4
3 Flagellated cells la_g__(ing or r{'ely Produced. . ... .i. e s e .7
\ ’ [} ¢ . N - .
.- 4(3) Motile cells uniflagellate. ...... e e e e e ... S
o4, Motile cells biflagellate. ... ... ... .. ....0...nns A G e e T T
“ e

. 5(4) Zoospores postcrior‘lfuniflagellate. formed insi’de the sporangium . class Chytridiomycetes

The Chytridiomycetesproduce asexual zoospores with a single posterior whiplash
flagellum. The thallus is highly variable, the niost primitive forms are unicellular and
helocarpic and in their early stages of development are plasmodial (lack cell walls). mgre

. advanced forms develop rhizoids and with further evol nary progress develop mycelium
‘7 ' The principle c[.:emical ‘component of the cell wall is chitin, but cellulose is also present.
.Chytrids are typically aghatic organisms but may be found in other habitats. Some species
. “ "ire chitinolytic and/or kératinolytic. Cletrids may be isolated from natyre by baiting (e, g.
! hemp seeds or-pine pollen) Sbytrids occur both in marine and fresh water habitats and are
f of some economic importance due to their parasitism of algae and animals. The genus
Dermocystidium may be provisionally grouped with the chytrids. Species of this genus
cause serious epidemics of Qysters and marine and fresh water fish. -
. ¢ H -
5! Zoospores anteriorly uniflagellate, formed inside or outside the spbrangium. Sy e ,class
M S et e . .Hyphochytridiomycetes

- . n . » ¢
Thes' fungi are aquatic-(fresh water or marine) chytfid-like fyngi whose motile cells
possess a single_anterior flagellum of the tinsé'lft)"pe (feather-like). Thay are parasitic gn
algae and fungi or may be saprobic. Cell walls contain chitin with some species also demon- -
o ’ strating cellulose content. Little information‘is, available on the biology of this class and
¢ : . at present it is limited to less than 20 species. . '
N a ' = S A
\ 6 (42) Ef:gella nearly equal, gne whipiash the other tinsel.................. clags... ...Oomycetes
. )

: “ ) A number of representatives of the Oomycete ﬁave been shown to have cellulosic cell
walls. The mycelium is cognocytic, branched an S well developed in most cases, JThe sexual
process results i'p the formation of a resting spore of the oogamous type, i’e., a type of N
fertilizationdn which two heterogametangia cqme fn contact'and fuse their contents through~_
) a po‘llg or tube. The-thalli in this class reege fr'Bn] urmicellular to profusely branched :
. filamentous typeif Most forms are eucarpicf zoospores arc produced throughout the clasg
except in the more highly advanced species Certain species are of economic importance dué
~~4o their destruction of food crops (potatoes and grapes) while others cause serious diseases of
fish (e.g.‘-Saprolegin_aparasitica). Members of the family Saprolegniaceae are the common

-5 - . y .
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water molds and are among the most ubiquitous fungi in naturo» The order Lagemd\a es
includes only a few species which are parasitic on algae, smalf™animals. and other aquatic
life. The somatic structures of this taxon are holocarpic and endobigtic. The sewage fgngi+
are classified in‘the order Leptomitales. Fungi of this order are characte rized by the
formation of refractile constrictions. cellulin plugs ' occur throughout the thalli or, at lpast,
a{ the bases of hyphae or to cut off reproductive structures. Leptomitus lacteus may

produce rather extensive fouling flocs or slimes in organically enriched waters.
‘ ‘

Flagella.of unequal size. both whiplash ivv vvve o ....class... Plasmodiophoromycetes
I -
Members of this cla e obligate endoparasites of vascular plants. algae. and fungi
The thalliis consists of a pla dium which develops within the host cells. Nuclear division
at some stages of the life cycle of a type found 1n no other fungi but known to occur in
protozoa. Zoosporangia which ar\e directly from the plasmodium bear zoospores with two™
unequal anterior falgella. The celljwalls of these fungi apparently lack cetlulose.

Mainly 'saprobic. sex cell when present a zygpspore.. .. .. . . . Zygomycetes

This class has well developed mycelium with septa developed in portions of the
oldar hyphae. actively growmg hyphae are normally non-septate. The asexual spores ate
non-motjle sporangic#pores (aplanospores) Such spores lack flagella and are usually
aertaly disseminated. Sexual reproductxon is initiated by the fusion of two gametangia
with resultant formation of a thick-walled. resting spore. the zygospore. In the more
advanced species. the sporangia or the sporangiospores are conidia-like Many of the
Zygomycetes are of economic importance due to their ability to synthesize commercially
valuable.organic acids and alcoRols. te transform steroids such as cortisone. and to
parasitize and destroy food crops. A few species are capable of causing 'disease in man
and animals (zygomycosis) o

“

Obligate commensals of arthropods. zygospores usually lacking .chss .. . Trichomycetes
1 . . ’
Y The Trichomycetes are an ill-studied group of fulgi which appeax\'\(\o be obligate
dommensals of arthropods. The trichomycete re associated witl} a wide variety of insecta.
ﬂxplopods. and crustacea of terrestrial and aqu\nc (fresh and marine) habitats. None of
the members of this class have been cultured in vitro for continued periods of times with any -
success. Asexual reproductxon is by means of sporangiospores Zygospores have been

observed in species of several orders. ..

.

Sexual spores borne in asci.... - QA' scomycetes

- In the Ascomycetes the products’ of meiosis; the ascospores. are borre m sac

¢ Jike structures termed asci. The ascus usually contains eight ascospores. but the number
produced may vary,with the species or strain. Most spegies produce extensive septate
mrycelium. This large class is dwxded into two subclasses on the presence or absence
of an ascocarp. The Hemiascomycetidae lack an ascocarp and do not produce ascogenous*
hy‘phae this sdbclass includes the true yeasts. The Euascomycetidae usually are divided
into’'three series (Plectomycetes, Pyrenomycetes, and Discomycetes) on the basis of
ascocarp structure. .

e
N

~ .
Sexual spores borne on basidia..... . ...4)Basidiomycetes

The Basidiomycetes generally are considered the most highly evolved of the f\;ngi.
Karyogamy and meiosis occur in the basidium which bears sexual exogenous spores,
% basidxosporea leg mushrooms. toadstools, rusts, and smuts are included in this class.
. 4 ‘
_Sexual stage lq.'cking. P . .Form clasﬁ.(I-‘ungi"Imperfecti)..Deuteromycetes

to the Ascomycetes or Basidiomycetes) which have,not demongtrated a sexual stage.
The generally employed classification scheme for these fungf is based on the morphology
'and color of the asexual reproductive stages. This scheme is briefly outlined below.,
Mower concepts of the classification based on conidium development after the classical
work.of S. J. Hughes (1953) may eventually replace the gross morphology system (see
Barron 1968).

¥

The Deuteromycetes is a form_class for those fungi (th/\orphological affinities ~

'
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KEY TO THEI FORM-ORDERS OF THE FUNGI IMPERFECT1

! Reproduction by means of conidia, oidia, or by :bu(!ding
1 No reproductive structures present....

2(1) Reproductior by means of conidia borne in pycnidia

2! Conidia, when formed, not in cycnidia
- - ’

‘3(2Y) Conidia borne in acervuli .. R ciesnieesessaaaonei... . Melanconiales E

3 Conidia borne otherwise, or reproduction by oidxa or by budding , Moniliales

KEY TO THE FORM-FAMILIES OF THE MONILIALES -

1 Reproduction mainl)" by unicellular budding, yelst-like; mycelial phase, if present,

- . secondary, arthrospores occasionally produced, manifest rpelanin pigmentation lacking
I Thallus mainly filamentous; dark melanin pigments sometimes produced. ..

Ballistospores produced .... . - .'Sporobolomycétaceae
No ballistospores......... cee ce saeen Cryptococcaceae

Conidiophores, if present, not unit~.ed into sporoddchia or synnemata
Sporodochia present...
Synnemata present . ' Stilbellaceae

Conidia and conidiophores or oidia hyaline or brightly colored......... .. .’Moniliace.ae
Conidia and/or conidiophores, containing dark melanin pigment Dematiaceae

14
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, "PROTOZ0OA, NEMATODES, AND ROTIFERS ’
N s . Tl i . -
1 GENERAL CONSIDERATIONS " - considered as indigenous to natural y
. _ waters, Sulfur and iron bacteria are
A Microbial quality ?onstitutes only one more common {n the bottom mud, .
. aspect of water sanitation; microchemicals : o,
1 and radionuclides are attracting increasing C_Actinomycetes,” Bacillus sp. Aerogenes
amount of attention lately. . sp., and nitrogen-fixation bacteria are
A . ' : primarily soil dwellers and may be washed
‘B Microbes considered:here include bacteria, into the water by runoffs.
' protozoa, and mitroscopic tetazoa; algae .
and f .mgi excluded . E Nematodes are usually of aerobic sewage
’ ‘treatment origin, . .
C Of the free-living fogrn§, some are - ' rL.
' members of the flora and fauna, of surface D E, coli, btreptococct, and Cl. Berfringens
waters; others washed into the water from are true indicators of fecal polltﬁi.o ..
. air and soil; still others of wastewater - .
",  origin; nematodes most commonly from " . m PROTOZOA -t
- sewage effjuent. Y o . i
e L * A Classification
, D Hard to separate "native' from "foreign" - L ’ , Tt
free-living microbes, due to close 1 Single-cell animals in the most
- - assoclation of water with soil and other ~ ~ 7 primitive phylum (Protozoa) in the
» environments; generally speaking, bacteria * animal kingdom.r .
N adapted to water are those that can grow ‘
on very low concentrations of nutrient 2 A separate kingdom, Protista, to i.n- \
and zoomicrobes adapted to water are cl(__e protozoa, algae, ‘fungi, and
those that feed on algae, and n=matodes, bacteria proposed in the 2nd edition™ -
especlally bacteria eaters, are uncommon of’ Ward-WS).ipple s Fresh-Water ’
-/ in water but in large numbers in sewage . B Biology =
. effluent. . ’ . ! .

3 Four subphyla or classes:

E More species and lower dzasities of o g
. .microbes in clean water and fewer species . ~
" and higher den¥ities in polluted water. , ~

{ Mastigiphora (flagellates)-Subclass -
_ phytomastigina dealt with under '
X algae; only subclass Zoo:nastig na s-

F Pollution-tolerance or nontolerance of & ; included here, 4 orders: .

microbes closely related to the DO level —— .
required in resplration. ' « 1) Rhizomastigina - ‘with flagelldm /.

o . . or ﬂagella and pseudopodia -
~ G From pollution viewpnint, the following o N

e

.

2) Protomonadina with 1 to 2 -

¥ groups of microbes are of importance: ™ ‘
Bacteria, Protozoa, Nemateda, and ' ' gpaﬁf% mostly free-living many &
Rotifera. * ° . .
o . : 3) Polymastigina - with 3:to 8 ]
II B AC‘TERI Ay ton N flagella; mostly parasitic in®
elementary tract of animals ' .
- A No ideal method for gtudying distribution ¥ and man . -
’ d 1 {b 1a. freghwater, -
3 and ecology of bacteria in freg wiet' e 4) Hypermast inhafitants >
B According to Collins,( )Pseudomonas, » ' ofa‘limen ary tract sects,
*  Achrombacter, Alcaligeries, Chromoebac- G _‘ !
. :ferium, Flavobacterium, and Micrococcus .- J ' i N .
i T are the most wide distributed and may be " g . o

" ‘ 10-1 -



Protozoa, Nematodes} and Rotifers |

. 1)

b Ciliophora or Infusoria (ciliates) -
no pigmented members; 2 classes: _

e t

1) Ciliata - cilia present during the,
whole trophic life; containing

4

Sarcodina {(amoebae) - Pseudopodia
(faise feet) for locomotion and food-
capturing; 2 subclasses: ‘

1) Rhizopoda - Pseudopodia without
axial filaments; 5 orders:
" a) Proteomyxa - with radiating
pseudopodia; without test or

-

d) ‘Testacea - amoeba with single
, testor shell of chitindus
material

»

&

e) Foramlmfera - amoeba with 1
or more shells of calcareous
nature; prac.tlcally all marine
forms

C

>

.
d Sporozoa - no organ of locomotion;

amoeboid in asexual ghase; all

paraSitlc

toer

“

B General Morphology

1 Zoomastigina:’

Relatively small size (5 to 40 u); with

. the exception;of.Rhizomastigina, the ~
body has a definite shape (oval, leaf-

" like, pear-like, etc.); common members
with 1 or 2 flagella and some.With 3, 4,
or more; few formjng colonies; ¢ v .ctome

~

\

»

_2 Tiliophora:

P

_ present in many for feeding.
\

-

\.

maJorlty of the ciliates &  Most higth‘developed'protozoa; with

. . s few exceptions, "a macro and a micro-

. 2) Suctoria - cilia present while . nucleus; adoral zone of membranellae,
- yo,unﬂand tentacles during jrophic ¥ mouth, rand groove usually present in
i Life. < swimming-and crawling forms, some

w1th conspicuous ciliation of a disc-like
anterior region and little or no Body
cilia (stalked and shelled forms);
Suctoria nonmotile (attached) and with-
out cytostome cysts formed in most.

-

§ Sarcodina:

-
-

_ Cytoplasmic membrane but no cell wall;
endoplasm and ectoplasm dlstmct or im=,

~  shell - distinct; nucleus with small or large
- ¢ nucleolus; some with test or shell;
b) Mycetozogd - fdrming plasmodium; oving by protruding pseudopodia; few
resemblink fungi in sporangium | ‘.‘,g’. ;;pable of flagella transformation; fresh-
, fprmafion N S Gy~ ‘\f{/ water actlenopods usually sperical with
N T, b} \ many radiating axopodia; some Testacea
S c) Amoebina - true amoeba - %% - .. containing symbiotic algae and mistaken-
A forrmng lobopodla. K \ for pigmented amoebae; cysts with smgle '

xor double wall and 1 or 2 nuclei.

% Y
%

A3

4 Sporozoa: to be mentioned later.

“ -

General Physiology
1 Zoomastigiha:

Free-living forms normally holozic;
.food supply mostly bacteria in growth
film on surfaces’or clumps relatively
aerobic, therefore the first protozoa to
disappear in \anaerobic conditions and
re-appearing ‘at recovery; repréduction
by simp e‘flgsi%ir occasionally by
budding, A

3

r

>

-

Ciliophora:

Holozoic; truge ciliates c?mcentrating

food particles by ciliary movergent.

around the mouth part; sucteria sucking
_through teJacles bacteriaand small -

120
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.Protozoa, Nematodes, and Rot'ifer‘s

algae and protozoa’constitute main

food under natural conditions; s

shown in laboratory to thrive o;v?eid
organic matter and serum protein; not as
aerobic as flagellates -.some surviying
under highly anaerobic conditions, such
as Metopus; reproduction by simple
fission, conjugation or |encystment.

( 3 Sarcodina:
Holozoic; feeding through engulfing by

- pseudopedia; food essentially same as
for ciliates; DO requiremeént soméwhat
similar to ciliates - the small amoebae
and Testacea frequently present in large
numbers in sewage effluent and polluted
water; reproduction by sxmple fission

. and encystatmn. /

-

Iv NEMATODES L

A Classification ]
. ‘( -
I
1 Al in‘the phylum Nemata (nongegment-
ed round worms); subdivided by some
authors into two classes:

Secernentea - 3 orders:
* (phasmids) )

- Tylenchida, Rhabditida, Strongylida,
'ﬁx\eratocephalida with papillae on
malétail, caudal glands absent.

.

’ .

3 L
. '

Adenophora - 6 orders: '
-( aphasmids)

Araeolaimida, Dorylaimida,

ve}

Chromdorida, Mohhysteric_la, Enoplida,

and Trichosyringida no papillae on

"~ male caudal glands absent. .

2 Orders encounteredin water and sewage
treatment - Free-living forms inhabitat-
» ing. sewage treatment plants are usually
. - bacteria-feeders and those, feedmg on

‘waters feeding on plant matters; they
fall into the following orders:

- . other nematodes; those inhabitatmg clean

* 4 Rhabditida ~ No stylet in fouth or caudal °

\\\\ {

ve

3 Tylench1da - Stylet ‘Lxuaouth mostly
plant parasites; some feed on
nematodes, such as Aphelenchoxdes !

.

. glands in tail; mostly bacteria~feeders;
common genera: Rhabiditis, Diplogaster,
Diplogasteroides, Monochoides, Pelanra,
Panagrellus, and Turbatrix,

- "N

5 Dorylaimida - Relatively large nematodes;
stylet in mouth; feeding on other nematodes,
algae and probably zoomicrobes; Dorylaimus
common genus, .

Al

6 Chromatiorida - Many marine forms; ‘
some { eshwater dwellers feeding on
algae;; /chgtacterized bﬁstrong orna- .

ehtgtion of knobs, bristles or ‘

/puncfations in 'cuificle. . /

7 Mgnhysterida - Freshwater dwellers;
eSophago-intestinal valve spherical to
elongated ovaries single or pan'ed
usually s/tralght common genus in

water - Monhystera,

.

8 Enoplida - Head usually with a number
' of setae; Cobb reported one genus, .
Mononchulus, in sand filters in
~Washington, D.C.

General Morphology 4

¢ ‘ . 2.
Round, slender, ngnsegmented (transverse

* markings. in.cuticle) of some) worms;

some smail (about /; mm long, as Tri-
cephalobus), marny 1to 2 mm long
(Rhabditis, Diplogaster, and Diplogasterioded

for instance), and some large (2 to 7.mm, .
such as Dorylaimus);-sex separated but few

parthenog@nstic; complete alimentar); canal; - i

with elaborate mouth parts with or without
stylet; complete reproductive system in °
each sex; no circulatory or respiratory
system; complex nervous systém with .
eonspicuous nerve ring across ocesophagus.

.
General Physiology .

1 Feeding - Most sewage tfeatment plant
dwellers feeding dn bacteria; others o
preying onprotozoa, nematodes, ;cotifex;s;d-;o

. 4

»
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.etc,, clean-water species ap&g.re ntly, Keratella, Monostyla, Trichocerca,
vegetarians; those with stylet in moyth " Asplanchna, Polyarthsa, Synchaeta, . .
use the latter to pierce the body of/anirhal- Microcodon; common genera under the . ~
or plant and suck contents; metabolic .~ _ order Fiseculariaceae: Floscularia,
waste mostly liquid containing ammoniam and Atrochus, Common genera under A
. . carbonaté or bicarbonate; enteric . ‘ order Melicertida: Limﬂmiand . B
. . pathogens swallowed randomly with = Conochilus, - PRV
. susperding fluid, hence remote possi< 5 Unfortunately orders and familieg of
bility of sewage effluent-borne nematod.eﬁ .77 ‘rotifers partly based on character of - \
‘being pathogen-carriers. . ~s 2.+ corcna and trophi(chewing organ), ‘ =~

L . ) -:‘ " B " which are difficult to study, ‘esp, the - of
N - latter; the foot and cuticle much easler L

2 Oxygen requirement - DO appirently - .to study. . <
diffused through cuticle into body; DO . . b g
reduirement somewhat szmxlar to ‘B, 'Gene_rat Morphology and Physiology | - .

, brotozoa; Rhabditis téle ratmg reduced ! R S Co ” oo
DO better than othier Rhabditida members ' 1 Body weakly differentiated into head,s .

. all dxsappear under sepsis in 1liQuid; some:" neck, trunk, and foot, separated by T

" thrive in drying sludge . " folds; in some, these regions are - “/
°3 Reproductmn - Normal life cycle requires - merely gradue.[ changes in diameter /

) mating, egg with embryo formation, . ef body ant‘i without a separate neck; . 1

- hatchmg of eggs inside or outsiie femals, segmentathn external only. ¥
¢ larval stages, and adult; few repro- 2 Head with’ corona, dosal antenna, and -
duce in th_e apsefice of males. > . * ventral mouth; mastax, a chewi éorgan

i . ; . ) < . - located in head and neck, conn ed o / ‘
.V ROTIFERS - - : mouth.anteriorly by a ciliated gullet an |
T N ’ . posteriorly to a large st,oma;/h occupy g
A Classification; — : ©© ', much of the trunk, .
‘ - L1 Classified exfher as a c].ass of the phylum 3 Cominon rotifers reproducing partheno- "
- "' Aschelminthes (varmus forms of worms) genetically by diploid eggs; eggs laid in
orasa separate‘ phylum (Rotlfera), com= water, cemented to plants, or carried
monly called wheel animalcules, on — on female until hatching, . v
account of gpparent circular movement of ’ : " *
cilia around head (corona); corona con- y 4 Foot, a prolongation of body, usuaHy .
tracted when J g or swimming and ‘with 2 {oes; some with one toe; some °
expanded'whe ched to catch food, - with one toe and an extra toe-like A
A YO - - —structure (dorsal spur). .

* gg;ﬁi;i:;?s riip:d(gj'l:grr)r:ee:uiggrs S \‘5 -Some, like Phlilodina, concentrating + - -
unde & Dlgon nta (2‘ ovaries) and the bacteria arid other mlcrobes and minute ' -
other being Monogonont (lovary), . partlculate organic matter by c111ary —

. $exsomdeay contammg m stly marine - movement on gorona largermcrobee s
2 forms. /_ chewed by mastax; some such gs ,
, . \ Monostyla feedmg onclumped matter, T N
. 3 Class D1gononta contaitling 1 order_ .. suchas bacterlal growth, fungal masses, .
(Bdelloida). with 4-families, Phﬂodmedae “ete. at bottom; virus generally not
being the most unportant. . :::lgxisted - apparenfly undetected by . .

47 Class Mono ononta comprisin ordefs:.-:* Y
Notommatxdi (‘mouth notpnear ienteiof 6 DO requxrement someWhat similar to LT
coréna) with 14 families, Floscularida protozoa; Bome disappe ring upder

* - Melicertida ¢corona with two wreaths_of reduced DO, others, lik Phuodma
cilia and furrow between them) with 3 . surviving at as little as 4 ppm DO . -

* families; most import-genera included - ) . “ 1

m the order Notommatida: Brachionus, " . . . *
. . - TR e g - . - - N
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Protozoa, Nematodes, and Rotifers

_ VI SANITARY SIGNIFICANCE

A Pollution tolerant and pollution non-

tol t species - hard to differentiate -
ing specialist training in protozoa,

nematodes, and rotifers.

B Significant quantitative difference in clean
and polluted waters -~ clean waters con-
‘taining large“variety of genera and species
but quite low in densities.

C Aerobic sewage treatment processes -
(trickling filters and activated sludge -
"processes, even primary settling) ideal
breeding grounds for those that feed on’
bacteria, fungi, and min rotozoa and
present in very large numbers; effluents
from*such{rocesses carrying large num-
bers of theSe zoomicrobes; natural waters
receiving such effluents showing significant

. increase in all 3 categories,

-

D Possible Pathogen and Pathogen Carriers -

1 Naegleria causing swimming associated
meningoencephalitis and Acanthameoba
causing,nonswimming associated cases,

d

2 Amoebae. and nematodes grown én
pathogenic enteric bacteria in lab;fione
alive in amoebic cysts; very few alive
in nematodes after 2 days after ingestion;

‘ wvirus demonstrated in nematodes only
when very high virus concentrations.. %
present; some“reeliving amoebae -

" parasitizing humans,

3 Swimming ciliates a.nd some rotifers
(concentrating food by corona) ingesting
large numbars of pathogenic enertic
bacteria, but digestion rapid; no .

o
-

~

B. Protozoa and rotifers < should be included

. evidence of concentrating virus; crawling '

ciliates and flagellates feeding on clumped o

orga.nisms.

» ¢

o4 Nematodes concentrated from sewage
effluent in Cincinnati area showing
live E. coli and streptococet, ‘but no*

human enertic pathogens,

VII EXAMINATION OF WATER FOR MICROBES

4 ‘ . ~
‘A Bacteria - not dealt here,

S

X

12

3

in examination for planktonic miercbes.

C Nematodes

-

D Laboratory App’aratus(s)

1 Sample Bottles - One-gallon glass or
plastic bottles with metal or plastic.
ascrew caps, thoroughly washed and
ringed three times with distilled water,

2 Ca_p_illa_z:y Pipettes a a.nd  Rubber Bulbs -
Long (9 in, ) Pasteur o capil]ary pipettes
and rubber bulbs of 2 ml capacity.

3 Filtration Unit - Any filter holder’
assembly used)in bacteriological
examination, " "The funael should be
at least 650 ml and the filter flask at
least 2 liter capacity.

Filter Membranes - Millepore SS {(SS
047 MM) type membranes or equivalent.
5 Miecrpscope - Binocular microscope
with 10X eyepiece, 4X, 10X, and 43X
o.bjectiveg, and mechanical stage.

E Collection of Water Samples .
Samples are collected in the same manner,
as those for bacteriological examination,
except that a dechlorinating agent is not-

* needed. One-half to one gallon samples are
collected from raw water and oae- gallon
samples from tap water. Refrigeration is

not essential and samples may be transported
without it unless examination is to be delayed

for more than'five days.

4

F Concentration of Samples

» .\

1 One gallon of tap water can usually be
filtered through a single 8-u membrane
within 15 minutes unless the water has.
high turbidity’, - VAt least one gallon of

sample should be used ina single examina-

tion. Immediately after the last of the

water is disappearing from the membrane,

the suction line is disconnected and the
membrane placed on the wall of a clean

50 to 100 ml beaker and flushed repeatedly
with about 2-5 ml of sterile distilled water

e ;
'

'Aﬁﬂ#h‘: 10 "5
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-

#"%
with the aid of a‘capillary pipette and a
rubber bulb, The concentrate is then
pipetted into a clean Sedgewick-Rafter =
Counting Cell and is ready for examina-
tion. ~
5} concentration of raw water samples ’
having visible turbidity, two to four

. 8-micron membraneg. may be required
per sample, with filtration through each

brane being limited to not more
than 30 minutes., Samples ranging from
500 ml to 2 liters may be filtered with
ons membrane, depending on degrée of

turbidity. After filtration the membranes v

.are placed 3n the walls of separated
beakers-and washed as above, To
prevent the particulates from obscuring
the nematodes, the washing from each
filter is examined+in a separate counting
chamber.

»

G 'Direct Microscopic Examination-
. . AL-

Each counting chamber containing the
filter concentrate is first examined under
a 4X objective. Unless the concentrate
contains more than 100 worms, the whole
cell area is surveyed for nematodes, with
respect to number, developmerntal stage,
and motility., When an object having an
outline resembling that of a nematode is
observed it is rerexamined under a 10X
objective for anatgmical structures, unless
the object exhibit® typical nematode move-
ment, which is sufficient for identifying the
object as a nematode. When the concentrate
contains more than 100 worms, the worm
density can be estimated by counting the
number of worms in representative rhicro-
scopic fields and multiplying the average
number of worms per field by the number
of fields in the cell drea. The nematode
density may be expressed as riumber of
worms' per gallon with or without differenti-
ation as to adult or larval stages or as to
viability. -

H' General Identification-of Nematodes

1 While actively motile nematodes can be
readily recognized by any person who
has some general concept of micro-
gcopic animals, the nonmotile or

‘
Pl

-~

10-8

s sluggighly motile nematodes may be

confused with root fibers, plant fila~
ments of various types,” elongated
ciliates ‘'such as Homalozoon vernii-
culare, or segments of appendages of
small crustacea. To facilitate a-
general identification of nematodes, the
grogs morphology of three of the free-
living nematodes that are frequently
found in water supplies is shqwn in the
attached drawing. The drawing provides
not only the general anatomy for recogni-
tion of nematodes but also most of the-
essential structures for guidance to those
who want to use the "Key to Genera'' in
chapter No. 15 on Nemata by B. G,
Chitwood and M, W, Allen in the book,
Fresh Water Biofogz.(lo)

Under normal conditions, practically
all nematodes seen in samples of

. finished water are in various larval
stages and will range from 100 to 500
microns®in length and 10 to 40 microhs
in width. Except in the fourth (last)
stage, the larvae have no sexual organs
but show othei structural characteristics.
If identification of genera -is desired,
the filter washings are centrifuged at
500 ?S“m for a few minutes, "The

. supernate isﬂiscarded exc&pt a few
drops, and the sediment is resuspended
in the remaining water. A drop of the
final suspension is examined under both
10X and 43X objectives for anatomical
characterisgtics, without staining, and for
supplementary study of structures the
rest is fixed in 5% formalin or other -
fixation fluid and stained according to -
instructions given in Chitwood and
Allen's Chapter -on Nemata, (7.

Goodey s Soil and Freshwater Nema- -
todes{11) or other books on nematology.

2

VIII USE OF ZOOMICROBES AS -

POLLUTION INDEX

) ’

A Idea not new, protozoa suggested ldﬁg ago;
many considered impractical because of
the need of identifying pollution-intole rant
and pollution=tolerant species.~ proto=
zoologist required. Method also time
consurmng. v

124



Protozoa, Nematodes, and Rotifers ~ .

B Can use them on a quantitative basis - FLAGELLATA -
- nematodes, and nonpigmented
protozoa present in small numbers in
clean water. Numbers greatly increased
when polluted, with effluent from aerobic .
tneatment plint or recovering from sewage =~ 01'komonas termo % ‘ .
pollution; no significanf error introduced
“when clean-water members included in the - ;
enumeration if a suitable method of com- Peranema trichophorum
pdting the pollution index developed. '

. . - Swimming type
C Most practical method involves the P -y
equation: A + B+1000C = Z.P.1L, ‘ Clhophora
A

Colpidium colpoda '

Bodo caudatus

. Iy <
Pleuromonas jaculans

Cercomonas longicauda

where e
A = number of pigmented protozoa, - Colpoda cugulus
B = non pigmented protozoa, and

C = namatodes in a unit volume of sample,
a1d Z,P.1, = zoological pollution index.

For relatively clean water, the value of
Z.P.1, close to 1; the larger the value
above 1, the greater the pollution by aerobic
‘effluent (see attached report on zoomicrobial
indicator of water pollution).

Glaucoma pyriformis - . 7

3

Stalked type

Paramecium candatum; P bursaria
-5

‘Opercularia sp. (short stalk dichotomous)

L4
Vorticella sp. (stalk single and contractile)

oo .. .
« CONTROL , - Epistylis phcatllis {like opercularia, more
.. : _ colonial, stalk not contractile)
A_Chlorination of effluent o .
‘ S . Carchesium sp. (11ke vorticella buat colonial,
B Prolongation of detention time of effluent X " Individual zooids contractile)
. N . . . §
C Elimination of slow sand filters in Zoothammum sp., {entire colony contracts)
nematode control. ' N
> . ’ Crawling type * L )
LIST OF COMMON ZOOLOGICAL ORGANISMS ST ‘
FOUND IN AEROBIC SEWAGE TREATMENT Aspicisca costata .
PR(?QESS Euplotes patella vl
e .o o, . e Stylonychia mylitus
. T
'PP,Q'I.‘OZOA ‘ : ] Urostyla sp, >
Sarcodina - Amoebae . Oxytricha sp. °
Amoeba proteus; A radiosa’ . i ? BN
L NEMATODA . "
Hartmannella ‘. . : . .
Arcella Vulgaris Diplogaster sp. Dorylamus sp.
Noegleria gruberi ., Mozochoides sp. Chlindrocorpus sp.
Actinophrys . . v
- - Diplogasteroides sp. Cephalobus sp.
s . — 1 o - Rhabditis sp. - ' Rhab&to}gy_n_ps 5P
! Pelodera sp. Monhystera sp.
- . 1 05 Apheleqchoides sp. Msp.
z 5 s ~ - o s

. : ' 10-7
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PN ,

ROTATORIA
Diglena

L, M_%[los;_txla
Polyarthra

Philodina

Keratella

Brachiouus
OLIGOCHAETA (bristle worms)

h\ Aelosomh hemprichi_

Aulophorus limosa

Tubifex tubtfex - N

Lumbricillus linéatus

INSEC’I; LARVAE ' . F
(_Z_hironomus
Psychoda sp. (trickling filter fly)

ARTHROPODA - .

Lessertia sp.

.
Porrhomma sp.

Achoratus gubuiat@_u_s_ (‘f:oller_nbala).

Folsomia sp. (chlemi)ola) F

Towmocerus sp. {collembola)
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Protozoa, Nematodes, and ﬁ)tifers Y

~—

aﬁ\

¢

<%— Raw Sewage

- Effluent L
i Hf L _Insects B
TR RR {f
-~ FILTERS Oligochaetes & 4. Suspended odganic matter
, insect larvae
) drolys1s)
'———-———-—_,-v.;.-'__ - s /I
' Nematodes . \
. & rotifers
' _JA : 'L. A N _‘D1ssolved organic matter
' T .1 . 1
AERATION Nonpigmented 7
TANKS protozoa ’
- L A L‘ (respiration,
. # . deamination,
Heterotrophic . decarboxylation, etc.) *
‘_ _bacteria / I
! L - Inorganic C, P, N,
Fungi S comp.
R FILTERS Algae ; s - =
IB__F_ _____ g 4~ (NH3 NO,, Co,, P)
Autotrophic bacter1a -#}—— (Nitrification, sulfur
; " & iron bacteria)
S . -(h- -
Pathogenic orgamsmsV
£ s A

R

Food Cha'in in Aerobic Sewage Treatmént Processes
. . . P ¢ . . . -

-
-
.

The same Sequences and procesges occur
in polluted streams and streama receiving

treated wastes.

hery

‘e
.

- .




NNNNNNN

\ . ‘:%

.- - ACTIVATED SLUDGE
PROTOZOA

——

Larger animals (worms, snails, fly larvae, 1

etc.) dominate tricKling filters, Why are
these always absent from the activated
sludge process? .

Why are there numerous micro-species "2
common to both trickling filters and
activated sludge? -

What drganisms besides protozoans and * 3
animals are present in activated sludge? .

" What is the adv}a.ntage(s) of microscopic 4

examination of activated sludge?

One sa,thpling site would be the one of choice 5
in sampling an activated sludge plant for
microscopic analysis., Why? Where?

)

What organisms predommate in act1vated 6
sludge? .

Why are photosynthetic green plants (in 7

_contrast to animals) basically absent from

the act}vated sludge process in general and
mixed liquor specifically?

hy are the same identical species of protozoa 8

d in activated sludge plants all over the C
world'>

What is, the significa.nce of a microscopic 9
examination of mixed>liquor?

Defirie and characterize: . 10

Activated Sludge )
.Mixed L1quor v
Flocs :

v N .
What is the relation between bacterial] . 11
protozoan populations in activated sludge

" and the process itself? ' .

At what total magmﬁcatton were” you able to 12
believe the smallest cells observedawere in

fact bacteria? . L

e

Actlvated sludge is a dynamic (although 13

man-manipulated) ecosystem, How.does’
it differ from a natural ecosystem?

BI. IND. 148»0 60 76 - I’ ‘.

MC. . ‘ '_,k. . . :_ . - 199
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What is the greatest problem(s) W1th a wet
mount slide preparation?

How do you overcome these disadvantages?

How do you slow down fast moving prétozoans
on a wet mount? - -

Why are quantitative counts of prbtozba (like
number/ ml) genérally meaningless?

What is the significance of proportional
counts?

Scanning a slide (in making a count) should
generally be done at X. (Total
magnification)

The iris diaphragm on'the’microscope is
used to adjust light intensify (true-false).

Why sample the surface film of the
settleometer?

Why is the thinnest film most ideal for a
wet mount? |

What did you learn from the microscopic
* examination' of the activated sludge?

What is the phys1ca1 nature of the flocs
obsegved?

What filamentous organisms were
observed?

Why are '""rare' species of no practical
significance in microscopgﬁanalyses of
activated sludge?

‘Why are there no ;Srotozoan indicator species
of process efficiency in activated®ludge?

Activated sludgebiological communities,
are temgora in contrast to biological
.communities in trickling filters which
are spatlal‘(TRUE |FALSE),

"Seeding' a newly started activated sludge
plant with cultures or material from other
plants is only a wasted effort (TRUE/FALSE)
Justify your answer. -




-

if a wet mount slide of mixed liquor is 30 D . S 4N
prepared and placed in‘a petri dish with a L T N . ) O N
wet blotter underneath and allowed to git « ) ‘ .o 5 :
for several hours, what will be the distri- _ : ) ’ e .
bution of the protozoa under the cover slip? N R S
Ina mixed liquor sample nearly all of the 31 - * e \ l N '
stalked ciliates havé "broken off' the stalks L, . LT
and are fregsswimming-as "telotrochs, " . . . - o
What does’this indicate? @ . _— :
What are Monads? And are they good, had, 32 ' . . ) "
Yor indifferent in activated sludge? . ° “ - ,

. \‘ Y ° v
What are hypotrichs or crawling ciliates, 33 ‘ ! %
and are they good, bad or indifferent in . S . L N
activated sludge? ss 3 ' : c . .
What are swimming ciliates, and are they 3¢ i -
vgood,,bad or indifferent in activated sludge? . . e -

What are flageliites, and are they good, bad 35 . . ' : s,
or indifferent in activated sludge? . . . »
What are amoebae, and are they good, bad, 36 ‘ ) . . ~ .
or indifferent in activated sludge? - .. : ’ / ' k
° S =R ?,° ©
_What are the ideal characteristics of a wet ° 37 7. i '
nrount slide preparation? ) . ’ ' 7 < °
Why does total community give.a betfer °® , 38 — e ’
indication of process efficiency in activated v s ¢ ¢ _h’ oo ®
sludge? ' oY ° ‘ - ’
° _ﬁ ° _ 4 - o ’:Q
In observing and identifying protozoa one looks 39 Y ' . °
for what characteristics of an individual . ! oL s a
organism? o ’ o, . . e .
What ig the role of bacteria in activated **~ 40 ° . ,
sludge? ° - . . . N .
v, - . N . 0 - ’
. What'is the role oi‘,protozoa in activated | 41: - - 7 "~ o
sludge? . B . ‘
Microscopic analysis of ’@mixed ¥quor 42 - '. T S <. @
-sample can be very quick, simplé, and % . : -

meaningful (TRUE/FALSE). - . ’ LT *y




Activated Sludge Protozoa -

L. ~ - ’

4 * .. J/

. Protozoan communities present in activated 43
sludge reveal: -~ .

- Plant efficiency

b. Settl¢ability >

c. BEODj/removal .

d. Solids removal )

ew Plant 13ading . . ®

o~

(Circle applicable .descripé'io'n.'s.)

.

. Protozoan tommunities in aetivated sludge ~ 44
o creveal complete ‘and instantaneous bondmons;
sw=='  average of physical and_ chemical ‘conditions;
.extremes of chemical and phys1ca1 conditions, *.
(Draw a line through phrases not true.) -

-

-

Y

' Rank in increasing plant efficiency the | 45
‘following pfotozoan group which would pre=
dominate,
_____Rotifers
¢ Stalked ciliates
Amoebae -
Swimming ciliat€s
? _ 7 ._% _Crawling tiliates
lagellates .
. (For exanmple, use number 1-6, One would be -
startup eopditions .or least efficient, and six
} would be the.most efficient.) 3
».  Identification is usually done at X and 46
' sometimes requires X. . )
: - i .
Immersion oil should be used sparingly at 47

what two pomts on a slide? -

‘Which comes first in microscopic examina- 48
‘tion; sganning at low power to pick out.
unkno¥ns or higher power to identify?,

N In making proportional count, which total 49
el number to count would be better; total of ten
—organisms or a total of 100 organisms? Why?

L X

Why not kill the organisms so you can . 50
identify, a.nd count them’'on the slide? B |

@

What simple chemical solutions are useful 51
. to immobiliZe protozoa if methyl cellulose )
7 or polyvinyl alcohol is hot available? -

3
<
2 A

- ',1
S



Initially the wet mount slide should be 59
racked up close to the low power objective:(

by your eye on the eyepiece through the .

scope; or by glancing at the actual drstance .
with the naked eye while you rotate the

coarse adjustment knob {Undérline which) ,

What are par-focal obJectwes on the 53

mlcroscope'? i :

> Why should water on the mi'croscope and all 54
its parts be carefully avoided?

L ‘L "

-—

If activated sludge is a mah mampulated © 55 |
i gystem, are there comparable, natufal*
_ ecosystems? E\ca‘mple'? >

v ﬁ'f R .
What is the " community concept in exami- 56
. nation of activated sludge? ‘

What a¥e the applications of direct micro- « 57
scopist examination of activated sludge? & b

What are raotifers, and are they good, bad - 58

* o .

i Tor i.ndifferent in activated sludge?

List the five kingdom§-of organisms fand give 59
a specific example for each.

E

What techniqués are most useful in
identifying an unknown organism. and why
is ‘correct 1dent1ﬁcation important?

Scanning and counting is done at X 61
magnification. Identification of most , ’
PROTOZOA usually requires . X
~magnification and occassionally X

2

magnification. .

-

OBJ, TOTAL MAG. USE

: 8.5 X.

10 X

40 X

"2 -

100 X

»

(10 X e;zepiece's)‘




Activated Slydge Protozoa ~
. hand is constantly operatiné the 63 ’

'S i A .
hand is<constantly operating the B ' ) -

—_—— .

- /

P - . -

The microscope is manﬁallz operated and
s+ requires skill and understanding on the part . .
of the-operator, .A microscope no matter - - ) *

how costly is only as good as the micro-~ ) . . )
‘ scopist operating it. o : - , .

List the basic skills required in utilizing the 64 / . K
optimum capabfllity of your microscope.
L
Ah ‘ o

. -

~ Ny
N - A~ ¢
- - .

A . »
. ' This outline’ Was prepared lsy-R. M. Sinclair, :
_ -National Training €epter, MOTD, OWPO, * « = -7 : . -

USEPA, Cincinnati, Ohio 45268,
s
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FREE-LIVING AMOEBAE AND NEMATODES

v

hd 14

I FREE- LIVING AMOEBAE C Mor phological Characteristms of
O Small Free-Living Amoebae
A Importance of Recognizing Sma]J.

Free-Living Amoebae in Water IR | Morphology of Trophozoites - -
° . .- Supplies ‘ _ - " Ectoglasm and endoplasm usually
: ’ . , (dist®at; nucleus-with large nucleolus,
1 Commonly found in goil, aerobic * . C e
sewage efflusnt and natural, fresh 2 Morphology of cysts - Single or ,
waters - hence, frequently en- . - double wall with or withoat pores
. countered in examination of raw . .
. wate( . . D Cultural Charactéristics of Small,
‘Free-Living Amoebae -
t& not, mfrequ=nt1y found in . , .o '
ipal supplies - not pathognn 1 How to cultivate these amozbae -.
arrie , plates with bacteria; cell cultures, .
\ axenic culture, .
- .3 \?J‘énit@ a,moabae Naegleria - . T
involved-ingf0 some cages of - ' 2 Growth characteristics on plate, *
o’ | meaingoencephalitis, about half. * - = , cell, and axeaic culture i
in the U'S.,; associated with . ) . ’
* ' swimming in small warm lakes. 3 Complex growth requirgments
- Acanthamoeba rtly_‘odes parasitizing for most of these amoebae
T hyman throats and causing (3 cases) - . ™
. - nonswimming-associated meningo- E Resistance of Amoezbic Cysts to .
, ' encephahtis. R - Physical and- Chemical Agents

. -
hid 2

4 Cysts ast to be confused with those X -
of Endamoeba histolytica in water-

boras epidemlcs. II FREE-LIVING NEMATODES
. B Classificatioa of Small, Free-Living A Classification of Those Commonly
‘. Amoebae v - Found ih Water Supplies L
Sr s 1 Recog'mzed classifica.tion bhasged : 1 Phasmidia (Secerneutes): s e
on characteristics in mitosis, ) Geaera Rhabditis, Diplogaster,
- . . Dklgga;steroides., Cheilop_tl_s_,
2 «Common 3pecies fall into the Panggro]aimus ’ .
_ following families and gemera: . . .
- . . - - - - 2 Aphasmidia (Adenophoro): Geiera
Family Schizopyrenidae: Genera ‘ Monhysteral Aphelenchus, Turbatrlx
_- 7 Naegleria, Didascalus, and (vinegar eel), Dorylaimus, and
‘ Schizopyrenus - first.two baing Mooy Rhabdolaimus . ] .
flagellate amoebae, - . - N R
- ‘ B /Morphological Features . . -
PR Family Hartmannpllidae' ‘Geaera - ) ‘ e .
. Hartmansalla (Acanthamogba) . . 1 Phasmids: papilla‘dn tail of males, ;
e T . ¥ mouth ‘adapted {o feed oa bacteria
’ 3 How to prepare materiale~for : few exceptions. ©t
. s‘u:iying mitosis < Feulgen stain : . .
. } N ) . .2 A,phasmids: no papilla on male taily -
-~ . . . . i . glandular cells in male. .
B ‘ N * - - M - “ w
o BL. AQ."14b. 6,76 { v . Vv o - P
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1] = ?3. \1 * ) G’
t ©* Amoebae and Nematodes in Water Supplies e
v ' ' . : . .
o , oo ’ ) -
§: . . 6 . l l - . . -
j‘ * C Life Cycle . ‘ 2 Chang, S.L., etal, ¥Survey of Free-
. . : -~ 3 Living Nematodes ani Amoebas’in
1 Methods of mating ‘ ‘ Munigipal Supplieg". J,A.W.W.A,
- t‘\ 2)6 13-618, 1960, ’
2 Stages of development . :
.. ) 3 Chang, S,L., "Growth of Small Free-
3 Parthenogenesis . - _ Living Amoebae in Various Bacterial
' L R © ' and in Bacteria~-Free Culturés", Can, -
~ ™. D Cultivation ‘ .- Jour.-Microbiol, 6:397-405, 1966,
» . r . / "' ; - — «
. 1 Bacteria-fed culfures Nematodes
- 2 Axenic cultures ' 1 Goodey, T., Fresnwater Nematodes'’,
o . . . lst, Edition, Methuen & Co., Lon-:l7{1, ,
_— E Occurrenze in Water Supplies . -, 1951,
\ 1. Relationship between Hx&r - _2 Edmoadson, W T., Ed., Ward & Whipple's
 appearance in finished ""Fresh-Water Biology" 10th. Edition,
and that in raw water, T page 397 1955
> e Y
2% Frequency of occurrence in , , . _ 3 Chang, S.L., et al. » ""Occurrence of a -
. > different types of raw water | )\ : *Nematode Worm in a City Water Supply".
. _ and sources. \ T JLA;W, WA, 51:671-676, 1959,
N L4 o ‘-, - ‘ L)
. * 3 Survival of human enteric path- _. 4 Chang, S.L., etal,, "Survival, angd
. ogenic basteria and viruses in Protection Against Chlorination, of %
¢+ .. '~ nématodes, ‘ Human. Enteric Pathogens in Free- '
BN y ) X ' Living Nematodes Isolated From Water
, 4 Protéction of human enteric Supplies'. Am, Jour, Trop. Medicine
patlfogenic bacteria and viruses & Hyglene, 9:136-142, 1960, -
in 1ematode-carriers. . : ’ )
. N . , ' 5 Chang, S.L,, et al., "Survey of Free-
F Control. ) o Living Nematodes and Amoebas in
. ot ~ Municipal Supplies". J, AW, W.A,, -
o 1 Chlorina.tion of sbwagmefﬂuent . . 52:613-618, 1960, ~— . e
\ T 1) ' -
2 /ulation and segimentation - 6 Chang, S,L., "Proposed Method for
' ater Y . . Examination of Water-for Free- Living
' ) » Co- . ' - Nematodes", J, AW, W,A,, 52:695-638,
3 Chlorination of water L 719500 4 .
. ~ - 2. . N E . ’
. 4 Other methods of destruction , 7 Ching, S.L., "Viruses, Amoebas,
. . and Nematodes and Public Water
- : S plies". J.ASW.W.A., 53:288-'296,
, ’ N T 19 ’
REFERENCES S 2 .
R L - % 8 Chang,\S L.; aad Kahler, P.W., "Free-
Amoebae i . T Living Nematodes 4n Sewaze Effluent
ffom\Aerobic Treatmen! Plants". To
: 1, Singh B. N., 'Nu-:lear Division in Nine oo .be published. - ‘Y
Species of Small, Free-Living Amoe-

bae and. its Bearing on the Clasgifica-
o . tioa of the-Order Amoabida", Philos.
“' .+ Traas: Royl Soc. Londos;. Series B,
3 . 236:405-461,, 1952, . , -
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SUGGESTED CLASSIFICATION OF SMALL AMOEBAE .

Sub;;hyium: Sarcodina Hertwig and Lesser

§Class: , Rhizopoda von Siebold )

v

. Subclass:  Amoebaea Butschli

A4 .

- ’ ) R
‘Order:  Amoebida Calkins and Ehrenberg 9

Superfamily:  Amoebaceae - free~lving ’

~ (Endamoebaceaej- parasitic in animals)

. Family: Schizopyrenidae - active lima.x form cO'nmon, transcient
., } flagellates present or absent; nucleonus- -origin of

) polar masses; polar caps and interzonal bodiegpresent
‘or absent >

o ) - Genus: Schizopyrenus - no transcient flagellates; singlé-walled
) i cysts; no polar caps or inferzonal bodies in mitosis

Species: S, erzthae:fus_a - reddish orange pigment formed in agar
et . cultures with gram-negative bacillary bacteria

S. russelll - no pigment produced in agar-cultures

Genusﬁ:k Didascalug - morphology and cytology similar to- Ssmzopyrenus
“but small numbers’ of transcient flagellates formed at times

v -

) Bpecies:  D. thorntoni - only species described by Singh (1952)

‘1", ' . Genus: - Naegleria Alex=ieff - double-walled cysts; transcient
. flagellates formed readily; polar caps and interzonal
' bodies present in mitosgis
? o
B B Species: ‘N, gruberi (Schardinger) - oaly species egtablished;
Singh (1959) disclaimed the N. soli he described in 19851

.o Fami]y Hartma.rmellidae - no transcieat flagellate formed; motility
L - gluggish; no limax form; nucleolus disappearing, probably
Y ‘ .- » forming spindle in mitosis; no polar caps or masses, aster

¢  and centrosome not knawn i

- 1
>

~ .

Genus: Hartmédnnella - ectoplasm clear or less granular than .

5. endoplasm, single-walled cysts, sirigle vacuale
S, , Species:  H. glebae - clear ectoplasm . ) -
. . H.‘ gricoﬁ - ectoplasm less granular than endoplasm

» "+ Genus: Acanthamoeba - filamentous processes from ecto- or
- endoplasm; growing axenically in fluid bacteriological

mMmedia

tor .
' - e . 3 .

T
- Ry

L‘f:




D IS - s .
3 Suggested Classification of Small Amoebae ' I o
. . . N .

-

-

g N Species: A, l;h.y_s_o_‘g“g_g_

s

9’ , L4
v ;

‘. . Geaus: gmn.g:mdoublé-wa]led cysts; ecto- and endoplasm
) ' indistinguishable; many vacuoles . +

. ‘ Species:  Singhella leptoctielus

. .
N .
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INTRODUCTION

Planktortic animals or zooplankton are

‘found in nearly every major group of

animals.

1~ Truly plahktonic species {euplankton)
spend all or most of their active life
cycle-suspended in the water. Three

/ graups are predominantly involved in
fresh water; the protozoa, rot1fers,

: “,, “and m1crocrusta‘5

2 Trans1ent plankton1c phases such as
floating eggs and cysts, and larval
~ stages occur in many éther groups. .

Many forms are strictly seasanal 1n
occurrence.

Certain rare forms occur in great numbers
at unpredictable intervals. = ,
Techniques of collect1on, preservatlon,
and identification strongly influence- t’he

. species: reported

. N »
In oceanographic work, the zooplanktonis
considered to include many relatively large
animals such as siphonophores, ctenophores)
hepteropods, pteropods, arrowworms, and
eudphausid shrimp.

X -
The plant-like or phytoplankton on the
other hand are essentially similar in all
waters, and are the nutritional foundation
for the animal community..

PHYLUM PROTOZOA .

The three typically free living classes,
Mastigophora, Rhizopoda, and Ciliophora,
all have planktonic represeéntatives. As’

a group however, the majority of the phylum
is benthic or bottom-loving:: Nearly any
ofsthe benthic forms may occasionally be
washed up into the overlying waters and

: B Class mastigophora, the nonpigmented
zooflagellates. .
O These have frequently been confused with
the phytomastigina or plant-like flagellates.
The distinction'is made here on the basis

of the presence or. absence of chlorophyll
as guggestedvby Palmer "and Ingram 1955.

- i - b V1 .
) LA 4 .
. \
¢ - P_— '
5 . ) X

ANIMAL PLANKTON B

thus be collected afong with the euplankton. . *

¢

(Note Figure: Nonpigmented, Non-Oxygen ,
Producing Protozoan Flagellates in the
outline Oxygen Relationshlps ) - .

1 Commonly encountered genera

Bodo

.Peranema

s et et

2 Frequently associated witﬂh eutrophic
conditions -

Class Rhizopoda - amoeboid ‘prot'ozoans

1 Forms commonly encountered as

plankton:

Chaos {4moeba)
Arcella Centropyx13
Difflugia Helioz oa
Euglypha ]

2 Cysts of some types may be encountered
in water plants or distributiop systems;
rarely in plankton of open lakeg or

., reservoirs. o . . :

Class Ciliophora T

1 Certain "attached" forms often found
floating freely with plankton:

) Voﬁfcella . ,__(\1

Carchestum, .

2 Naked, unattached ciliates. Halteria |
one of "commongst in this group. various )
heavily ciliated forms (holotrichs) nmtay -
occur from time to time such as . |
Colpidium, Enchelyé, ete.

\
3. Ciliates protected by a shell or test |
(testaceous) are most often recorded ' .
froin preserved samples. Part1cu1ar1yl |
common in-the experience of the National |
Water Quality Sampling Network are: |

Codonella fluviatile- o e

Codonella cratera - ’

Tintinnidium (usually w1th organic matter)

Tintinnop_sis _

- 13-1
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Animal Planktdl .

»

2) As unfavorable conditions develop,

=

. ' I ¢ 'r . .
A Some forms such as Anuraea cochlearis

. and Asplanchna pridonta tend {o be present

e

at all imes of the year. Others sic¢h as
Notholca striata, N. longispina and Poly~

arthra platyptera are reporied to be essen-

fially winter forms. .
B “Species in approximate order of descending
frequency currently recorded by National
. Water Quality Sampling Network are: *

Keratella cochlearis

Polyarthra vulgaris

+ Synchaeta pectinata

Brachionus quadridentata

Trichocerca longiseta

" Rotaria sp. .o

Filinia longiseta ~

Kellicottia longispina

Pomgholyx Sp-

C Eenthic species almost without number mayr
be collected withthe plankton from time to
time. -

-

.

IV PHYLUM ARTHROPODA

A Class Crustacea

1 The Class Crustacea includes the larger
common freshwater euplankton. They
are also the greatest planktonic consum-
ers of basic nutrients in the form of
phytoplankton, and are themselves the
greatest planktonic contribution to the
food of fishes. Most of them are herb-
ivorous. Two.groups, the cladocera
and the copepods are most conspicuous,

. 2 Cladocera (Subclass, Branchiopoda,
Order Cladocera)yor Water Fleas

a Life History =

1) During most of the year, 'eggs -
which will develop without fertil-
- - ization (parthenogenetic) are
* ' deposited by the female in a dorsal
. brood chamber. Here they hatch
. .into minature adults which escape
and swim away, .

5ar .
;fv‘u ‘ - -t (

IRl

-y
A !

i

w oo
i

< males-appear,-and-thick~walled + .
' sexual eggs are enclosed in egg
‘cases called ephippia which can .
.often endure freezing and drying.

Sexual reproduction may occur
at different seasons in different = _
species. )

3)

. - .
4) Individuals of a gréat range of ° . ®
sizes, and even ephippia, are —
© Y thus encountered in'the plankton,
‘but there is no "larval" form.
T~
b Seasonal wariation ~ Considerable
variation may occur between winter
and ‘summer forms of the same
species in some cases. Similar
variation also occurs between arctic
and tropical situations.

.

¢ Forms commonly encountered as
open water plankton include:

Bosmina longirostri_s_;&and others

. Daph:r_lizi galeata and ethers

Other Iess common genera are:

. »

Diaphanosoma, Chydorus, Sida,

Acroperus, Ceriodaphnia, Bytho-
frephes, and the cagnivorous
Teptodora and Polyphemus.

d ! Heavy blooms of Cladocerans may
build up in eutrophic waters. -

3 The copepods (order Copepoda) are the

perennial microcxrustacea of open waters,

both fresh and marine. They are the ) )

most ubiquitous of animal plankton. /\
Tourd By the National Water Quality
Sampling Network activities. Eucy-
clops, Paracyclops, Diaptomus, .
Canthocamptus, Epischura, and -

Limnocalanus are other forms
reported to be planktonic.

a Cyclo%s is the genus most often

b Copepods hatch into a minute char~
acteristic layvae called a nayplius
which, differs considerably from the
adults.” After five or six moults, the
copepodid stage is 2eached, and after® ...
six more moults, the adult. These ~"~ 7
larval stages are often encountered
ard are difficult to identify.

o 7R
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Animal Plankton

A .
Insecta .

1 Onlya few kinds of insect that can be
ranked as a truly planktonic, Mainly
. the phantom midge fly Chaborus.

2 The larva of this insect has hydrostatic
organs that enable it to' remain suspendcd
in the water, or make vertical as i

- the'water column, *

3 It is usually benthic.during the daytime,
but ascends to the surface at night.

V. OCCASIONAL RLANKTERS®

A While the protozoa, rotifers, and micro- "
crustacea make up the bulk of the plankton,
there are many other groups as mentioned

. above that may alsd occur. Locally or
periodically these may be of major import-
- ance. Examples are given below. «

\

B Phylum Coelenterata

"1 Polyps of the genus Hydra may beco;ne
detached and float about hangihg from
the surface film or floating detritus.

. 2 The freshwater medusa Craspedacusta
occasionally appears in TaKes or reser-
voirs in great numbers.

C Phylum Platyhelminthes

1 Minute Turbellaria (relatives of the
well knowh Planaria) are sometimes
taken with the piankton in eutrophic.

- — conditions. They are often confused
with ciliate protozoa.

*2 Cercaria larvae of Trematodes (flukes)
parasitic on certain wild animals,
frequently appear in great numbers.
When trapped in the droplets of water
on a swimmer!'s skin, they attempt to
bore in. Man not being their natural
host, the¥ fail. The.resultant irritation
is called "'swimmer's itch". Some can

- beridentified, but many unidentifiable -
species may be found.

3 In many areas of the world, cercaria
larvae of -huthan parasites such as the
blood flukéSchistosoma japonicum may
live as plankfon, and penefrate the human
skin directly on contact.

E Additional crustacean groups :sporadically

L] -

’ -~ N .
ylunf—Nemathelminthe}s: - .

atodes (br nemas) or roundworms '

h the bacteria and the blue-green .
iquity. They are found in .
the soil and in the water, and in the air -
as dust. ‘In both*marine and fresh waters
and from the Arctic to the tropics.

2 Although the majority are free living,
,some occur as parasites of plants, .
animals, and man, and some of these =
. parasites are among our most serious,

3 ,With this distribution, §t is obvious that
they will occasionally be encountered as
““plankton. A more complete discussion
of nematodes and their public health .2
implications in water supplies will be
~ found elsewhere {Chang, S. L.). .

met with in the plankton include the following:

. {formerly included with the two -
following orders in the Euphyllopoda)
primarily planktonic in nature. P

1 O;Z'Zer Anostraca or fairy shrimps

a Extremely local and sporadic, but
when present, may be dominatihg. °

'b IAErtemia, the brine shrimp,~caf1

foierate very high salinitieg.

¢ Very widely distributed, poorly _
understood. .

- -

2 Order Notostraca, the tadpole shrimps.
Essentially southern and westerh in
distribution,

A ]

3 Order Conchostraca, the clam shrimps.” e
Widely distributed, sporadic in occur->
rence." Many local species.

4 Subclass Ostracoda, the sged shrimps.
Up to 3 in. in length. Essentially .
benthic but certain species of Cypris,
and Notodromas ntay occur in consid- .
erable numbeTs as plankton at certain -
times of the year. '

.

5 Certain members of the large subclass -
Malacostraca are limnetic, and thus, s
planktonic to some extent. : 4

a The scuds, (ofder Amphipoda) are
essentially benthic but are sometimes
- collected in plankton samples around

~

.
"
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weed beds or near shore. Nekto-
planktonic forms include Pontoporeia
and some species of Gammarus.

-

b 'The mysid, or opogsum-shrimps are
represented among the plankton by
My_s1s relicta, which occurs in the
deeper waters,. large lakes as far’
north as the Arctic Ocean, '

¥ The Class Archnoidea, Order Hydracarina
(or Acari) the mites. Frequent in plankton
tows near shore although Unionicola crass-
ipes has been reported to be ylrtually

planktonic.

G The phylum Moliusca is but,scantily «
represented in the freshwater plankton,
in contrast to the marine situation,
Glochidia (ciliated) larvae are occasion-
“ally collected, and snails now and then .
glide out on a.qu1et surface film and are
taken in a plankton'net. An exotic
. bivalve Corbicula has'a planktonic {°
vehger stage. . . :

H Eggs and o\ther reproductive structures
of many forms including fish, insects, and
rotifers may be found in plankton samples.
Special.reproductive structures sugh as
the statoblasts of bryozoa and sponges,

and the eph1ppia of cladocerans- may also
be inclided._

~

! -

o

I Adve5t1t1ous and Accidental Plankters *
Many shallow water benth1c organisms
may become acc1denta11y and temporarily
incorporated into the plankton. Many of
those in the preceding section might be
" listed here, in addition to such forms as
certain free living nematodes,; small

.+ oligochaetes, and tardigrades, Collembola
and other surface film livers are also,
taken at times but should not be mistaken--
for plankfon. Fragments arid molt, skins*
from a variety of arthropods are usua‘in
observed
A

Pollen from terrestr1a1 or aquatic plants

is often U{Irecognized or confused wit '

one of the‘above. Leaf hairs from

terrestrial plants are also confusing to
‘ kil ]

-
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Phylus FROTOZOA . . -

/b, - ' : ‘
4, Pree Living Representatives ® -

S / I. Flagellated Protozoa, f}ui Mastigophora

- Anthophy sis. 20f
\ ' Pollution tollerant Pollution tollerant -
ba 19 ; _ == .
. Colomy of Poteriodendron
'\ B o : Pollution tollerant, 35 m -

1I. Ameboid Protozoa, Class Sarcodina

‘\ﬂ Dimastizamoeka Nuolearia,reported Diffluzie
) Pollution tollerant +o0 be intollerant of Pollution tollerant

10-50 @ - faollution,'lé/a. 60-500}\

-
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/ ... .. I Ciligted Protozoa, Class Ciliophora
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SOME PLANKTONIC CRUSTACEANS B e
N . . o R % ‘ .
. _ CRUSTACEANS - - :
“ ‘
LY
M .
__ A Naupfius larva of a Copepod .
D . 1-5mm -
e ’ : ;
_Copepod; Cyclops, Order Copepoda . ,
' ' 23 mm ) ~ . .
. * ¥
&
4
[
U e Water Flea; :
A Daphnia
At
— ¢ ¥
i .‘r * \ > . * - . *‘2‘?\;‘5
’ i Left: Shell closed Right: Appendages extended .
) ad l‘ . B Tea ? . .
) ~ " . ) ) 1-2 mm .
‘ e . ] -
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O < . Chaocborus midge larva - Insect
‘. . ‘:‘I@?V' . :\ -
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. T Aspects in the life cycle of the human tapeworm, ‘
o , " Diphyllobothrium latum, class Cestoda. A. adult as in human - /
[ . intestine; B. procercoid larva in copepod; C. plerocercoid
oo ' larva in flesh of pickerel (X-ray view).
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PREPARATION‘AND ENUMERATION OF PLANKTON IN THE LABORATORY

* 1

- AI

<

‘I RECEPTION AND PREPARATION OF
SAMPLES - K
\ .
A Prehmmaryf-samphng and analysis is an .

. v essential preliminary to the establish-

meént of a permanent or semi-permanent’

‘program. -

‘B Concentration or sedimentation of pre-
served samples may precede analysis,

\
\

C Unpreserved (living) samples shoul
analyzed at once or refrigerated fo
future analysis.

1 Batch centrifuge
2 Continuous centrifuge

3 Sedimentation

PREPARATION OF MERTHIOLATE
' PRESERVATIVE

II

A The Water Pollution Surveillance System
. of the FWPCA has developed a, modified
merthiolate préservative. (Williams,
1967)
imately 3.5% solution in the bottle when
filled is placed in the sample bottle in
the laboratory. <The bottle is then filled’
_with water in the \aeid and returned to °
“the labqratbry for hnalysis,

B. Preparation» of Merthioiat’e Preservative
1 Merthlolate is available/from many
chemical laboratory supply houses;
one should specify the water soluble
sodlum salt.

Merthiolate stock: dissolve approxi-

mately 1.5 gram of sddium borate’

(borax amd approximately 1 gram of

merthiolate in 1 liter of distilled water.

Sufficient stock to®¥make an approx-

1/49

The amount of sodium borate and
merthiolate may be vClried slightly to
adjust to different waters, , climates,
and organic, contents,’

L.

3 gPrepa}e a saturated aqueous Lugol"s .
solutiorr as follows: ; *

a Add 60 grams of potassium iodide
(KI) and 40 grams of iodine crystals
to 1 liter of distilled water.

\

“

:+ 4 Prepare the preservative solution by‘
adding appruximately 1.0 ml of the
Lugol's solution to 1 liter of merthi-
olate stock, :

III SAMPLE ANALYSIS /

A Microscopic examination is most frequently
employed in the laboratory to determine * « 7
what plankton organisms are present and -~
hsow many there are: .

1'—Opt,ica1 equipment need not be Slaborate
.but should include. R )

a Compound microscope with the , s
~ following equipment: * -
\ « 1) Mechanical stage .‘ ‘
2)" Ocular: 10X, with Whipple type
\‘ counting eyepiece or reticule
3) Objectives:
- , approd. 10X(16mm) s
approx, 20X(8 mm) .
i approx. 20X(4 mm) N °.
A . approx. 95X(1.8 mm)(optionalj

A 40X objective with a workmg
distance of 12,8 mm and an erect .
image may be obtained as special

f etipment. A water immersion _
objective (in addition to oil) might

-

be considered for use with water S
mounts. * . .
. S
- - Binocular eyepieces are ‘optional.

. . S
. 3
. R 14<1. o
U5
3
,,""‘g



. ’ > - . e : - CT
e . . . el i&‘?ﬁ
v . . - e A
- o )\' - PRI JN " .
Preparation and Enumeration of Plankton ) . C * — L
. ——— - 1" = - — ” ; N — ~
: 3 . N
Stage micrbméter (this may be « 3. Direct 'counting of the unconcentrated
. borrowed, if netessary, as it is sample eliminates manipulation, saves
_ usually used only once, when the time, and reduces error, If frequency
“equipment is calibrated) . .- of organis is low, more area may
“ . ) . ™ > need tq be ‘¢xamined or concentration
b Inverted microscopes offer certain . . of th! sample niay be in ordsr.
. * advantages but are not widely . - : s
available. The same is true of* ° 4 Conventional technigues emplpying
some of the newer opfical systems concentration of the sample provide more
. 'such as phase contrast microscopy.’ organisms for observation, but because °
Y . These are often excellent but ex- they involve more m nipulations, intro-
. pensive for routing plant use. ’ A . duce additional error and take more. .
N , "time. —
..~ _ 2 Precision made counting chambers & - . -
are required for quantitative ‘work with * s e
liquid mounts. . : . - C Several methods of counting plankton-are !
! . ) in general use. ,
a Sedgwick-Rafter cells (hereafter .,
. referred to as S-R cell) are used 1 The*pumerical or clump count is
o for routine counts of medium and regarded as the simplest. N
1arger forms, ‘ .
e . i a Every organism observed must b_e'
b Extremely small forms or "nanno- enumerated. If it cannot be identi-
. plankton'" may be ‘counted by use of fled assign a symbol or number ’
the nannoplankton (or Palmer) cell, and make a sketch of it on the back
* a Fisher-Littman cqll, a hemacyto- = of the record sheet. '
] meter, the Lackey drop method, or ‘ ) )
s .. by use of ap inverted microscope. b F‘ilaments,~ colonies and other B
associations® of cells are counted
8 Previous to starting serious analytical | as units, egquak to single isolated
¢ Pwork, the microscope should be cali-! 3 cells, Their identity as indicated
brated as described elsewhere. Di- on the record sheet is the key to .
mensions of the S-R cell should also . the significance’of such a count.

. be checked, -especially the depth, . . . o
' 2 Individual cell ‘count. In this method, *+—
4 Auto arti every cell of every colony or clump - N
¥ useful J‘or coccoid organisms, : of organisms is-counted, as well as o
. each individual single-celled organism.

-
-~

, .B Quantitative Plankton Counts’ o . 3 The areal standard unit method

[ rs
- ) ., ’ ’ - s ‘certain technical advantages, but also =
. . 1 All quantitative counting techniques . mvolves certam*‘ inherrent thﬁcultle add
: . involve the filling of a standard cell
of known dimensions with either < " 7a An area1 standard unit is 400 square
.stralght sample or a concenfrate or e microns. This is the area of one -
dilution thereof. ’ . ) * of the smallest subdivided squares .
T ’ in the center of the Shipple eyepiece . |
. 2 The organisms. in a predetermined Py at a magnification of 100X. , . ot
number. of microscope fields or other . . ? s
. ., known area are then observed, and by . b In .operation, the numberQ of areal
i . -means of a’suitable series of multi- units of each species is recorded on T -
. ) plier factors, projected to a number or the record-sheet rather than'the =, .
. 7 .~ quantity per ml gallon, etc. ' number of individuals. Average .
; ’ ; areas of the common speties are - o

P -

-
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_Preparation .apd Enumberation of Plankton®

S

are sometimes printed on record
sheets for a particular plant to
obviate the necessity of estlmatmg
N . the area .of each cell observed
7 individually.
T s .' .
The advantage of the method lies in
‘the cognizance taken of the relative
masses of the various species as-
indicated by the area presented to
the viewer. These aregs, however,
are often very difficult to estimaté.

C

7
The )cublé standard unit method is
logical extension of the areal mg
but has achieved™less acceptance.

od,

Beparate field count

In counting separate ﬂfelds, the
‘question always arises as to how
to count orgamsms touching or
crossed by the edge of the Whipple
_ field. Some Workers ‘estimate the
proportion of the organism lying
inside the, field as comparcd to -that
outside. Only those which are over
half way inside are counted. ’

a

Another system is to select two
adJacent sides of the square -for
. reference, such as the top and left
boundaries. Organisms toyching
these lines in any degree, from
out31d\e or inside, are then counted,
while orgamsms touching .the opposite
sides gre ignored.. It is important
to adopt some such system and
adhere to it consistently.

.

It is suggested that if separate
microscopic fields are examined,,

a standard number of ten be adopted.
These should be evenly_ spaced in two ..
rows, about one-third of the distance
down from the.top and one-third of
the distance ‘up froﬂt..ﬂle bottom of
the S-R cell. '

2
. ¥
-

s

»

s

v

i Multlple area cbunt., This is an ex- N
tensmq of the separate field count.
A-considerable increase in accuracy
has recently been shown to accrue by
emptying and refillihg the S-R cell,,

‘?lfsgﬁ!;

“ ey

[

after each group of fields are counted
and making up to 5 additional such
counts. This may not be practical with
high counts.

-~

’

The strip count. When a rectangular
slide such as the S-R cell is used, a..
strip (or strips) the entire length (or
known portion thereof) of the cell may
be counted instead of separate isolated
fields. Marking7¥he bottom of the cell
by evenly spaced cross lines as ex-
plained elsewhére greatly facilitates
counting.

3

When the count obtained is multi-
plied by the ratio of the width of
the strip counted to the width of
the cell, the product is the esti-
mated number of organisms in the
cell, or per ml.

a

When*the material in the cell is

unconcentrated sample water, this
count- represents the condition of

the water being evaluated w1thout
further calculation,

’ .

Survey count. A survey count is an
examination of the entire area of a
volumetric cell using a wide fielg low
power microscope. The objective is
to locate and record the larger forms,
especially zooplankton such as copep
or large rotifers which may be present
in size. Spec1a1 large capacity cells
are often employed for this purpose.
For still larger marine forms; numerous
special devices have been created.

Once a procedure for “concentration
and/or sounting is adopted by a plant .
or other organization it should be
used consistently from then on so
that results from year to year can be
compared.

Differential or qualitative 'counts' are
essentially lists of the kinds of orgamsms
found.

¥
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N cdan reddily be washed off of the
membrane afier filtration.

Iit"is also being used to measure

. ultraplankton that pass treatment
plant operatlons e
: i
d Membranes can-be cleared g%d

organisms depos1ted thereon %
observed directly, althoughég»,
accessory staining is desirable.

CEREE e e
T

g,.rf"“‘ A -
?Z:" - b
: Pre;gratien and. Enumeratlon of Plankton - ! ) o .
i . - o« * «* . N
E Proportional or relative counts of speeial . ] e Di,fficulties include a predilec-
groups are often very useful. For ex- tion of extremely fine membranes: *
ample, diatoms. It is b always - to clog rapidly with silt or
count a standard numbers of cells. increase in plankton‘counts, and
i ) “the difficulty of making observations
F. Plankton are sometimes measured by on individual cells’ when the
means other than microscopic counts, . . orgamsms are piled on top of each
. ' . ot other. It is sometimes necessary
1 Settled volume of killed plankton in an, to dilute a sample to obtain suitable
. Imhoffw.cone may be observed after a distribution. v .
- standard length of time, ThlS will - ) ] "
- evaluate pr1mar11y only the larger forms IV SUMMARY AND CONCLUSIONS
. i
‘ 2 :t %I;Jabv‘én ii?czﬂ‘:nﬁglori iror;?;:v}esd t’t])rymg A The field sampling program should be - -
'ashin at 600° C for 30 minutes Y Tg's . carefully planned to evaluate all significant
’ - gt' larly u e;fl ¢ Ir:m es. ] ! locationg”in the reservoir or stream,
1S partieuiary S or cnemica giving dye consideration to the capacity
and radiochemical analysis, of the labbratory.
' . & '\\ y. -
s LAY - ,/’ . -
3 Chemical and pt_1yswa1 evaleatlon Qf B Adequate records and notes- should be
- plankton péipulatlone employing various made of field conditions and associated
instrumental techniques are coming-to \(ith the laboratory analyses in a ‘
be widely used. Both biomass and ermanent file Y Y
productivity rates can be measured. pern ) )
Such determinations’ probably achieve C Optical équipment in the laboratory should
their greatest utility when coordinated be calibrated
with microscopic examination. - ’ .
, by < y D Once a procedure. for processing plankton
4 The membrane (molecular) filter has is adopted, it should be used excluswely
* a great- potential, but a generally by all workers at the plant..
acceptable technique has yet to be )
) perfect'ed: . E Such a procedure should enable the water .
- - : plant operator to prevent plankton troubles
Bt ) & Bz.le:gr:glodgltcalmteer:fnques for or at least to anticipate them and have
. colriorm cetermination are corrective materials or equipment stockpiled.
' widely accepted, . L i .
. b Nematodes and larger organisms REFERENCES - ' .
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TTACHED GROWTHS %

S ‘ (Periphyton or Aufwuchs)

AN
r

.

I The co’mfnunity of attached microscopic
plants and animals is frequently investigated .
during water quality studies. The attached ‘
. growth community (periphyton) and suspended
growth community (plankton) are the principal
primary producers in watcrways--they con-
vert nutrients to organic living materials and
store light originating energy through the
processes of photosynthesiss In extensive
deep waters, plankton is probably the pre-
dominant primary producer, In shallow lakes,
ponds, and rivers, periphyton is the predominant
primary producer. During the past two
decades, “investigators of microscopic
 organisms have increasingly pluced emplasis
on periphytic nxo" ths becguse of inherent '
., advantages over the plankton when interpreting
b _data from surveys on flowing waters:
A Blum (1956) "...€¢workers are generally
agreed that no distinctive association of
* phytoplanktdn is found in streams, although
there is sonie cvidence of this for individual
zooplankters (animalg) and for a tew
individual algae and bacteria. "Plankton.
organisms are often introduced into the
current from impoundments, backwater
*areas or stagnanf arms of the stream,...
Rivers whose plankton is not dominated by
species from upstream lakes or ponds arc
likely to exhibit a majorityof forms which
have been derived from the siream bottom
directly and which are thus merely

facultative or opportunistic plankters, "

#B" "The transitory nature of stream plankton
makes it nearly impossible to ascertaip, at
which point upstream'agent_s producing

. changes in the algal population were
introduced, and whether the changes
occlrred at the sampling site or at some
unknown point upstream. In contrast,
bottom algae (periphyton) arc true com-
ponents of the stream biota. Their .

. sessile-attached mode of life subjects
.them to the quality of water continuously
flowing over them. ‘By.observing the
longxtudmal distribution of bottom algae
within a stream, the sources of the agents

o producing the change can be traced

- (back-tracked)' (Keup, 19686).

i

]

e
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TERMINOLOGY )

A Two terms are equally valid and commonly
in use to describe the attached community
of organisms, Pcnphyton literally means
"around plants' such as the growths over-
growing pond-weeds; through usage this
term means the attached film of growths
,that rely on substrates as a ''place-to-
grow ' within a waterway. The components
of this growth assemblage consists of
plant's, animals, bacteria, ctc. Aufwuchs
is an equally acceptable term [probably
originally proposed by Seligo (1905)] .
Aufwuchs is a German noun without
cquivalent english translation; it is

essentially a.collective term equivalent -

to the above Americun (Latin 1oot) term -
Periphyton, (For convenience, only,
PERIPHYTON, with its liberal modern
meaning will be used in this outline, )

-

b

B Other terms, some rarcly encountered in
ﬁthe literature, that are essentially °
synonymous with periphyton or describe
1mportant and dominant components of the
periphytic community are: Neseiden,
Bewuchs, [Laison, Belag, Besatz, attached,
sessile, scssile-attached, sedentary,
seeded-on, attached mater ials, slimes,
slime-growths, and coatings,
The academic community occasionally
employs terminology based on the nature
of the substrates the penph}ton grows on
{Table 1),

&

TABLE 1 .

Periphytdn Terminology'Based
on Substrate Occupied

Substrate Adjective

various epiholitic, nerciditic, sessxle
planis epiphytic :
animals epizooic

wood epidendritic, epixylonic
rock epilithic” )

[ After Srameck-Husek (1946) and via Sladeckova ~
(1962)] Most above listed latin-root adjectives
are derivatives of nouns such as epihola,

epxphyton, spizoa, "Pt’c—\_—'\

15«1
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Attached Growths (Periphyton or Aufwluchs)

N

R —————

OI Periphyton, as with all other components V. ARTIFICIAL SUBSTRATE‘PLACEMENT
5 of the environment, can be'sampled quali- - . ’ -
tatively (what is present) and quantitatively | - A& Position or Orientation -
{(how much or many are present). ~ - -~
: : 1 Horizontal - Includes effects of Fettled
A Qualitative sampling can be performed by materials.
~many methods and may extend from direct
examination of the growths attached toa ) Vertical - Eliminates many effects of
substrate to unique "cuttings' or scrapings. - settled materials. -
. It may alsobe a portion of quantitative ' ) .
sampling, : B Depth (light) - A substrate placed in lighted

. . watérs may not reflect conditions in a
Quantitative sampling is difficult because waterway if much of the nggﬁ;;ubstrate
it is nearly impossible to remove the ) (bottom) does not receive lighi*or’ receives
entire community from a standardiced or “light at redyced intensity, (Both éxcessive
unit area of substrate. light and a ghortage of light can inhibit
i growths and influence the kinds of organisms
1 Areas scraped cannot be determined present.) .-
precisely enough when the areas are "
amorphous plants, rocks or logs that C Current is Important
svrve as the principal periphyton . .
substrates. . 1 It can prevent the scttling of smothering
‘materials.

-

)

%9\ Collection of the entire community within

a standard area usualli destroys individual 2 IMlushes metabolic wastes away and
specimens thereby making identification introduces nuirients.to the colony,
difficult {careful’scraping can provide s
sufficient intact individuals of the species
present to make qualitative determinations); VI THE LENGTH OF TIME THE bUBSTRA
or the process of collection adds sufficient IS EXPOSED IS IMPORTANT,
foreign materials (i, e. detritus, sub-
strate, etc.) so that some commonly ’ A The growths need time to colonize and .. )
employed quantitative procedures are develop on the recently introduced
not applicable. , substrate.
~ »
v - B Established growths may intermittently
IV Artificial substrates are a technique break-away from the substrate because .
designed to overcome the problems of direct of current or weight induced stresses, or
sampling. They serve their purpose, but "over-growth'' may ''choke' the attachment
cannot be used without discretion, They are layers (nutrient, light, etc. restrictions)
objects standardized as to surface area, ’ which then weaken or die allowing release
texture, position, etc. that are placed in the of the mass.
waterwav for pre- -selected time periods during - : - oo,
which per1phyt1c growths accumulate, They- .C A minimum of about ten days is required
are usually made of inert mater/ig.ls glass . to produce sufficient growths on an"
being most common with plastlés isecond in artificial substrate; exposures exceeding
frequency. Over f1fty vaTious devices and . a longer time than 4-6 weelsﬁ; may produce
methods of gupport or suspension of the ' "erratic results' because o sloughing or
substrates have been devised (Sladeokovt gy, .. °  the accumulation of senile growths in
" 1962) (Weber, 1966) (Thomas, 1968). . situafions where the substrate is
) - artificially protected from predation and

(g‘?’@:s
’ other env1ronmental stresses,

-
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e ) . Attached Growths (Periphyton or Aufwuchs)

¢ \ ' . . , ; e
; VII Determining the variety of growths present . . 4 Nutrient analyses serve as indices of
i is presently only practical with mjicroscopic - * the biomass by measuring the quantity
. examinatiof. (A few. micro-chemical pro- ) . of nutrient incorporated.
« _cedures for differentiation’show promise--, X ’ ’
“but, are only iii"the early stages of development ) a Carbon

. , - . 1) Total organic carbon
-~ yII DETERMINING THE QUANTITY OF.

' GROWTH(S)& . ? 2) Carbon equivalents (CODT
' a ‘3 -
! A Direct enumeration of the growths while b Organic nitrogen
- _attached to thé substrate can be used, but -, : .
¢ is-restricted to the larger organisms . ¢ Phosphorus - Has limitations
because (1) the problem of maintaining because cells can stgre excess
material in~an acceptable condition under above immediate needs.
the short working distances of the objectivé
lenses on compound microscopes, and : d Other
' . (2) transmitted dight is not adequater . .
. because of either @paque ¢ substrates and/or " 5 Chlorophyll and other gio—gigmeﬁ%
. the densny of the colonial growths. C extractions.
_ . B Most frequently, periphyton is scraped S - b" Carbon-14 uptake
from the substrate and tken processed , L .
according to several available procedures, ,,’é Oxygen production, or respiratory
the selection being based on the need, and & oxygen demand
use of the d*ta. / K '
. r !, . - N
1 Aliquets of the bample 'may be counted . IX EXPRESSION OF RE_SUL’I‘ S g
o using methods frequently employed in” .
‘plankton analysis. ~° . A Qualitative
» -
a ‘a Number of organisms 1 Forms found "’ '\
b Standardized units ) 2 Ratios of number per group found
¢ Volumetric units ‘ - " 3 Frequency dlstrlbuuon of varieties
- ) found .
;. ( d Others R : A ' - .
P 4 Autotrophic index (Weber)
- ~ 2 Gravimetric . . ) N
, - . : 5 Pigment diversity index (Odum)
] a Total dry weight of scrapings B Quantitative/z:/
. ' b Ash-free dry weight (eliminates 1 Areal basis--quantity per square
o inorganic sediment) , inch;,foot, centimeter, or meter.
: ‘ R X o For example: .
c A com}?arison of tétal and ash-free - a 18 mgs/sq.t inch i
dry weights . . .
: . . . : . b 16,000 cells/sq. inch- . ¢ | .
- 3 Volumetric, invod(}ing centrifugation of v \ . . /—‘
) ] the scrapings to de;/érmme a packed '+ 2 Rate basis. For example: .
biomass volume. ' . ' a 2 mgs/day, of biom accumulation
, ‘ b 1 mg Ozlmg of growth/hour
: , - . : ' “

15??
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EFFECT OF WASTEWATER TREATMEI‘S%%PLANT'EFFLUENT ON SMALL STREAMS
. p% 9 . ' »

»

¢

I "BENTHOS AR
.. ON OR ASSOCGIATED PRINCIPALLY
‘ * WITH THE #OTTOM OF WATERWAYS

Benthos is the noun. 7 =~ . ®

Benthonic, benthal and benthic are
adjectives. |
R

II THE BENTHIC COMMUNITY -

A Composed of a wide variety of life

, forms that are related because they
occupy '"'common ground’ -~substrates
of oceans, lakes, streams, etc,

They may be attached, burrowing, or
move on the interface.

1 Bacteria
A wide yariety of decomposers work
on organic materials, breaking them
down to elemental or 51mp1e com-
~ pounds.

a

4

2 Algae

)
. 1

Photosynthebic 'plants havmg no true
roots. stems, and ledves. The basic
producers of food that nurtures the
animal components of the community.

v

- 3. Flowering Aquatic Plants, (Riverweeds,

Pondweeds)

. The largest flora, compoged of .

complex and differentiated tissues.

. May be emersed, floating, or sub-

<. ) mersed according to habit.
:Q ?
o 4 Microfauna v
- Animals that pass through a U, S,

Standard Series No, 30 sieve, but
are retamed'on a No. 100 sieve.
Examples are rotifers:and micro- *
crustaceans. Some forms have

’ organs for attachment to substrates,

“””’M,,,% while others burrow, into soft’materi'.i-
- A - H . .
or occupy the interstices between rocks,
f.]{)ral o1 faunal raterials.

-

ORGANISMS GROWING *

5 .Meiotauna

Meiofauna occupy the interstitial zone
(like between sand grains) in benthic

and hyporhelc habitats. They are inter-
mediate in size between the microfauna
(protozoa and rotifers) and the macro-
fauna (insects, éte.). They pass:a No., 30
sieve (0,5 mm approximately). In fresh-
water they includenematodes, copepods,
tardigrades, naiad worms, and some flat

» worms, ~ They are usually ignore® in fresh- —

-

. water studies, since they pass the standard
sieve'and/or sampling devices.

»

6 Macrofauna (macroinvertebrates)

Animals thaf are retained on a No. 30 mesh

sieve (0.5 mm approximately). This group
includes the insects, worms, molluscs, and
occasionally fish. Fish are not normally

considered as benthos, though there are bottom

dwellers such as sculpins, settles

darters, and madtoms. _ A
B*The benthos is a self-contained community, -
though there is interchange with other
commumttes. For example: Plankton

settles to it, fish prey on it and lay their -~ '—
eggs there, terrestrial detritus and ‘leaves

are added to it, and many aduatic insects
migrate from it to the terrestrial environ-

ment for their mating cyc¢les. ’

{t is an in-gitu water quality momtor. The

ow mobility of the biotic compone

that the "lgve, with" thefquaht‘))/ ch:risgerseg?ltlnees
-overr{};sing waters., Changes imposed in the
long-lived components remain visible for

. extended periods, even after the cause has
been eliminated. Only time will allow a cure
for the community by drift, reproduction, and re-
cru1tment from the hyporheig zone;

D Between the benthic zone (substrate/ water .
interface) and the underground water table
is the hyporheic zone. There is con81derab1e
mterchange from one zone . .to another,

'III HISTORY OF BENTHIC OBSERVATIONS

A Ancient literature records the vermin associ-’
ated with fouled waters.

16~1
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B 500 -year- oldTishing litérature refers
to animal forms that are fish food and ~

used as bait. -

°

C The scientific Hterature associating
biota to water pollution problems is
over 100 years old (Mackenthun and
Ingram, 1964) Co

. D Early thls century, apphed biologlcal

mvest1gat10ns were initiated, . "

~ v
¢

1 The entrance of state boards of health
, into water pollution control activities.
2 Creation of state conservation agencies.
&
3 Industrializatibn and urbanization,
4 Growth of limnological programs
‘at universities. .

E A decided increase in benthic studies
occurred in the 1950's and much of
today's activities are strongly influenced
by -developmental work conducted during
this period. Some of the reasops for this
are: .- ’ ) ‘.
1 Movement of the universities from
"academic biology" to applitd .
pollution programs. -~

2 Entrance of the federal government
into enforcement aspects of water
pollution control.

v

3 A rising economy and the development

. of federal grant systems.
‘ . . o -

. 4 Environmental Protection Programs
are a current stimulis,
.

IV WHY THE BENTHOS?
A ¥ is a natural monitor °

B The' community contains all of the
components of an ecosystem,

1 Reducers E i

a bacteria
b fungi -

2 Producers (plants)

Q l.g:-; '

.
.

G "It is self-evident that for a multitude of

139

~

3 Consumers .
a' Detritivores and bacterial feeders
. b Herbivores
c Predators

C Econoniy of Survey . .

e

~

1 Manpower
2 Time
3 Equipment

D Extensive Supporting Literature

E ' Advantages of the Macrobenthos
3 .-

~

1 Relatively sessile . v

2 Life history length

3 Fish food organisms

a “

4 Reliability of Sampling

5 Dollars/information

4

%7 Universality . ‘

8 Sensitivity to.perturbation

F "For subtle chemical-changes,

unequivocal data, and observations
suited,to some statistical”evaluatipn will . *
be needed. This requirement favors the
.macrofauna as'a parameter, . Macro-  «
invertebrates.are easier to sample
reproductively than other organisms,
numerical estimates are possible and
taxonomy needed, for synoptic investi-

. gation’s is within*the reach of a non-
specialist. ' (Wuhrmann)

6 Predictability . - ‘
) |

|

|

non-identifiable though biologically active
changes of chemical conditions in rivers,
small organisms.with high physiological
differentiation are most responsive.

Thus. the small macroinvertebrates ~
(e. g. insgcts) are doubtlessly the most
sensitive organisms for demonstrating

- . :
~ " ‘
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~

unspeécified changes of water )
‘chemistry called 'pollution', 3
Progress in knowledge on useful.
autecological properties of
orgamsms or of transfer of such
knowledge ‘into bioassay practice

« has-been very small in the past.
Thus, the bioassay concept
(relation of organisms in a
stream to water quality) in
water chemistry has*brought not
much more than visual demon-
stration of a few overall chemical
effects. Our capability to derive
chemical conditions-from biological

‘observations is, therefore, almost .

on the same level as fifty years ago.

in the author's opinion it is idle o
expect much more in the future because
of the limitations inherent to natural bio-
assay systems (relation of organisms

in a stream to watér quality)."
- 4+

V REACTIONS OF-THE BENTHIC MACRO-
INVERTEBRATE COMMUNITY TO .
PERTURBATION

A Destruction of Orgarjism Types

1 Beginning with the most sengitive
forms, pollutantskill in ordér of
sensitivity until the most tolerant form
"is the last survivor. This results in a
reduction of variety or diversity of
organisms,

-
.

~ 2 The generahzed order of macro-

Water

Quality
Deteriorating

mvertebrate disappearance on a
Wsensﬁ;lvﬂ:y scale below pollutmn
. sources is shown in Figure 2.

Stoneﬂieg\_'fﬂat-er
Mayflies Quality
Caddisflies [mproving
Amphipods ',
<Isopods v
- Midges

y Oligochaetes

»

(Wuhrmann)

.
3
. A
~

¢

¢

As water guality improves, these
reappear in ‘the same order.

B The Number of Survwors Increase

(¢
”

1 Competitlon and predation are reduced
beg.v,een different species.

2 Whén the pollutant is a food (plants,
‘fertilizers, animals, organic materials).

C The Numpber of Survivors Decrease

*'1 Them terial added is toxic or has no
food vallue. :

2 The material added produces toxic
conditions as a byproduct of decom-
pos1t1on (e.g., large organic loadings
yrddwObm vironment
resulting in the productioh of toxic
sulfides, methanes, etc.) %

D The Effects May be Manifest in Com-
binations

®"1 Of pollutants and their effects.

2 Vary with longitudinal distribution
in a stream, (Figure 1)

E Tolerance to Enrichment Grouping -
(Figure 2) i

Flex1b1l1ty must be maintained in the
establishment of tolerance lists based
- on the response of organisms to the
environment because of complex relation--
ships among varying envirtnmental
conditions.. Some general tolerance:
patterns can be established. Stonefly
and mayfly pymphs, hellgrammites,
and caddisfly larvae represent a grouping
(sensitive gr intolerant) that is generally
' {uite gensitive to environmental
changes. ' Blackfly larvae, scuds, sow-
bugs, snails, fingernail clams, dragon-
flyzand damselfly naiads, and most
kinds of midge larvae are facultative
(or intermediate) in tolerance.
Sludge-worms, somé—kinds of midge

larvae (bloodworms)J and some leeches
s .

{
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Four basic responses of bottom animals to pollution,
A. Organic wastes eliminate the sensitive bottom animals
> and provide;iood in the form of sliidges for the surviving tolet
" | ant forms. B. Large quantities of decomposing organic wastes
eliminate sensiffve bottom animals and the excessive quanti-
ties of byproducts of organic decomposition inhibit the tolerant
forms: 10 time, with natural stream purification, water quality
improves so that the tolerant forms can flounsh, utilizing thé
sludges as food. C. Toxic materials eliminate the sensitive
bottom animals: sludge is absent and food is restricted to that
naturally occurring in the stream. whish limts the number ot
i tolerant surviving forms. Very toxic materiais may eliminate
all organisms below a waste source. D. Organic sludges with
toxic materials reduce the number of kinds. by eliminating
sensitive forms. Tolergnt survivors do not utilize the organic

sludges because the tfoxicity restricts *Heir growth. .
.y .
: Figure 1
° L)
N
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< L

are tolerant to comparatively Qeavy loads

of organic pollutants. Sewage mosquitoes

and rat-tailed maggots are tolerant of . - !
‘anaerobic environments for they are '

" essentially air-breathers.

v
S

F Structural Limitations v

1 The morphological structure of a - - b
species limits the type of environment
it may occupy.
a Species with complex appendages
and exposed complicated respiratory
structures, such as stonefly
nymphs, mayfly nymphs, and
caddisfly larvae, that are subjected
~ to a constant deluge of setteable . e |
particulate matter soon abandon
the polluted area because of the
constant preening required to main-
tain mobility or respiratory func-
tions; otherwise, they are soon

"~ smothered,

- b Benthic animals in depositing zones
may also be burdened by "sewage
fungus" growths including stalked
protozoans. Many of these stalked “
protozoans are host specific.

2 Species without complicated external
structures, such as bloodworms and
sludgeworms, are not so limited in .
adaptability. . N

‘a A sludgeworm, for example, can
burrow in a deluge of particulate
organic matter and flourish on the
abundance of '"manna. "

b Morphology also determines the
species that are found in riffles, on °
vegetation, on the bottom of pools,
or in bottom deposits._ ‘
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VI SAMPLING PROCEDURES

variety of species occupying an area.
Samples may be*taken by any. method
that will capture representatives of the
species present, Collections from
such samplings indicate changes in the

“environment, but generally do not

acéurately reflect the degree of change.
Mayflies, folr 'example, may'be re-
duced from 100 to 1 per square meter. .

]

T A Faufta The Surber sampler is -designed for
2T . . . . - sampling riffle areas; it requires
33 1 Qualitative sampling determines the mbving water to transport dislodged '

organisms into its net and is limited
+ to depths of two feet or less.

Kick samples of one minute duration will
usually yield'around 1, 000 macroinvert=«
ebrates per square meter (10.5 X a one
minute kick= organisms/m ).~ C

-

Manipulated substrates (often r.eferred to

o - Qualitative data would indicate the as "artificial substrates') are.
presence of both species, but might not placed in a stream and left for a specific
necessarily .delineate the change in pre- time period. Benthic_ﬂacrognvertebrate‘s
dominance from mayflies to sludge=- readily colonize these forming a manipu-
¥ . worms. The stop net or kick sampling lated community. . Substrates may be con-
technique is often used. ’ : : structed of natural materials or syntheticV/‘/
- ot may be placed in a natural situation o#
2 Quantitative sampling is performed to unnatural; and may or may not resemble, ; .
: observe changes in predominance. the normal stream community. The i
The most common quantitative sampling point being that a great number, of envi-
. tools are the Petersen, Ekman, and Ponar ronmental variables are standardized and
‘e grabs and the Surber stzeam bottom or thus upstream and downstream stations .
\ | square-foot sampler. Of th’ege, the. may be legitimately compared in.terms of
. Petersen grab samples the widest variety water quality of the moving water celumn.
of substrates. The “Ekman grab is limited They naturally do not evaluate what may
R . to fine-textured and soft substrates, Such or may not Ye happening to the shbstrate
as silt and sludge, unless hydraulically beneath said monitor. The latter could
operated.” .- easily be the more important.
"] P - e e
REPRESENTATIVE BOTTOM-DWELLING MACROANIMA LS ]
Drawings from Geckler, J., K.M.Mackenthun and W.M. Ingram, 1963. N
Glossary of Commonly Used Biological and Related Terms i Water and | . .
4 Waste Water Control, DHEW, PHS, Cincinnati, Ohio, Pub.No. 599-WP-2.
.- : ' . .
S A Stonefly nymph (Plecoptera) I Fingernail ¢lam (Sphaeriidae)
, | > B Mayfly nymph  (Ephemeroptera) J Damselfly n,a'xad (Zygoptez:a) .
C Hellgrammite or K Dragonfly naiad . (Anisoptera) M
Dobsonfly larvae (Megaloptera) L. Bloodworm or midge _ .
D “Caddisfly larvae (Trichoptera) ¢ - flylarvae: (Chironomidae)
E . Black fly larvae (Simuliidae) " - M Leech  (Hirudinea)
F  Scud (A mphipolia) N Sludgeworm (Tubificidac) q
G Aquatic sowbug (Isopoda) O Sewige fly larvae (Psyfﬁgomvda?) N 2 ;
. H Snail o (Gastropoda) * 'P Rat-tailedmaggot (Tubifera-Eristali <
s . » \ 4 P (S
) . KEY TO FIGURE 2 ‘
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! Invertebrates which are:part ofjthe w,j Flora = - = :
. benthos, but under certdin cofiglitions }% @if N i -
become 2arried downstream m e 1 Dlrect qudnntatxve sampling of natu-
appreciable numbers, are knownd] %?’{!’WM , ra.ﬂy growing bottom algae is dlfﬁcult. ‘.
Drift, - e ) . It’is basically one of collecting algae -
: 4 _from a standard or uniform area of the )

Groups which have members forming .. ‘bottom substrates without disturbing ‘

a Qonsplcgous partwf the drift r //‘,‘u?“» the delicate growths and thereby dis-' o
includé the insect orders Ephemeroptera, tort the sample. Indirect quantitative j
Trichoptera, Plecoptera and the \\famplmg is the best available method. -

crustacean order Amphipoda. . .

. R

. o 2 Mampulated substrates, Such as wood- |

* Drift net studies are widely used and blocks, glass or plexiglass shde;j\ = ‘
) - bricks, etc., are placed in a stréam, ’

have a proven validity in stream

water quality studies. . " Bottom-~attached _algae will grow on

these artificial substrates, _ After two® ~
or more weeks, the artificial sub-

5 The collected sample is screened with .
: | : ' strates are removed foF analysis,
a standard sieve to-concentrate the Algal srowth qf the ~* =
organisms;.these are separated from ’ gat gx;o sdat;e scra;;e rom. eed
substrate and debris, and the number gu S r;l es.an de q\:)ar: 13 measur P *
of each ku\d\\Ofrorganism determined. - . inhee the expos; substr af atm:l ar; ‘
Data are:l en adJusted to number per ) e;posurelperxo ts arg ?fqu a oth o %
unit ax:ea,%gsug,é}ly t6 number of bottom . e sampling siies,. di erences in the .
orgagiagis per s‘guar meter. . quantity of algae can be related to _
¥ 3 4¥ ) v changes in the quality of water flo_wmg
) ¢ ,over the substrates.

+ 6 Inde} ndently; néxtbegquahtatxve ot ’ - .
quantitative daté suf for thorgfigh

.
’ .
\ ' . ’

- andly %S@%S’em’lmn ental canditions. *  {p; ANALYSES OF MICROFLORA
ﬂrs Examifiation tq detect damage . : : ’
be made\Wﬁh either method, but- . ) A Enumeration
a con bination of the two gives a more . L . vl
precife determination. If a choice must itv of alg: i3 RN
- 1 The quantity of algae on manipulated
:e de,bquantltatlve sampling would . ' substrates can be measured in several
erteslt’ elci':use it incorporates a . . . ways. Microscopic counts of algal |
partial qualitative sample. 3. cells and dry weight of a algal matey- -
. . e T / ) ) ial are. long“estathhed methods. |
7 *Studies have shawn'that a significant . . .
number and»varlety of-matroinverte- ¢ 9 Mieroscopic counts involve thorough
brates inhabit thé hyporheic zone in streams., ~ ls crarpmcgopncnm: ¢ and ‘s,us‘;,) ensfgn o%
. As much as 80% of the macroifiverte~ . « the algal cells, From this mixture -
' brétes may be below 5 cm in this ‘ , —— " an aliquot of cells is withdrawn for '
hypoxhe1c zone. , ! MOSt samples and - % .~ . enumerdtion under a microscope. -7
gampling teohnrques do not penetrate . ’ Dry-weight is determined by drying ' .
the substrate below the 5 cm depth. ! . - and welghmg the algal sample. then\
All quantitative studies must take this ’ niting the sample%to burn off
-+ ‘$and other substrate factors‘into account - ' . igal mater1als, leavmg ineT morgamc -
‘ vhen absolute figures are presented on materials that are again weiglied, -

anding crop and numbers per square -

B : . The difference betwgen initial dry weight
. - and weight after j.gnﬁion is attributed to
L. - ~ algae, :

/o -~ . o) .
. ' . e 3 Any orgénic sediments, however, . s
. Vs s . . that settle on the substrate along ¢ Lo
. ‘o o w1th the algae are processed also, , °©
. 4 .
; oo\ g S L e Co s S
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appreciable errors may enter into
this méthod,

B .Ghlb‘rophyl’l‘Analysm .

i During the past decade, chlorgophyii ‘

» analysis has become a popular method

for estimating algal growth.' Chloro-

y ® Qphyll is extracted from the algae and
is.used as-an index of the quantity of
algae present. The advantages of

,+ chlorophyll analysis are rapidity,
¢ simplicity, and-vivid pittortat results..

. 2 The algae are scrubbed from the
placed substrate samples, ground,

5 then each sample is Steeped in equal

volumes? 90% aqueous acetone, which®

L

s
A S

*  extfacts the chirophyil from the algal
Y . cells. The chlorophyll extracts may
. be compared visually. =~
'v*. 7 3 Becalse the cholorophyll extracts fade

—- % with time, eolorimetry should be used
for permanent recordsr For loutine
‘records, s1mp1e colorimeters will”
suffme. At very high cholorophyll
densities, .nterference #Ith colori-
metry occurs, which must be corrected

* through serial dilution of Lthe sample
or with a nGmograph.

»

C Aututmpluc ‘thdex’ )
o .

M The chlorophyll content of the pe mphyton
ol is used to estimate the algdl lunn)ass,anu
: - as an indie. tt\v‘“ﬂ the curtment ¢ oniant
ior trophic status) or to\Ic1ty of the water
and the tasxononue’ compasition ot the 7
commumty. Perlphyfbn growing in sur- .’
; fate water relatlvely free of organic
. pollutxon consists largely: of algae,
’ chlorophyllla by dry weight. If dissolved
or particulate orgamc matter is present
in high concentrations, large popula\tions
.. _of fxlamerftou‘g-bactema, stalked protozoa, !
“and otheriﬁ .lorophyll bearing micro-
" organisms develop and the percentage ° .
3 ‘ oof chlorophv]l is'then reduced.. if the -
biomass-chloprophyll'a relationship . .
- i8 expressed €s a ratio’(the autotro- -
phu index), valics gredter than 100
-may resul} from organic pollution
(Weber and 1 \/IvFarland,c 1969 Weber,
- -’\"‘"1973)0 e , P

I

NI R

, Thus, if organic wastes are present .

VI

A

C

v .

Ash-free Wgt (J:ng__mz)
Chlorophyll a (mg/mZ),/

Autotrophic Index =

- X

MACROINVERTEBRATE ANALYSES .

Taxonomic ' - o

- ) °\ 4 3
The taxonomic level to whic¢h animals .are
identified depends on the needs, experzence
and available resources. However; the «
taxonomic level to which 1dent1flcat10ns are
carriéd in each major group should be
constant throughout 3, given study. .

-

E

Biomass

Macroinvertebrate biomass (weight of
organisms per unit area) ig % useful
quantitative estimation of standing crop.' /

Reporting Units

Data from quantltatlve samples may be used
to obtam

-~

"1 Total standing crop of individuals, or

which ¢ontain appro‘nmatelyl to 2 percent -

L4

A}

| e e g

biomass, or both per unit area or unit
” volume or sample unit, and .

2 Nymbers of ‘biomass, or both, of individual

“taxa per umt area or unit volume or sample
unit.

»

-
N

" Data from devices samphng a umt area
of bottom will:be reported in grams dry -
wexght or ashsfree dry weijght per square
meter (gm/m~), or numbers of indi-

viduals per square meter, or both, .

. . -

‘4 , Data from multipldte samplers will"be

reported in terms of the total surface
area of tHe plates in grams dry weight
or ash-free dry weight or numbers of
individuals¥per square.meter, or both. |

5 Data from rock-filled basket samplers

 wil} be reported as grams dry weight
or numbers of individuals per sampler,
or both,

- -

/_/
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IX FACTORS INVOLVED IN DATA INTER- reasons, the bottom fauna of a-lake or
PRETATION , ‘ impoundment, or stream pool cannot be
directly compared with that of a flowing+
Two very important factors in data evalua- . Stream r'iffle', .
tion are a thorough knowledge of conditions c ot . o 7
under which the data were collected and a D Extrapolation ‘
critical assessment of the reliability of the’ R
data's representation of the situation. How can bottom*dwelling macrofauna data -
. - e ‘ - be extrapolated to other environmental —
A  Maximum-Minimum Values components? It must be borne 1n mind
: : ‘ that a component of the total environment
- The evaluation of physical and ch:-:mical is being sampled. Iftfe sampled ¢com-
data to determine their effe'cts on aquatic ponent exhibits changes, then so must the
organisms is primarily dependent on - other interdependent ,components of the
maximum and minimum observed values, environment. For example, a clean stream
The mean is useful only when the data are with a wide variety of desirable bottom
relatively uniform. The minimum or organisms would*be expected to have a N
maximum values usually create acuf® wide variety of desirable bottom fishes;
‘conditions in the environment, . when pollution reduces the number of bottom
. ’ organisms, a comparable reduction would
B Iderstification N be e\:pected in the number of fishes. More-
. . over, .it would he loglc%gto conclude that
... Precise identification of organists to any factor that climinates ‘all bottom organ-
species requires a specialist in that. _ isms.would eliniinate most other aquatic
taxonomic groups. Many immature ( forms of life. A clean stream with a wide
aquatic forms have not been associated ¢ variety of desirable bottom orgamsms .
with the adult species. Th¥refore, one . would be expected to perrmt a variety of N

,who is certain of the. genus but not the
species should utilize theggeneric name,
not a potentially incorre cies name. E Expression of Data

— Tecreational, municipal and -industrial uses. ¢

-~

The method of interpreti logical > ’
data on the basis of numpers of kinds 1 Standing crop “and taxonomw comp031t10n o
and numbers of orge.msms will typically | .
‘Suffice. . ( Standing crop and numbegs of taxa (types
. . : . or kinds) in a community are highly
€ Lake and Stream Influence IR Sensitive to environmental perturbations
. resulting from the introduction of contam-
.- Physxcal tharacteristics of a body of inants. These parameters, particularly
“water also affect animal populations. standing crop, may vary considerably in
Lakes or impounded bodies of water B unpolluted habitats, where they may range
support different faunal assotiations ) from the typically high standing grop of
than rivers, The number of kinds .. littoral zones of glacial lakes to the

. present in a)lake may be less than that spdrse fauna of torrential soft-water
found-in a stream because of a more % streams. Thus, it is important that
uniform habitat. ™ A lake is all pool, - « comparisons ar, smade only between truly

* but a river is composed of ‘both pools comparable en¥ironments.
and riffles; The nonflowing water of | ¢ -
lake exhibits a more complete set- ,

‘  tling of particulate apganic'matter that ) ;
*  naturally supports a higher populatxon _— !

’

of detritus consumers. For these ‘ T v,

Py . e
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2 Diversity ' ' If-adequate background data are avail~
' & able to an experienced investigator,
Diversity indices are an additional tool . these technidlies can prove quite useful—
for measuring the quality of the environ- ‘particularly for the purpose of demon-
ment and the effect of perturbation on strating the effects of gross to moderate
the structure of a community of macro- organic contamination on the maéro-
invertebr_ates‘. Their.use is based on invertebrate community, To detect
the generally observed phenomenon that more subtle changes in the macroinver-
_relativelj*undisturbed environments* tebrate community, collect quantitative °
" support communities {aving large . data on numbers or biomass of organisms. '
numbers of species with no individual ’ Data on the presence of tolerant and  *
species present in overwhelming ' - intolerant taxa and richness of species
abundance. If the species in such a may be effectively summarized for evalu- )
community are ranked on the basis of ° ation and presentation by means of line .
their numerical abundance, there will . " - graphs, bar graphs, pie diagrams,
J"be relatively few species with large histograms, or pictoral diagrans.
numbers of individuals and large . . .
numbers of species represented by only X IMPORTANT ASSOCIATED ANALYSES
a few individuals. Perturbation tends | ) ’
to reduce diversity by making the . * A The Chemical Environment ' =
environment unsuitable for some species ]
or by giving othér species a competitive 1 Dissolved oxygen,
advantage.- )
3 Ixrdicator—organism scheme ("rat-tailed 2 Nutrients
maggot studies") ‘ 3 Toxic materials.’ . - ¢
a~For-this-technique, the individual o 4 Acidity and alkalinity . -
taxa are classified on the basis of N .
their tolerance or intolerance to * ~ . 5 Etc. .
. various-levels of putresclble wastes. - * . . ,
Taxa are classified acc¢ortding to . B The Physical Environment .
their presence or absence of . v . -
. different environments as deter- . 1 Suspended solids « — . VN
. mined by field studies.- Some . . ) 5
*  reducé data based on the presence 2 Temperature '
or absence of indicator organisms .
toa mmple numerical form for ease "3 Light penetrafion. A .
m’presentatlon. : N
’ I3 . A 4 Sediment composition
b Biologists are engaging in fruit- ) ) ~
" . _ less exercise if they intend to make 5 Etc.
any deciSions about indicalor ) ) .
. organisms by operating at-the XI AREAS IN WHICH BENTHIC STUDIES ’ ’
generit level of macroinvertebrate CAN BEST BE APPLIED '
) identifications.” (Resh and Unzicker) -
. A Damage Assessment or Stream Health
4 Reference station methods . s
o If a stream is suffering from abuse the
Comparative’or control station methods biota will so indicate. A biologist can
. compare the qualitative characteristics determine damages by looking at the .
of the fauna in clegn water habitats with,_ © "eritter" assemblage in a matter of
those of fauna ‘in habitats subject to stress. | minutes. Usually, if damages are not
Stations are compared on the basis,of found, it will not be necessary to alert ﬁm\
r1chnqss of species, . sthe remaifhder of the agency's staff,
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pack all the equipment, pay travel and per
diem, and then wait five' days before
enough data can be assembled to begm
evaluation. .

B By determining what damages have been
done, the potential cause "list" can be
reduced to a few items for empha31s and
the entire "wonderful worlds'' of science
and engineering need not be practiced with
the result'that much data are discarded
later because they were not applicable to

. the problem being mvest1gated

C Good benthic data associated with chemi-
cal, physical, and engineering data can
be used to predict the direction of future -

"<changes and to estimate the amount of
pollutants that need to be removed from
the waterways to make them productive
and useful once more. ’

D The benthic macroinvertebrates are an
easiljPMed index to stream health that »
citizens may use in stream 1mprove-
ment programs. ''Adopt-a-stream'
efforts have successfully used simple °
macroinvertebrate indices.

E The potential for restoring biological
mt’egrlty in our flowing streams using
macroinvertebrates has barely been
touched.
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ECOLOGY OF WASTE STABILIZATION PROCESSES
" : ( )

$
I INTRODUCTION . I TREATMENT PLANT ORGANISMS .
Wastewater is characterized by overfertili-
zation from the standpoint of nutritional
elements, by varying amounts of items that
may not enter the metabolic ;?attern but have
some effect upon it, such as silt, and by . -
materials that will interfere with metabolic
patterns. Components vary in availability
from those that are readily acceptable to
those that persjst for long periods of time.
o Each item has some effect upon the orgahism

B The presence of certain organisms with response to thé mixture.

well defined characteristics in a viable

condition and in significant numbers also

Living organisms will live where they can live.
This holds for treatment plant environments
just as it does for streams, impoundments,
oceans, dry or wegt lands.

A Each species-has certain limits or toler-
ances, growth, feeding habits and other
characteristics that determine its favored
habitat. . -

A Slime forming organisms including certain

!

Ly

provides some inference with respect to
the habitat.

C The indicator organism concept has certain
pitfalls. It is not sufficient to base an
opinion upon one or more critters which
may have been there as a result of gas
liquid or solid transport. It is necessary
to observe growth patterns, associated
organisms, environmental conditions, and
nutritional characteristics to provide
information on environmental acceptability.

D Organisms characteristic of wastewater
treatment commonly are those found-in
nature under low DO conditions. Perform-
ance characteristics are related to
certain organism progressions and assoc-

all of the functions expected during waste
treatment, Many associated organisms
compete in an ecologlcal system for.a
favored position. ~The cambination includes
synergistic, antagonistic, competitive,
predative, and other relationships that may
.favor predominance of one group for a time
and other groups under other conditions.
L4
E It is the responsibility of the treatment

plant control team to manage conditions
of.treatment to favor the best attainable
performance during each hour of.the day
each day of the year. This outline con-
siders certain biolngical characteristics
and their implications with respect to

P treatment performance.

1.

bacteria, fungi, yeasts; protista monera ke
and alga tend to grow rapidly on dissolved
nutrients under favorable conditions. These
grow rapidly enough to dominate the overall
population during early stages of growth.

There may be tremendous numbers of
relatively-few species until available

nutrients have been converted to cell mass

or other limiting factors check the pop- -

ulation explosion. . .

8 A ; '

B Abundant slime growth favors production

of predator organisms such as amoeba or
flagellates. These f€&d upon preformed ,
ecell mass. Amoebas {end to-flow.around.
particulate materials; flagellates also ate
relatively inefficient food gatherers. They

tend to become numerous when the nutrient

iations that are influenced by food to level is high. They are likely to bé assoc- -
organism ratios and pertinent conditions. iated with floculated masses where food
+  One single species is unlikely to perform is more aﬁ!ﬁ“dant. ' a

Ciliated of'ganisms are more efficient’
food gatherers because they have the
ability to move more readily and may
set up currents in the water to bring food
to them for ingestion. Stalked ciliates
are implicated with well stabilized effluents
because they are capable of sweeping the
fine particulates from the water between
floc masses while their regidues tend to
become associated with the floc.

D Larger organisms tend to become establish-
~—ed later and serve as Scavengers,

These U
include Oligochaetes (worms), Chifonomids
(bloodworms and insectilarvae), Isopods -
(sow bugs and crustacea), Rotifera and

« others.

N
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Il TREATMENT OPERATIONAL CONTROL

- An established treatment plant is likely to
wontain representative organisms from all
oups of tolerant species, Trickling filters,
activated sludge, or ponds tend to retain
previously developed organisms in large
numbers relative to the incoming feed. The,
number and variety avail determine the
nature, degree and time required for partial
oxidation and conversion'of pollutants from
liquid tq solid concentrates, _ )
A Proliferation of slime ;ormxng organisms
characterize the néw unit because they grow
rapidly on soluble nujrients. Predators
and scavengers may start growing as soon
as cell mass particulates appear but growth
rate is slower and numbers and mass lag
as compared with slime organisms. As.
slime growth slows due to conversion of
soluble nutrients to cell mass, the slime
formers tend to associate as agglomerates
or clumps promoting floculation and liquid
solid separation. -

B Ov rfeeding an established unit encourages
rapid growth of slime organisms as individ-
ual cells rather than as flocculated masses.
This, results in certain characteristics
résembling those of a young, rapidly
growing system.

L
AN
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~
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E Observations of the growth characteristics
and populations do not provide quantitative
information, but they do indicate trends
and stages of development that are useful
to identify problems. It is not possible to
identify most slime organisms by direct

" observation. It is possible to recogmze
growth and flocculation charagcterigtics.
Certain larger organisms are rect»cmzable
and are useful as indicator organisms to
suggest past or subsequent developments.

ILLUSTRATIONS OF ECOLOGICAL
SIGNIFICANCE

A The first group represents initial devel-
opment of non-flocculent growth. Single
celled and filamentous growth are shown.
Rapid growth shows little evidence of
flocculation that is necessary to produce

. a stable, clear effluent.

-
The next group of slidessiindicate develop-
ment of floc forming tendencies from
filamentous or non-filamentous growth.
Clarificdtion and compaction characteris-
tics are relatable to the nature and density
of floc masses.

C Organisms likely tq be associated with

more stabilized sludges are shown in the
third group anuang 3 on-

L Toxic feeils 'or unfavorable conditions
materially reduce the population of exposed
sensitive organisms. The net effect is a
population selection requirifig rapid regrowth
to reestablish desired operating character-
istics. The system assunies new growth
‘characteristics to a degree depending upon

* the fraction remaining after the toxic effect
has been relieved ﬁy dilution, degradation,
sorptlon, or othef means.

Treatment units are characterized by

changes in response to feed sequence,
. load ratio, and physical or chemical:

conditions. Response to accute&toncny .
* may be immediately apparent. Chronic,
overloading or'mild toxicity may not be .
apparent foriseveral days. It may be
expected. that it will require 1 to;3 weeks
to restore effective performante \after any
major upset. Performance efiteria may
,not indicate a smooth progression toward
1mproved operatmn .

&

sist of a 1arge alimentary cana1 w1th
accessories.

The 1ast two slides illustrate changes in -
appearance after a toxic load. Scavengers,
ciliates, etc. have begen inactivated. New
growth at the edge of the fToc masses are
not apparent. Physical structure indicate$

D

.« . dispgrsed residue rather than agglomera-
4//- tion

ndencies. The floc probably contains
11v1ng organlsms protected by the surround-
ing organic material, but only time and
regrowth will reestabhsh @ working floc
with good stabilization and clarification
tendenci§s.
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. . ECOLOGY PRIMER
. ' (from Aldo Leopold's A SAND COUNTY ALMANAC)
. . P .
I Ecology is a belated attempt to“corﬁert VI A thing is right when it tends to preserve
' our collective knowledge of biotic materials _'the integrity, stability, and beauty of the
- into a colle]ctive wisdom of biotic manage-~ " biotic community. It is.wrong when it
T ment. tends otherwise. :
II The outstanding scientific discovery of VII Every farm is a textbooki on animal
the twentieth century is not television or ecology; every stream is a textbook
radio, but rather the complexity_of the . on aquatic ecology; conservation is
land organism. . : the translation of the book. '
I One of the penalties of an ecological edu-~ VHI There are three spiritual dangers in not
‘ cation is that one lives alone in a world owning a farm- '
of wounds. Much of the damage inflicted o !
\ on land is quite invisible to laymen. An A One is the danger of supposing that break-
.ecologist must either harden his shell . «fast comes from the grocery.
and make believe-that’the consequences ' -
of science are none of his business, or B Two is that heat comes from the furnace.
he must be the doctor who sees the marks - .
of death in a community that believes C And three is that gas comes from the
" jtself well and does not want to be told pump. ‘
otherwise.
<. . [X In genéral, the trend of the evidence
¢ IV Ecosystems have been sketched out as . indicates that in land, just as in the
i pyramids, cycleg, and.energy circuits. - " fishes body, the symptoms™may lie in
The concept of land as an energy circuit one organ and the cause in anofher The, .
conveys three basic-ideas: ‘ practices we now call conservation are,
) . to a large extent local alleviations of -
. - A That land is not merely sail. biotic pain. They are necessary, but
L _ they must not be confused with cures.
e B That the native plants and animals Kept - °
the.energy circuit.opens others may or X An Atom at large in the biota is too free
‘ »  may not.- - to knqw freedom; an atom back in the sea
T ) has fg\ngotten it. For every atom lost to
_ C That man-made changes are of a different the s,ea\the prairie pulls another out of
~ order than evolutionary changes, and have the decaying rocks. The only certaip R
. effects more comprehensive than is intend- truth is that its creatures must suck °
ed or foreseen (See figures 1-4) ) gy . hard. live fast, and die often, lest its
e ‘ - losses exceed its gains. .
. D To keep every c"og and wheel is the first ’ .
- precaution of intelligent tinkering. - REFERENCES h
V The process of. altermg‘the pyramid for . 1 Leopold, Luna B. (ed.) Round River.
. -wxsghiiman occupation releases stored energy, ' Oxford University Press, 1953. .
and- this often gives rise, during-the T o, : - .
pioneering period, to a deceptive exuber- 2 Leopold, Aldo. A Sand County Almanac,’
4 ance of plant and animal life, both wild Oxford University Press. 1966.
.. and tame. These releases of biotic . * R
- capital tend to becloud or postpone the 3 United States Environmental Protection
. penalties of violence. . ) Agency. The Integrity of Water.
o oo ’ Washington, D.C. 1977. .
. ! ' ) 9 .
o ’ e, . _ ‘ 1‘
"QiEl{llC?BI'E'CO'ZGb"q'w o . o 17 . . | 18=1 , - i




;< Ecology Primer (from Aldo Leopold's A Sand County Almanac) ‘ T
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These so-called Laws of-f}cology have - .
been collected and reformulated by
Dr, Pierre Dansereau,

A They have a broad range of appli- ‘

cation in aduatic as well as terres-
trial ecosystems. - -

B Only the ones. which have strict
__application to fresh .water orgamsms -
“will be dlscussed . )

(3

The Laws Verbatim L

“4

A Physiology of Ectopic Fitness (1-9)

Law of the inopti‘mum. No speciés
encounters in any given habitat the
optimum conditions for all of its

functions. .

* 2 Law of aphasy. 'Organic evolu-,
* tion is slower than environmental
change on the average, and hence . —
migration occurs. " v S L

3 lLaw of tolerance.,, A species is . {
confined, ecologically and geo-
B graphically, by the extrémes of
environmental adversities that it
can withstand.

4 Law _of valence, In each part of
1ts -area, a given spec1es shows a
'greater or lesser. amphtude in
ranging through various “habitats’
(or communities); this is condi-
tioned by, its, requirements.and

. tolerances being satisfied.or
nearly bvercome.

5 Law of competition-cooperation,
Organisms’ of one or more species
occupying the same site over a
given period of time, use (and™
frequently reuse) the same re-
sources thréugh various sharing
processes which allow a greater

 portion to the most efficient.

« —~ N »

1 Law of corn.ering.

- —10

THE LAWS OF ECOLOGY -

— . v

-

6 ~Law of the continuum. The gamut
of ecological niches, in a regiondl
unit, permits a gradual’shift in the
—qualitative and quantitative compo-
sition and structure of communities.
The environ- _
- mental gradients upon which species
and communities are ordained either
steepen or smoothen at various-'times
and places, thereby reducing utterly
or broadening greatly that part of
the ecological spectrum which offers
the’ best opportunity-to organisms of |
adequate valence. : ;

8 Law of persistence. Many species,
especially dominants of a community,
.are capable of surviving and main-
taining their spatial position after

' _ their habitat and even the climate
itself have ceased to favor full
vitality.

9 Law of evolutionary opportunity. The

present ecological success of a

species is compounded of its geo-

graphical and ecological breadth, its
population structure, and-the nature
of its harboring communitigs.* . -

4

B Strategy of- Community AdJustment (10-14)

Law of ecesis. The resources of-an____
exp101ted by organisms with h1gh .
_tolerance and generally with lbw ’**‘
\ -requlrements. N
11" Law of succession. The same site

\
|
\
uhoccupied environment will first be’ .
|
|

will not be indefinitely held by the
same plant community, because the
physiographic agents and the plants
themselves induce changes in the - ‘
whole environment, and these.allow |
other plants_heretofore -unable to &
invade, but now more, efficient, to
displace the present occupants.




- *‘m(‘“
.

-
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Law of regional climax. = The
- " Processes of succession go
_ through a shift of controls but
are not indefinite, for they tend
to an equilibrium that allows no
further relay; the climatic-topo-
graphic-edaphic-biological bal-
ance of forces results in an .
ultimate pattern which shifts
from region to region.
13 Law of factorial control. *Al-
though living beings react holo-
cenotically (to all factors of the
‘environment in their peculiar
conjungtion), there frequently
occurs a discrepant factor which
has controlling power through
its excess or deficiency.

/

14 Law of association segregation.
Association of reduced composi-
tion and simplified structure have
arisen during physiographic or
climatic change and migration”
through the elimination of some .
species and the loss of eeologmal

status of others.
. C Regional Climatic Response (15-20)
JA5 Law of geoecological distribution.
"The specific topographical dis-
tribution (microdistribution) of an
ecotypic plant species or of a
plant, community is a parallel
function of its general geograpical
distribution (macrodlstrlbutlon),
since both are determined by the
Same ecological amplitudes and
ultlmately by uniform physiological
requirements.

it

- Law of climatic stress. It is at
the level of exchange be en the
organism and the em“fironment
(microbiosphere) that the stress

is felt “Which eventually cannot be
overcome and which will gstablish
a geographic boundary.

17 Law of biological spectra. Life-,. -

form distribution is-a characteristic -
of regional floras which can be '~

-

correlated to climatic conditions
of the present as well as of the

past. t AN
- .

Law-of vegetation regime. Under

a similar climate, in different

parts of the world, a similar

structural- physiognomic- functional
response can be induced in the
vegetation, irrespective of floristic -~ -
.affinities and/er historical con-
+nections. ’ .

18

19 Law of zonal eqﬁivalence. Where
climatic’ gradients are essentially
similar, the latitudinal and altitudinal
zonation and cliseral shifts of plant
formations also tend to be; where
floristic history is essentially iden-
tical, plant commumtles will also

be similar.

20 Law of irreversibility. Some
resources {mineral, plant, or
animal) do not renew themselves,
because they are the result of a
process (physical or bilogical) which”
has ceased to function in a particular
_ habitat of landscape at the present :
¢ time,
Law of specific integrity. Since the
lower taxa (species and subordinate
units) cannot be polyphyletic, their
presence in widely separated areas
can be explained only by former
continuity or, by “migration. T

Q .
Law of phylogenetlc trends. The . ‘
relativé geographical positions,
within species (but more often genera’
and families), of primitive and ad- 2
vapced phylogenetic features 'are good
indicators of the trends of migration.

21

22

" ~Law -of-migration. Geographical
migration is determined by population
pressure and/or environmental change.

~
.Law .of differential evolution.
graphlc and ecological barriers
favar independent evolution, biit the
divergence of vicariant pairs ig not
necessa‘mly proportionate to the ‘gravity,
of the barrier or the-duration of
isolation. . " g

24 Geo-

LI IR “
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25 Law of availability. The geo- IV THE LAW OF THE EQUIVALENCE _

graphic distribution of plants : ' OF WINDOWS (deAssis) . ’
and animals is limited in the .

_ first instance by their place "The way*to compensate for atclosed

— and time of origin. window is to open another windgw." o

P ’ . » b
26 Law of geological alternation. _ : ‘ |

Since the short revolutionary - ,
periods have a strong selective REFERENCES
force upon the biota, highly

differentiated life forms are Dansereau, P. qulogical Impact and Human
aye more lik’ely to develop ‘Ecology, in the book Future Enwronments‘
during .those times than during of..North America, edited by F. Fraser
equable normal periods. . Darling and John P, Milton; The Natural
< History Press, division of Doubleday, :
27 Law of domestication, Plants Company;-New York," 1966, ,1970.

and animals whose selection
" has been more or less domi-
nated by man are rarely able .
s to survive without his continued
protection.

deAssis, Machado. Epitaph of a Small Winner, =3
Noonday Press. 1968. : .

Hynes, H.B.N. The Ecology of Running
Waters. University of Toronto Press.
. o 1970, . ,
THIENEMANN'S ECOLOGICALGPRINCIPLES ’ :
\ -

i 7 .
These three ptrinciples apply to stream This 'outling was prepared by Ralph M, Sinclair,
invertebrates and will be noted specif- Aquatic Biplogist, National Trammg Center,
ically durmg your ;stream examinations MP&OD, .WPO, USEPA, Cln(‘lnnatl, OH 45268.

as you compare aquatic communities. i ~ -

. -

A The greater the diversity of Descriptor: Ecology.
the cohditions in a locality the )
larger is the number of species
which make up the blOth . - . .
community. .

The-more the conditions in a

locality deviate from normal, o wageesn
and hence fram the normal
optima of. most species, the, .
smaller is the number of species’ oL z .
which "occur there and the - v e
greater the number of individuals

of each of the species which do .

occur, . :

C ‘The longer a locality has been
in the same condition the . - °
richer i§ its biotic commumty
and the more stable it is. b

f
i
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APPLICATION OF BIOLOGICAL DATA ‘.
N : ’ ’ t P
" 1 ECOLOGICAL DATA HAS TRADITIONALLY III QUANTITATIVE DATA- Typlcal "
T - BEEN DIVIDED INTO TWO GENERAL . Parameters of this type intlude: Ty
N CLASSES: ’ e T ° o 5" .
. A Counts - algae/ml benthos/mo; © ..
, A Qualitagtive - dealing with the taonomic . = fish /net/day - .
- composition of communities & 3 . '
e ) : , . B Volume - mm" algae/Hter "
B Quantitative - dealing with the population” s '
. density,6r rates of processes occurring C welght - dry wgt; ash-free wgt g
in the communities , - R .
: s : D Chemical céntent - chlorophyll R
y Each kind of data has been useful in its own carbohydrate;"ATP; DNA,; etk ¢ :
e . way. . ¢ ’
" , ’ E Cal'priis-jor caloric equivalents)
I QUALITATIVE.DATA . F Processes - productivity ;‘respiration
A Certain species have been identified as: : ) ’ .
: i IV Historically, the chief use of statistics
1 Clean water (sensitive) or oligoirophic _ in treating biological data has been in the .
- ‘ - ) collection and analysis of samplé€s-for-these
2 Facultative, or tolerant R ., pagameters. Recently, many methods have ¥ i
’ * been devised to convert taxonomic data into R
3 Preferting polluted regions numerical form to permit: .
T (see: Fjerdinstad 1964, 1965; Gaunfin, . . |
. & Tarzwell 1956; -Palmer 1963, Iog9; A Better Communication between the _ |
Rawsong®56; Teiling 1955) o biologists and other scientific disciplines .
. ’ |
B Using our knowledge about ecological B Statistical treatment of taxonomic data |
requirements the biolpgist may compare : . |
the species presént - . C In the field of pollution biology these |
T ’ methods include: , i R
1 At different stations in the same river 4
(Gaufin 1958) or lake (Holland 1968) "1 Numerical ratings of organisms on the
. basis of their pollution tolerance ‘
2 In different rivers or lakes (Robertson , . -
and Powers 1967) o (saprobicvalency: Zelinka &-Sladecek
: “ . . 1964) - ’
\ or changes in the species in a river or/lake
over a period of several years, (Carr . (pollution index: Palmer 1969)
& Hiltunen 1965; Edmondson & Anderson T .
. 1956; FI'Uh Stewart, Lee & Rohlich 1866; . 2 Use of quotients or ratios of species in
): Hasler 1947). ( different taxonomic groups (Nygaard | ;
- 1949 - b
C Untll'comparatively recent times taxonomic z . *
data were not subject to statlstlcal treat-, n o T
ment.. ' . : ) 8
. . / ’ , - . L
LN
« g ?";‘k s 7 9
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T e -'1968):

‘) Simple indices of community dive_'rsity: .

a Organisms are placed in ta.xonomlc
groups wHich.behave similarly under

the same ecologlcal conditions. The' .
- numbeér of species in these groups .

* found at *'healthy" sta‘tmns is com-
pated to that found at "experirhental”
stations. (Patrick 1950) = | -

b A truncated log normal cutve is,
plotted on the basis of, the number
. of individuals per diatom species. |
(Patrmk,, Hohn & Wallace 1954} e
¢ Sequential comparison index. *
{Cairns, Albough, Busey & Chanay
In this technique,” similar
organisms encounteredssequentially’
¢, are grouped intos'runs". : -t

- . -
» . »

.

‘Tuns 4

SCL = total organisms examined

. -

d Ratiowf carotenoids-to chlorophyll
in phytoplanktqn populatmns
s .
6 ngMargalef 1968) -

(Tana.ka; et a1 1961)

-OD,30,0P

%D 235/%P670
.e The number of diatom species present
ata, Station 1s considered indicative

of water qua"lity_ or-pollution level.

o (Williams' 1964) EES

v & o

numbeY of species (S)
na of individual,s {NV) 2

s
i%umber of species (S)

at=h

-

1 “ Cairns, J.

l xv“;jsxi&'etrs‘?*oo.1,

of numb &r.of individuals (v N)
9 he * . )
secef', N
h 1o g‘ N ‘(Menhmlck 1964) - -
En (m - 1) (Slmpson 1949)
d= —'""'""'-""N (N = 1.) . ’
where n, = number of individuals

belonging to the i-th species,
and

tot%l%ber of indiv1duals_

Z
n

J' Infor ation theory:
W 2o .
The basic equatlon used for

developed by Margalef (1957).

. , : )
‘ ’ 1 N! .
* o lEg g TN LN
a b ]
LN R ‘. 7 -
% §
) %g,m where, I - information/individifal;
a:a; N, N Ns are the number of
“"“‘)igdlvu?uals in species a, b, .,.
s;‘%ggnd N is their sum,
L
) 3 e ié’;’) “EM ig'{wf;&"‘%a o
~ *  This equation has’ also beent used
> with:

> edr g {"‘i"'”

N
. 2“‘1) Fhe fatty acid content of algae
%(Mcmtwe, Tinsley, and Lowry

' ’*‘cmes) ’

2) Algal productivity (Dickman 1968)

< 3) Benthic biomass (Wilhm 1968)

A
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Application of Biological Data
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. SIGNIFICANCE OF "LIMITING FACTORS" TO POPULA TION VARIATION "
b . ‘ .
’ v : - ¢ .
1 INTRODUCTION R ) & - A Liebig's=Law of the Minimum enunciates
4 § the first_basic concept, I oraer fur an
A Al aquauc organisms do not react uniformly organism 1o innabit a partw ulay environ- Y
to the vanogé:echomxcal phy*xca‘l and ment, spe@ficd levels of the materials *
"iolugical féatures in their environment. .. necessary for growth and udeVvelopment
Tlnuubh uormal c¢volutidonary processes (nutrients, respiratory gases, etc.) must
. . various organisms haveecome adapted .be present. If‘one.of these materials is
C .7 .* 7 “to'certaln combinations of environméntal ¢+ absen® from the chvrgnmen © e Lot o7
, conditions. The successful development, in mu. ma. quantities, a given spedies

and maintenance of a population or community

depend upon-Harmonious ecological valance

between environmental conditions and

tolerance of the organisms to variations

in onz\o\r more ot these conditions. -

A factor whose presence or absehce exerts

- some restraining influence upon u population

. through mcom\)atxbxhty with species
requxrements or toler'mr e iz said WN‘
limiting factor. The principle of llmxun»
- factors is one of th'e major aspects of the

envxrqnmemal control of aquatic or uamsms

(P igure 1), ;

- ~ . d B *

II PRINCIPLE OF FIMITING FACTORS' .

. B v

This principle rests essentially upon two basic
___'concepts, Dne of these relates organisms to
- the environmensal supply of matcrials essential
" tor their growth and deveiopment, The second
"pertains to the tolerance which Ol"l‘dnlamb
exhibit toward’. nu.lmcnlal Lpnumonq

*
/UNLIMI'I;ED\ GROWTH

x 5
~ 2 DECREASE IN
3‘ N e = ATMITATIO MNS PR
[ 3 V4
* .0 A EQUIYSRIUM WITH .
- - z - ~ —ENVIONMENT o
-l ~ - >
o - . \ INCREASE IN, *
< Tm‘m‘jnous .o
° 3
* : "\ POPULATION DECLINE -
a6 2P
. R —
- *TIME ) . ‘y
: : N &
) TNy ~ -
L o - I
Figure {. The relationships of limitin factors .

to population gro.th and dcvulopment.
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will on.y sur eive in limited numbers, if
at all (Figure 2),

Copper, for example, |
is essentiul in trace amounts tm

manv »pecies,

. 2
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Relationships of environmental
 factors and thu abundance of or

Hanismo.

;

1 The sub-sidim/\‘r principle of fictor

int..action states that high conténtranon
or a\allabxln) of som'e stinstance, o
the action of sume factor in the environ-
ment, toay mocify ptilization of the i
mimmultn one, For example:
) . . .
a Tne uptake of pnosptiosrus by the
aluag Nitzcnia (19§_tg5'_1_u~rl\ is influenced
the r Jative quantitics of mtrate |
and phospnate in the envir un\mcnt
L nowever, ntlrate utillzation ,éppeax'
- tobe unaffe(ted by the phd&phate
(Rexd 10(‘1) . . L
- * L
b Tho ua..;imilatiu.x of somic algae 1s
¢losely x Aaleu 10 temperature.

N

utilization, by fi-h ~
_may he affocted 3% muny o'l’}c‘r sub- |
" standes or factors in the environment.’

. -
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o  Significance of "Limiting Factors' to Populhtion Variation I \
» . ) - ) ¢ \
N ) L : *
. ‘d Where strontium is abundant, mollusks.
are able to substitute it, to a partial
‘ extent, for ealcium in their shells f
(Odum, 1959). > (a)
U Z
4 + 2 If a material is present in large amounts, 2
- kut only a small amount is available.for * <
K3 . . pselbv the orzanism) the amount avaxlable -
T .~ .~ andwnotthe total amount present deter- > |
+smines whetnv}' or not the particular -
* w material is 1 A-t1nJ,(ca1c1um in the form <
L ," - m
of CaCQs). w .
B Shelford pointed out in his Law-of Tolerance CONCENTRATION
that there are maximurn as well as minimum
. values of most environmental factors, which Figure 4. Relationship of purely harmful
can be tolerated. Absencé or failure .of.,an factors and the abundance of
organism can be controlled by the deficiency L organisms. ' )
or excess of any factor which may approach -
the limits of tolerance for that organism N i K
L " (Figure 3). ) 3 Tolerance to environmental factors”
' \ ) ‘ : - ' ) varies widely among aquatic organisms.
. /—/—s\
. . \ A species may exhibit a wide range’
-T\l—._nx;:;\ Lamat of Range of Optimum : Maximum lLamit o?“'1 of toéerance toward one factor and a
Toleratfpn v . of Factors ; , Toleration s narrow.yange toward another= Trout,
.- . 2 ! s, LY . N
' Absent Decreasing ,  Greatest Abundance ! Decreasing /Absem ' for instance, hav‘e a wide range of
. Abuniance £ aswncance tolerance for salinity and a narrow
. - - e T s range for temperature. -
‘ . < . . )
. : . . b ‘All stages in the life history of an
< ) organism do not necegsarily have the
AR} -~
.o Figure 3. Shelford's Law of Tolerance. same ranges of tolerance. The
ryo . . . perlod of reproduction is a critical
N . . . , time"in the life cycle of mqst .
1 Organisms have an ecological minimum organisms.
* and maximum for each environmental
. . factor with a range inbetween called ¢ The range of tolerance toward one
- wt{ . e . factor may be modified by another
s the ‘critical rafige which represents the 4 factér. The toxicity of most sub- _
T + - tange of tolerance (Figure, 2). The stanc'e.s increases ays ‘the tem eratu‘r'e
- . actual range thru which an orgamsm can increases ) P ¢
Q grow, develop and reproduce normally ¢ ) .
isu 1 s t it . .
b;hauaéior{:;;ca};cénaller han its total d The range of tolerance toward a given
. ge .‘ . e factor may vary geographically within
AT . Or
, 2 Purely deletémoﬂs factors (heavy metals, the same Species ganisms ‘that
- pesncides etc.) have a maximum:  * . adjust to local conditions are called
_tolerable valu®, but no gptimuin (Figure 4). ° m. ! ¢
. L4 o - LI ~ ! ¢ ’ ) N :
AUREEE Ny 3 : -
s’ T+ . ﬁ - - E . s i
- - " - - % . ?
- K - . !
b . o . . . .- @ . . Eid L. .
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to Population Variation * ~

14

Significance of "Limitigg Factors"

e The raﬁap of tolerance toward a given
factor may vary seasonally. . In general
organisiigtend to be more "sensitive
to environmental changes il summer”
than in other seasons. 'This is
primarily due to the higher suramer
temperatures.’ 4

A wide range of distribution of a species

is 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
gréatly, A one-year old.carp, for
instance, may vary in size’from less
than an ounce to more than a pound
dépending on the habitat. :

To express the relative degree of

tolerance for a particular envxronmental

factor the prefix eury (wide) or steno

(narrow) is added to a term for that

feature (Figure 5). -

~
v

v [
—~

C The law of the minimum as it pertains to’
fagtors affecting metabolism; and the law
of tolerance as it relates to density and
distributi'on, can be combined to form a
broad principle of imiting factors.

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

1

2 The artificial introduction of various
substances into the environment tends
to eliminaté limiting minimums for
some species anqd create intolerable
maximums for others.

3 The biological productivity of any body
of water is the end result of interaction
of the organisms present with the
surrounding environment.

.

)

. 7 m VALUE AND USE OF THE PRINCIPLE OF
‘ e * % LIMITING FACTORS , .

N ' ) . . " A The orgamsm envxronment relationship ’ )/ .
i . - is apt to be so complex that not all factors
are of equal importance in'a given sxtuatlon'\ ",
some links of the chain guiding the organism
are weaker than others: - Understanding - - C e
¢ . . the broad principle of limiting fa'ctors and
) " the 'subsidiary principles involved make -
the task of ferreting out the weak link in
é’ﬁggmgmﬁ,wnmemu POLTHERMAL) - .agiven situation much easier and possibly
. ¢ less time consummg and expgnswe - o -

1 Ifan organism has awide range of
toleranqe for a facfor which is
rela,twely constant|in the env1r0nment
. that factor is not likely to be lm'htmg .
The factor cannot bg completely ) .
eliminated from consideration, however,
b‘{é‘ause of factor interaction. ! )

RELATIVE ABUNDANCE

—
. . TEMPERATURE

, ‘e . . ‘ 2" If an organism is known to have narrow
To o . . .. ; . limits of tolerance for a factor which is
Comparison of relative limits of, - * also vawiable in the environnfent, that
(A tolerance ®f stenothermal and .. factor merits caref study since it

eurythermal ofganisms. a * . might be limitiAg. . : B

5
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Significance of "'Limiting Factors" to Population Variation . C

’

. *

I
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—t

B Because of the complexity of the aquatic
environment, it is not always easy to
isolate the factor in the environment thaf

+ is limiting a particular population.
Prematfire conclusions may result from
limited observations of a particular.
situations. Many important factors may
- be overlooked unless a-sufficiently long
period-of time is covered to perm1t the T -
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 51tuat10n being improved.

LY

,C Knowledge of the principle of 11m1t1ng
factors may be uped to limit the number .
of parameters that need t6 be'measured-or
observed for a articulan study. Not all
of the nureroys physical, chemical and
bioldgical parameters need to be measured
or observed for each study undertaken.
The aims of & pollution survey are not to

« make and observe long lists of possible

about their gffects
of the problem, and w
should be take‘ra‘

RSN

B e R R

o .

N ..
D Specific factors in the aquatic environment

determine rather precisely what kinds of
orggnisms will be present in a particular
area. Therefore, organisms present or
absent can be used to indicate environ-
mental conditions. Tbe'_diversity‘féf
érganismg provides a better in Qatlon of
gnvironmental conditidns than doés any
singlespecies,” Strong ‘physio-chemical- -
limiting factors tend to reduce the diversity

Q

within a community; more tolerant species ,

are then able to undergo pqpulaiion growth.

3
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I INTRODUCTION -~ % .~

This topii: covers a wide spectrum of itemsg
often depeniding upon the individual discussing

objectives that fe is trying to '‘prove'’.
Smce the ‘writer is not a- b1olog1$t these
Jviewpoints are“’ from the ‘outside-looking in'',
Any 1mpress1on of bias is intentignal.

A Some Définitions are in Order to Clarn'y -
Terminology: .
¥ J .
1 Eutrophication - a process or action of
" becoming eutrophic, an enrichment,
- To me, this.is a dynamic progression
( characterized by nutrient enrichment.

. Like many defthitions, this one is not" -

" precise; stages of eutrophication are
classified as olig-, meso-, and eutrophic
. depending u;gm increasing degrece, Just
-~ how a given body of water may be \
*classified is open to question. It
depends upon whetheyp you Iook at quiet
ox; turbulent water, top or ‘bottom
. samples, season of the year, whether
‘it is-a first impression or seasoned
Judgement It also-depends upon the,
... water use in which you are interested,
* such as for frshn':g'“csr waste discharge.
" The tfansitional’ stages are the major
problems -.it is loud and clear to a
trout f1sherman encountermg carp and
scum.

2 Culture

- Fostering of plant or animal growth;
* cultivation of living material and -
products of such cultivatidn, both fit.
! Some degree of control is implied but,’
¢, the.control may have limitations as
well as advantageg. Human cultural
development has fs\!"eﬂ human num-
bers successfully, but, ‘has promoted
rapia degradation of h1s natural environ-
Snent. »

-

oy

o . . . -

the subject and the particflar s1tuat1on or . »

PRSIy

)

3, Nutrients
i A component or element essential to
sustain life or living organisms, This
" includes many different materials,
some in gross quantities - others in
minor quantities, Deficiency.of any
one essential item make living
. impossible. Nutrients needed in large
quantities include carbon, hydrdgen,
oxygen, nitrogen, phosphorus, sulfur .
and. gilica. N and,P frequently are
loosely cons1dered as "the''nutrients
because of certain solubility, con-

version and "known" behavior” N
characteristics, . * e
° coeA,
- - ~
4 Algae .
26 .

A group of nonvascular plants, capable
" of growth on mineralized nutrients with = * .,
the aid of chlorophyll and light energy\ -
known as produger organisms, since .
the food chain is.based directly or
omd1rect1y upon, the organic: mater1a1

,produced by algae. .
B Now that we havd‘backed into" theJ{:ie 7
. words via definitions, some of the

-

ramijfications of eutrophication, nutrient
enrichment, and cultural béhavior are -

possible.-., ' | ) o .
. .

NUTRIENTS INTERRELATIONSHIPS

A < All nutrients are interchangeableiin form,

solub111ty, availability, . ete.
no "end" products, We ca isolate, cover,
convert to gas liquid or-s6lid,. oxidize,
reduc¢, complex, dilute, etc. - some
time, some place, - that nutrient may
reéycle as part of cultural behavior,
- &

1 Water contact is'a major factor in
+ recycle.dynamics just as water

represents two-thlrds or more of ce11

There are

Y

t
A [}

. P
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-mass and appears to be the medium in
which living forms started. Waste
disposal interrelationships (Figure 1)
suggests physical iriterrelationships of
soil, air and water., The wet apex of
this triangle is the basis for life. It's
difficult to isolate water frofiithe soil
or atmosphere - water contact means
solution of available nutrients.

TS T HISPOSAL
INTERRZLATIONSHIPS
g ATMOSPHERE

2 Flgure 2 takes ug fnto the' bxoSPhere (1)
via the soluble element cycle. This
refers mainly to, phosphorus interchange.
Phosphorus of geological origin‘may be

> solubilized In water, used by plants or

. animals and returned to water, Natural
" mfovement is toward the ocean. Less
phosphorus returns by water tra.n5port
Phosphorus does not vaporize; hence,
atmosPherxc transpog't occurs mainly .
as windblown dugt. Man and geologmal
upheaval, parti reverse the ‘flow of
phepsho(tus towdrd the ocean sifik.

r

-

3. The nitr?'gen cycle starts with ele-
‘mental’n{trogen in-the atmosphere. _
It can:Be converted to combined form
by electrical discharge, certain
bacteria and algae, some plants and
by industrial fixatton. Nitrogen gas
thus may go directly into plant form
or be fixed before entry. Demtrxﬁcatxon
occurs mainly via saprophytes. .

+(Figure 3) Industrial fixation is a
relatively new contribution to
eutrophication, ’ )
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. Algae and Cultural Eutrophication

\

4 . Carbon Cdnversior{s (Figure 4) show
» most of the carbon in the form of,
- geological carbonate (1) but b:,carhonate
and-CO readxly are conver%ed to plant

© g -cellm jyto other' life forms’.
Lt . Note the relatively small fraction of
T carbon in liting mass.
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B_ Nutrient - Growth Relationships
B Nutrient cycles could go on, but, life
' depends upon a mixture of essential
nutrients under favorable conditions.
Too much of any significant item in the
wrong place may be considered*as o
pollution. _ Since toxicity is related to
» ' * chemical cancentration, time of exposurg
arld organism sensitivity, too much . .
: becomes toxic. If it happens to be too

'How much' is generally more important
than the 'what'? Both natugal and manmade
«processes lead to biolbgical conversions,
to pollution, to eutrophicatién and to
* *  toxicify, Man is the only animal that can ,
conicentrate, speed up, inveht, of otherwise
alter these conversions to make a collossal *

o oo~ M BIOSPUERE . o .tt

' ‘much growth, its a result of eutrophication.

&
»

_—

r‘:. .
16 elements. More than 30 have been

- implicated as essential and they still
would not, ""live”, unless they were
correctly assembled. As a nutrient
Mnemonic H, COPKINS - - Mg(r)-
CaFe-MoB does faifly well. Italso ,
indicates lodine-I, Iron-Fe,
Moqlybdenym-~Mo, and Boron-B that
were not’ mcluded earlier,

2 ,The Law of Distribution states that

; "Any given habitat temds to fagvor all
suitable species - any given species
tends to be present in all suitable
habitats. " Selection tends to favor‘the
most suitable species at a given place
and time. .

3 Liebigs Law of the Minimum, states
that ""The essential material available
in amounts most closely approaching
the critical minimum will tend to be
the limiting growth factor."

4 Shelfords law recognizes that there .
will be some low concentratior} of any
nutrient that will not s ri_growth.
Some higher concertfation will stimulate

- growth, Each nutrient Will have some
, still higher concentration that will be
bacterlostatlc or toxic. This has been
discussed earlier but was cons1dered in
a different manner. .

3

%

. .
III BIOLOGICAL PROGRESSIONS

The biological "balance' appears to be a very
transitory condmon in cultural behavmr,
Man favors production. A steady state
"palance' does not persist very long tnless

. energy of the system is.too low to permit
significant growth. A progréssion of species
where each predominent form thrives for a .
time, then is displaced by another tempgqrarily
favored group is usual. - Yearly events in the

' mess. A
- . ]

- 1 Life forms haVe beenaformulated in

- . ponents many times.
C H .02H
. 18G50 760807 20 $26 P2 F 2
SiMgMn, K_NaS,,Zn. This includes
272 2‘]: .

o T S
CERIC . T
- - , - .

. .
L a .

t

‘ terms of elemental or hutrient com- -
The simplest is:
N, A more complex formula/

lawn start with chickweed, then dandelion, _

plantain, crab grass, rag weed, etc., in . \

successive predominence. Oectasionally,
more desirable grasses may appear on the
* lawn. QGrass is a selected unstable "cuiture"

<

s

»

"
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A Figure 3 shows a biological progression (2) < e .
following introduction of wastewater.in an . -
unnamed stream, Sewage or slime bacteria ’ — ) :
proliferate rapidly at first followed by -
ciliates,  rotifers, etc. y .
’ 1 : . - . ' ‘
b T . SEWAGEBACTERIA .
- ToeT 7 T T NOCPERME - - - et e e e e AN T
; o R '/l
. - v «"ﬁh
& 300~ pe—n : v
WLt e 0}% o e RIES 0 ROTIFERS 11 -
- . Q NO.PER ml.x1,000.
. wd 2 g v . &CRUSTACEANS
o % , NO. PER ml. x 25,000 )
E 200} . ! - -
g N
ul .
' .
N 0.
8 100~ coLIFORM 11 .
] .PER Ml
.. a_ (NO.P )
| g
X ' - 1 I *
e 2 1 '
Oh N
24 12 0 12 24 36 48 60 72 84 96 108
o, MILES .
Ja . .
. A Figure 5. Bacterig thrive and ﬁ'ncllz become prey of the ciliates, which i'f turn are food for thf htiffrﬂx_ ‘_"'d :runuecc.ns. .
B Figure 4'shows another'progressioh of o .
bottom dwelling larva, Here thé sequencé -
of organisms changes afterwastewater "
introduction from aquatic insects to sludge ° ‘
worms, midges, sow bugs and thento __ '
re-esjgblishment of insects. THE BIOTA 0
. o ( . SLUDGE WORMS
; [ N
Figure 6. The population :urvnof,:ﬂgun' 7 is composed of a ieries of maxime
. B fér individual species, soch mulﬂply"f;:a and. dying off as stegom :c‘ndoiﬁom vagz. ®
3 . v 3 . s, . . ;"
, . \4 - . - .
S IRE A S
Q : . : o
RIC: :
T x 1 e 4 ‘ N
) [ - . o 2




C Another progres’Sx?m affer waste
introduction changes the biota from .
an algal culture to sewage moulds with

L

L SR
later return to algal predominence. .
. ., . R . ' PSRN
~ N . N . — . ]
v ’ . * N , :
R
S X . mgarew  THE BIOTA- . ,
. ’ - - ‘l . 5 " . l.) . :
S I - . - -
, ;é '
- B gg
’ = .
. 32
z
I3 ~ o g; - - — _‘ - -
.* : - LU} -] . .
. ¢ 2" o * -
. e ’ ,
Yo &k
* D .
’ @ae . ‘
* o 1. S . .
' o ) 24712 O 12 24 36 48 € 72 84 96 108
, . MILES
! - . - e —— a4
’ ¢ - igure 75I|only after sewage discharge, the 1ds¥attain growth. .
¢ hese are assoclged with sludge deposition shown in the lewer curve. The sludge is
}‘ decomposed gradually; as conditions clear up, olggg gain @ foothold and multiply. v
A\
- ¢ . - - I e ,
Figures 5, 6, and 7 are shown separately +Since the algae also acquire CO,_ from
“only,because one visual would be unreadable..s‘ the atmosphere, from ewater and
w1;h all possible progressions-on it. There~’ from geologital sources, it always ends ,

are progreésmns for fungi, protista, insect

larvae, worms, fish, algae, etc. Each

_Sp
Be replaced by.those that can compete, .

under prevalhng conditiof’s at the tifne.

Conditions shift rapidly with rapid growth,

s gctiond ot v
IV 'I,‘he intessctiond of bacteria or fungi and

algaée re 8) are particularly
s1gnrf1can to eutroph1ca¢1on

.
-

-

A The bgcteria or the saprophyt1c group’

R . amongZithem tend to work on preformed
¢ orgajl materials - pre-existing organics
fr dead or less favored orgamsms.

rgy chlor’“ﬁ}:ﬁyll and mineralized

"+ light engs
. nutrients, This is a happy cembination

It-it,cannot cpmpete. successfully, it will « ?

up with maye enrichment of nutrients in
the water ~ more enrichment means more
fowth and growingforganisms eventually
clumps deposit, The nature of growth
Et}ifts om free growth to rooted forfhs,
starting in the shallows, Another
progression occurs (Figures 9 and 10).

3

It is this relationship that favors profuse
nuisance growth of algae below significant
waste discharges. There is a trelmendous
pool of carbon dioxide available in
geolog1ca1 formations and in the air»
Transfer to the water is signififeant and
encourages algal productivity and eventual
eutrophication of any body of water, but,
this does not occur as rapidly as when the
water body is super saturated with CO
from bacterial decay of wastewater
discharges or benthic deposits from thém,
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) B Nitrogen arid phosphorus afe essential A We prodeuce more nutrients per capita per ° ’
for growth, They also are prommently day in the United States than in other
con31dered inr eutrophlcatlon control. , nations and much more today than 100
P ¢ Algal cell ma'gs is about 50% carbon, & years ago. More people in population "
4 ;. . 15% mtrogeh and appl"ommately 1% ° cgnters accentuate the problem. .
’ : phosphorus not cons1dermg luxury uptake o F . = i .
in excess of immediate use. Phosphoru$ B Technology is available to remodé most -
" is considered as the most controllable of the nutrients from the water carriage .
iting nutrient. It's control is com- o system. . p
- « plicated by the feedback of P from benthic v
sediments and surface wash., Phosphorus - 1 This tebhnology w111 not be used unfess -
1 , -.' removal means solids removal. Good water is recognized to be in short’ ? e - .
. clarification is essential to obtain good - supply. _— T . T,
* .. removalof P.- This also means improved . : . . e Y.
* . removal of other nutrients- a major - 2 It will not be used wilegs.we place a e
\ - advantagé of the P removal route. Both -« realistic &ommodity value on the water Lt
N & P are easily converted from one form . a.nd are willing to pay for cleanup for .. .
to another; most form are water §olub1e. ) reuse pui'poses. et ..
EIPN ""y o . . .
‘o L I o - -
' U o , - *. C Rémoval must be followed by isoladion of .
. V SUMMARY R .o acceptable gases to the atmosphere™e -
. * - = acceptable solids into the wfre;me I ‘o
Control oftéutrophication is not entirely or storage, Water contact cannot be ™ . g
. possible. Lakes must eventually fill with prevented, but it must be limifed oF the -
o - benthic sediments, surface wash and . énrichment of the water body is hastened = i
Yegetgtion. Natural processes eventually .o,
°_ .cause-filling. Increased nutrient discharges ) . . : ’
° frorft added act1v1t1es grossly increase filling . . T /o
- rate. - l J ¢ ~ S . \ )
. e + . e’ . * ’ * N\ T I :_‘, ,J:i; . T . ‘
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I INTRODUCTION

A With the exception of factory-set

®

s

?

instruments,® no two microscopes can

be counted_upon to provide exactly the

same magnificaty
. bination-of ocular

wit
-and ob}ectives.

For

given com-

°

>

<

accurate quantitative studies, it 1s there-

' fore necessary to standardize, Qr “galibrate'
each.instrument against &'known standard:
scale. ,One scale frequently used iy a
microscope slide on which two millimeters
are - subdivided into tenths, and two addis

" tional tenths’are subdiwaed into h"undredths.
‘Figtre 3 >

. ®

B In order to provide an accurglte mea-surmg 4

device in the":mcrt)scope, a-Whipple oy

“Plankton Co.untmg Square or reticule

(Figure 2a) is installed in one ocular

' (there are many different types of ret1cu1es)

N This square is theoretically of such a size
that with a 10X obJectwe, a 10X ocu1ar,~

and+a tube length’ of 160 mm, -the image *

of the*square govers a squarg areg on the-

slide one'mm on a slide: Since this

obgectﬂre is raa‘er attained, however, *most

N

L d

/.

*3

"
§

icfoscopes must b standar ized.or
«

chlibrated™ as descr,

gbed bétow in order,

to ascer tafn the actua

size’.of the. Whipple |

T .

~#% "lend mounting arid
_ thé dircutar diaphragm or shelf “which-

T %Square- see-q'thro g}emlcroscopeﬁ .
<o (herem tet; ;ei‘er.reg,to as‘the meple v
. Qeld" ﬁls pri6fess’is sthematically~ 3

-

R gV m1croscope 1s shown in Figure 1.

-.

’
v~

L4

'repr

te;i jn Figurgs and'7.

If thE

. ~ Whipple &yepiece is to be dsed at more

>

»

than éne, magnificatien, it-mustbe récaliz« .

brated for each. A basic typ% of monocular -

C Microscopes with twweyepleces (bmocular)
are a convenience but not essential.,’ Like
modérn carsythey are not only great

performers, " but also complicated to
service or, in this instance, calibrate.,

-« On some instruments, changing the inter-
~pupillary distance also changes the tube

*length, on others it does not. The "zoom"

" feature.on certain scopes is also essentially '*
a system for.changing the tube length..

s

’
.

‘The resultant is that in'addition to calibrar -
tion at each combination of eyepiece and
-objective, any other factor which'may < |
. affect magnification ] must also bescongidered.
In some instances this may mean §ettmg up
a table of calibrations at a series of micro-
,,scope settmgs.

£

)
.

2

Y

o

L)

.\ ‘".'
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CA I,JBRATION AND USE OF, PLANKTON COUNT.{NG EQUIPMENT o
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Another pr8cedure=1s fo select a value
-§or each of the variables mvolved (inter-
pupillary distance zoom, etc.) and,

calibrate tHe scope at that combingtion;

;

Then each time the_ scope is {0 be used for

~

‘ quantitative work, re-sét each. variabbeSto"
the value selected. A separate multipli-
cation factor must be-calctlated for each
adjustment which changes the magnificatjon
-of*the mstrument ) ) .

o~

¥
-«

Since the Wh1pp1e Syuare can be used to
measure both.linear dimensions and .
square areas, both shquld be recorded on
, an appropriate form, sugges“ted f ormat
1s shown in Figure 6.

3
“

" (Data writtendn are used as’an illustration
and are pot intehded to apply to any
partlculara.mlcroscope. An unused form
is mcludéd\as F1gure 6-4. )‘“ ‘

( L3

°
Y

. v
%

THE CALIBRATION'PR@CEDURE .

7 .
Y e H 5‘

Insta111n§ the W’hlpple Square or Retlcule

o,

° ‘ @

3 a

e To install thevi'etrc“ule -ip the 3cu

2
®,

a

s (isually.the right one on a binocy

s m1croscope) carefully unserey, the’ uppe‘r ¢

a

.place the ret1cu1e en

5
.

will

-y

they arenot ih sha P foc s, r&mova an

-

.A,"'

- Ybserve the Stage mittometey as as illus~-

-alike, and the foéus may not be qu1te as

B

.».,

-v‘
Iz

7

R}

be fouﬂ approxiinatgly half way c30w!1 inside
@igure™a): ¥Replace the lens' mounfing Snd .

observe the‘tharkihgs on‘the ret{cule. If g,
d *

[3

.

turn the ret1cu1e over

On ret1cu1es w1th the .markmgs ‘etched-on
one side of a glass disc, the etched sur-
face ¢an usually be recogmzed by shifling .
thé disc at the proper anglé in a light. .
The markings will usually be inthe beat
.focus' with the etched sufface down: If‘the
markings are sandwiched between twp glass
discs cemented togefher, both sides Ir

sharh
Observatlon of the Stage M1crom¢Br %

Replace the ocular in the rmcroscope and

R

.drated schematically in Figure 5!" @alibration
,Of the Whipple Square. On a suitably ruled
orm sih as the qne illustrated, Figure 6,
W (alibration Data, record the’actual d1stance
in millimeters subtended by the image of

>
-

.t
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Calibration and Use of Plankton Cbunting Equipment ) " .
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the entire Whippleffield and also by each rim of an gmpty cell for the above depth
of its subdivisions. *This should be measurements, as the coverglass is supported
determined for each significant settling of, by the highest points of the rim only, which -
the interpupillary distance for a binocular ¥ - af'e very difficult to identify. Use the average
mlcroscope, and also for each combination of all depth measurements as the ' 'true'' depth
of lensestponed Since oculars and ,of the cell. To simplify calculations below, it
objectives marked with identical magnifi- W111 be assumed that we are dealing witha .
cation, and since m1croscope frames too cell with an average depth of- exactly 1.0 mm.
may differ, the serial or other identifying .7 ®
. number of thdése actually calibrated should . ’
7. be recorded. - It is thus apparent that the IV PROCEDURE FOR STRIP COUNTS USING
" defepminations recorded will only be valid ‘THE SEDGEWICK- RAFTER CELL

S when used With the lenses listed ang oh that S .
particular microscope. ‘ - A Principles . . X = '

' C Use of the 20X Objective Since the total area of the cell ie 2000 mmz,,

‘ £ - . the total volume is 1000 mm® or 1 ml. A °'

4 Due to the short workilng distance beneath "strip'' the length of the cell thus constitutes
a 46X (4mm) objective, it is impossible  ° a volume (V{) 50 mm long, 1 mm deep, dnd
to focus to the bottom of the.Sedgewick- the width of the Whipple field. RN
Rafter plankton,counting cell with this- lens S )

A 10X (‘16mm) lens on the other hand ° *  The volume of such a strip‘in e is:
"wastes' space. between the front of the )

. ler's end the coverglass, even when focusedi ° Vy= 50 X width of field X depth

. on the bettom of thec€ll.. In order to rhake . . ‘ ~.
- 1le mostlefficignt use possible of this cell . = 50 XwX1 - \\ N ‘
then, ‘an objective of intermed¥ate foca® -~ . o
length is'desirable; A lens with aégcal . .= 0w
length of approx1mate1y°8 mm, having a N - ‘ :
maghification of 20 or 21X will meét tirese . In thegexample. given below on the plate
reghirements. Such lenses are availabler 3 entitléd Calibration bata, at a magnification .
from American manhfacturers and are ’ of approximately 200X with annterpupillazy
recommended for this type of*work, : o . setting of "60", the width of the Whipple

-~ - ' field is recorded as apprmgmately 0.55 mm
. (or 550 microns). In this case, the volume

. II- CHECKING THE CELL T .. of the strip is: :

The internal dimensmns of a Sedgevnck Rafter=g , V = 50 w2 50 X0.55 % 27.5 (mm ) -

. plankton counting cell should be 50 mm’long v

. by 20 mm wide by 1 mm-deep (Figure 8). . , ¢« B Calculation of Multlpher Factor

45T%s - by . . L. h . K

}‘}" . The actual hdorizontal dimensions of each new . In order to convert plankton counts per
cell should be checked with calipers, and the « .. strip to counts per ml, it is Simplyuen
depth of the cell checked at several points hecessary to mul}'lply the count obtained

4 around the edge using the vertical focusing by a factor (F,) which represents the
scale engraved on the fine adjustment knob of ‘ number of tlmles the volume of the strip
.most microscopes. One¢ complete rotation of - examined (V1) would be contained it 1 ml or *

X the knob usually raises or lowers the dbjegtive ' 1000 mm3. Thus in the example given %

+ 1 mm or T00 rru;:rons (and_each single ma& ' . above: ", 1

equals 1 micron). Thus; approximately ten ’ ' X .
turns of the finetadjustment knob should raise 2 - Fi= ;olume of <;e11d1§1 mm45~
the focus from the bottom of %he cell to the , - volume examined 1n mm
underside 'of a coverglass resting on the rim. = 1000 _ 1000 _ 40 56 °
Make these, measgyrements.on an empty cell.- ‘<, V- < 27.5 : -
The use of a No. 1 or-1-1/2,724 X 60 mm .
[coverglass is recommended rather than the s = approx 36 ;
‘heavy coverglass that comes with the S-R '

.. cell, as the thinner glass will somewhat con-, . If mor e than one str1p is to be counted,

.form to any irregularities of the cell rim ' the factor for twd, three, etc., /strlps . !
"{hence, also making a tighter seal and reduc- ~ . could be calculated separately using the »
ing evaporation when in actualyse), Do not same relationships outlined above, changing
. attempt to focus on the upper sirface of the only the measurement for-the length of )
- ) . . ~ N . * -
H v - . ' (1 93 . 3 ‘ ‘ -3
, Ve ‘ : R
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. Figdre,l. THE COMPOUND MICROSCOPE . L S
A) coarse adjustment; B) fin¢ adjustment; turned toward the object being studied. In e
C) arm or piilar; D) mechanjcal stage which ' th?s case J is a 40X, K is a 100X, L is a 20X,
holds slides and is movable {n two directions - and M is a 10X objective. The product of
by means of the two knobs; E) pivot or joint. . the magnification powér Qf the objective being.
This should not be used or "'proken’’ while uded times the magnification power of the
counting plankton; F) eyepie¢e (or ocular cf: eyepiece gives the total magnificatior of the
figure 4); G) draw tube. This will be found microscope. Different makes of miéroscopes
on monocular microscopes gnly (those having employ objectives of slightly different powers,
only one eyepiece). Adjhstrhent of this tube _but all are approximately equivalent. N) stage
is very helpful in calibrating the microscope of the microscope; O) Sedgwick-Rafter cell in i
for quantitative couqting (Seg, 5.5.2.2.). . place for observation; P) substage condenser;
H) bddy tube, In somé mekes of microscopes Q) mirror; R) base or stafd; note: for
this can be replaced with a body tube having information on the opti¢al system, consult
.7 two eyepieces, thus makirg|the 'scope into reference 3, (Photo by Don"Moran. ). .
. a "binocular. " I) revolvirg|nosepiece on . | / '
which the objectives,are maunted; J) through, ..
M are objectives,_ aﬂy one of which can be ' :

\ ’ ! id

- i ’ . - ’ D ' . ‘ : s 3 .
'f]{[CV - ; ot 2194 % .
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Figure 2

Types of - eyepzece micrometep.discs or
reticules (reticules, graticules, ‘ete.).

. When dimensions-are mentioned in the
following description, they refer to the
markings on the reticule discs and not to’
the measurements subterided on the micro-
scope slide, ,The latter must be.determined

by calibration procedures such as those
described elsewhere. (a) Whipple plankton
counting eyepiece. The fihe rulings in the
subdivided square are sometimes extended to

3

23-~4

v
-

the margin of the large square to facilitate
the estimation of sizes of organisms in
different parts of the field. (b) Quadrant
ruling with 8.0 mm circle, for counting(‘
bac¢teria in milk smears for example, (c)
Linear scale 5.0 mm divided into tenths.

- ent of linear dimensions. -
(d) Porton, reficule for estimating the size

of particlesg The sizes of the series of discs
is based on gle .square rqot of two so that the-
areas of successive discs double as: they

. progress in size.
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CY An'Empirical "Step-Off" Method

)

— the cell is 20 mm wide and 1'mm’deep.

strlfa counted, Thus for two strips in the

. . s Calibratlon and Use Qf Plankton Countl ng Equipment 4
A . .: . . : ;‘ .
‘ . \

.

o tv Thus in the example cited above where at

example cited above ' + an approximate magmflcatlon of 200X and °*
with an interpuptillary setting of 60, the

) V2 +100W = 100 X0, 55 55 mm3 width of the Whipple field is . 55 mm. Then: '
' 1000 _ 1000 L e . 20 : :

..F'Z— -v-i— = 18 2 Fl— .—3—5‘ N 36.36 or approx, 36 .
. . .1/‘ Fy - (as above)"
It will however' be noted that F, —2- . . )

N . " : If two strips are counted:

Likewise a factor F for three strlps - . r

uld 1 imately 12, et - .20 .. -
woul equal -3~ Or approximately 12, etcj. and 1T '18. 2 approx. 18,etc.

.

gghls same value could be obtained, without’

the use of a stage micrometer by @refully
oving the cell sidewise across the field

f vision by the use of a mechanical stage.,

Caunt the number of Whipple fields in the

width of the cell. There should be approxi-
ately 36 in the instance cited above.

i

EPARATE FIE COUNT\USING THE
SEDGEWICK-RAFTER CEKL )

A simpler but more emp1rlca1 procedure
for determining the factor is to consider
that if 'a strip 20 mm wide were to be
counted the lenggh of the cell, that the
entire 1000 mm* would lre ineluded 'since

This 20 mm strip width can be equated to A
1000 mm3, If a strip (or the total of 2 or |
more strips) is less than 20 mm in width,
the quotient-of 20 divided by this width will
be a multiplier factor for converting from
count per strip(s) to count per ml.

Circdmstances of Use

The use of concentrated samples, local”
established programs, or other circumstantes

"

-

Figure 3. STAGE MICROMETER __— '

The type illustrated has two millimeters divided into tenths, plus two addmonal
-tenths subdividéd into hundredths,

P

Micrometer su.lcl , . . ‘

t
Hll

.

y -

>
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°

s ' .
Method of Mounting-the Whipple Disc in 'an. Ocular, .Note the upper . ‘ . )
. lens of the ocular which has been carefully unscrewed, held'in the left ~
. ‘ ~— hand, and the Whipple digc, held in the right hand, ‘'(Photo by ) .
; ‘e - R Don Moran), : . -
v 4 - - - . \ .
¢ . . - e-:‘"‘ * T ; o 7. ‘
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* Calibration and Use of Plankton Counting Equipment ,

> a . ) ~ AN . “ ! . ‘ ®
. » Al .
o , M N ‘ >
X .
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. :
- )
- CALIBRATION OF WH]PPLE SQUARE
‘ “as seen with 10X Ocular ‘and 43X Objective !
. {approximately 430X total magnification) -
. % ' < -
p ~ & ’_‘;ik a .
1 ‘ *
' o . * "Small squares” subtend N ‘
. * one {jfth of large squares’ )
.0052Mmmor 5 2 -
~ -’
. ’ .
Whipple'Square as > .
> : seen through oculaf ™ " " '
gas " l.arge square'’ subtends
N ‘ ,( Whipple field") one lenth of entire Whipple . ¢
. Square: .026 mm or 26p ¢ ’
0 Q ) . * N
. Apparent lines of sight
, subtend . 26 mm or 260k
- . ! on stage micrometer
(AR scale
\ \ -
i \4— 1mm ——>\ . ™ .
‘ (100») : .
«0lmm . .
(10k) . . w
o L \— ) ‘. ' . ,’r >
«—— PORTION.OF MAGNIFIED IMAGE OF STAGE MICROMETER SCALE —» ,
) < . N “ .
" ‘ * ‘ . .
H Q . . .
", . . .. - . |
. . L Figure 5 |
‘. ¢ . ‘ . . S
- - : . CALIBRATON OF THE WHIPPLE SQUARE :
. The apparent relationship of the Whipple . micrometer with a magnification of 7
. ‘Square is shown as it is viewed through a : proximately 430X (10X ocular and 43X
- .. - micraoscope, while looking at™a stage Jective . . PN
v a : . v . ) : _ .
\j * ) ~ W‘{r . - . e ‘ )
T . ' 1 9 8 . 23-7 -

P
N

ERIC - . s

SR s ‘. . LI . N

< ' * l' s » Tre , hd -
o C



-

)

Calibration and Use of‘Plankton Counting Equipment

.

" MICROSCOPE CALIBRATION DATA

-

. R Micfoscope No. 4 23 79 )
L Y 3
v o 3 Tube : . ‘ ‘
Aprroximate [* Length, or Linear c.iimenmolnls_qt_jﬂhi:ple (F:‘actor for
oy «"ﬂagnitlcauon Interpupllla’n:r squares in milhimeters¥®. onversgion
- Setting Whole Large — Small to count/ml
. == —
100X, obtained with e (2 S-R Strips) _
- Objective N - s
Serial No,
oy |~ S50 L 130 )| 0113 1p o022k 8.9 '
N and Ocular » N -
Serial No 60 V115 1 0. /1 160222 90 '
@967y 70 Y/./po {0 10 00243 9.4 S
4 ‘ . - —
200X, obtained with N ¢ (2 8-R Strips)
Objective
Serial No. » ) '
S b, Y, 05601 0.05¢ |60/1/2 /(7.9
N . and Ocular . .
. Serial No, L0 0.550 10 055 10.0/10 /L 2
P /294 24/ (o)) 20 0.595 |0 059 100109 123 ‘.
«. . (Nannoplankton)
. 400X, obtained with _ (cell-20 fields )
. Objective
+Serial No, ‘s
> 289/ Bv(43%) sp loa47100262] 0053} 1729 .
. ’ and Ocular - _ .
C- Sertal No, , ¢0 10263 10.0263| 0053}, [7F6..
_ ageznted] 70 10260 lo.ogtol 0052} (fR - ,
- ' ‘ - .

*1 mm = 1000 microns

. .

’I\;Iicroscope calibration data. The form
shown is suggested for the recording of
data pertaining to a particular microscope.

situations.’ For example, "Interpupillary

Setting'' could be’rep
or the ''2S-R Strips

laced by "'"Tube Length"

could be replaced by

Headings could be modified to suit local
., >

’ - «
-

. \'Fi re
VAR £

o . 3
.
.

. -+

o |
ERIC3s.g ‘

"per field" or "per 10 fields."
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Calibration and Use 'of Plankton Counting £quipment

~ AY
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MICROSCOPE CALIBRATION DATA

7

Approximate
Magnification

Tube
l.ength, *or
Interpupillary

© Setting

.!°
o

v

Microscope No.

- - - .
l.inear dimensions of Whipple
. squares in millimeters*

I Whole

Large Small

Factor for
Conversion
to count/ ml

100X, obtaiwned

- .

4

(2 S-R Strips)

Objective
Serial No,

with _

\

and Ocular )
Serial No

200X, obtained with

(2 $-R Strips)

. Objective
Serial No,

~

v
13

d
and Ocular
Serial No,

?

.
.

400X, .obtained with

Objective
Serial No,

@ -
Y

(Nannoplankton)
(cell-20 fields ) .

Y-

and Ocular
Serial No,

[d

hY

*lmxﬁ = 1000 microns

.

gy

-

. Sug%e%_ted work sheet for the calibration’of a m,icroécope.
e particular insfrument and situation,

tot

BI AQ. pl. 8. 10, 60,

Figure 6-A

MICR,BSCOPE CALIBRATION DATA

-\l

Details will nee‘d to be adapted

o

239
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"Calibration and Use of Plankton Countinggégipm;nt
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. . ', ,.Figure 7

. A cube of water as seen through a Whipple square at 100X magnification in

" a Sedgewick-Rafter.cell. The figure is drawh as if the microscope were

. "focused on the bottom of the tell, making visible only those organisms lying
on the bottom of the cell, The little "bug' (copepod) halfway up, and the -
alpae filament at the top would' be out of focus. The focus must be rthoved up °
and down in order to study{or count) the entire c;xbe. )
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Caljbration and*Use of Plankton C‘,‘m:}\iog Equipment’®
- -

e

may make it necessary to employ’the mdre
conventional technique of cdunting one or
more separate Whipple fields instedd of .
the strip count method. The basic re \ation-
ships outluaed above still hold, namelyt
1 X
F = 'volume cell in mm3
volume examined in mm?® -

B Princiyples Involved
: The volume examined in this case will

consist of one or more squares the dimen:-
" sions’ of the Whipple field in area and 1 jmm

in depth (Figure 7). Common practice

for routine work is to examine 10 fields,

but exceptionally high or low counts or

other circumstances may indicate that

some other number of fields should be

employed. In this case a "pgr field"

factor may be determined to be subsequently

divided by the number of fields examined

as with the strip count. The following

description however is based on an assumed

count of 10 fields.

.C Calculatiofi of Multiplier Factor

. . ¢
As stated above, the total volume
represented in the fields examined con-
, Sists of the total area of the Whlpple fields
mu1t1p11ed by the depth. -*

- —

| S
_\4-

(stde of Whipple field)? X depth~
(1 mm) X no. of fields counted)

For example, let us assume an approﬁ-’
mate magnification of 100X (see Figures -
6 and 7 and.an interpupillary setting of
"50". The observed length of qne side
of the Whipple field in this case is 113

" mm. .The calculation of V, is thus:

V4= side X depth X no. oﬁ flelds
b 113X1.13XTX 10 12.8 mm®

The multiplier factor is obtained as |
above (Section IV A): :

F =._volume cell in mm3
4

3
xamined in mm”~

= (approx.) 78

-~

one field were counted, the factor
d be 7§L, for 100 fi.eld§ it would

>,

? . ,
. NANNOP LANKTON COUNTING ¥

° ‘ ;—
.

For counting nannoplankton usmg‘ the high
dry power (10X ocular and 43X objective)
and the "nannoplankton counting cell"

« (Figure 9) whichis 0.4 mm deep, a minimum

[ T,

<2

.

and F.s =

.of 20 separate Whipple fields is suggested.
The same general relat1onsh1ps presented
above (Section IV) can be used to obtain a
multiplier or factor (Fg5) to convert counts
per 20 fields to counts per ml. . :

To take another example from Figure 4, at -

an dpproximate.maghnification of 400X and ah
interpupillary setting of 70 (see also Figure 3)
we obser've that one side of the Whlpple field
measures 0.260 mm. The volume of the
f1e1ds examined is thus obtamed as follows:

Ve = side? X depth X no. of fields *
. 4 * 36

= 0.26X0.26 X0.4 %20 = .54 mm

1000

=57 * (approx. ). 1850

-

o

It should be noted that the volume of the
nannoplankton cell, .1 ml, is of -no mgmﬁcance
in this part1cu1ar calculatmn

.
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. Sedge\nck-Rafter countmg cell showmg bottom scored across fdr ease in counting
strips. The "strips' as shewn in the illustration simply represent the area counted,
- and are not marked on the slide. The conventmnan;mensxons are 50 X 20 X1 mm, buf .
these should Be checked for accurate work. .
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X 0.4 mm depth, When covered with a coverglass, the volume contained is 0. ml
+ The channels for the introduction of sa.mple and the release of air are 2.mm wide and,
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LABORATORY: PROPORTIONAL COUNTING OF MIXED LIQUOR

. . * . /
« 1 OBJ ECTIVE . .C Proportiopal Counting v
. P i Cy ~ ) . : A
To learn the techniques 'of proportional ) 1 Fifty count * . ST
Eountmg of mixed liquor samples and toe . ~ ~
) become familiar with common types . a \Iovmg the slide at random count
of microorganisms, ) o . ., each type, until a total of 50
. ) ‘ organisms ha\e been syfted
, . <
I MATERIALS : ' q b Taly the results and compiite the
! g percentage of each type., -

" A Mixed liquor samples, each con-

) + taining a number of microscopic i
b forms. - IV 'RESULTS . . (
'B Glass slides, cover slips, and dropping A Record your results on the board. * N
. { . pipets. . . . o . ,
: o . B Discuss the methods and the use of r -
: ‘ the proportional count results.
III PROCEDURES , .
A Make a wet mount of the’ sample(s) , TN - . ) ’
r
. . provided. / Do not alloy the slifle .This outline 'wgs prepared by Ralph Sinclair, -+ -
*  mount_to evaporate. Add a drop . A -, .
R the- ide as NECESSAr - MNational Training and Operational Technology
,  -oomed essany. . .’ Cinter, OWPO, ®SEPA, Cincinnati,
- B First, scan thé slide. On the sheet < Oh).o 4526% .
marked, '""Common types of Protozoa B
® . and Metazoa', make a check next to ?ﬁfﬁ;ﬁ?gi dA:alyt ical. Techniques,
. -« each type you find, -Lf you fmd‘,a j - o g . 1 -
"' type not illustrated glake a simple .. " S, ' .
-sketch on the .reverse of the above I ' ”
sheet. The objective here is to, o x . .
becofe familiar with all of the . < . . .o
p common types of. microorganisms - e T, . . .
, ) found ih the sample, ¥ ] .. ¥ . . P
, o ok :
s ?” .\ . . "
| ¢ s
rd
v . ) . * 3
] 4 A . ; .
& s ) ~ ~~‘
~ ¢ - Y b > '
. . 4
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Laboratory: Pmpq:jtiﬁna.l Counting of Mixgmqﬁor ' . -
N . |
I;'STIMA*TING\ THE SIZE OF A PROTOZOAN .
i " T
o . L
. =
i ~ 12
’ ]
T 10x OBJECTIVE - -
Tt g 10x EYEPIECE ~ i
Ry a
: \\ : =100 x TOTAL
SRR o T TRACHELOPHYLLUM PUSILLUM
s / * N yy' .
™ 40x OBJECTIVE - \_
| 10x EYEPIECE .
5408 TOTAL .
- \
s S :
. QUJ i ‘
- N ) "
, . .
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X . T | Laboratory: Proportional Counting of Mixed Liquor

. - N

N

‘RIELyIE SIZE
- ®

. ROTIFER - For size comparison with other microorganisms
SWIMMING CILIATES

°

-

R

Litonotus

Paramecium
Q .
Trachelophyllum

SUCTORIAN

CILIATED PROTOZOA

. Dorsal ".l. &)
' v 10
6 : l
Vi : N ~
>rawling AVE 0 I telotroch
’ /.‘\%\.\ : : stage-

“lataral __Posterior

12

T
¥

-d
-—bd

&0
2

-
w
-
H
-
o1
lou

NAKED

romonas ‘i.g:ulans .

. OTHER ORGANISMS.
6“'6“6
O
B

. AMOEBAE  FLAGELLATES | - Aelosoma Chironomus
. OTHER PROTOZOA WORM-LIKE MULTICELLULAR ANIMALS .
Pl
a' ! ,
4 0 , L : 2‘06 ‘ . 343

L o I
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: ;wi.aboratory: Proportional Couhting of Mixed Liquor

Y - o .
’ o ) ’ o e i
'~ 7 - PROPORTIONAL COUNTS --
PROTOZOA AND !VIETAZOANS
Count ot’gnnh;ns ina nndom t:tvnp Ilcroo:sl'ld;i 7 — . Sit':'ty“ —_—
Do not search for fiarticular types i _
Ignore rare orgeniems - } .
. Stop at a total count of either 50 or 100 organisms- . . >
o /\‘ IR TOTAL 50— TOTAL 100 —»

‘7

; Tally each .orgmi:m twice, once in

a total tally box, and once in the

Y
1

appiropriate tally box below ) ) -

14

HREERER
HRRRENN

SUCTORIA "~ Vaginicola Peranema

6 - 15

S

Aspid}sca

0

telotrochs . Pleuromonas

RRRNRRERN
S RRARRNANE"]

]

-
-b

111

7

I V.

Amoebae
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e
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e
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Léboratory: leoportional Coﬁnting of Mixed Liquor

'.."\-*“'\

A}

PROPORTIONAL COUNTS -
PROTOZOA AND METAZOANS "

® Date
Analyst

Count organisms in a random sweep across slide Plant .

Do not'ssarch for particular types
lgnore rare organisms
Stop at a total count of either 60 or WO organisms —

L. L. TOTAL 60 =~ : TOTAL 100 =
Tally, each organism twice, once in ' . I
a total tally box, and once in the . ~ L

- appropriate tally box below 2 ‘

(1]
38

~L -

HRERRER

Peranema

LT T

Vaginicola

Y
Y
(4))

PILTTETL]

telotrochs Pleuromonas

.. ¢ Trachelophyllum

,

M

12

“Litonotus- Amoebae

[T O T T T

T T T TR TT T T T I I T T T T TR TTTTTTTTH

%)
Lﬁ
|
%

JTTTTTTTIT T TTITH

2l |

Epistylis - OTIFER
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Count organisms in & undom owoop lcrou slide
Dommtchfmpnnleuhrtypn ‘
ignore rare organiems - N

Stop at u toul count of either 50 or 00 omanhms

Tally each gmmhm twice, oncs in
amlullybox and once in the
appropriate tally box below '7

Date

’ PROPORTIONAL COUNTS -
PROTOZOA AND METAZOANS

Analyst

Plant

TOTAL 50 =

TOTAL 100 —=

3

-~

|

1))

©

Vaginicola

TTTTTTIT

= Pergnema

[ TTTTT]

Aspidisca

#l l.‘lml

klll
ey
S Q

y e

TR

" telotrochs’

Pleuromonas

Litonotus

R
—1|7
=

/ Vorticella

1

12

Amoebae

Aelosonia

l

]

2l |

.

g5

Epistylis -=*

A T T [T T
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OTIFER
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Laboratory: Proportional C.ounting of Mixed LiquoN: .

@ e

PROTOZOA AND METAZOANS

-

T
)’é.»su.

* PRORORTIONAL COUNTS -

Count orgenisms I;t a random sweep across -slide
Do not search for particular types

ighore rare organiems

Stop at a total count of either 50 or 100 orglnisms

Tally sa¢h organism twicé, once in
a total tally box, and once in the
appropriate tally box below /)

Date N
Analyst

Plant

TOTAL 50 -~

."\:. N
.

TOTAL 100 —=

¢
:

L—. — 9 ) J— e
21 / Vaginicola |— / Per —
: r—%u ‘ “ %] eranema (—
.2 S - —110 — —
. I .-_-. ) * S —
- — NN 4 b A,
pre— pro— _‘l\b.[;""\ N e
T - telotrochs [ —
Trachelophyllum 7& = A % )
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- — I —
. - - L " \\ ) .
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Laboratory:

' I:ropoz.'tional Counting of Mixed Liquor

- - PROPORTIONAL COUNTS -
PROTOZOA AND METAZOANS

T countommbtminoru\dom-wuplcmsﬂdo

Do not search for particular types
lomn Targ organiems

8top at a total count of either 50 or 100 organisms

Date
Analyst
Plant

o /\“ \ TOTAL so-—J TOTAL 100 —p~
Tally each organism twice, once in : ¢
8 total tally box, and once in the <
appropriate tally box below /7
- [ -
1 Vaginicola Yl Peranema Peranema —y

__'Trachelophyllum

[T R TTTTTTT]

Aspidisca *
. \\

ey
o

d

telotrochs

'3/

Plouromonas

v

LTI L

r -

n <!

’Litonotus
, —|8
j.:...._.' * -L
A % .
Stentor Epistylis
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Laboratory: Propox;tiona,l.Counting of Mixed Liquor

B N

A

v

oA

b

" PROPQRTIONAL COUNTS - *
PROTOZOA AND METAZOANS . -

Count organisms in a random sweep ncrc;u slide
Do not search for particular types
Ignore’ rare organisms

Stop at s total count of aither 60 or 100 organisms

.

~ TOTAL 50 -~

’

Analyst
Plant

/ )

TOTAL 100 —»

. K P
-
.

Tally each organism twice, once in -
a total tally box, and once in the
appropriate tally box below /7
- — Q P oo
— =/ /. = —.
_.iu Vaginicola %] Peranema —5
— |6 —i10 ‘ — 15 —
_— — __ .
—M_ " [ . "
v pm———— . um—— - . . -F
- | telotrochs < ™ I\ pleuromonas | _
%!l I ———
: — I [ _'
. - 12 - [
Litonotus —% % Amoebae 3, %,
4 s,00a00 _1 s [~ [
Y H = = —
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\’. KEY TO SELECTED GROUPS OF FRESHWA.TER ANIMALS
A
- - ' . . - ’ . D)
" The following key is intended to provide animal as a meniber of the grouf)‘ Phylum
an introduction to same of the .more PROTOZOA.  If you selected "'1b", proceed
common freshwater animals Technical to the couplet indicated Continue-this
_ language is kept to a minimum. . pracess,until the selected statement is
. i terminated with the name™sf a group.
In using this key, start with the first - - > e
couplet (la, 1b), and select the alternative ~~ H you wish more information about the |
that seems most reasonable. If you . quS)' consult references. (See refzrence . 1‘
. selected "la" you have identified the ’ . - list. - |
3 i - .
N ) ; _ ( 3
> : 3 ya
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Key to Selected Groups of Freshwatex/Anirhals . - - .

S

, la The hody of the organigm comprising
a single microscopic i
cell, or many similar

_dently functioning cells
in a colony with little or no differ-
ence between the cells i.e., with-
out forming tissues; or body com-
prised of masses of myltinucleate
protoplasm. Mostly microscopic,
single celled animals, - .

6a ’fhf‘ee or‘more pairs oéy/ell

5a Skeleton or shell present. Skel-

eton may be external or internal,

>

5b Body soft and/or wormlike,
. ‘V ¢ Dkin may range from soff to

parchment—*hke

formed jointed legs préSent
Phylum Al},’.EHROPODA (I"xg 4)

. . e TP R
Phylum PROTOZOA 6b Legs or app@ndages if present,
- ' \ limited to pairs of bumps or hooks.
* 1b The body of the ox"ganism com- 2 Lobes or tenacles, .if px‘esent, .
prised of many cells of different soft and fleshy, net jointed.
kinds, i.e., forming tissues. ' ‘ )
May be mxcroscoplc or macro- ~ Ta Body strongly depreséed or
*  scopic. flattened in cross section,’
2a_ Body or colony usually fof'm’ing, 3 b Boay oval, roimd, or shaped like
irregular masses or layers some- ansinverted "U" in cross section, “
' times ‘cylindrical, goblet shaped, L s i o : '
vase shaped, or tree like. Size 8a "Pdrasitic- msxdo bodxes of higher -
. range from bar'ely visible to . ammals, Extremely long and flat,
large. . . : -divided into $ections like a Roman >
. . ) , . . girdle! Lifée history,may mvolvq '»",
. 2b Body or colony shows some type 4 - an intermediate host. Tape WOrms._ X
' of definite symmetry. Class CESTODA (Fig. 5§ & ° .-
. i s o
" '3a Colony surface rough or brxstly ' . 8b "Body a single unit. Mouth and g&‘:'i ’
in appeararte under microscope ' digestive syst’em _present, but no “&: VhL
.or hand lens. Grey, green, or anus. .. > 8 z%?t
brown. Sponges. ' : . - . P
: Phylum PORIFERA (Fig. RY 9a External of internil parasxte of
\ higher anjimals. Sucking discs
3b Co&ony surface’ relatively smooth present for attachment. -Life his- !
'General texture of mass gelatmous tory may involve two or more in-
. " . transparent. - Clumps of minute " termediate hosts or stages. Flukes,
individual organisms variously . Class TREMATODA
distributed. Moss ammals . B . . . .
bryozoans \/ ’ 9b Free living.. .Entire body covered
, ——Phylum BRYOZOA (Fxg 2) ith locomotive cilia. Eye areas
in head often appear "crossed".
4a Mlcroscopxc. Actjon of two ° Free living flAtworms.* -« ‘s
ciliated (fringed) lobes at an- Class TURBELLARIA (F1g 6)
terior (front) endin life often ' , .
. » gives appearance of wheels., 10a Long, slender, with snake-like
- . Body often segmented, accordlan— < motion in life. Covered with glis-
. like, Free swimming or attached. © tening cutiele. Parasitic or free-
Rotifersor wheel animalcules. living. Microscopic to'six feet in Q o
: Phylum yYROCHELMINTHES length. Round worms. .
b, (Rotifera) (Fig, 3) S Phylum NEMATHELMINTHES ”
. . ) . - ’ o ¢ (Flg 7) " “ '
" 4b  Larger, wormljke, or having . 5 . —
. ' 10b, Divided into sections or segments r1

strong skeleton b1 shell.

L L ) .- ] : AT . v Lo - %‘
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10c  Unsegmented, hea:d blunt one ’ 18 ‘ *- sucking parasites on higher ammals
- or two retractilé tentacles. | ' often found unattached to host.
Flat pointed, tail. ! . Leaches. '

) Clas\HLRUDINEA (Fig. 9B)
1la Head a more or less well-formnied, )

hard, capsulk with jaws, eyes, 15a Skeleton mternal, of true bone. 40
s ~ ,and antennae-. ' .o (Vertebrates) | .
i Class INSECTA order DIPTERA - e
(F1gs. 8A, BC) C ) 15b Bpdy covered with an external 16
. ’ ‘ skeletan or shell,
11b *Head structure gdft, except 12 - (Figs. 10, 13,17, 18, 24, .
jaws (if present), Hig. 8E.) ' 25, 28) 0
.12a Head conical 8r rounded, lateral 13 ° 16a External skeleton jointed, shell 19
. appendages not conspicuous or L. covers légs. and other appendages,
numerous. (/ ‘ ’ often leathery.in nature.. ° .
- ~ - : ' . Phylum ARTHROPODA |
° 12b Head somewhat broad and blunt. 14 . . .
’ Retractilé jaws usually present. 16b External shell entire, not jointed,. 17
fz_ Soft fleshy lobes or tentacles, . . unless composed of two clam-
. often somewhat flattéhed, may be . like halves. ___ . L
' preseat in-the head regiom? Tail -+ (Figs. 10, 11, 12) =~ T
. usually narrow, Lateral lobes « o ' ' )
o - or fleshy appendages on each *+ 17a Half inch or less in length. Two*
~— segment unless there is a large, . leathery, clam-like shells. Soft.
_ sucker dis¢ at.rear end. ! parts ingjtle include dehcate. ’
Phylum ANNELIDA (Fig. 9)[ jointed appendages. Phyllopods ' -,
+ or branchiopods, o
R 13a  Minute dark colored retractile * Class CRUSTACEA, Subclasses- re
Jaws present, body tapering . .. BRANCHIOPODA (Fig.. 12) e '
somewhat at both ends, pairs or ‘ * ~ and OSTRACODA (Fig. 11)
rings of bumps or "legs' often .
present, even near tail. < 17b Soft parts covered with thm 18
N Class INSECTA Order DIPTERA Sklé mucous, produced, no:jointed legs.
* = - (Fig. 8)- . Phylum MOLLUSCA ‘
- - * LY
13b No jaws, sides of body generally T4’ 18a Shell smgle may be a spiral cone,
. parallel except at ends, Thicken- Snails.
ed area or ring usually present ot Class’ GASTR'OPODA (Fig. 13) .
. if not all the way back on body. (L )
. . Clumps of minute bristles on most 18b Shell dbubl_e, two halves, hinged
. Y segments, Earthworms, sludge- - at one point. Mussels, clams. _
) worms, . - - Class BIVALVIA (Fig. 10) P &
Order OLIGOCHAETA w ' ' :
" 192 Three pairs of regular walking - 29
14a Segments with bristles and/or fleshy : . legs, or-their rudiments. Wings ' .
lobes-or/other extensions. Tube . present in all adults and rydiments
, builders, borers, or burrowérs. . ' 1x¥some larvae,
¥. Often reddish or greenish in - ' " Class INSECTA (F1gs 22,. 24
Toe N .color. Brackish or fresh watqr. - ’ - 25 26, 2§,729) - \/
) Nereid worms. ' s
. Order POLYCHAETA (F1g 94) . 19b More than three pairs’of legs K 20
T ' apparently present, ° :
. "14b Sucker disc at each end, the large < 0 - '
R one posterxyﬂ—x\mrnal blood- - 20a Body elongated, head broad and flat
,. -

. "215‘. \ ey s ‘{ .\25-.3
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20b

21a

21b

., 22b
s

~N .
r 23a
H3b
.
24a
24b

“with stroug jaws.

. phyl]opodb.

b}

+

Appcndagcs follow -
ing first three pairs of legs are rqund-
ded tapering filaments.> Up to 3
inchos long. Dobson fly and fish fly
larvace,

Class INSLECTA, Ord( re
MEGAL.QOPTERA (Fig. 14)

Fous' or more pairs of legs, , 21

Four pair::; of Iegs, Body rounded,
'bufbous,_ head minute., Often
brown or red, Water mités. ’

° &
Phylum ARTIIROPODA, Class
ARACIINIDA, Order ACARI \
1 ))

4

- (Ing,

I'ive or more pairs of walking 22
or swimming legs: gills, two
pairs of antennae. Crustaceans,
Phylum ARTIIROPO])A
" (Cl3ss CRUSTACEA_

Ten or'more pairs (f flatte
]oaflik,c§¥qwir11n11ng and Nespijatory
appendages.  Many specisddwim
((mstantly indife; some swim
upside dowi. Fairy shrimps,
or ,br‘;m(-hi pods.

Subclass BRANCHIOPPODA

(Fig. 16)

* .

L.ess than ten pairs of swunmmg 23

or rospnratm y appendagcs. s

'
« : -

Body ahd legs inclosed in"bi- 24
valved (2 halves) shell which may
or may not completely hide them.

Rody'and legs ndt enclosed in .26

bivalve shell, May be large gr

minute, - L
(Figs. 17, 18, 19)

One pair of branched antennae

enlarged for locomotion, extend’

outside of shell (cirapace).

hmgle eye usually visible,

."wdtersfleas"

. Subclass CLADQCERA (Fig.

-~

*

I.ocomotion accomplished by 25 -

body tegs, not by antennae,

'

T

Appendages leaflike, flattened,
more than ten pairs.
- Subclass BRANCHIOPODA
(Sec 22 a)

26a

imal less than 3 mm, in length,
Appendgges more or less slender
and jointed, often used for walking,
Shells opaque. Ostracods.,

(Fig. 11} Subclass OSTRACODA
26a Body g series of six or more
similar segments, differing. .
mainly inssizce. *
26b Front part of body enlarged info

. +a somewhat separate body unit .
“(cephalbthorax) often covered
with a single-picee of shell (eara-
pa(o) Back part (abdomen) may be
relatively small, even folded

underneath front part, {Fig.
\

19b)

Body con';p,res_scd-latorally, i.e.,,
organism is t:dl and thin. Scuds.
amphlpods

* Subclass /\MPIIIPODA (I' ig. 17)

27a

27b Body (‘ompresscd dorsovcntrally,
i.c., organism low and broad.
Flat gills contained in chamber .
beneath tail, Sowbugs ,
Subelass ISOPODA (IFig. 18)
28a Abdomen extending straight out

bohind, ending in two small pro-

. jections. One or two large masses of

eggs arc often attached to female.

Locomotion by means of two enlarged,
- unbranched antennae, thc only large

appefidages on the body. Copopods
: bubolass C_‘OPEPODA (Fig. 19)

m'an expanded "flipper" or swim-
ming paddle.
Eyes on movable stalks, Size range
usually from one to six inc hes.

¢ Subclass DI}]CAPODA !

Twa pairs of functiondl wings,
one pair may be more or less har-

dened as protection for the other
pair, Adult insects which normally

K L}

1L v~

Abdomen extending out ‘behind ehdmg

Crayfish or craw fish,

live on or in the water. (i«1gs. 25, 28)
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29b No funetional wings, though
pads in which wings are develop-
ing may be visible, Some may '
. resemble adult msects very
closer, others May differ ex-
" tremely from adults

30a External pads or cases m which ’
\gin s develop clearly vigible, (Flgs.

30b More or less wormlike, or at,
least no external evidence of
wing development.

.
-

31a No jointed legs present.- Other:
(structures such as hooks;, sucker
digcs, breathing tubes may be
present. Larvae of flies, ~
midges, etc.
. Order DIPTERA (Fig. 8)

31b  Three pairs of jointed thoracic
legs, head capsule well formed. -
32a Minute (2-4mm) living on the
water surface film, Tail a
strong organ that can be hoaked
into a "catch" beneath the
thorax. “When released animal
* jumps into the air. No wings
are ever grown. Adult spring- -
tails,
Order COLLEMBOLA (Fig. 20)
\
32b Larger (usually over 5 mm)
wormlike, living beneath the -
sgurface. .

¥ ¢

a ‘ Live in cases or webs in water.
Cases or webs have a silk
foundation to which tiny sticks. -
stones. and/or bibs of {ebris
are attached. Abdomipal segments
often with rninute gill filaments. «
Generally cylindric in shape.
Caddxshy larvae,

v Order TRICHOPTERA (Fig. 21)

33b* Free living, build no cases.
’ 34& Somewhat flattened in cross
section apd massive in appear-
ance. Each abdominal segment
with nather stout, tapering, lateral’
filaments about as long as body

. . : Py
Key to' Selected Groups of Freshwater Animals

‘
is wide. Alderflies, fxshfhes,‘and
dobsonflies.

Order MEGALOPTERA (Fxg 23, 14)

" Genexally ‘rounded in cross sec{ion,;.
Lateyal filaments if present tend ¢
to bé long and thin, A few forms
extremely flattened, like a suction
cup. Beetle larvae. .
Order COMEOPTERA (Fig. 23) -

.

-

Two or three filaments or other
.structures e\cta/ndmg out from
end Sf abdomen

.

Abdomen ending abruptly, unless
terminal sdyment itself 1s extended
as single/s{ructure.(Figs. 24A, 240)

Mo\th purts adopted for chewing,
Front of¥gce covered by extensible
folded mouthparts often called a
"mask'. Head broad, cyes widely
spaced. Nymphs of dragonflies
or darning needles.

Order ODONATA (Figs.24A, 24C, 24E)
Mouthpax ts for piercing and suckmg.
Legs often adapted for water lo-,
comotion, Body forms various.
Water bugs, water scorpxons water
boatmen, backswimmers, electric
light bu&sﬁ, water striders, water
measurers, ctc,

Order HEMIPTERA (Fig. 25)

Tail cxtensions (caudal filaments)
two. --Stonefly larvae.

Order PLECOHIERA' (Fig, 26)
Tail extensions three, at tlme k
greatly reduced in size, »

s
Tail extensions long and 'slender.
‘Rows of hairs may give extensions
a feather- li'kc appearance,

Mayfly larvace, %
Order EPHEMEROPT RA
(Fig. 27) N

. S )

Tail extensions flat, elongated

plates. Head broad with widely
spaced eyes, abdomen relatively
long and slender. Damselfly
nymths;

Order ODONATA. (Flg 24D\ .
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39a = External wings or \vmg covers . 42a Paired appendages areslegs 43
form a hard protectlve dome . . : -
* over the'inner wings folded 42b  Paired afpendages are fins,
beneath, and over the abdomen gills covered by a flap °
. etles. - o (operculum) —Truefishes
o “Order COLEOPTERA ) - - Class PISCES )
\ ‘ (Fig 28) 7 . ) \ ’

3%b’ I‘&ter\!nal \n'ng';s leathery at base, 43a’ ’l)igits with ci]aws. nails,ﬂ or hoofs 44
-Membranaceous at tip. Wings -~ - ‘ . .
bometlmeﬁﬁ vexy short. Mouth- ' - 43b  Skin naked, \‘No claws or digits.

_ parts fo‘t/plex cing and sucking Frogs, toads) and salamanders.
. - Bouy form various. True bugs. " Class AMPHIBIA® -
Qrder HEMIPTERA (Fig. 25) .- Vo \\ oy

40a Appendage present in pairs. 42 44a. Warm blooded, , = h . 45

(fins, legs. wings) . ° - ’ .
e 40b.. No paired appendages. Mouth 4 s 44b  Cold b]oodud Body covered
a round suction (hsc . ' .0 with horny scales bt plates

. N i *Class RIVPTIL

4la 'Body‘long and slender Several ! -45a  Body covered with faathers e s
boles along side of head . : Birds ) . R

) Lampreys.” . ('lass AVES . .
s Sub Phylum VE RTF: BRAT!\ : -
Class CYCLOSTOMATA ~ 45b  Body céVered with hair
- . . "Mammals

41b  Bodv plump, oval Tail extending - X Class M/\MMALIA .

. . out abruptly ILarvae of frogs and > . -

V! toads, l.egs appear one at a.time . .
during metamorphosis to aduli ¢ . e
form. Tadpoles, -~ }

Class AMPHIBIA ., g o
L ’ ¢ 4 5 - s
2 . ’ oy
. ' - ) .@i‘.‘ \ :’P
. - v ‘
. =l s .
) . . . . .
7 N = ~e ;
- ' - ' .
s - | - e ——
- - . ~ < o r‘ . o
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. . 1. Spongilla spicules
.. - Up to .2 mm,. ipng.
- - ’ %
. .
, . 3C. Rotifer, Philodina
lA. Rotifer, Polyarthra P2t
[ .
. ¢ 3B. IL{'ot:.(:ar:?Kr:::tella . Bryozoal mass. Up to
i plo. * several feet diam,
- 3
o 2;\. Bryozoa, Plumatella, [ndividuals up
\ y . to 2 nm. Intertwined masses may be .
very cxtensiwve. \- : .
,suﬂ"‘
C e -
4A, Jointed leg 4B. Jointed leg - 4C, Jointed leg .
Caddisfly Crayfish Ostracod
— N ) . 1 ¢
\ — .
5. Tapeworm head,
Taenia. Up to —
25 yds. long -
-
N . fa, si
. 6B Turbella;na Dugesia 7. Nematodes. Free living
. Upto 1.6 cm,
aria, Mesostoma forros commonly up to
» Jw i m. . ’ --1 mm,, occaaioqally
25-8 more.
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88, Diptera, Mosqu;to
‘ pupa. Upto dmm,

@

N / .
8A. Dipte ra, Musquito larvac 8C. Diptera, chironomid BL-' g;‘::ml':pcl?ge;lgm
tpro 15 mm, long. - larvae.’ Up to 2 em S e )
G6A. Annelid, 9D. D_xptera,.. Rattailed maggot
segmented Up to 25 mm. without tube,
s worm, up to
1/2 meter
.
A2
»
» h
: , 10A. Pelecyopod, Alasmidonta
e - Side view, upto 18 cm.long. T
A
9B. Annelid, leech up to 20 cm. . ‘l
- - t. 2 v o
N
s A
:12B, Branchiopod
1 ranchiopod . Y
2A. Bra H1opO, . Bosmina. Up -
Daphnia. Up — :
—— —— to 2mm, .
to 4mm. . .
o 11A, Ostra% ngericus i .
Side view;up to 7 mm. -
, : - €
X T, 118 C erigus end view. ' 25~9
Y . ° P . . N
ERIC - ’ R - L ey
- '
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13, Gastropod, Campeloma
Up to 3 inches. -

15, Water mite,
up to 3 mm.

_ 14. Megaloptera, Sialis
Alderfly larvae

K ¥

16, Fairy Shrimp, Eubranchipus *°
Up to 5 cm. :

18. Isopod, Asellus
Up  to 25 mm.

~

1N

N\ . .
17. "Amphipod, Pontoporeia 4,
- Up to'25 mm, T

. . . i A , ] ? .
20. Collembola, Podura ~ 19A, Calanoid copepod,
© Up to 2 mm. Tong  ~-. - ,, Female 19B. Cyclopoid copepod
25_i0' . v, Up to 3 mm, . Female :
: ’ v -, ) " Up to 25 mm.

- , e

-
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21D, - . -
2L, Trichoptera, 1arval cases, 2%‘ %eg:logtera,xalderfly
mostly 1-2 c¢m, - - O to & cm. .
- L4

S
R ' 4 *
. -
- -
.
- . !
Iy

'23A. Bee'tle larvae,  23B. Beetlé\uarvae, 24A, Odonata, dragonfly
Dytisidae, Hydrophilidae nymph up to 3. or
Usually about 2 cm. Ysgglly about \ 4 cm '

- o 1 : r v s <,
= Ll
44B. onata, tail Vg :

of damselfly

nymph l;” 24E, Odonata, front view
(side view) 4} / of dragonfly- nymph
Suborder %i;? showing "mask" e
Zygoptera partially extended
(24B, D) ! § Suborder
' Anisoptera | -
24D, Odonata, damselfly (24A, E, ©)

nymph (top view ) )

ymph (top ) 24C. Odonata, tail of

: - dragonfly nymph

. (top view)

1. : - 25"'11 '

223
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w

25A. Hemiptera,
Water Boatman
About 1 em.,
. 25B. Hemiptera, *
Water Scorpion

About 4 cm,

26. Plecopters,
Stonefly nymph
Up to 5em.,

\
b4

27.Ephemeroptera,

Mayfly nymph 28A., Coleoptera,

Water scavenger
Up to 3cm. s beetle, Up to 4 cm,
v N l 28B. Coleoptera,
e . Dytiscid beetle
"Usuallyupto 4 cm,

29B. ‘Diptera, Mosquito
Up to 20 mm.,

.29A. Diptera, Crane
fly. Up to 2* cm.

. 224
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. 8, Unicellular; naked or enclosed in & smooth or sculptured shell , , ., . . . . ., 9 -

11,
11,

. 'S ’ —
A KEY FOR THE INITIAL SEPARATION OF SOME COMMON .
C:, PLANKTON ORGANISMS ' .
No chlorophyll present, ‘unless ‘through mgestlon e e e e e e e e e e ... 8
At least some ohlorophyll present . e e e e e e e e e e R |
v

2, Pigments not in plastids . . . s v 4 e e s e e e w « e v ur.Cyanophyta
2, Pigments in one or more plast s e e e e e e e e e e e e e e 3

Cell wa11 of over-lapping halves and distinctly sculptured . . . . . . Bacillariophyta
Cell wall not of over- lappmg halves, or if so, then not sculptured , ., . . . ., . 4

4, Pyrenoids present; color usually. bright green , . . . . « + .Chlorophyta
4, Pyrenoids absent; color green, yellow-green or yenow brown e e e e e e

Bright greend, motile, usually with-one anterior flagellum . . . . . . . .Euglenophyta
Yellowishtobrownish motile or mot . . . .. oo A

& With a d1stmct lateral groove, motile . . . . . « + « + . « + . . . . Pyrrophyta
8. "Wlthol{lt a lateral Groove . . , « « « o 4 4 0 e e e e e e e e e e e e e T
Seldom’ motile; uni¢ellular, colonial or filamentous . . . . . . . s« . . . Xanthophyta '
Motx‘,le, umcellular orcolonial . « + « « « + + + 4 « v s+ s o « i o« . oChrysophyta

8. Multicellular; body usually with a distinct exoskeleton . ... . . . . « . . .. 11

Amoeboid; sometimes with shell, no cilia or flagella . . . . . Ameoboid Protozoa
Actively motile; never with shell; cilia or flagella obvious . . . . . . .. .. .. 10
10, Body more or less covered by short cilia;
movement 'darting" : . . A . « 4+ « . . .Clliate Frotozoa
0. . Body with one or more flex1b1e whip like falgella,
movement "continous" . . . . . . . . «ia v + + o +ss .« . .Flagellate Protozoa

- ~

Shell bivalved (clam-like) . . . e e e e e e e e s S . 12
Shell.not compoSed of two halves . . . . « « "« v o % o % o’ o o S K

12, With distinct head anterlor to valves . ‘. e e e e e e .. . v + +« « + + Cladocera '

- - 7

12, No head anterior toyalves B N Ostracoda

Usually microscopic; body extended into a tail or foot' with one.
or more toes . . . . I I
Usually macroscopic if matu;z\ e e e e e e e

. « « .Rotifera

* ._ ete e e FC T S T S Y ]‘-4

14, Appendages bilateral; hegd not prominent . ., . e N .C'o'pel;oda

-

14, Appendages unilateral; head prominent . . . . .. .. . . . . . . . Phyllopoda.

& -

A TN
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'_.*_ v . el ot ' . ° " : ? I
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\. T‘ " N X ) . N ¢
CHLOROPHYTA ' .
: . A Keyp to Sonre of the Commion Filamehtous Genera " .
- ] -~ . (’ "
= Py ’ ‘ f -
1. Filaments unbranched . . . ., . cc. o v v v v v e 0 e e e e e e T e e e e 2
1, Filaments branched (somet1mes parenchymatous) o
. - . o " ¢
2. Chloroplast smgle, parietal band . . . . . . . . u e e e e M e e e e e . .3
2, Chloroplast one or more, 'if parietal not a band*. . . . .. ... . .. ... 5
4 ' R .
3. Chloroplast encircling more than half the cell (Napl&%n- ring like)«, . . . . . Ulothrix
3. Chloroplast encircling less than half the cell . ., . . , . . . . . .. . . ... .. 4
: ‘ \ ,
4. Filaments of indefinite length; cells with square ends , . . . . . . . Hormidigm
4. Filaments ysually short, of 3-8 cells, with ends round . . . . . . Stichococcus
5. Cell wall of K pieces; pyrenoids Tacking . . . v v v v e e e e e .Microspora .
5. Ce11wa11notopr1eces......-..........,........‘...6
. ‘ LN » N
\ . . °
, 6. Some cells with apical caps . . . . . . v v v v v 4 vor e e . . Oedogonium °
' 6. Cells without apical eaps . . .% . . . . % . . . .. ... ......%K. &7
7. Chloroplast (s) parietal . . . . v o v v v v v v v e e . 8
\ 7. Chloroplast (s)axial .« . + & . v v v v v v v v v v v v vfi v e 8 o e e s 9
8. Chioropla_st one or more, spiral bands«., ., ., . . . . . . .0 . .. SRirogzrva
8. Chloroplast several, longitudinal bands . . . .. .. .-. ... . % . Sirogonium
9. Cell walls without 4 median .constriction. . . . + v 4 2 v v o v v v v vl .. . .10
9. Cell walls with a median constriction . . . . . . . . . . .. 0 o4 smm ... 11
. v . ' “ ,
10. Chlorgplast stellate & . . . . . . 0 v o 3 v v vt e e e e e e e e e Zygnema
10.‘Chlorplastanaxiglband. © 4 e 4 4 4 e e e e e e e e v e v . . . Mougeotia
11, Filaments cylindrical . . . . . . . . . .. ... .. e e e Hzalotheca.
- 11, ‘Filaments triangular, A&gSted 4 4 e e e 4 4 e e e v 4 a4 e e+ . . Desmidium
12. Coenocytic dichotomously branched, with constrictions . . . . . Dichc?t-o'rhosjphon
12, Filaments with regular cross walls . . . . . . . . ¢ v v ¢ v v v v v o . . .13
/. . ? g L4 |
13.. Parenchymat'ous, discoid, eplphytlc © 4 4 4 e 4 e e e e s e v 2. & . .Coleochaete
13.- Notparenchymatous......_....,....................a1‘4
14, Main axis cells much broader than branch cells . ... . . . . . . Draparnaldia
14, M'ain axis and branch cells approximately the—samieé breadth . ‘. A 1
»> C] ,I,«——'— et -
15, Mauraximmral branches attenuated into long multicellualr hairs . . . KRR L
~ 15, Axis and branches not attenuated into long multicellular hairs . . . . . . .,. . . 17
N : - - - °
2 ' . Stigeoclonium .-

~"16.,- hSp‘arsely or lodse‘ly branched ./. . . . . . . . . ... ., B
" 16. . Densely a]nd compactly brafichéd . . . . . . . . v v v e . . Chaetophora -
. s ot R : . . —
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18

Cells bearing swollen or bulbous-based Setae . . . . .+ aiu b e 4 e 0w e 4
. ) 19

Cel_lswi;houtsetae...,.......'.......‘..........,gu..-

£y 17‘ . 3 °
=t ' L . ) i . ¥ ¢ \ ‘e
18, Swollen-based setae on dorsal surface of cel,lg;”ﬁrostrate o ) )

epiphytes; little or not al all branched . .. , .". . . . . . . .. ." .l_&plg;ﬁochaete'
18, ' Bulbous-based setae términal .on—branches;,‘not ) . Y

v

prostrate epiphytes , . . . . . . .. .

-
L R R S S
s - L ]

With .terminal and/or intercalary akinites . . . . . . . . . . . . . . . Pithophora

. Without +distinctive akinites . . . . . . . . . . . . . 00 e o000 .20
L] P> N .

19,
19,
Cells of erect filaments becoming shbrter and broader toward - o .
filamenf apex;‘usually growing-on hack of turtles; branching “only
frombase . . . . . 0 . ete 0. N )
Thallus not as above . . .,

el
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CHLOROPHYTA

-

A Key to Same Common Non-Filamentous Genera

. Unigeilul_ar e e e e e
. Colonial , . ., ... . .-,
'2. Motile in vegetatlive “state,. flagella 2-4 .
2. Non- mot11e in vegetative state S e e e e e

Cells-wichflagella e e e . . . T
Cells with 4 flagella .. .. -1 . ., . . ‘ - Cartema

4. ‘Cell enclosed by bicovex shell . . ... . . . .. % .. ... .Phacotus’
4.’ Cell not enclosed hy a'shell . ... . . . . L% " . . . .Chlamydomonas ~

Cells w1th median constriction (often slight), .or of chloroplast only ,
Cells without a median constrlctlon e e e e e

s
6. Cellslunate.'.......:......°
6. Cells not lunate in any degree . . . . . ., .,

“‘0 o o
ol
i

Cells cyhndrlcal noticeably -longer than broad e
KLells almost aever cylindrical; flattened or tr1angular in apical view .

8. ength 2-3 times the breadth, contriction nearly lacking . . . . , Qy’lindrocy-stis

8, ength much greater than breadth, nodulose at constriction . . . . ,Pleurotaenium
9, Cells triangular in end view .. . . . \"‘ Ce e e e e e _ . Staurastrum
9.' Cells not triangular in end vie&v .

B O S .°10

° 10, Sem;cells with 1atera1 incision§, appearing 10bed . ' _.'/. se 11
10, Semicells without lateral incisions . . . ., , . . ; Tete ... 12

11, Lateral incisions few, shallow, lobes rounded . X " Euastrum

11,- Lateral incisions many, deep, lobes angular , , . . Micrasterias
p —_—,

@~

12, Semicells with radlatmg arms e e e e e e i e 4 v e s 4 .+ .Staurastrum
12.° . Semicells without arms; spmes, granules, or teeth may be present . . ., . . 13
Semicells without spines . . . .. ... L, S . o . . Cosmarium
Sem1cells with spines . .. . . ... .. 1. . ) ) N &

’
-

14. Spines few, usually at the apical corners .’ : ! Arthpodesmus
14, Spines numerous, scattered . , . . . . . ; . Xanthidium

Cells elongate, sometimes needle-like ., . . . . .. ' ‘ . 16
. Cells -Spherical ovid, angular, not needle-like . , : 18
) . :
Cells with terminal setae . . . . .
Cells. without terminal setae ., .




AT,
11,

19,
19,

1

21,

- »
Cells acicular, withéut'a row of pyrenoids.. . . o'« '+« + . . .. Ankistrodesmus
Cells acicular, very long, with & row o‘[ 10-12 pyrenoids . . . .. . .Closteropsis

.

3
- .

18. Cells witHout spines or processes . . . e e e ae e e e WM e e e e .. 19
18, Cells with spines Or Processes . . . .. « « v « ¢ o o o ¢ o o o o o o o o 223
Cells embedded in a gelatinous MAatriX & o o & w v 4w v i e e e 4w w4 . 0. . . 20 .

v\ Cells without agelatmous matriX . . . . e e u e e e e et e e e e e e e e .. 21

20:. Gelatin obvious, lamellate; chloroplast cup- shaped e, 4 o+« « o Gloeocystis
20, Gelatin sometimes pbvious, chloroplast, star-like .., >+ . . . . . .Asterococcus’

Cells spherical . . , . . . . . s e \ e R o o o 22

21.; Ceﬂsangular..........Z...'......_...‘...._....Tetrae,dron-

.~

23.
23.

T 22, Cellwall gmooth . . . . . S e e ... . .Chlorella
22, -Cell wall sculptured W e« 4—e 2 4 4 4 4 4 4 ea o ¥ ae e o i+ oTrochiscia

. . . . . - -
% - B . :

Cellsangular.....'. ,“24
‘éellssphericalor.oval w1thsp1nes. T T T R L

we o .

-

'R
= 94, Skngles w1th furcated préeésses . S, v 0 0 v e e e e e e e Tetraedron

=24, Angles with spinés , »". . . . =¥ . . ..o e, e Polj,'edriop;sis--

25,
25",

Cells spherical, spines delicate .o.' R ..'.‘. - “ s .. Gulenkinia . _
Cells oval, spines evident . . . . + v v o voi o0 4 e 0 e et e v J. . . 26
. s i - v/ < ' I

. . b
26. Spines localized at ends of cell . . . . . . . . . . . . .00 Lagex‘heimii -
- 26, Spines distributed over cell ; . ... « + « + 454 ¢« « 4« + o + « + .. . Franceia

. ~ . . : -
Motile,. each cell with 2° equal-length flagella . ., . . . . .. .. .. ... . .28
Non-motile invegetative state - .. ,,. . . « « « . o ., .o 00000 L. .38
28, Colony a "flat" plate . o o . « . .« 4 v e . Ve o e s e e e e T 29
28, Colony spherical or ovid . . . % « « v v 4 4 s o o 0 0 e e 0 e .0 ot . 30

N > [ . . - - .

Colony 'horse-shoe' shaped . . . .. .. ... .. ... .. ... . Platydorina
Colony quadriangular or circular . . . . . . . . « % « sc6 « o o 0.+ « .« o ,Gonium

’

30, Cells 8-186, cz‘owded-pymf%rm e g e v e+ +uueeuss. . Pandorina

30. Cells ‘more than 16, not crowded spherical .or nearly so . . . . . . 31 =
. N, -

)
- . N

Cells'moz“etha.n3001nnumber. e e e e e e e e et e e e ei v e e e« s Volvox

.

Cellslessthan3001nnumber.............~......'.~......3_2

32. Cells (16) - 32~q fGRDEr o + v v o v o e oo s e u e s\ . .. Eudorina-
32, .Cells 64-128 --(256) in number . . .. . . ... . ... . ... .. Pleodorina.

oy . . .

. Cells of colony lying in .one plane ., .-. . . L e o .. 34

Cells not in a conspicuous single plane . . . . . : . . . . .. "o s L. . , 37
34," Colony. circular (rarely cnuciate) . . . « % v v v v v v 4 o . .-Pediastrum

34, Colonynotcircular.‘...,........._.....'.‘.."......;.35

[N




'35,
-\~ 35,

317.
317.

39,
39.

41,

>

43,
' 43,

¢« 45,

v °49,

‘ © 51y

"38. Colony with a more or less conspicuous gelatinous envelope . . .

41,

45' «Cells not' épherlca’l outex angles extended into stout, blunt.

. ‘ . ) . . Sorastrum °
-46, ~ Cells uniform,” spherical, in graips of 4 '8 , , . . . .. . .. .. . ,Westella

.51,"
4

- g .,
.

Colony, a flat strip; cells side by side . .-. . . .. .. ... ..., Scenedesmus

Colonyquadriangular,...\..~.......................36\

.

36. Colony usually large, cells in 4's, no gpines © oo« s + s« + .+ » Cruycigenia -
36. Colony of 4 cells, téach with 1 or 2 marginal spines . ., . . . . . . Tetrastrum

Cells acicular (needle-likej c e .. W ... ... ... .Ankistrodesmus
Cellsnotacfcula;r..._.................._..'........_.38

38, Colony without a gelatinous envelope . . . . . . + v v v o v o v v . - 1
- Yi

i)

. . .40

"_2 - 8 oval enclosed by a distinct sheath . . . . . . . . .. . ... . {‘ Oocystis

}(l;ells‘hotenclosedbyasheath. e e e e e e e e e e e e e e e

40, Cellsvf/ithlongSpiffesorsetae.~. . . / . 3 |
40. Cells without spines or setae . . . . . . . .. . .. .. .. .. .. .. 42

‘Colony pyramidate, cel spherical, long spines , . ., . . .. . . . .. .Errerella

Colony quadréte,-or 2 tetrahedron, long setae . . . ,". . .« . .. .. Micractinjum

. o - .

42, Cells lmear.'radlatmg from a common center C e e e e e e e e e Actinastrum .

42 Cellsnolinear.,...........................o....43.'

A

Cells _strongly lunat’ﬁg often "back-to- back" R T WX ,. . .-v .. .. Selenastrum

Cellsnotlunate............‘....'.....:......._:...44

s

-44.. Cells arranged in a hallow sphere . . . . % . . v v v o v o v v v o o, 45

44, Cellsnotarrangedinahallow sphere . . . . . v . « v s 4 e 4 s 4 e . . . 46

' .
Cells. Sphemcal sometlmes Jomed by processes L %: . . . ... . ..

“
teethorspmes B 2 - T

3 -

-

'46.--Cells not luniform ellipsoid. (oblong) or reniform , , . ..+ + » Dimprphococcus

-
. "

4

. . .
- e - R
K .

8. Cells lunate, loosely arranged in colonj" e o e e + o + s+ « + ' Kirchneriella
48, Cells cu’rved or reniform, colony compact distinet ... . . . . . . Nephrocytium

Ll
.

an

' 49'U Cells connectéd by” branching central strands O Dictyos_ﬂaaerium

- CeBs, not' curved or lunate™; P O DI TR | e . .49

Cellsnotconnectedbystands............_: T 1

50. Cells cyll}iﬁfdrical or fuslform , ' v v v v e el e e e e e R !

50. Cells sp ricalorsghtlyovoid...-.'..........'.....\...52
~ A 4 !

Y » )y l«*" .

Cells in parallel "bunét88" of 2 - 8 . . . . . .*s . .. ... .. . Quadrigula -

€ells longitudinally arranged, not grouped laterally , . . . . . . . . . Elakatothrix

~

Cells curved tl) strongly lunate . "' N e e e e e e e .\,5,. ., 48

-

-~
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- . ~ ) .
oo 52, Cells ellipsoid or ovoid, envelope lamellated . . . . . . . g o0 Gloeocystis -
- 52, Cells spherical, or nearly so. , . . . e 53

»

q : . « e . . . . « v e e . e ¢ e s .
53. Chloroplast axial, star-‘shapéd s v e e e e e e e e e e e+ u... Asterococcus
53, Chloroplast parietal, not star-shaped . . . . . . . . . . . % N .54
| v '.‘ N - N ﬁ . . - .,
54, Cells enclosed by lamellated sheaths . . . . . .. . .. . . . . . .Gloeocystis -
54,. Cells in homogenous envelopes . . . . .. y + « « « « + + . . . . .Sphaerocystis
. } . . - =
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G e EUGLENOPHYTA = . .
. L 0 v .
— - . i & i . . ’ ,

. 1. Vegetative cells sessile . . 7 . v v v v v v v e v e e
1. Vegetatiye cells-métile . . . . . + . 2 o0 e e u . e

/,

Cells w1thout chlorop‘hyll e e e e e e e e e

3.. Protoplast within a loricaor test . . . . . . . . . . .

3. Protoplastvnaked, no lorica . . . . . .+ . 0 s 4 w0 e 0.

4, Body strongly metabolic . : . . . . . . . . . . ..
o 4, Body-rigld . . . . . ... e LD e L,

. .
¥ D

5. With two laminate, longitudinal chloroplasts . . . . . . . . . .

5. With numerous chloroplasts . . .". ..v v o v v o o v o o . .,

. . 3 . )
.

- Y

. . 6. Body consplcuously flattened, sometimes tw1$ted ST

6. Body not compressed, radlally symmetrlcal e e s e

7. Body broadly ellipsoid to ovoid e e e e e e e e e T e e

7. Body elongate, narrow . ., ... . . . e e e e e e e

- @
) 8. Cell$ with one flagellum . . ., . . ... . e
. 8. Cellswithtwoflagella . . . . . . W v o .o v v v oo .
, .
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“ . Y ' N
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2. Cellswtth,chlorophyll B e
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Colacm

O

Lepocinclis
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. Euglena

. Astasia

. Peranema ’
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KEY TO SOME COMMON DIATOM GENERA (BACILLARIOPHYTA) OF
MICHIGAN —

- ~

’ .
£ . '

L4

.Dlatgxs in Valve V1ew ' .

1, ‘Valves without a dividing line or cleft; markings of valve radiate about a central
.epoint. (centric diatom genera) ., . . . . . . ... .o e e e 2

2. . Frustule's usually in filaments or zig-zag’chaihs; rectangular in girdle
- . vie\y. valve round, - oblong, triangular or elongate . . . .. . . . . . . . .. 3
»T - ‘ -~
: 3. Frustules cylindrical; markings‘gromment on girdle; su“lcus

\ ’ i _ present; seldom seen in valve view . .. L. e e e e e e ._'1\_/[_e_19_3_i_§z_a_

3. Frustulenotcyhndrlcal.......\....v'....‘..........4

?

s <

° -

4 M S ,
4, Valve ovate to oblong; two horns or processes present on valve face,
23 ' *  scatter small spines often present ., . . . . . . . . . Biddulphia

e -

. . )
4, Valve not ovate to ol}long, horns or processes absent . .-.|. . . . . ,5

~——

= ) 5., Valve face appearing as two; three sided pieées giving the
appearance of six processes . . . . . .+« . . . . . . Hydrosira

v e "

o

. 5. Vah;e face three to several times longei' than broads; margins

L . undulate: '"costae' evident . . . S ... .. .. ... :I‘erEsinoet

. 2. Frustules usually sohtary (sometzmes formmg short chains) . . . . . . .. . .6

6.. Frustules usually elongated; many intercalary bands,; frustules
cylmdrlcal O £

» -

. r{ 9 ) -
* 7. Each valve with a single long spine , .-. ... . - . . . Rhizosolenia
] - \

7. Each valve with two long sgines*. . .. . . . . . . . . . . Attheya

6. Valves dlsc01q cylmdmcal or spherlcal somtimes with spines or
y processes......,....,.................&..... 8
ot - . v - "

-~ ‘ 8. Ornamentation of valves in two concentric parts of unlike -~
' 'pattefn'i.............,............gxclotella
/8. 'Ornamentation of valves radiate; continuous from c/enter to [ a a k

marg1pofva1ves.-........,.........,.‘}......9

»

- . N N

ot 9. Ornamentation of valves distinctlj radiate; rows of pundltae ’
. - _ single at center becoming multiSeriate at the margin; margin ° ) S
s . o of valve with recurved spinés . . . . . . .. .. Stephanodiscus :

) ° 9. Ornamentatlon of valves not distinctly radiate or becoming
' multiseriateatmargm B . 1V

Provided by ERIC.



>

10, Isélated large punctum evident at the margin gpines
not evident . . . . & .. .+ s+ o+ « .+ ves . . . Thalassiosira

s

-

a ot 10. Isolated punctum not evident gt the margin,” short - ]
) spines present . . : . . . o0 e e e -, .Cascinodiscus

. B,
) 1.” Valve with a- dividing line o§ cleft; markmg of wall bilaterally T
] . d1sposed to an axial or excentric line (pennate d1atom genera) . . . . . . . . . 11
- * " *

-

11. Bothvalvesw1tha'pseudoraphe,. Y -

12, Valves asymetrical to.one axi§ ." . . . 4 o v o o 4 . 4 oo 0 . 0. . . 2137

bt

-

13, Valve asmetrical to longitudinal axis, striaé present , ., Ceratoneis

13, - Valve as.ymetrical_to transverse axis . . . . . . .. .00 .. 14

14, Valves clavate . . . « « .« o v 4 4 e e e e e e e e . 15

14, Valves not clavate; striae present; valves witirunequal
capitate ends; often forming star like colonies , . Asterionella

) + 15, . "Costae' present, frustules may be joined face )
to face to form fan like filaments.. . . . . . Meridion

- ———‘/ :
B ) ' 15. ' "Costae: present, frustules single (appean€™ . .
-, 7 as asymetrical Fragilaria) . . . . . . . . . . Opephora
e 12, Valves symetrical to both aXes . . . . . + .00 « + o . B [
s 16. Frustules septate or "costate"; often appearing in .

zig-zagchainsu.............’...........17

-

-

17. Septae present; usually many partially septate

PR intercalary bands, valves triundulate . . . . . . . Tabellaria
',F . 17, i Septae absentn promma.nt‘ 3ostae on valve . . . Diatoma

16, Frustules occuring frée or attaclfged in f11amentS°'
sometimes forming scicleS .« . 'u 4 cii w6 e e e e e e e .. 418

.
2

° “ ,aﬂm - N
°; L . =718, Frustules typically forming long filaments; usually ’ -
: , ~ not more than 5 or 6 times longer than broads; °
_ often appearing costate. . . . . . ... ... . Fragilatia
, 18." Frustules usually solitary or forming fasclcles,
usually many times longer than broad . . . . . . . Synedra .
’ / {note: ’the above two genera are actually: seperated
T " .° " ~only oni the basis of growth habit) .
11, At least oné valve with a pseudoraphe . .\.': T £
R : : a




-

°
-

¢

-~

20. Valve asymetrical to the transverse axis; partial terminal septae; : -
bent about the transverse axis . . . . . .. . .. . ., . .Rhoicosphenia ‘«

”» -

5

20, Valves symetrical tobothaxes . . . = . . . . . . . .. .

.21, Valve e]lipt1ca1 valves with a marginal and/or submarginal 1
hyaline ring; often loculiferous; bent about the longitudinal
N . ,a.x13..._.,............Q..“.,..:. . Cocconeis

21, Valves usually lanceolate or linera lanceolate’; bent

» e "around the transverse'axis . .. . . . .+ « « . . . . . Achnanthes
(Those with a sigmoid raphe‘are sometimes put in f\
Achpanthidium or Eucoccone1s) . \

~ ! N .

2. 19. Both valves with a TAPNE « v v S e e e e e e e e e e e e e e e . 22
) 22, Raphe médian or nearly so, snever completely marginal;
mot ina canal . . . . oo L0 e el e e e e e e

23, Valves sigmoid'in outline . . . . . . . . . .. % -1 3

24, Raphe sigmoid; punctae in two series; one transverse
- and one longitudinal row forming a 90° angle . . . Gyrosigma

.

. 24, Raphe sigmoid; punctae in three series formmg.
‘ . ’ angles of other than 90° . . . .. .. .. ... . Pleurosigma

.
N ¢

o

23. Valve nof sigmoid inoutline . , . . .7 .« « . oo v 0 0 0 e 0. 425
& : : . ' -

25. Valves symetrical to'both axes . . . . . .00 o o . e . 267

$

¢

- " '26. Frustules with septate intercalary bands . . . .. . . . , . 27
kY 27. Intercalary bands with marginal loculi, punctae '
. . . . distinet = . v o oo Lo o e e e Mastagloia

27. Intercalary bands with two large faramen along
g b apical axis, punctae indistinct . ... ... . . . . ,Diatomella

26. Frustules without septate intercalary bands ., . a .28

28, Valve face with a sigmoid saggital keel; , *
"hourglass'' shape outline in girdle. view . . .Amphiprora

.e
o . . .

' 28, Valve face without a sigmoid sagéital keel ., . . . .. ;29

. - ]

29, Valve with undulate or z1g-zag 1rregu1ar logltudi.n'al lines or - S N
lankSpaces........ . .........._.,..Anomoeneis

29,  Valve without undulate or zig-zag 1rregu1ar logitudinal lines or
,blankspaces_.._..\......._.............

3

19, One valve with a true raphe the other valve with a pseudbraphe e e e e 20
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.38,

38.

.o .
. [

. i N ‘
Valve with thickened, non-punctate central area; (stauros) ’ .
pseudoseptae sometimes present, longitudinal lines and blank 8
spaces laeking . . . . . ... .. .% .. ... .. . .Stauroneis

~

Valve with or without ptaurgg, septal g.l'osent e e e e e e e e e e e e e 31:\

v

31, Valve with longitudinal lines or blank spaces . . . . . . . . .. . . . 32

-—
.

32, i’roximal ends of raphe usually curved in opposite
directions; "defaut regularier' toward valve apices; )
longitudinal blank spaces .\' “ o e e e o s v+ o+ o . Neidium

.

s~ 32, Proximal ends of raphe straight; valves with fine
striae that appear as costae; longitudinal line :
near margin . . . . ... ... ... ... ... .Caloneis

31, .Valves without longitudinal lines or blank spaces . . . . . . . . . . . 33 °

"33. Valves with siliceous ribs along each side of the raphe . , . , , 34

- .

34. Raphe bisects siliceous ribs on valve; central T

area small and orbicular; striae and punctae .
» very distinet . . . . #£, ., ... ... ... . .Diploneis
£ N R .
34, Raphé short; less than 1/2 length of valve; central
area long and narrow; terminal nodules evident, .
elongate . . . . . . Li. v 4 4 4 e eue e b b e e e e v e . s 35

35. Raphe short; 1/4 or less the length of the valve;
.striae not evident . . ., . . . . . . .. . Amphipleura

L)

35. 'Raphe longér; usuail}y about 1/3 the length of,
the valve; striae usually finé but evident . . ,Frustulia

v '

33. Valve without siliceous ribs . . . . . . ¢« ., &« . v e.s + s+ + « +» o 36

36. Valves with smooth transverse costae; raphe N
' often ribbon like; . . .”,.. .. . . : .. .. . Pinnularia

36. Valves with transverse-striae . . . . s . . . . . . . . . . W37

N

. 317. Ragﬁe sigmoid . % . .. . ... ... Scoliopleura

37. Raphe 8traight . . . . .. ... ..., .. ..... 238

v

Raphe in straight and raised keel . . . . .. . . .. .. . . Tropodoneis

3

Raphe "straight and not in a keel . . . . + v ez v v o v moeie o 0 o 0 . . .39

L]
-

39. Striae daubly punctate, central area long and narrow . , .Brebessonia’ *

" 39, Striae single to lineate, central ax:'ea variai)le o e e e Naviéula

A

-
\
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S
25; \\Valves symetical to one axis only L e e e \:, A e .
\“\40. Valves symetr.ical to the longitudinal axis . . . .’ I.‘“ _ Co .‘ TP 3 .
“,\ 41. Punctae in one geries; longitudinal line absent . . . . . . go;nphbnema . .
.‘;\ * 41, Punctae in two series'; longitudinal line present °, ‘. S . Gomphoneis
40, Valves symetrical to’ tra.n:sverse XIS o v v u s e e e e n i e . .42

V.42, Raphe short; vestigial terminal; with evident terminal nodules,
central nodule lacking + . . . L v 0 0 b e e e e e eigae o e e e . 443 .
. \ I3 A’ N

43. Colonial; forming tree like colonies; valves usually with ’

evident spines . . . . . . . . «, . . . . . . . Desfhogonium

.

s ) 43, Usually not in colonies or if colonial, forming only - -
short chains or stellate clumps . . . . . « « « v o v o 0 o . . 44
, ; 44, Ce}ls shaped like the femur of a chicken—. . . ,Actinella :
’ ) ‘ 44, Valves various shaped; lunate to nearly straight; ) ‘
R . wvalve often with undulate dorsal and/or ventral_
- margin; raphe prominant in gi:Zle view . . .. . v . . 4D
o ! oL 45, Dorsal margin convex, v itral margin slightly |

concave, both marging sinvate-dentate ., . .Amphicampa ¢
p ’ Ampnicampa
45, Dorsal margin convex, ventrgl margin straight

to concave, one, both or neither margin wavy,

pseudoraphe often present on ventral margin . . .Eunotia

42. Raphe not vestigial; usually as nearly as long a8 the valve;.

. valves usually cymbiform . ... . . . o o0 ok o0 0w 0w 0. . . 46
. 46, Valves cog{rex; central nodule usuéilgr lies very close to the \
ventral margin; both. raphe, visible "i\n girdle view . , ., . Amphora
46, Valves flat or nearly so; raphe a smooth curve with the'.same
- curvature, as-the axial field; raphe not visible in girdle - R
VIBW . v . 4 v 4 e s s ese o s s e s e e o s+ . Cymbella o
22, Raphema%ginalandinécahal...........'......w..’......“47
47, Valves ‘with a_single canal that is usually marginal but may appear \
tobesomewhatcentral........................._.48 .
{
T 48, Valves gymetricaltobothaxes . . "% + v e v v v 0 v o 0 v o . . 49
2 ? . .
) 49, Transverge internal septae ‘that appear as "costae'; canal
o nearly median ! . . .+ . « + 4 « s ¢« o« « o o . . Denticula
‘ ) // /— ' . -
"1 49, Transverse ''costae lacking; carnial dots present . . . Nitzschia
- . ’ N . .
i . ( ) -
H éie,,‘ o2
: . . 26-13" )
( \ 237 | ‘




48,

53,

53.

Valves with a canal next to both lateral margins I

o
-

Valves asymetrical to longitudinal axis . . . . . . . . . . . . . "% .. (50

50, '"Costae' quite evident. . . . . . . . . . .. .. .. s .. .51
51, Axial field forming an acute angle at the central nodule;
raphe along the ventral margin of valve . . . . . Ephithemia
. ‘. - '
51. Axial field forming a less acute angle at'the central
nodule; raphe along the dorsal margin-of the valve . . Rhopalodia
50. "Costae" not eyident; carnial dots along the raphe . . . . . . . . .52
52, Raphe of, 6ne va.Ive diagonally opposite the raphe on’ ‘
,the other valve . . . . . . .. B Nitzschia
52, Raphe.of one vilve directly dpposite the raphe on the )

other valve : . .. . . .. ... ~. .. ... . Hantzschia

¥
’ 3

Valve face transversely undulate; band of ghort costae along each .
lateral margin'appearing’ like a row of beads . . . . . . .Cymatopleura
Valve facesnot transversely unddlate . . . . . . . . . . . .. .\ . .54
[§ - N
54, Valve shaped like a Sadc‘i/lé—.\ e .+« +« +« .+« . Campylodiscus
54, Valve face flat; either 1sopolar or heteropolar; sometimes i
the frustule -is slightly spiral in shape . . . . .,... . . Surirella
- .
v
/ .
H = .
< 9 -—
R ° \
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P * " CHRYSOPHYTA
A Key to Some More or Less Common Genera
E 2
1. Filamentous, branched . . . . e e e e e e e e e e e e e .\Pha,eothamnion
¥ Notfllamentous..........'...'.......~............2
z'.'"'JTJnicenular....-.........‘...........,...'.... 3
3. COIOMAL o v v e e e e e e e e e e e e e e e e T
. N ‘ [N .
3. Protoplast enclosed by a lorfica . . « v & v v v o v v e v e e s e e e e el 4
3. Protoplast not enclosed by a lorica . . . . . . T
4, Epiphytlc or eplzoom e e e e e s . .". e e e e \ P _
4, Motlle, cells with siliceous scales many of vhich have long, N
siliceous BPINES . v v, v v ¢ v 4 4 e e 4 e e e e e e e s e e e e s Mallomonas
P N 1 . ,
5. Epiphytic; lorica flask-shaped . . . . . ' v v v « « s « « o « +« « +« « . . . Lagynion
5. Epiphytic or epizooic; lorica cylindrical . . . . . . . .\. . .Epipyxis(= Hyalobryon)
6. Motile; protoplast naked . . 7 .‘, ) f . + .Ochromonas (afd assocs)
6. Non-motile; protoplast with lgrig delicate, pseudopodia.. . . . . . .Rhizochrysis
7. Sessile; each cell én a long, cylindrical lorica . . . . . Epipyxis (Hyalobryon) 7 .
Te MOLIE o v v o v o o o o ove o o o o o b e e e e e e e e e e e e e e e . 8
8. Each cell within a companulate, basa.lly pointed lorica . . . . . . . Dinobryon . N
8. Lpricaabsent.'.....'...'.'...'..'*.."........:...’....9
‘9, Colony bracelet-shaped . . . . + . « « T 4 ¢ v « o s o o o o o o+« . o Cycloneyis
9. Colony spherical -, . + « « v v « ¢« ¢ 4 o o oo . P X
10. Colony bristling with long siliceous rods . . . . .« « « o . . ChrLsosphaerella’ t -
10, Colony without giliceous rods from each cell . . . . .11 M
11, Colomes not enclosed by a gelatmous gheath , . . . . . / . Synura
11, Colonies enclosed by a distinct gelatmous gheath . . . . . . : . 12 .
12, Shorter flagellum more than 1/2 length of longer flage]lum . « « + . Uroglenopsis
12. Shorter flagellum less than 1/2 length of longer. flagellum . . . . . . . Urog' lena
. | ) . o L
~ ' ¥ «
P ! e ‘ B}
[ g,
. \ \
\ _ . .
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) & . < CYANOPHYTA . . ® .
» S A Key to Some of thJCommon Genera
1. Cells not in trichomes; unicellular or colomial . . . . « ¢ v v v v v v v v v v e 2
1.‘Cellsintmi:homes....:..........................10
‘2. Colony with some regular"l arrangement of cells . . ... . . . e e e .. 3
P 2, Colony amorphb‘us, no definite fOrM « « « o o o o ¢ & o o o = o o 4 0 e e ey 6
"3, Colony a fiat Blate . . . v o s e o b e e e e e £
3. Colony sphemcal cells peripheral S T T
¢ ) ,
4, Cells r,egularly arranged . . . oe o e 0 oo e e T oa a e e e Merismopedfa
4. Cells irregularly arranged . . . .« « « ¢ S0 o 0 o 0 e b0 e 00 e .Holopedium,
5., Colony with a central branching sy.steyr’n e e e e e e e e e e e e e Gompﬂospﬁaeria
5. Colony v_v/i;ho‘ut a central br%nching system . . . . . e e 00 e e e Coelosphaerium
6. many Cened .. . o/ LY} . . . . . . . . . . o' . . . . . . * e . -7
. 6. olony* mostly few celled . ., . « « v o ¢ ¢ o o v 000000 e e e s+ 9
. %
Cells elongate . . . . . . e e e e e e e e e e e Y A AEhanothece
TN Cells SPherical o o v v o o o o o o o o o o 0 o 0 000 0 e A -
- I

8. Cells close together . . . . v « ¢ ¢« cvu o o v o % 0 0 o0 be ey 'Microczsgis
8. Cells more than 2-3 dlameters APArt . . 4 . o 0Ty e e o e i Aphanocgpsa

&

"9, Cells usyally hemlspherlcal with or w1thout definite gelatmous sheaths . . Chroococcus -
Cells sph&gal or ov‘%od gelatlno}xs sheaths very distinct . . . . . . . . . Gloeocapsa

¢

P

10, Trichomes without sheath (not filamentous) . . . . . . . , B e B !
10, Trichomes in a sheath (filamentous) . ... « «_soe = oo /e o o o v oa o o o 20
11, "Heterocysts absent ... .. « e e « o o 4o o o e e v e 0 aae o L T T
11, ~Heterocysts present .*. . . . o 0 S0 e e P Jeoo. 14 -
“12. Trichomes stralght e e e . o e e e v e s e 4 e e e« 4 . . Oseillatoria
12 Trlchomes;igu/lavyspirahd B I IR .13
’ — D ) L. ) “« '
13. Cross walls dist e s e e it i et e . ... . JArthrospira .,
13, Crosswa]lslacking -y ........../_.........'.'...&irulina '
o : — N }‘. 4 ]
14' Heterocysts termmal R T TR TIS
Y14 ) eterocysts intercala‘z:y / N T T RS -
‘15, 'Ij,ricl} es cylinidrical . . . . 4 e o e e e e e e e .. Cy]indrospremum
15.~ . Trichomes -attenuate . ..« o' ooeioie oo o @ w e e n e ey 16 R
o 6. TrichomeS\aolitafy T .. Calothrix MR
./ . 186, Trichomesinmasses......,........».,.".~...'......17
o " , 2
3 . - . - R+
> 5 e
- - ‘f&.,‘s ‘ ¥ 2‘20 - . A
. ‘ -
R :'. . "1’;" R .o 1 RS



A ]

17. Trichomes without akinetes . . . . « + « « « « « « « + % + + . o . . . Rivularia

17.. Trichomes with akinetes . . .« « ¢« ¢« ¢« o ¢ ¢ ¢ o v o o o v o o o o Gloeotrichia

18. Trichomes straight, parallel in bundles 7 .. « « « . + . Aphanizomenon
¥8. Trichomes solitary, or Jf in masses, not parallel O K

19, TPrichomes solitary, or if numei‘oué, hen not in a firm gelatinous - :
T matrix !, .4 . . W v e e et e e e 4 e e e e v e e w e-e s ¢ . Anabaena
19, Trichomes entangled in a f1rm gelatinous matrix e ' + 4+ e+ e e o+« + . Nostoc

wt

20, Many parallel trlchomes inasheath . ... . . « o ¢ o « o & . . Microcoleus
20, A single trichome or row of Jcr1chomm inasheath . .. .........21
. . ) -

21. Filaments not branched . . . + % v v 0 0 T4 v e e e e e e L 22
21, Filaments branched . . . .. .70 o0 v e e e Te e ey e e W . .28
.22, Sheath obvious firm . « . . . . . ... o™ L T sl L

22, Sheath indistinct, delicate . . ... . . ¢« ¢ v v 4 eie 00 . v Phormidium

' . / c.

23. Filaments with false branching . . . . « .« . . oo oL, 24

23, fFilamedts with true branclling . . . . . . . . . ..o oo e oo e .. L 26
: Ak ) . . )

24, Without heterocysts B T T ST .Plectonema

" 24, With heteroCysts . . o i i o o « v 0 o 0 e e e e TU 0oL, 25

. . v \
25. False brenches arising single . . . . . « + « « v « « + o « ¢ . . . Tolypothrix

‘25, False branches inp'airsm I IRRIENCICIC IO RSN Scytonema

26, Trichomes always uniseriate . T e
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Haplosiphon
26, Trlchomes wholly or in part nultiseriate . . . . . .. ... .. . . ,Stigonema
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A Key to'So?r?@lCor’nmon Genera i N
- :

3 . o o - !
\)1. Filamentous . “v + o wc o & o B v o o o o o o o o 6™ e 0 0 0 e 0 0 4 - e e+ 2

3 X -
1, Not filamentous . . . . . « F. v v 5 4 e o e o o v o 0 v v et e e & .
- — ‘ . * .
2. Filaments branched, smho&aceaous © « e 4 s s e+ o e e « o+« . «-Vaucheria
2. Filaments notbranched . . . . . « ¢« v.o v v v 0w et e e e e e e e e S0 3

; 3. Cell wall of stout H p1eces, cells spmetlmes barrel-,shaped C e e e Tribonema
3. Cell wall of delicate H” p1eces, cells short and cylmdricalu. « « « + » . Bunmiilleria * b

. . 4, Cells embedded in a gelatmous matrix - .. L e . 0 L e e e e e LB
' 4., Cells not embedded in a gelatinous matrix . ..&. . « . « . v ¢ 0 o 00T
7 . ” .
" 5. Colonial gelatinous envelope dichotomously branched . . . . . . . . .. ‘Mischococcus )
. 5. Colanial gelatmous envelope not, brancheg . R . R

~

1‘
6. Colomal en\ielope ‘fough "heavy' cartilaginous . . . . . . . . . . . Botryococcus
6. Colonial erlve,lope Wwatery;" coloniés.-small, “free fl’oating + « .+ .+« . . Chlorobotrys

N O - .t. . te
7. Cells epiphytid¥g= . . . . . <O oite v e e e s e e e e . B

7. Cells not epfphytics. . "oov % ot v5 v L wgmy SHe 0w e e e e e e e 0w W11
- o Ya: B . 5, A . *,
N 0’ = 3 ) B . % \l . 3 - ’

. 8. Stipe long, seta-like., . . . . . % . « . . 2, , e o o« . . . Stipitococcus

&
8." Stipe short; dr cell-sessile . . - . . . . %, .a@.é
@ ) s Gn D J R

%

9. Cell vase-like, apex flattehed™. . . SR . B (e._.-‘ . « . . .Stipitococcus
9

e « « o« «.e « « % Peroniella

Y - 4 v,
) . Cell oval or spherical . . . . . .". SRR ./'35i . 9.&?. .0 ». .. . . Peroniella
e ‘ ' o ) o * ’
’ 10., Celfs cylindricai, ends braadly rounded L3S o8 e o . . L Ophiocytium. |
. 10, Cells not&yhndmcal P e,s s+ « s.o o o o Characiopsis .
{ ° < T - ) S, & ‘» .
11, .Cells cylin rical stralght or contorted . . . R SR RTET R "Ophiocytium
11, Cells glob with rhyzmds on soil . R R AR . Botrydium
. - : ¢ - ) )
N ’ e - B ~ .7 '
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Acicular: needle-like in shape.,.(Ankist'rodesmus)

. ‘!fy

M £
“ £
po

v
.

. ] - .
Aerial: algal habitat on moist soil, rocks, trees, €t¢.; involving a thin film of water;
sometimes only somewhat aerial.

Akinete: A

°

type of spore formed by the transformation of a vegetative ce11 into a thick-

walled resting cell, containing a concentration of food material. (Pithophora)

Amoeboid:

Axriorphpus :

Anastomose:

Antapical:

-

like an amoeba; ereeping by extensions. of highly plastic proto&lasm' -
(pseudopodia). (Chrysamoeba) -
without definite shape; without regular foz;m. ’

to separﬂ) and come together agaip; a meshwork. '

the posterior of rear pole or region of.an organism, or of a colony of cells,

Anterior: the forward end; toward the top. : ) .
o ‘% -
Antheridium: a single cell or a ser1es of cells in which male gametes are produced; a

Antherozmd

multicéllular, globular male organ in the Characeae; more properly called
a globule (a complicated and speclahzed branch in which anther1d1a1 cells
are produced. N o

1 ~

- 4

male sex celi° sperm,

Apex: the summit, the terminus, end of a pro;ectlon, of an incision, or of a fllament
- 9 of cells. \ - .

=

,Apical: " Forward tip.

¢

Aplanosporea non-motile, thick-walled spore formed many within an dnspecialized

A

" Arbuscular:

vegetatlve cell; a small restmg gpore,

branched or growing like a tr,ee.or bush. . ‘

Armored: See theca.

Att¥puate:

Autospores:

~

narrowix;g to a point or becoming~ reduced in diamet'er. (Gloeotrichia) - Py

spore~like bodiés cut out- of the ‘contents of a ce11 which are~Small replicas !
of the- parent cell and which only enlarge to become mature plants. (Coelastrum)

Axial: along a median line bisecting an object either transversely or longitqﬂmally

Bacllhform:

(especial]y the later, e.g.-an axial chloroplast) ) . .

rod-shaped. _ 'l ~ ‘

~ L -

Bilobed: with two lobes or extensions. -
Ly N . * *




‘Bipgpillafe: with. two” small protrusions; nipples.: oL ~ - . .

: Biscult- shaped: a thickened pad; Pillow-shaped.
Bivalve (wall): wall of cell which is in two sectioné, one usually slightly le.rger .

than the others \

Blepharoplast: /granular body in a sypmmmg organism from which a flagellum arises. .
Bristle: a stiff hair; a nee&g-like spine. (Mallomonas) r ®

CapMate: with an enlargement or a head at one end. (as in some species of Oscillatoria)

<«arotene: Orange-yellow plant pigment of which there are four kinds in algae; a
hydrocarbon ¢, H. -
. % 5
Chlorogbﬂl'/- a green pigment of which’ 1:hereI are five kinds in the algae chlorophyll-a
occurring in all of the algal divisions.
JChloroolast: a body of various shapes within the cell containing the pigments of which '
chlorophyll is the predominating one.,
+« Chromatophore: body ’within~ a cell contining the pigments of which some other tan
- . chlorophyll is the predg éénmatmg one; may be red yellow, yellow-green
or brown.

-

Chrysolaminarin: See leucosin.

~

Coenobium: a colony with %N numbker of cells, (Scenedesmus)’

.
, 0 %

Coenlocytio: with nultinucleate cells, or cell-like units; a multinucleate,, non-cellular
plant. (Vaucheria) . ) &

- . -

’

Collar: . A thickened r,mg or neck surroundmg the open1ng in a shell or lorica through
which a flagellum pro;ects from the jnclosed organism, (Trachelomonas)

? Colony: a group or closely assocxated cluster of. cells, adjoined or merely inclosed }ay a
' -a common investing mucilage or shedth; cells not arranged in a linear series to '

o _form a f11ament,ge1ther aggregate or coenobium, - hd

Constricted: - cut in or ised, usually form two opposite points on a cell so that an . .
» ’ isthmus is formed between two parts or cell halves; indented as at‘the . g
o ‘ "joints between cells of a filament. (Cosmarium) '
Contractile vacuole: a_ small vacuole (cavity) which, is botnded by a membrane that’
' . pulsates, expanding and contracting -

-~

_ “Crenulate; wavy with small scallops; with small crenations,

¥

+

L4

~ Crescent: an arc of a circle, a curved f1gure t{apering to horn-like points from a wider, ‘
’ c,x]jndrical midreglon . . . . . 3

- Cross wall: a cyoss partition. ' - .
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Cup-shaped: a mgre or less complete plate (as a chloroplast) whlch lies just within -
the cell wall, open at one side to form a cup.

\
.
l =

Cylindrical; a figure, round in cross section,. elongate. with parallel lateral margins

when seen’from the side, the ends square or truncate. (Hzalotheca) . -
_ Daughter cells: cells produced directly from the division of a primary or parent cell
" cells produced from the same mother cell . : S
Diohotomous: dividing or branched by repeated fork1ngs, us1kally into two, equal portions . /
~ » or segments Y,
X - : g . ; .
Pisc; Disc-shaped: a flat'(usually circular) figure: a circular plate.

- ) N . A
Distal: the forwar or anterior end or region as opgosed to the basal end.
Ellipsoid: an ellipse, a plane figure with curved margins, the poles more sharply
rounded than °the lateral margins of an elongate figure,
A Y °

Epiphyte: living upon a plant,‘ sometimes living ‘internally also.

Euplankton: true or openwater plankton (floatin'g) organisms.

Eyezspot: a granular or complex of granules (red or brown) sensitive to ligt}t and ‘

related to responses to light by sw1mm1ng organisms of spores. (Pandorina) N
.
False Branch: g branch formed by lateral growth of one or both ends of a broken
filament; a branch not formed by lateral division of cells in an unbroken ° - ¢
, filament. (Tolypothrix) ~

Eilament: a thread of cells; one or more rowé of c:lls, in the blue'green algae the
thread of cells together with a sheath that may.be present, the thread of
cells alone referr‘(e@d to as a tr1chome o oo

~

Flagellum (flagélla): a relatively coarse, whip- l1ke organ of locomotion, arising from 7
. a special, granule, the“ ‘bleph3roplast, within a cell. (Eugléna) Y

Fucoxanthin: a brown p1gment: predommant in the Phggophyta and Chrysophyta. (§x2ura)

Fusiform:A a figure broadest in the nidregion and gradually tapering to both poles wh;ch .
may be “acute or b}u.ntly roundet; shaped like a spmdle (Closferium)
-
] ‘e Vd
Gamete: a sex cell; ce11s whl/ch unite to produce a fert111zed egg or zygospdre -

] - ’ ' 3

Gas vacuole: See pseudovacuole. , : .
“8 A -
_.Gelatin (gelatinous):; a mucilage-like substance. ~

’ ]
Glycogen: a starch like storage product quest1onably identified in food granules of the

+ Cyanopjyta. (Chroocggcus) o . 5 R g

Gregarious: an association; groupings of individuals not necessar1ly joined together but Y

closely associated. A ,

.
FEAN
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Gullet: ' a canal 1eading from the opening of flagellatéd cells into the reservoir in the
' ) anterior end. (Euglena)

Gypsum: granules of alcium sulphate which occur in the vacuoles of some
" desmids. (C osterium) . “ .

~ . Y

Haematochrome: a red or““orange pigment, . especially in some Chlorophyta’ and
Euglenophyta, which masks the green chlorophylL

\ .\ -
" Heterocyst- an enlarged cell in some of the filamentous’ b1ue— green algae, usually . S
i empty and different in shape from the vegetative cells, (Anabeana) ., { -

Hold-fast cell; a basal eell*of a filament or thallug, differentiated to form an
an attaching organ (Oed‘f)gonium) -

H-pieces: wall of overlapping H-shaped structures. (’Fribonema)

Intercalary: arranged in the same series, as spores’or heterocysts Whi&h occur in .
"geries with the vegetative cells rather than being terminal or 1atera1u,. -
(heterocyst of Anabeana) . . -

’ .
' . P

Laminate: plate-like; layered. . . .

Lateral gr’oove- a groove in Dinoflagellates encircling the cell, (Ceratium)‘ ’ .

Leucosin: a whitish food reserve characteristic of many of the Chrysophytam especially ) .
. . the Heterokontae, gives 4 metallic 1ustre to cell corltents. (Di'l%brzon) ..

. 1° ~ <« .

Lorica: a shell-like structure of varying shapes which houses ah organism, has an
opening through which organs of locomotion are’ extended. (Einobgon)

2 SR ¥
shape. (Selenastrum) \:

. Lunate: crescent-sghaped; as of the new moon

s, . -
Median construction: See constricted"' -~ , » .
s Metabolic: pla.Stlc, changing shape in tion~a.s in many Euglena. .. - °
© .+ Micron: a unit of . microscop1ca1 measurement ed.
) by using a micrometerin the eyepiece of the microsco
<™ -calibrated with a standard stage micrometer, expressed the symbol.. a
, s p
-° Moniliform- arranged like a- string of beads; beadlike; lemon-shaped (Anabeana)
I e ——
Mother Ce11°' the ‘cell which by mitosis or by internal cleavage gives rise to
: other’ cells (usually spored), L v
-  Multinucleate: with many nuclei . . : s O ‘e ~ ‘
Multiseriate: cells arranged in more than one rOW, a filament two or more cells in. D Lt
- d?.meter. (Stigeonema) . e ' .
motion caused by cilia or f]agel]a. (Volvo:t) ‘ , S o0 .
a curved i‘igure, elonga.te with the ends broadly rounded but more sharply curved Ty
“than the Iateral margins. o . . o . N
R @ N C, s R . .K’ )
: e N . -
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Obovate: an ovate figure, broader at the anterior end than at the posterior.

Oogonium: a female ‘sex organ, usually an enlarged cell; an egg bwase.
Oval: .an elongate curved figure with convex margins and with ends broadly and
- ' symmetrically curved but more sharply, so than the, lateral margin.

Ovoid: .shaped like an egg; a cyrved figure broader at one end than at the other.
} Y .

Papamylum: a solid, starch-like storage product in the Euglenophyta. (Euglena)

. Parietal: along the wa11 arrang®d at the circumference; margmal as opposed to ) ) ‘
central or azial in location.: - D .
\
|
|

N . ~t « . ' [V
icle: i brane. (Eugl / ’ A ¢
Pellicle ) a thin.‘mem rane. (Euglena)
Peridinin: 'a brown '1;igment characteristic of the Dinoflagellatd. (Ceratium) X

\Periplast: bomdiné membrane of cells in Euglenoids and Chrysophytes.

Y
. e
° Bhycocyanin: g blue pigment'found in the: Cyanophyta, and in some Rhodophyta.

— T ~ . [ , - 2
N to |
Phycoerythrin: a red pigment found in the Rhodophta, and in some Cyanophyta. ‘
. ' ~ - . T | ‘ |
Plankton: organisms srifting in the water, or if swimming, not able to move ‘
against currents. ‘.. ., o - -~

v
L)

. . . . |
Plastid: a body or organelle of the cell, either containing pigments or in some, |
instances colorless. . - {
|
|
|
|

- l’late: sections p‘alygonal in shape, -composing the cell wall of some Dmoflagellata
¢ (the thecate or armored dinoflagellates). ‘

-

Posterior: toward the rear; the erd opposite the forward (anterior) end of a cell

or of an organism.’ b ' e e )

' - . |
N : - .
Protoplast: the hvmg part of the cell; the t:ell membrane and its contents usually
enclosed by a’cell wall of dead material. .

Pseudocilia: wmeani'ng false cilia; flagella-like structures not ‘used for locomotion as

N - - in Apiocystis and Tetraspora. . . . .

- Psﬁdoparenchymatious: a false cushion; a piliow like mound of %ells (usually attached) *
‘ * . which. actually is a'compact geries of short, _often branched

. . ‘ filaments. (ColeOchaete) . |

1} , .
Pseudovacuole: rrieanmg a fglse vacuole; a poo,ket_ in the cytoplasm of many blue-green
v algae which coMains gas o mucilage; is light refractive. (MlCI‘OCXStlS)

. Pyren01d @‘otem body around WhJ.Ch starch or paramylum collects in a, ce11 usually
¢ buried in a chloroplast but sometimes free w1th1n the cytoplasm (Oedogonium) o

. . N . 1.
Y . RN

Pyiform:: _pear- shaped. (Pandorina) x




Reniform: kidney- shapcd; bean-shaped, (l)imorphocacus) g

Refnlicét.e: mfolded folded back as in the cross walls of some specics of hplrogyra not
a plane or stralght wall,

Reticulate: n(-tt&l, arx'angcd to form a network; with opznings.
. : 23]
» Scale: siliceous or inorganic material covering the cell. (Mallomonas)
Semicell: a cell-half, as in the Placoderm desmids in which the cell has two parts

that .are mirror images of one another, the two parts often connected by a
e narrow isthmus. (Stauf&strum) -

.

. Septum: a cross- partmon, cross wall or a membrane complete or mcomplete through
the short diameter of a cell, sorgetimes parallel with the long axis.

° - , . -

Setae: a hair, usually arising from within a ccll wall; or a hair-like extension
formed by tapering of a filament of cells to a fine point,
- ¢ '
Sheath: a covurmg, ustially of mucilage, soft or firm; the covering of a colony
of cellb, or an envelope about one or mor«. filaments of cells.

. SSiphonous “a tube; a thallus \guthout cross partltlons\ (Vaucherla) !

Solitary: unicellular; solitary’ (Chlamydomonas)',

Spine: a sharply-pointed projection from the eell'wall, (Mallomonas)
A o -,
Sproangium: a cell {sometimes an unspecialized vegetative cell) which gives rise to
spores, thc case which forms abait 'the zygospores in the Zygnematales

-

i
Star-shaped: See stellate :
Stellate: with radiating projections from a commqn center; star-like. (ng&ema)
‘Stigma: see eyespot. PR .
- Suture:, a g‘roové between piates, as in some Dinoflagellata; a cleft-like crack or line
. in some zygospores of the Zygnematacede: (Ceratium) N :

e

‘Thalius a plant body wﬂ'mh is not dlfferentlated mto root, stem and leal organs; a

" frond; the algal plant. - ,}
Theca; Thecate: a firm outer wall;’a shell, somét1mes w1th ;_;lﬁ}es as in the ‘
) B Dmoﬂagellata‘ (Perl,dinmm) < N
‘Test: a shell 6r covering external to té}ﬂe Fell itself, See Loric;.. . )
) ‘ Tran‘sverse furrow (groove): a groove 'en';tenmngTround the cell as in the

_ Dinoflagellata, ( Ceratium)

~

Trichrome: in blue greens, a sgeries of cells Jomed end to end (Osdéillatoria) -
1] N I -3 )
!
’ > l ~ .
: . . . *
- A ’
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~“True Branch: a branch formed by means of lateral division of cells in a main filament.
N Includes all branched algae except those blue-green algae with false

. branching.

s ° . - _

Tychoplankton: the plankton of waters near shore;.organisms floating and entangled

: " among weeds and in algal mats, not in the open water of a lake

or stream, st
-

Undulate: regularly wavy. ‘ ) ﬂ\

Unicellular: See solitary."

Vegetative: referring to a non-reprodugtive stage, activity, aqr.cell as opposed to
activities and stages involved in reproduction, especially sexual reprddugtion.

Y !

Xanthophyll: a yellow pigment of seweral l_dndé associated with chlgrphyll,' C46Hgg02.

. Zoospore: an animal-like spofe equipped with flagella and usually .with an eye-spot.

t * .)

- \

This key was prepared by Dr, Matthew H, Hohn,
Professor of Biology, Central Michigan
University, Mt. Pleasant, Michigan,
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Descriptors: Plankton, Identification Keys
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