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Abplied'Ecelegjy Seminar | -

Thisfgeminar is for those concerned with planning, administering, ' ..
. collecting, evaluating, interpreting and reporting biological data
‘ -related to water quality s'tddies in both fresh and marine waters.

™

. . After successfully completing the course,’ the student wﬂl be able . .
‘to better utilize biologicalftechniques which are fundamental in - f
. . water pollution control. He/sheé will better-understand the ' )

advantages-and potential contributions of biological data and . -

- investigations to Administrators, project leaders and others,
Biologists'will better understand the limitations and restrictions
placed on the administrator, and the nature of biological data , - .
which will be most useful for the imprdvement of water quality ’ . o7 .
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The training consists of formal presentations followed by informal % . ' .
die ussions, a field trip and laboratory studies, , . .
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Global beterio\'rjation and Our ‘Environirnental Crisis

The Aquatic Environment ' ’
, - ®

The Laws of Ecology
Aquatic Organisms of Significance in Pollution Surveys

Biological Aspects of Natural Self Purification

Signifg:ance of Eutzophication . .

e

Pollutiorni 'of the Marine Environment °

Water Temperature and Water 3Qualii:y

Biotic Effects of SoliQs

'Effects of Pollution on Fish’ta

dritical Problems in Systen‘iatics-\

The System of Biological Classification

The Cycling of Radionuclides ifi the Aquatic Environment

Procedures for Fish Kill Investigations

P 4

Special Applications ang Procedures for Bioassay

Using Bentth Biota in Water Quality Evaluations -/

o s,

" The Interpretation of Biological Data with Reference to Water Quality

The Physical and Biological Components of the Estuarme Ecosystem
and’ The1r~A.na1ysis . 4

Case Preparatfon and Courtroom Proce_dure
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’ 1 FROM LOCAL TO REGIONAL TO GLOBAL business, ‘or he must be the doctor who
PROBLEMS ‘ sees the marks of death in a community that
. believes itself well and does not want to
l ' _ A Environpental problemis do not stop at - &+ bé told otherwise," Aldo Leopold
e nationdl frontiers, or 1deologica1 barriers, - . ) . '
- *  Pollution in the atmosphere 'and oceans . II CHANGES IN ECOSYSTEMS ARE
. ' . taints all nations, even those benignly. ) OCCURRING CONTINUOUSLY:
. favored by geography, climate, or matural R : )
. o resources, . L _ : A Myriad interactions take-place at every
. : . . o moment of the day as plants and animals
. . 1 The smokestacks of one country often réspond to variations in their surroundings
.= . '. pollute the air and water of another. and to each other, Evolution has produced
for each species, including man, a genetic -
' ) 2 Toxic effluents poured into an inter- composgition that limits how far that '
national river ‘can kill fish ina - Spe,cies can go in-adjusting to sudden - v
‘ nexghbormg nation and ultxmatel,y changes in its surroundings, But within
) pollute international geas. . ‘ . these limits the several thousand species.
l g . ) in an ecosystem, or for that rnatter, the R
: . B In Antarctica, thousands of miles from ' millions in the biosphere, continuously .
. pollution seurces, penguins and fish . adjust to outside stimuli,  Since inter-
: ' contain DDT in their fat. Recent layers actiong are so numerous, they form long
s of snow and ice on-the white continent \ chains of reactions.
. * & contain measurable amounts of lead. ., .
3 The increase can be correlated with the B Small changes in one part of gn ecogystem -
' . " earliest:days of lead smelting and com-~ . are likely to be felt and compensated for
' bustion of leaded’ gasolines. PCB's are . eventually throughout the system.
° univensally distributed. : . Dramatic examples of.change can be seen A
. ' . - : where man has altered the course of S
’ C International cooperation; therefore, is , nature. It is vividly evident in his well- = .
- ' necessary on many env:.ronmeptal fronts, intentioned: but poorly thought ‘out tampering
: T with river, lake, and other ecosystems.
., 1 Sudden accidents that chaotically o .
' - damage. the environment - .such ag oil 1 The Aswan High Dam " -
‘ gpills from a tanker at sea - require . L . - ) P
international cooperation both for 2 The St, Lawrence Seaway S M
" preventioh and for cleanup, - . ' ‘ * :
T { R 3. Lake Kariba ° . ’ W
2 Environmental effects canngtbe - ' . ) R . ~ e
. effectively treated by unilateral action, - The Great, Lakes- et ‘
. -. A - 3
3 The ocean can no longer be conaidered "5 Vapey of Mexico : .
" a dump. . e L. LS. ) T oot
. MR i California earthquake (Scientific .
D "One of the’ penalties of an ecolog1ca1 L .+ American 3981, p. 333 - R
! - education'is that one'lives aloneina ' . L
. Wworld of wounds,” Much of the ‘damage - 7 Everglades andiheMiami Florida -t
.inflikted on-land is quite: invisiblo to ;. Jetport oo
. laymeni An ecolggiét must-either harden- . ‘ , . " PR
. . his shell and make believe that the conse--‘ T8 GOpperhﬂ_l. Tennessee. (Copper Basin) =«
AN quences of. science are none of his- T Coee T o
. ] -t 9 (You may add others) :
PR ! ,-‘ Iy e -~ " . R
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Global Deteriorarion and Our Environmental Crisis ) \ ‘ ' .
. M . } - 4
.C Eco'system Stability 2 Invertebrates Coe l )
~ "1 The stab111ty of a parhcular ecosystem : a Asian Clams have z;. pelagic veliger ‘
depends’ on its diversity., The more ° larvae, thus, a'variety of hydro l '
interdependdncies in an ecosystem, the ‘ ingtallations are vulnerable to sub-
greater the chances that it will be able ' sequent pipe cloggmg by the adult , o
to compensate for changes imposed .. - ) clams, ' .
upon it. . - ’ ) :
. b Melanian snails are intermediate
2 A cornfield or lawn has little natural . hosts for var\lous trematodes
. stabihty. If they are not constan o parasitic on»man. . o o
and carefull‘y cultivated, they will not . . /‘ . - .
remain cornfields or lawns but will 3 Vertebrates - .
soon be overgrown with a wide variety .- °'|
-*of hardier plants constituting a more . a At least 25 exotic species of figh. . s
stable ecosystem. S have been established in North .
. T America. . . ; '
3 The chemical elements that make up , ' C 9.
living systems also depend on compléx, b Birds, including starlings gd N
diverse sources to prevent.cychc . ' cattle egrets, .
shortages or oversupply. ' P . l
¢ Mammals, including nutria.
4 Similar divérsity is essential for the T .
/ continued functioning of the cycle by 4 Aquatic plants . ‘
which atmospheric nitrogen is made . - .
available:to allow life to exist, This Over twenty common exot1c species .
cycle depends on a wide variety of : . are growing wild in the United States. -
organisms, including soil bacteria and - The problem of waterway clogging has : ' .
‘fungi, which dre often destroyed by ., been especially severe in parts of the
pesticides in the soil, . Southeast. :
5 .A numeTrical expression of diversity 5' Pathogens and Pe.sts ) - '
is often’used in defimng stream water . Introduction of insect pests and tree * ,
i quality. ) ' pathogens have had severe economlc ’ ’ l
. . L . Sz - effects, , . e -
D Biological Poll,ut1on , . . . e ,
V . . . - - -
o Contamidation of liyi.ng native biotag by 1T LAWS OF ECOLOGY ’ I.,
" introduction of exotic life forms has been . . . . 6 o . )

* called biological pollution by Lachner

et al. Some of these introductions are
compared to contamination as severe as

a dangerous chentical release, They

.also threaten to replace known wildlife ° .

. ‘ ¥
A Four principles have been enunciated by R
Dr, .Barry Commoner, - , .r:—_

1 Everything is connected t{) everything

" e1se. - - .

resources with specieg of little or un~ - ; . ’ - l

- .hnqwn value, -t 4 ee 2 Everything must go somewhere. .o {
1 'TropicaI areas have especially,\\ been ” .‘3 I;Iature kn""‘o‘{Ws est, ° ) ' . ~
vulnerable, Florida is referred.to-as _° - T ~ SR x

"a biological cegspool of intro ced life, " -7 -4 "i‘here' is no such thing as a fre’et’itfnch.
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B These may be summarized by the.principle. .
A _ yo\i ca"t do just one thing. ")
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IV THE THREE PRINCIPLES OF s
. ENVIRONMENTAL CONTROL (Wolman)

A You can't escape, -
B. You have to organize.

C You have to pay.
V LEOPOLD'S PRINCIPLE OF BIOTIC
i " CAPITAL

e
"The releases of biotic capital tend to
becloud or postpone the penalties of
_violence', Can you apply this to other
“parts of this outli'h‘e?

A

VI POLLUTION COMES IN iVlANY PACKAGES

*

R

A The sources of air, water, and land
pollution are interrelated and often
interchangeable.

.

' i A single source may pollute the air
' with smoke and chemicals, the land
with solid wastes, and a river or lake
*  with chemical and other wastes. -
2 Control of air pollution may produce
’ - " more solid wastes, which then pollute
¢ the lapd or water. »
3— Coptrol of wastewater effluent may
co ert it into solid wastes, which d
mulbe disposed of on land, or by
combustion to the air.

v

4 Some pollutants - chemicals radiation, ,

pesticides - appear in a1l media.

~

B "Disposal" is as important and as costly
as purification. ’

VH PERSISTENT CHEMICALS IN THE
ENVIRONMENT

]

Increasingly complex manufacturipg processes,
coupled.with rising industrialization, dreate
greater amounts of exotic wastes potent1ally
toxic to humans and aquatic life. X

L

oW

_ They may also be teratogenic (toxicants
resporsgible for changes in the embryo with-
resﬂlting birth defects, ex.. thalidomide), .

- , L.
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Global Deterioration and Our Environmental Crisis
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mutagenic (insults which produce mutations,
ex., radiation), or carcinogenic (irisults

which induce cancer, ex.; benzopyrenes) in
effect, Most carcinogens are also muta- -
€enic, For all-of these there are no thresh-' *
hold levels as in toxicity. Fortunately‘there
are simple rapid tests for muatagenicity using
bacteria, Tests w1th ahimals, are not always
coneclusive., .. . . r;

» A Metals - current levels of cadmium, lead,
and other substances are a growing concers
for they affect not only fish and wildlife but
ultimately mam himself. Mercury pollution,
for example, ~has become a serjous problem,
yet mercury hds been present on earth since
time 1mmemor1a1.

b

B Pesticides

1 A pesticide and its metabolites niay
move through an ecosystem in many
ways. Hard (pesticides which are

PERE O persistent, having a long half-life in

the environment includes the organo~ |
chlorines,. ex., DDT) pesticides
ingested or otherwise borne by the -
target species will stay in the S
environment, possibly to be recycled
. or concentrated further through the

ndtural action of food chains if the

species is eaten. Most.of the volume |
of pesticides do not reach their.target |

atall,
e RN —
2 Biological magnification K o

L

-

Initially, low.levels. of'persistent ‘ )
pesticides in air, soil, and water '
“may-be congentrated at every step. g
. up the food chain, Minute aquatic b
organisms and scavengers, ‘which '——
Screen water and bottom mud ‘having N
pesticide_ levels of a few parts per - ..
billion, can accumulatg levels
measured in parts per mi}.uon - :
4 thousandfold increaﬁ{a‘ The sediments L
including fecal deposits arg continuously
recycled by the bottom anixnals. IR

)

-

. a ‘Oysters, for instance, will con~ © e
- centrate DDT 70, 000 times higher -
ini their tissue® than it'sconcentration S
in surrounding water. They can oy
also partially cleanse themselves . E
in water free of DPT?
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b Fish feeding on lower organisms )
build up coneentrations in their

thousand parts per million and levels
in their,edible flesh of hundreds of
parts per million. ' -

"¢ "Larger animals, such as fish-
© eating gulls and other birds, can
further concentrate the chemica1§.
A survey on organochlorine residues
o in aquatic birds in'the Cnadian
prairie provinces showed that
California and ring-billed gulls were
among the most contaminated,
Since gulis breed in colonies, breed-
ing population changes can be
. detected and re¢lated'to levels of
chemical contdmination, Ecological
re‘Bearch On colonial birds to monitor
« - the effects of chemical,pollution on
the environment is useful.
v, “ - - -
c ‘:'Po'lychlor-inated biphenyls" (PCB's).
PCB's are gsed in plasticizers, asphalt, .
ink, paper, ahd a host of other products.
Action has beén taken to:curtail their
releage to the env1ronment since their
effects are similar to hard pesticides.

‘D Other compounds which are toxic and
accumulate in the ecoSystem

1 Phalate esters - may interfere with
pesticide analyses

. 5

———

2 Benzopyrenes ¢

‘ E Refractory compounds like penta.chloro'-

p}fenal and hexachlorophene are poorly
removed by both water treatment plants
and wastewater treatment i)la.nt's'.
F It is esiima'fed that 80% to 90% of cancers
are canseéd by chemicals both in the work-
ing environment and total environment,
This is shown by high risk mdustries and’
living areas,

G Most of the problems of persistent and’ -
dangerous chemicals in the-environtent
. are "after-the~fact", The solution
obviously is tied to prevention. This is
extremely complicated by economic%,

‘ Ve

visceral fat which may reach several

-

ignorance, and decision as to risks
involved.. Some advertising slogans now
have more than an intended meaning,

H Wittingly or unwittingly we have al become
a King Mithridates. ,And even a fish is no
longer a fisht’

VIII EXALMPLES OF SOME EARLY WARNING
SIGNALS THAT HAVE BEI@N"DETECTED
BUT FORGOTTEN, OR IGNORED,

- A Magnetic micro-spherules in lake sediments
now used to detect changes in industriali-.
zation Indigate our slowness to recogidize
indicators of 'environmental change. ’

B Salmomd fish klllS in poorly buffered clean
lakes in Sweden. Over the past years there
had been a,successive increase of SO, in the
air and precipitation, Thus, air-borne con-
tamination from indugtrialized European

~countries-had-a great ﬂge_nce on previously
unpolluted wa,ters and their life. . -

T Minimata, Japan and mercury po,llution. )

D Organochlorine lgvels in commercial and
sport fishing, stocks) ex., the lower

Mississippi River fish kills., / N\
- -

E’ You may complete the following:

Y
<

1 ) ' :
- © .

‘2

IX SUMMARY

A Ecosystems of the world are linked *

" together through biogeochemical cycles
which are determined by patterns of
transfer and concentrations of substances
" in the bigsphere. and 8 rface rocks.

Fﬁ:uuwa

B Orgamsms determine or strongly influencg) -
chemical and physical characteristics of
the atmpsphere, soil, and waters. .
( ' i ;

C The inability of man,to adequately predict

- or, control his effects on the environment .

is‘indicated by his lack of knowledge con=
cerning the net effect of atmospheric
pollution on the earth's climate.

9 "
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D “Serious potential hazards for man which
are all globally dispersed, are radio-
nuclides," organic chemicals, pesticides.,
and combustion products. -

1 E Environmentalxdestruction is in lockstep
« with our population growth,
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‘ " - THE AQUATIC ENVIRONMENT MR e
) . Part 1: The Nature and Behaviorof Water _ o
L E: < - ¢ N ] . . " n
l 1 INTRODUCTION ' “ . . * forms, but also with lving organisms .
;. ’ _ and the infinite interactions that occtr o
- The earth is physically divisible into the : between them and their\environment -
: lithosphere or land masses, and the o
. . hydrosphere which includes the oceans, * C Wﬁﬂer quality mangjgement, including Vg
el s lakes, streams,” and subterranean waters; - » " pollution,control, -thus look% to all
© o ‘and the atmOSphere. branches of aquatic science in efforts -
. . . - fo coordinate and improve man's ( :
- A Upon the_ hydrospere are e based a nufnbex. _ relationship with his aquatic envircnment.
s ~ of sciences which represent different =% o -
: l . approaches. Hydrology is the general. , 3 .- e i
; . sciente of water itself with its various ‘ R R - ..
) special fields such as hydrography, I SOME FAQﬁ‘S ABOUT WATER
- hydraulics, etc. These in turn merge » N .
' ' . into physical chemistry an,d chem1stry. , . A Water is the only abundant liquid on our
N _ :? planet. It has many propeérties most
. B Limnology and oceanoggaLy combine e . unusual for_ liquids, upon which depend v
l aspects of all of these, and deal not oaly = # mostof the, familiar aspects of the world
! A " with the physical liquid water and its ' about ug as we know-it. (Se¢ Table 1) '

~

various naturally occurring solutions and e

TABLE1 _—
! UNIQUE PROPERTIES OF WATER L )
T oy o . . .

-
@ . . 1

»

_ Property Slg;dﬂunce
* Highest heat capacity (specific heat) 6fany =~ Stabilizes temperatures of organisms and
’ golid or liguid (except NH;;) geographical regions
e M

r

N Em
»
.
L4
.
.
.

.

"
.
[N
-

Thermostatic ‘effect at freezing point

3 o g - LAY

%Zl\'llghest‘ latent heat.pf fusion (exsspt' NHS)

'nghelt heat of evaporation of u:y substance Important in heat and water transter of

’ ) \ ~ . g, . ntmo-phere ' : .
7. . N '.l‘he only_substance that haiits maxtmum " ..Frenh-and brackish waters have maximum .
R B demlty asa uquld (40C) - density above freezing point, This is o
: YUy B ) \ {mportant in vertical circulation pattern N
o R ’ J A - in lakes. . ) C
. ] - . 3 .
gl : " Highest surface tension of any lquid Controls surface and drop phenoment, | t
B X R _ important in cellular physiology . :
[ . . Dissolves hdFe subistances in greater . Makes complex biological system possible,
B . . . quantity-than any otheT liquid . Important for trmpomtton of terials .
O B in solution, - .ol "\) Ry
? - = o "
i .. Pure water iig the hlghelt dl-electrlc .. Leads to high dissociation of inorgafiic ™ N *
v, . constant of any liquid . % = _ substances in solution 3 . .
. ‘ - O
. “Very little eledtrolytic dissotiption i Neutral, yet contains both H¢ ia'd OH - {ons N
R P ——— — s .
¢ , Relatively transparent 7. ‘Absoérbs much ensrgy in {nfra red and ultrn ¥ N
. L - . . . violet ranges, but littla.in visible range, . : e

« . .
. + 1 "

. A3 Hence "colorless' -
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B Physical Factors of Significance

Water is not simplj'"H; O" buf in
réality is a mixture some 33 .
different substances involymg thf'e;e

! 1 Water substance

4

1

\ 1sotopes each of hydrogen and
(ordinary hydrogen H1 deute 13
__and tritium H3; ordinary oxyge\x olb,
oxygen 11, and oxygen .18) plus 15
known types of ions.

. -oi' a water mass tend to agsociate .

* themselves as polymers rather than

to remain as discrete units.

(See Figure 1) '

\

;-
SUBSTANCE OF PURE WATER.

£

oxygen

The molecules .

%}}}}}}}}
22233
000 3%BPYD -
29% 00 o,

-

LY

l‘tlm;
. .
3

2 Density

a Temperature and density Ice.
Water is the only known substance ;
. in which the 8olid state will float
‘on the liq}iid state., (See Table 2)

@, 2 Q@
2388

Y ) > .
~ :
TABLE 2 ° ' i
EFFECTS OF TEMPERATURE ON DENSI’I‘Y -
. ‘OF PURE WATER AND ICE* g l
Temperature (°c) Density: - ‘
i N Water / Ice** ) l
-10 99815 ’ .93917 . "o
-8 ,99869 .9360 l
< -6 .99912 . .9020 :
- 4 - ,99945 —- .92717 .
-2 . 99970 .9229. . )
. 0 . 99987~~~ 9168 l
) -2 < 99997 " e
4 1. 00000 0 . . ,
6 {“ ', 99997 AT : '
8 .99988 i
10 .99973 ' -
207 .99823 Com . ‘
40 .99225 - l
60 -’ ;98324 . X
.80 -~ - ,97183
‘100 ., .95838 . '
. L4
' _Tabular values for density, etc., represent
e@‘.ima s by various workers rather than 7 l
v, absolute values, due to the variability of ‘s
water. Lo ’
Regular sfce is known as “ice'I". Four or ) .
more other "forms" of ice are known to -
exist (ice II, ice I, etc.), having densities s
_ ,atl atm pressure ranging from 1,1595 '
to 1,67, These age of extremely«restricted -
-3 . -

¢ occurrence and may be ignored in most
routine operations. /K

. « *

This engures that ice usually
forms on top of a body of water i
,nd tends to insulate the remain-
ing water mass from further 1oss
of heat. Did'ice sink, there ’
could be little or no ‘carryéver of
aguatic-life from season to seaSon
in the higher latitudes. Frazil or™
needle ice forms «colloidally at.a
! few thousandthsof a degree .
below 0° C, It is adheésive and
,may build up on submerged objects
as "andhor ice", but it is stidl’
« typical ice (ice.I), : '
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o

" 3) Obviously the greater the

Y.
A

#hy

" 1) Seasonal increase in solar -

radiation. annually warms
surface waters in-summer
while other factors-result in.
wintet cooling. The density
differences resulting establish °
two classic layers: the epilimnion
or surface laygr, and the
hypolimnion or lower layer, and
in between ig the thermocline
or shear -plane, -

2) While for certain theoretical
purposes a "thermocline" is
defined as a zone in which the -

-+ % ‘temperature changes one

degree centigrage for each - .
- meter of depth, In practice,

." any transitional layer between
two relatively ‘stable masses
of water of different temper-
ature's may he regarded as a
thermocline. .

°

+

\
" temperature. differences
between epilirinion and .
hypolimmon and the sharper
the gradient in the thermocline,
the more stable will the
situation be, - e

2
Q

S

-

4) From information given above, - . |

. it should'be evident that while- '
the temperature of-the -
. hypolimnion rarely drops
much below4° C, the, ..
epilimnion may Tange ‘from . .
" Q° C‘uPWard ‘ o

)

-'5) When epilimnion and hypolimnion

achiéve the same temperature, -

-~

.

Mineral-rich water from the *
hypolimnion, for example,

+ i8 mixed with oxygenated
water from the epilimnion,
This usually’ triggersa
_sudden growth or "bloom":
of plankton organisms. ;

When stratification is present,
however, each layer behaves
reldatively independently, and
significant quality differences
may develop. -

- ‘ .

degdribed above has no
referen@e to the size 3f the
water mass; it is found in
oceans and puddles.

. b The relati'\;e densities of the

varjous isotopes of water
influence its molecular com-
position, For example, the
lighter O4¢tends to go off -

‘ first in the process of evapgration,
leading to the relative enrichment

r by Oyg.and the enrichment

of water by Oy, and Olif?“ Thig -
can lead to a measurabclzﬂhigher
O1g contey} in- warmer climates. -
Also, the temperaturg of water
in past geologic “ages can be -
closely estimated from: the ratio

of O4g in the carbonate of mollusc '

Thermal stratification as . o '

-gtratification no longer exists.

. Theentire bolly of water behaves
hydfologically as a unit, and

tends tq assume uniform chemieal -

and physical characteristies, ™
Even a ligl@t -breeze may then
cause the entire body of water

fo circulate- Sch events are called

. overturns, and usually result in
water quality changes of consider=
able physical, chemical and -
biological signiﬁcanoe,‘

s

- shells .
. Y : . s
[ Dissolved and/or suspended solids"
* may also ai‘fect the density of
natural water masses (See Table 3)
. “7-. TABEE3
- EFFECTS OF DISSOLVED SOLIDS
, ON DENSITY -
" Dissolved Solids ) Density
(Grams per litér) . - " {at 40C)-
I . — 100000
" - 1;-QOQ85
“ o 1.00169 -
3’ O ‘ 1.00251
10 - ' 1.00818
39 (mean. for gea water), - 1,02822

2-3 .

re
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d Types of density stratification

1) Density differences producé N
stratification which may be
permanent, transient, or
seasonal,

s

.

2) Permanent stratification
- exists for example where
,  there is a heavy mass o
brine in ‘the deeper areas of
a basin which does not regpond
to seasonal or other changing
conditions, .

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

Seasonal, stratification is-’ .
typically thermal-in nature,

and involves the annual .
establishment qf the epilimnion,
hypolimnion, and thermocline

ag described above.

4)

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

5)

‘e 'A "pluige’ line" (sometimes called,
"thernial line") may develop at 3
the mouth-of a,stream, Heavier
water. flowing into a lake or
regervoir piunges below the

o _<lighter,. water mass of the epi},immium
to flow along aLt a lower levél. Such
a line is usually marked by an’ -
accumula.tion of ﬂoatin'g debris..

-

-

f Stratiﬁcation may be modiﬁed .
or entirely suppressed in ‘somé
cases when deemed expedieént, by -

"means of-a simme air lift ’

The viscosity of water is greater at-
Tower temperatures (see Table 4).

-

, This is important not only in situations’
involving the control of flowing water
as in a sand filter, but also gince
. overcoming resistance to flow gen-

_ervates hdat, it ig significant in the

) heating gf water by internal friction
from waVe and current action.
Living organisms more easily support
themselves in the more viscous -
(and also denser) cold waters of the,
arctic than in the less viscous warm ~
waters ‘of the tropics, (See Table 4).

-

Is .
VISCOSITY OF WATER (In millipoises at 1 atm)

TABLE 4

. Disgolved solids.in g/L
Tem;'). oC 0 ¥ | 10 30
10 26,0 | ~emm | —--- | ----
N T R et Bl
o | 17es [18.1 | 18.24]| 187"
5 15.19 |15.3 | 15.5 | 16.0
10 13.10 | 13.2 |.13.4 | 13.8
. 30 8.00 | 8.1 8.2 | 8.6
100’ 2.84 | comm | o= | -

' - - o,

. 4 Surface tension has biological as well
as physical significance. Organisms
whose body surfaces cannot be wet by
water can either ride on the surface .
film or in some: instances may be
"trapped" on the surface film and bé

. unab]:e to re-enter the.water.

I*&'

5 Heat or energy

»

Incident solar radiation is the prime
source of energy for virtually -all !
organic and most inorganic progesses
onsearth, For the earth as yw/tcl‘ole,' )
* thé total-amount {of energy) received
* annually must exactly balance that,
lost by reflection and radiation.into
* sgpace if climatic and related con- ~
- ditions-are to remain relatively
© . constant over geologic time, -

19
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a For»a given body of Wwater,
.immediate sources of gnergy"
include }n addition to'solar
irradiatibn: terrestrial heat
transformation of kinetic energy
(wave and current action) to heat,
.chemical and biochemicgl
regctions, convedtior from:the
atmosphere, and condensation of
water vapor.« .

b The proportion of light reflected

The Aguatic Environment-

«
o

significant change in surface,,
level is detected. Shifts in
submerged water masses of

thig type can have severe effects * i
on the biota and also on human -&*
water uses where withdrawals .
are confined to a given depth.
Descriptipns and analyses of

many other types and sub-types

of waves and wave-like movements
may be found in the literature.

~ .

deperids on the angle of incidence, b Tides B
the temperature, color, and other

qualities of the water; and the

Ve

NS
am .

1) Tides are the longest waves

e

e

presence or absence of films

__of lighter ]iqmds such as oil.

" In general, as thewlepth increases
arithmetically, the light tends to
decrease geometrically. Blues,
greens, and yellows tend to

penetrate most deeply while ultra :

violet, violets, and orange-reds
-are most quickly absorbed. On
thé order-of 90% of the total
illumination which penetrates the
‘surface film is absorbed in the

first 10 meters of even the clearest

watey, thus tending to warin the

known, and are responsible for

.'the once or twice a day rythmic

rise and fall of the ocean level
on most shores around the world.

While part and parcel of the

© same phenomenon, it is often”

convenient to refer to the rise
and fall of the water level as
"tide, " and to the resulting
currents as "tidal qurrents, "

-«

. Tides are basically caused by the

attraction® of the sun and moon on

\ ' upper layrs. . ) ‘water masses, 1arge and small;

~ ) however, it is only in the.oceans
and péssibly certain of the larger
lakes that true tidal action has,

. be'bn*demonstrated The patternp
of tidal.action are enormously. '
comp]icated by local topography,

waves caused by wind. ese are interaction with seiches, and other

effective only against objects near factprs., The literature on tides
the surface, They have little is very large.

effect on the movement of large . N

masses of water, ¢ Currents (except tidal currents}’

W : are steady arythmic water movéments

N . which have had major study only in

’ © *  oceanography although they are

) Standi.ng waves on- seiches occur most often observed in rivers and
in lakes, estuaries, 'and.other streams. “They are primarily .
énclosed bodies of water,. but are ,concerned with the translocation of
seldom large enough to be . . water masses, They may be generated .
observed. , An "internal wave or internally by virtue of density ‘changes,

. .seich" is an oscillafionin a - or extfrnally by ‘wind orterrestrial
submersed mass of water such topog aphy. Turbulence phehomena .
2s « hypolimnion, accompanied ' o currents are dargely respon- -

. by compensating oscillation in the r lateral mixing in a current.
overlying water so that ng

wie

-

. " .
6 Water movements

I

. .
. - - . - - -
5 .

a Waves or rhytimic movement

1) The best known are travelin

2) Seiches:

»

e .
_
.'). «ﬁ%'ls o~ ) .
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d Coriolis force is a result pf inter-
action between the rotation of the .
earth, .and the movemeht of masses
or bodies on the earth. ~The.net
result is a glight tendency for moving
objects ‘to veer to the gight in the
northern hemisphere,#nd to the
left'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:permitting,
there is a tendency in estuaries for
fresh waters to move toward the
ocean faster along the right bank,
while. salt'tidal waters tend to -
intrude farther inland along-the.
left bank, Effects are even more
dramatic in the open oceans,
&
e La_ngmuir circulatiod (or L. spirals)
¢~ is the interlocking rotation of
somewhat cylindrical masses of
surface water under the influence
‘of wind-action. The axes of the - *
cylinders are parallel to the " (
~directior of the wind., . ‘ < 7

-

WATER WATER

_RISING

-

SINKING R

o

. ]
To.somewhat' oversimplify the .
concept, a series of adjoining cells’
might be thought of as chains of
interlocking gears in which at every
other contact the teeth ang rising
while at the alternate contacts, they
are sinking (Figure 2).

The result is elongated masses of
water rising or sinking together.
This produces the familiar "wind
rows" of foam, flotsam and jetsam '
or plankton offen seen streaking
windblown lakes or oceans.

a.position near the surface tend td,
collect in the dowrrcurrent.between
two Langmuir cells, causing such

‘an area to be called the ''red dance ,

while the cisar upwelling water

between is the 'blue dance Aum

PR
L4
-

This phenomenon may be imp rtant
in water or plankton sampling on
a windy day. .

Certain .
* zoo~-plankton struggling to maintain

. -

s anurez Langmmre Spirals o .. {

b. Blue.dance, water rising. r. Red R
-~ dance, water sinking, floating or |
~ .'sw1mmmg uhlects cuncentrated

- ) - - "-. -‘
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8 “The pH of pure ‘water has. beepdeter- REFERENCES o
mined between 5.7 artd ’I 01 by various® o . .
i . workers, The, latter valge is'most 1 Buswell, A, M. and Rodebush, W, H., .
widely accepted at the present time. -, Water, Sci, Am, April 1956. .
" o Natural waters of. course vary wide]y ’ , i .
N according to circumstances. - 2 Dorsey, N. Ernest, Properties of N
- l , v . : Ordinary Water ~ Substance. - .
. C The elements of hydrolog men’i:ioned - Reinhold Publ, Corp. New York,
A TR above represent a gelection.of some of - « Ppv 1-673. 1940, .
: . the more conspicuous physical factors . . -
. . N involved in working with water quality, 3 Fowle, Frederick E. -Smithsonian
“; ., ' Other items not specifically mentioned Aot . Physical Tables. Sniithsonian
e include: molecular structure of waters, - MisceHlaneous Collection, 71(1),
l interaction of'watér and radiation, ) *  Tthrevised ed., 1929. .
" internal pressure, acoitstical charac- : : .
: teristics, pressure-volume-tempe&’ature 4 Hutcheson, George E. A Treatise on
, relationships, refractivity, luminesc:enc'e Limnology. John Wiley Compa.ny
' color, dielectrical-characteristics’and , © 1957, ’

. phenomena, solubility, action and inter-
. actions ‘of gases, liquids and solids, - ' .-
water vapor, phenomena of hydrostatics A .
and hydrodynamics in general. O
- L ' : . ’ ’ ' 2
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;. Part 2: The Aquatié-Environment as an Ecosystem  * 63
l . ©k L. . - Too S '
i, [ & . . < ° - . . -
\ I JINTRODUCTION - II ECOLOGY IS THE STUDY QF THE )
; l : - : : INTERRELATIONSHIPS BETWEEN
. .  Part 1 introduced the lithosphere and.the ORGANISMS, AND BETWEEN ORGA-
. hydrosphere. Part 2 will deal with certain . ,NISMS AND THEIR ENVIRONMENT
l. general ‘aspects of the biogphere, or the °
R ! sphere of life on this earth, which photo- . A The ecosysfem is the basic functional
o graphs: from space have shown is a finite . unit of ecology. Any area of nature that )
) globe in infinite space,.‘ ‘ * . includes living oRganisms and nonliving |
l . - substances interacting to produce an
~ This is the habitat of nan and the other ‘ exchange of materials between the living |
Ty organisms. His relationships- with the ’ and nonliving parts constitutes an |
' aquatic biosphere.are our common concern, ecosystem, (Odum, 1959) . |
‘ ot : ’ * 1 From a structural standpoint, it is
\ II THE BIOLOGICAL NATURE OF THE  ~ convenient to recognize four e .
l WORLD WE LIVE IN- constituents as composing an |
' . .3 : , ecosystem (Figure 1), |
. A We can only imagine what this world oo / » ' . |
'  .must haye been like before there was life, - . - a Abiotic NUTRIENT MINERALS A ;
R - ‘ . v whi aregthe physical stuff of , *
B The world as.we know it is largely shaped - which'living protoplasm will be
l Yy by the forces of life, ‘ S . st Synthesized o -
8 M T ’ - |
S ¥ 1 Primitive forms of life cre—t_ed organic ) Autotropﬁic (self-n‘ourishing) or 2 i
S .- - matter- and established soil, . : ™ PRODUCER organisms, These- :
i 1 %;’ = . . are largely the green plants '
.5 2 PlantE/ cover the lands|and enormously . (holophytes), but other minor T
: ; " influence the forces of ‘srosion, groups must also be included
A I : : . , ..’ " {See Figure 2). They assimilate
: . : ' 3 - The nature and rdte of erosion’affect - + fhe nutrient minerals; by the use
’ the redistribution of materials . of considerable energy, and combine * - °
(ahd mass) on the surface of the them into living organic substance.
' i earth (topographic cifanges) L e ~
- e Heterotrophﬁ: (other-nou-rishing)
4 brganisms tie up vast quantities of L CONSUMERS (holozoic), are chiefly ;
! Gertain chemicals, ‘such as carbon - the animals, They ingest (or eat) P
_and 6xygen. - - and,digeist organic matter, releasing
- considerable energyin the process, .,
5 Respiration of p]ants and animals . U
" . releases carbon dioxide to the S d Heterotrpphic REDUCERS sre chiefly =
: atmos'pher'e in influentia:l quantities. - " bacteria and fungi that return- - -2
; ) . .complex organic compounds back to ™
. 6 co afi‘ects the heat transmission of ' - the original abjotic mineral condition,
Y. athe(atmospherew- oL ' " thereby releasing the remaining ,».
' S ’ . chemical energy. e : mr——t
-C Organisms respond to and in turn affect? ) ;
their environment. Man. is one- of the ) 2 From a functional standpoint an
most influential, LY - ecosystem hag two parts (Figure 2)
‘ * " . ) '{ : i “: ) ""k on em ey -~ — -t
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- 1 i ‘
$ . 4
» ) . ‘5
.v 1
i ° .
* -t l N
¢ e St
. il i . d J ‘
\;\ REDUCERS o
- - i o, l j
- |
- v 1
‘ . |
e . e i
-~ 8 . * ' ‘
- NUTRIENT X "
. ) s |
. - MINERALS - | |
3 - . : , . |
. ! ' L . . ’ . s ‘
- oot ) - . FIGURE 1 T " )
, R _ , v '
< organisms, which utilize light ™ . the basis of relative complexity of : l '
’ C, energy or the oxidation.of ine ' * " structure. K . . ‘
.~ 7 :organic compounds as their / ) co
o .sole energy source, , ’ ) a The bactéria and blue- green algae,
o ' .. lackinga r{uclear membrane are - '
: - b The heterotrogic ‘or consumer . the MSP.EE?.: S
_ *  and reducer organisms which - . - pooo .
utilizes organic,compounds for ) b The s_ingle:- celled algae and ‘ '
" its energy and carbon requiréments, ' v P#tozoa are Protista, .- :
- . 3 .Unless the autotrophic and hetero- c R
v : trophic phases of the cycle approximate: C Distributed throughout these groups Will o B

a mic equilibrium, the ecod stem ¢ be found most of the traditio "phy]a"
dynamic eq ! y " of classtc biology > \

4

) and the environment -will change, ‘ l -
~\ ) - ' N Z ’ *:
Lo B Each of these groups includes simple, : B
dingle-celled representatives, persisting - . FUNCTIONING OF THE ECOSYSTEM ) . ”é
L . at lower levels on the evolutionary stems : - oo wte” v s
A A food chain is the transfer of food ‘
- . : ofth er or i ms,.. (Figure 2 A loocd cnain ex, of food energy
e o e high ganisms (F gure ) . from plants through a geries of organisms : L

1 These groups Span th e daps between the with repeated eating and being eaten, -

‘ o ‘higher, kingdoms with & multitude of Food chains are not isolated. sequénces but

ST - transitiona.l Jorms, ‘They are collectively are mterconnected.
- called the PROTISTQ arid MONERA? .~ , 9 L

i o
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© RELATIONSHIPS BETWEEN FREE LIVING AQUATIC ORGANISMS ,

1
’
-
.
-
-
-
1
2
4 .
.
-
.
"

4

’ .
'-
A .
.

I DEVELOPMENT OF A NUCLEAR MEMBRANE -~ -

V. . i -
H Loehy ) - 'l - . ' . e
- . . ey .
[ A N . - -
» . . M ‘ . .

" ' . MONERA = = o

LA 4
. Lot ) Energy Flows from Left to Right, General Evolutionary Sequence is Upward R
.- ¢ o . H .
' .. »r PRODUCERS' - l CONSUMERS - REDUCERS .
. - gand P Organic Material Ingest Organic Material Reduced
- . 8:11:11; x'éiﬁlgs%%?‘ ) Consumed | by Extragnellular Digestion
4 - . ; Digested Internally and Intracellular Metabolism
. l . . } . A .- ) to Mineral Condition ,
) - N . § v ¥ w .
¥ 3 o ENERGY STORED _ -  ENERGY RELEASED ENERGY RELEASED X
N ) ’, 2 * * J‘ % . N ¢ - X )
- ot Flowering Plants and Arachnid + Mammals . . ; '
2 Gymnosperms -~ . Basidiomycetes .
. t : . Insects * ‘Birds - ‘ : ’
. . Club Mossts, Ferns Crustaceams Reptiles
- . Segmented Worms Amphipians ) ’
) Liverworts, Mosseg . ’ « Fungi Imperfecti o
N \ . Molluscs Pishes - ) ’
N - =~ A . B g % \ N
. ozoa . :
. Mukticenular Green ry' \P"c’?ﬁé‘,‘ﬁites > '
. gae Rotifers | ’ - :
. T ‘ Ascomycetes
) Roundwogms - . Echinoderms .) :
l ‘Red A‘lgae Flatworms . o . . ’
- . . Coelenterates )
. . . Higher Phycomycetes . -
. Brown Algae’ =, Il Sponges . . -
".' . " s . DEVELOPMENT OF MULTICELLULAR OR.COENOCYTIC STRUCTURE
I 5 . —w— N T g w — : +
N ' , - S PROT'STA . e o N
l ’ : . ' " Protozoa .
‘ . Unicellular Gre'gn'Algae R Lower S
. ) = . _l| Amoeboid * Cilliated . T . '
. . . Diatoms, * s ,Phycomycetes .
N Flagellated, Suctoria . .
b . . Piginented Flagellates- . . § -(non-pigmented) o (Chytridiales, et. al. ) .
: . [ . ’ . #. a L R

’ L8 , -
- Blue Green Algae ), Actinomycetes — =k
cone 11 "t Spirochaetes - ' L
. 4 ; . Phototropic Bacteria + 11 . s . .
: : ', Saprophytic . )
' . . O T . l Bacterial . A .
s ‘ Chemotropic Bacteria l l Types - e -
- > N ~ ‘. X R . - . - A<l . >~
e . ) ® . . . ) ) . o . . . ]
. - ‘ - .- : A
: . 'FIGUREZ . - L
- - B}. ECO,.pl,2a. 1. 69 . . P . )
¢ v o -0 - - . - .
. - - <
i - ES . e . / ) o . . I
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*The Aquatic' Environmeént

- N ¢
"B A.food web is the interlocking pattern of
food chains in an ecosystem,  (Figures 3,4)
In complex natural communitie s, oyganisms
wjose.food is obtained by the same number
of steps are said to belong to the same

, trophic¢ (fejdigg) level, ’

\- s

Trophic ‘Levels

-~

»

"D Tot)al Assimilation

w

~Fourth—- -Setondary carnivores feed on -

First;- Green plants (producers) .
(Figure 5) fix biochemical energy and
gynth si e basic organic subgtances.

is primary production’.
Second Plant eating animals {herbivores)
depend on the producer organisms for
fOOd ) . 1

¢ -

A

Third - Pri.mary carnivores, animals ‘

which feed on herbivores. L

v

primamcarnivores. .o

Last - Ultimate carnivores ajye the last
or, ultimate leyel of consumers.

.'a

|

‘The amoﬁnt of energy which flows‘through
a trophic level is distributed between the
- production of blomass (living- -gubstance),
and-the demands of regpiration (internal
energy. use by living organiémg) in a ratio
of apprbximately 1:10, -
Trophic Structure of the Fcosystem
The interaction of the food chain -
phenomena (with energy loss at each
transfer) results in various communities
having, definite trophic structure or energy
levels. Trophic structure maybe
measured and described either in terms
>t -the standing crop per unit area or in
terms of energy fixed per unit area per
unijt time at succesgive trophic levels,
Trophic strudture and function can be

shown graphigelly by means of ecological ‘

pyramids (Figure 5)
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! The Aquatic Environment * = - . ) . l
- O:‘ ) A ] ~ . -+ . N . . ' { .
. . N . '
. — —a L Includes bacteria, algae, protozoa, and
: Decomposers - Carnivareq [Secondarly) other microscopic animals, and often the - l
. . " Garnivores (Primary young or embryonic stages of algae andv
2 - )
. .- : other organisms that normally grow up
M i .| Herbivores, to become a part of the hentlios (se2 below).
i _ Producers | ) . 7 Many planktonic types will also adhere l
" ) - --to surfaces as periphyton, and some,
) “ - IJ].I N . ' ‘typical periphyton may break off and ':_
R — i y ", be collected ag plagkters. -~ 3. . \’i)
5 1 P
| | . . ‘C Benthos are the plants and animals living
' ‘. Do () | . . " " “on, in, or clogely agsociated with the
' el : bottonts, *They include'plants and l
) I PAT7ITL , T . mverteb‘ates,\ N
- T T IO ' ' ‘ ' )
) 7T TITTTIT7TTTT 77171 ‘D Nekton are the community of strong l
D . -~ aggressive swimmers of the open waters,
0" A T often called pellagic. Certainfishes, ~ *
| . whales, and invertebrates such as ‘ )
Figure 5. HYPOTHETICAL PYR.AMIDS of . :shr:imps and squids are mciuded here. : —~—l—-
(a) Numbers of individuals, (b) Biomass, and T -
(c) Energy (Shading Indicates Energy Loss), E The marsh community is based on larger. N
" . e, "higher" plants, floating and emergent. . I
’ , © .; . Both marine and freshwater marshes are ’
. - ) ‘areas of enormous biolog}e.al production. T
C - - ' Collectively known as "wetlands", they ) “
‘ . » \  bridge the gap between the waters and the ’ . -
. 'V BIOTIC COMMUNITIES N\~ ”, dry lands. . SRV ad .
A Plinkton are the macrostopic and - . VI PRODUCTIVITY o < o '
L microsgopic animals, plaats, bacteria, . T ' o
ete.,' flogting free in the Open water. o LA Jr}le biologipal resultant of alehysical e
. Many clog filters, cause tastes, odors, Lo and .chernical factors in the quantity of -
t- d other troubleg in water suppliesi _ ° £ life that may actua]iy be present The l
O ~Eggs and larvae of lagger formsare . = * ability to produce this "biomass" is  ¥. ..
often present. often referred tq as the "productivity" - )
" . P " of a body of water. Thig is neither good l
AN 1 Phytoplankton are ‘plant-like, ' These nor bad per se, A water of low pro- / - ;
' are the dominant producers of the ° . ductivityis a !'poor" water biolog'lcally, o
wdters, fresh and salt, - "the grass and also a relatively 'pure'-or "clean" -
- ., of the seas . e T water; hence desitable:as a water supply l "
i - L '+ or abathing beach. A" productive water \ ol
; 2 Zooplaxﬂd:ox‘l-are animal-like, : - on the' other hand may be a nuisance to -
. Includes many different animal types, R _man or highly desirable, It i8 & nuisance l
. *  range inisize from minute protozoa =~ . .if foul odors and/or weed-chocked’ . -
k tomigantic rine jellyﬁshes. A ‘. A - waterways result, it is desirable if . - )u
: ' bumper crops of bass, . catfish, or ia
f. -B Periphyton (OI‘ AUfWUChS) - he communities oysters are produced Open oceans have :l' M
, ! of- microscopic organisms agsociated-with . , - - alow level of productiviﬂ%;e(e?al. L S
% s%@e@ged surfaces of any type‘or depth, : ‘ N . -
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° VII PERSISTENT CHEMICALS IN THE
N ENVIRONMEN'I‘ \ ,
Increestngly complex manufacturing processes,
~ coupled with rising industrialization; créate
health hazards for humans and aquatic life.

' Compounds besides being toxic (acutelx or
clironic) may-produce mutagenic effects
including cWcer, tamors, and teratogenicity
g,embryo defects). Fortunately there are-tests,

-such_as the Amis test, to screen ehemical
q0mpo%.nds for these etfecss

\ . . T e

. A Metals - current 1eve1s of cadmium, " lead
and other substances constifute a mount-"
ing concern. Mercury poﬁu)ion. as at

Minimata, Japan-has been-fully documented,

B Pesticides, \
1 A pesticide and its metabolites may

move through yn égosystem in nza.ny

- ways, "Hard, (pgsticides which
persistent, havipg a long half-life in
the environment ddes the organo-
chlorines, ex,, DDT) pesticides
ingested or otherwise borne by the .
target species will stay in the ,
environment, possibly to be recycled
or-concentrated’further through the
natural action of food chains if the 3
species is eaten. Most-of.the-volurtie T
of pesticides do not reach their target

. at all, - . N

O
we. ¥

-

Biological magnification
k3

Initiaily,~low levels of persistent
pesticides in air, soil, and water may
be concentrated at eévery step up the

. food chain. Minute aquatic organisms
and scavengers, which screen water and
bottom mud having pesticide levels of a
few parts per billion, “can dccumulate

" levels measured’in parts per million-~a
thousa.n"afold increase. The sedimeqts

" fncluding-fééal deposits are ‘continuously
recycleﬂ by the bottom a.nimals.

Ww

~

Oysters, for instance, will con-
centrate DDT 70, 000 times higher
in their tissues than it's concentration '
in surrounding water. They can

also partially cleanse thgmselves

in water free of DDT.

Fish feeding on lower organisms

build up concentrations in their
visceral fat which may reach several
thousand parts per million and levels
in their edible flesh of hundreds of
parts per m111iop . _
Larger animals, such as fish-eating
gulls and other birds, can further °
concentrate the chemicals, A survey
on organochlorine residues in aquatic"
birds_in_the Canadian prairie provincés

showed that California and ring-billed ~
gulls were among the most contaminated.
Since gulls breed in colonies, breeding
population changes can be detected and
related to levels of cheiical con= -
tamination. Ecological research on
colonial birds to monitor the effegts .
of chemical pollution on the environ=
ment is useful,

"Polychlorinated biphenyls" (PCB's).
PCB's were used in’ blasticizers, asphalt,

| . ink,. paper, and a host of other products.
.~Action was takerr to curtail their release

to the environment, ‘since their effects -
are similar to hard pesticides. Howevér

this doesn't solve the problems of- con=
taminated. sediments-and ecosystems and

. \ final fate of the PCB's still circulating,

There are numerous other compounds :
hich are toxic and accumulated in the

e osystem.
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N The freshwater, em{iron’ment a8 considered
herein: refer§ to those jnland’ waters not
‘detectably. diluted by ocean. waters, although
the lower p‘ortion's of rivers are subje‘cf to -

- certain tidal flow, eifects.

[ o

;/ -

fer

Certain atyplcal inland waters such as saline .
" or alkaline lakes; springs. etc., are not

treated, as the main dbjective here ig typical

i.nland wat\er. 1, ’

All waters have certain basic biological cycles
_and.types of interactions most of.which have
already been presented hence this outline

will concentrate on aspects esgentially
peculiar to: fresh inland waters." :

-

{
Pl
o ! .

. . -
I PRESENT WATER QUALITY AS A
" FUNCTION OF THE EVOLUTION OF .
- FRESH WATERS

L

- . PO . . Q:’ .
“The history of a body 6f water determines _ ;

its present condition. .Natural water's have
evolyed in the ‘course of geologic time
into what we know today. -

N
.

RS

&

e A

B Streams

v

- “T, " L
* In the course of their evolution, “streams
in ‘general pass through four stages of

development which may be called: birth

yotrth maturity, and old age. ‘?;_ .

NThese terms or conclitions may be N [
'employed or considered in two contexts: -
temporal, or spatial, Interms of geologic
tiine, a'given point in a stream may pass
tbrough each of the: stag&i described below
or: at’ vern fime se various stages.
of development can be looser identified
in~successiye reaghes of a stream traveling, *
from its hea.dwaters to base levél in ocean
or major lake. ¢

1 Esfablishment or birth, ’I‘his
. might be a "dry run" ot headwater
] stream-bed, before it had eroded‘

i 'down»to the 1eve1 of ground water, |

-.

-
P
® Pl
L ’

Lt -

.“

A
A -

Part 3, The Freshwat&r Envirogment :

t

5

37 Mature str‘eams.

have wide valley _a developed
= Med—phﬁl,"axfgeeper, more

4 In old age, streams have approached

&

- é:\
ng,iﬁé periods of run-off after a-

rain or snow-melt, such a gulley
woull have a flow of water which -
migh¥range from:orrential toa
mere’trickle. Erosion may proceed
rapidly as there ig no permanent .
-aquatic flora or fauna to stabilize
streambed matéffals. On the other .
hahd, terrestrial grass or forest,
rrowth may retard erosion, Whe

%:e run-off has passed, however,

the "streambed" is dry.

.1‘

s &

-

..

T~

vy A

2 'j!outhi‘ul streams;-. When the
streambed is-eroded belpwthe
ground water.level, spring or
seepage water enters, and the
'stream becomes permanent.. An

/ aquatic 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 ‘#nall pools,

3 -
o -
.

P

Mature streams ,

turbid, and usually have: warmegr
water, sand, mud, silt, or clay
bottom materials which shift with
increase in flow, In their more”
favorable regches, ‘streams in this
condition are at a peak of biological -
productivity. - Gradients are moderate, .
riffles or rapids are often separated
by’ long pools. .

.

P

~ .
§ o+ . . -

geologic base level, usually the
ocean. During flood stage they scour
theirbeds and deposit’ materidls on

the flood plain which may be. yery :
broad and flat,: DUring normal flow -
the channel is*réfilled and many’ | :
shitting bars are developed; Meanders-'
and ox-bow lakes a.re often tormed

ray

Rl

L
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(Under the 1nf1uence of man this
pattern may be broken up, or
temporarilyinterrupted, Thus an .
essentially "'youthful" stream might
take on some of the.characteristics
of a "mature" stream following soil
erosion, - organic enrichment, and
increased surface runoff. Correction
of these conditions might likewia}e be
followed by at least a partia1~reversion
to the "original" condition), :

.
.

‘ C Lakes and Reservoirs ‘
" Geological factors which significantly.
affect the nature of either a stream dr

. lake include the following:

.+ a If not already pr.eeent shoal areas

12_7“,'

[
.

{/ N
I

™~
became a lake, Or, the glacier may
actually scoop out a hole, Landslides
may dam valleys, extinct volcanoes may
co]lapse, etc., etc, ’
2 Maturing or natural eutrophication of ~
lakesg.

-~

- -

are developed through erosion ’
and deposition of the shore material
by wave action and undertow.

4 1y

b Currents produce bars across bays
and thus cut off irregular areas. -

c S:.lt brought in by tributary streams

' settles out in the quiet lake water . '
. 1 ~FheFeographical location of the’ ‘ - '
drainage basi.n or watershed, v d Algb.e grow attached to surfaces, )
v s , and floating free as plankton, Dead :
. 2. The size and sbape of the drainage * organic matter begins to accumulate l
: basin , - o on the bottom, -
3 The general topography, i.e., e Rooted aquatic 'plants grow on l .
' mountainous or plains, Y, shoals and bars,, and in doing so . .
. o - cut off bays, and contribute to the {
¢+ 4 The character of the bedrocks 'and.‘ filling of the, lake.
*  soils,’ ’ . B .o .
- » . f Dissolved éarbonétes and other
5 The character, amount, axnual materials are precipitated in the ~ . @
distributlon, and rate of precipltation. deeper portions of the lake in part ~ l .
. . through the action of plants.
L .6 The natural veget_ative cover of the i - . )
- land is, of course, respongive to and g * When filling is we11 advanced, *
: responsible for many of th'aabove mats of-sphagnum moss ray extend . '
. * " factors and-is also severely\ subject ' outward from the shore,” These _\’ v
R to the whims of civilization, ‘This mats are followed by ‘sedges and - -
i is one of the major factors determining - grasses which finally convert the .
" run-off verbus soil absorp'rion, etc, , . lake into aqnarsh‘ -
> . T .
/ D Lakes have a developmental“history which 3 Extinction of ,la.kes. After lakes reach -
somewhat parallels that of streams, This matunjty, their progrgss toward, . l
{ ) process is often referred to as natural " filling up is accelerated. Theybecome ' .
SN eutrophication. ) ‘ . o extinct through' .
. Y The methods of formﬁon vary greatly, a The downcutting of the outlet l
.- ) but all influence the character and - . L
. ' subsequent history of the lake., - ° b Fi‘.l]ing with detritus eroded from 'l}‘.i
L the shores or brought in by -
. s In glaciated areas, for example, \a tributary streams. AT
“huge’block of ice may have been-covered FU : - SRS
,with till, The glacier retreated, ;thé ¢ Filling by the accumulation of the - l )
ice melted, and the resulting fh°,1e o . remains of vegetable materials ¥ M
, K - . o {;W growing in the lake itself. -
. . (Often two or three processes may:
QW R act concurrently) . 3 R l 3



Il PRODUCTIVITY IN FRESH WATERS.

A Fresh waters in general and:under -
natural conditions by definition have a
lesser supply of dissolved substances-
than marine waters, and thus a lesser
basic potential for the growth of aquatic
organisms. ‘By the same token, they

may. be said’to bé more sensitive to the’

"addition of extraneous materials -
‘(pollutants, nutrients, etc.) The
following notes are directed toward
natural geological and other environ- ~
mental factors ag they affect the .-
productivity of fresh waters.

B Factors Affecting Stream Productivity
(See Table 1)

TABLE 1

EFFECT OF SUBSTRATE ON STREAM
- i PRODUCTIVITY* .
! !
(The productivity of sand bottoms is
€ ' taken as 1)

* Bottom Material - %Sé%{‘&‘éﬁmy
— F—

Sand ' 1
Marlﬁ . ‘ 6
Fine Gravel ‘ 9
Graveland silt -~ .+ ’ 14 -
Coarse gravel , 32 v
Moss o fine gravel -~ 89°
|[Fissidens (moss) on coarse 111 .

1 . gravel . Q.
Ranunculus (water buttercup) 194
(Watercress . - 1 ;301
Elodea (waterweed) ! 452

#Selected from Tarzwell 1937

To be productive of aquatic life, -a

stream must provide adequate nutrients,

light, a suitable temperature, - and time
for“growth to take place.

.
L

1 Youthful streams, especially on rock
or sand substrates are low-in essential

' nutrients; Temperatures ifl moun- -
Cor __tainous regions;are- usua]]y low, and
B dueﬁto the steep. gradient; time for
- growI:h is. short Although ample F

“ :’light is a.vailable, growth o Arue

)

' N
The Aquatic Environment

ALY
» .

~ -

2 As the gtream flows toward a more «~
. "mature" gondition, nutrients tend to

accumulate, and gradient diminishes

and so time of flow increases, tem- -

perature tends to‘increase, and
plankton ﬂourish )
Should a heavy load of irert siit
develop on the othervhand, the
turbidity would reduce the light
penetration.and consequently the
" general plankton production would
diminish. i

- ‘ v

a . )

3 As the stream approaches base level
(old age) and the time available for
plankton growth increases, the

"balance between turbidity, nutrient
levels, and temperature and other
seasonal conditions, determines the
overall productiyity.’

C Factors Affecting the Productivity of

(The, productivity of sand bottoms is taken as I)

lakes (See Table 3)

1 The size, shape, and depth of the®
lake basin, Shallow water is more
productive than deeper water since
more light will reach thebottom to
: sti@ilate rooted. plamnt growth, As
a corollary, lakes with more shore-
line, having more ghallow wate
.are in general more. productive,
Broad shallow lakes and reservoi:
- have the greatest production pote
(and hence should be avoided fpr )
water supplies).’

'

TABLE 2

EFFECT OF SUBSTRATE
ON LAKE PRODUCTIVITY * .

Bottorn Material,,

Relative Productivity

Sand 1
Pebbles - . 4
Clay © 8
- Flat rubble 9
" Block rubble R 11
. Shelving rock ]

* Se’”.lected from 'l‘arzwelI 1937 . T

L Teta L N n e Y .

L) e T
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Hard waters are generally more
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 quantity of ground water
éntering the lake. In general, pH
ranges of 6, 8 to 8,2 appear to be
most productive.

B

,3“'
:
A1
:
£

. 3 Turbidity reduces productivity as
light penetration is reduced.’
- """ 4 "The presence or absence of thermal
stratification with its semi-annual
‘ turnovers affects productivity by
: distributing nutrients.throughout the
" water mass.
5 Climate, temperature, prevalence of
ice and snow, are a.lso of course
important, )

o>

"D Factors Affecting the Productivity of .-
" Reservoirs

s

oS

1 The productivity of reservoirs is
governed by much the same principles
; , as that of lakes, with the difference
N that the water level is much more
; _under the control of man. ‘Fluctuations
in water level can be used to de-
liberately irnicrease or decrease
_ productivity. This can be demonstratet
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. ,
Vo2 The 1eve1 at which water ig removed
- from a reservoir is important to the
productivity of the strearn below, -
The hypolimnioﬁ may be anaerobic
. while the epilimnion is aerobic;: for )
example, or the epilirhnionis poor in
.nutrients while the hypolimnion is
‘relatively richis.

e

* vl

.

R e
-

.

R
*

puregey

I
1

RITAE e
<

¢

3 i_?.eservoii; discharges also profoundly
affect the: DO, temperature, and .
turbidity in the stream below a dam, ™

—Too auch fluctuation in-flow may :
permit sections oi‘.the stream to dry, .

«, . or.provide inadequate dilution for -.
toxic.waste,

. <"'"” ., A

N
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IV CULTURAL EUTROPHICATION -

A The general processes of ‘natural
eutrophication, on natural enrichment °
and productivity ve beef briefly out-
"lined above. ) % .

B When the activities| of man speed up
these enrichment processes by intro-
ducifhg unnatural quantities of nutrients '
"(sewage, etc.) the result is often called .
cultural eutrophication, This term is
often extended beyond its original usage
to include the enrichment (pollution) of
streams, egtuaries, and evén oceans, as
well as lakes. .

—
i .

iz

o

V CLASSIFICATION OF LAKES AND
RESERVOIRS
1,
A The productivity of lakes and impound-
ments 1s such a conspicuous feature that
it is often used as a convenient means of
clagsification. '
¥ Oligotrophic lakes are the ounger, .
less productive lakes,” which are deep,
have clear water, and usually, support
Salmonoid fishes in their deeper waters.

2 Eutrop ¢ lakes are more mature,
more turbid, ahd richer. They are
usually sha]lower - They ate richer
in dissolved solids, N, P, &4nd Ca.are
abundant, Plankton is-abundant and’
there is often a rich bottom fauna..

.3 .Dystrophic lakes, such as Bo'g lakes,
are low in Ph, water yellow to brown,
\dissolved solids, N, P, and Ca sganty
. but humic materials abundant, bottom
‘fauna and plankton poor, and fish .
species are lifited. - Y

-~

.
. -
-‘— &‘- v - - - - - - - -
- e I -

o 1 D
e b vl

-B Reservoirs may also be-classified as *
storage, and run of the river,

1 Storage reservoirs have a large,
* volume in relation to their inflow, *

\ 2 Run of the river reservoirs have a .
largé flow-through in re"iation to their .
storage value.

.

ey




» The Aquatic Environment

~p

‘ ' ¢ According to Iocation, lakes and - :
E reservoirs may be classified as polar, Lo
‘";: ' temperate, or tropical., Differences in )
l climatic and geographic conditions - .
. s result -ﬁldifferences in their biology. *

£a
W

VI SUMMARY -

A A body of water such as a lake, "streain,
or estuary represents an intricately
@ balanced system in a state of dynamic - N .
equilibrium. Modification imposed at. B . ’
one point in the system automatically
results in compensatory adjustments at
associated poinfs. PN

.

B The more thorough our knowledge of the
-entire system, the better we can judge
where to impose control measures to - ¢
achieve a desired result. - .
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‘Part 4., The Mar!.r':e‘:Em_rironn;en‘t' and its Role in the Total Aquatic Environment - '

oo : TABLE -

+
)7

. Y ~ .
' . . PERCENTAGE COMPOSITION OF THE MAJOR IONS
I INTRODUCTION. . . __OF TWO STREAMS AND SEA WATER
o . T {Data from Clark, F.W,, 1924, "The’CéxiaposMox‘of River
' and Lake Waters of the United States”, U.S, Geol. Surv.,
A g‘:gnm:rmihenvﬁomnent is, arbigf;rﬂy_ Prof. Paper No. 135; Harvey, H.W., 1957, "The Chemistry
ed as the water mass ‘extending and Fertility of Sea Waters”, Cambridge Unversity Press,
beyond the continental land masses, Cambridge) . >
including the plants and animals harbored :
g Delaware Rive Rio Grand .
therein,” This water mass is large and Io_nl i Cat s | Seawater
—deep, covering about 70 percent of the : Lambertville, N.J. | Laredo, Texas -
edrth's surface and being as deep as’ } Na  6.70 14.78 . s0.4 | .
~Tl.miles, ‘The salt content averages |k 1.46 a5 e
abotit 35 parts per thousand,  Life extends T ’ ' : ) -
‘%o &Il depths. - . _ . | cs 17.49 13,73 116
Mg - 4.81 * 3,03 3.7
B The general natyre of the water cycle on Sl 21.85 $5.2
earth is_well known, Because the largest 50, 17.49 s0.1q 7.1
portiomof the surface area of the earth co, 32.95 11.55 tHCO, 0.35
is covered with witer, roughly 70 percent N
1 .
of the earth's rainfall is on the seas C For this présentation, the marine

(Figure 1 . environment will be (1) described using
. *  an ecologica) approach, (2} characterized
ecologically by comparing it with Tresh-
water and estuarine environments, and
. (3) considered as-a functional ecological
system (ecosystem), . -

I FRESHWATER, ESTUARINE, AND
MARINE ENVIRONMENTS .

. SH'S'M'ICB
tiore 1. THE VATER CXIE- . o Distinct differences are found in physical,
' .. _ A chdmical, and biotic factors in going from
. : ’ a freshwater to an oceanic environment,
Since roughly one third of the \ :: In general environmental factors are more
rain which falls onhthe land is again constant in freshwater (rivers) and oceanic
recycled throughv';ne atmosphere environments than in the highly variable
(see Figure 1 again), the total amount ) and harsh environments of estuarine and
of water” washing over the earth's surface coastal waters. .(Figure 2y
is significantly greater. than it;me third of A
the total world rainfall; ‘It is thus not  amical B
A H al
surprising to note that the rivers which. P.hy s}.cal and C: emic Factqrs'
finally &pty into the sea carry a- Rivers, estudries, and oceans are
dI’sproportionatg burden of dissolved and - + compared in Figure 2 with refererice to, -
suspended solids picked up from the land, - the relative instability (or variation) of
Thé chemical compoisition of this burden several important parameters, In the
. depends on the compocsf:tion of the rocks oceans, it will be noted, very little change
and goils thirough which the river flows, occurs in any parameter, In rivers, while |
the proximity of an ocean, the direction "'saiinity" {usually referred to as*’"dissolved
of prévailing winds, and other factors. - solide") and temperature (accepting normal
This is thie substance of geological erosion . séasonal variationsy change little, the: other
, (Table 1) ’ four parameters vary considerably In"
estuaries, they all change, . S
. - 23
a&‘ b = . -

31

N CT . -
. N .




- Degree of mstabihty

Type of envu'omnent
and general direction
of water.movement

'I:empera’cure* -

Water

elevation”

Vertical
. 8trati-.
fication

Avail -
ability
of
nutrients
{degree)

Turbidity

Riverine

Figure2 .

M «
B Biotic Factore

\

1 A complex of physical and ghe:;n:lcal. :

factors det

tion of an environment,

the biotic composi-
In generdl,

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

. The dominant ‘animal species (in.
terms of’ otal biomass) which occur

_in eatuaries are often transient
~gpending only a part of their lives in °

the estuaries.

This results iﬁ better .

utilization of a rich environment,

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

C Zones of the Sea -

~ -
. The nearshore énvironment is often .
classified in relation to tide level and
water depth, The nearshore and offshore
oceanic regions together. are often
classified with reference to light penetra-
(Figure 3)

tion and water dépth.

L

i 4

1 Neritic ~ Relatively shallow-water .
_ zZone whch extends from the high-

" tide mark to.the edge of the
continental shelf,

%.,

/’

»

|
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- a Stability of physical factors is ‘* 1) Physical factors fluctuate
, intermediate between estuarine g . less than in the neritic zone.
o . and oceanic environments, - . :
. _ o - 2) Producers are the phyto-
= l . b’ Phytoplankters are the dominant . o plankton and consumers are
‘ producers but in some locations ot . " the zooplankton and nekton! :
k attached algae are also important . . .. - Cod
as producers. " b."Bathyal zone - From the bottom 5
’ -of the euphotic zone to about . NS
c The ‘anima fnsumers are - . ZQgO meters, :
) zooplankton, nekton, and ‘benthic * . . ., .
forms, % . - 1) Physical fa.ctors relatively
, T T : ' constant but light is absent,
2 Ocean:lc « The regiqn of the pceanv - W .
beyond the continental shelf. Divided -2) Prpducers are absent and
“  into three parts, all relatively o con&um‘ersTare scarce, ..
_ pooriy’ populated compared to the " ; ‘ B v
e neritic goney,l .. . . C c Aby_ssa]. zone - All the sea below N &
l' ‘ Coere , - " "the bathyal-zone, \ - o
: ‘ ,a Eughotic zone - Watersﬁm_to which TN
¢ T ., sunlight penetrates (often*io the > . 1) Physical factors ore con- N
SN . . . . -bottom in.the nerftic zorie), The e stant than in bathyal-zone,
; . A _ 'zone- of. primary productivity often. . D S ‘.
5 , “extends, t’b 600" feet below the surface. - - 2) Producers absent and consumers
L PR o ok AT . .y - even legs abundant than in. the
'; v P . ; e L < . bathy zone. .
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III 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
essential to the growth and mraintenance
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 modified somewhat
in the body fluids of fresh water and
terrestrial animals, For example,
sterile sea water may be used in',
emergencies ‘asa substitute for blood
plasma in man,

- B Since marine brganisms have an.internal
salt contgnt similar to,that of their
surrounding medium (isotonic condition)
osmoregulation poses no problem., On the
otfier hand, fresh water organisms are
hypertonic (osmotic pressure of body

- fluids is higher than that of the surround-
ing water). Hence, fresh water animals
must constantly expend more energy to
keep water out (i,e., high osmotic

_ pressure fluids contain more salts, the
action being then to dilute this concen-
tration with more water).

-

1 Generally, marine invertebrates :‘ré
narrowly Qoikilosmotic, i.e,, the salt

- withthat: of-the externhl-medium.- This
. has special. significance in estuarine
situations where salt .concentrations
- of the water often vary oonsiderab]y .
- in short periods. of&me. -

2 Marine bony fish (teleoats) have lower )
"* galt content internally than the external
‘environment (hypotonic), W order to
prevent dehydration, water is ingested
" and saltsare excreted through special .

cells in the gﬂls.

*«
5
%\3
-oe,
ey -

) often lead to txtenbive migrations -

concentration of the body fluids W——Nery—ha&peﬂam,sul

IV-;FACTORS AFFECTING THE DISTRI- ~ * .
BUTION OF MARINE ANB ESTUARINE
ORGANISMS ) "

A Salinity. Salinity is the single most
constant and controlling factor in the
marine e bnment, probably followed
by temperature. It ranges around °
35, 000 mg. per liter, or "35 parts per.

: thousand" (symbol-as35%o) in the language. -
*-. of the oceanographer. While variations
in the open ocean are relativgly 'small,
salinity decreases rapidly a
approaches shore and proceeds through
the estuary and up into fresh water with
a' salinity of "0 %, (see Figure 2)

-

‘s

.

-
s - -

P ‘. B

. . . e 3T

B Salinity and temperature as limiting
factors in ecological distribution.

a 1 Organisms differ in the salinitias

¥ and temperatures in which they .

. prefer to live, 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 organisms live:
their "distribution. ' N

~

[

l

2 These requirements or preferences .

of various species for breeding,
feeding, and growing stages. One

# an estuarine environment is an o
absolute necessity for over half of |
all coastal corimercial and sport . °.
related species of fishes and invertebrates, l |

" for_gither all or certain portions of their ', &
life histories. (Part V,- figure ‘8) . T

3 'The Greek word roots eut@y - . ;
A(meaning ‘wide) and "stenc" (meaning
narrow). are cudtomarily combined

* with such words as "haline" for"salt,

. and: "thermal' for tempe‘rature, to
. give us "euryhaline" as an adjective

to characterize:an organism able to
tolerate a wide range of salinity, for
‘example; or "stenothermal" meaning .
one which cannot stand much change
in temperature, “"Meso-" is a prefix

’ indicating an intermediate capacity. .

ue
R
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The Aquatic Environment - N

C Mariiie, es‘tuarine, and fresh water
organisms. (See Figure 4) l

*Marine

Fz%sh Water . €
Stenohaline

Stenohaline

’

-

0 Salinity |, .
)
Figure 4. Salinity*Tolerance of Organisms

'\ caidb

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 ’

2 Fresh water organisms are also,
,stenohaline; aind (except for seasonal%y
adaptation) meso- or stenotherrnal 2

(Figure 2)

@
°

3 Indigenous or native estuanjne "species
that normially,spend fheir entiré Hves
in the estuary are relatively few in
number, (See e 5). They are,

- v hd

. ”.

Some well known and interesting
examples of migratory species which,
change their environmental preferences -
with the life hisvt:o&el

stage include the -:

_ shrimp (nientione bowe), striped Bass; =

4

many herrings and x;elatives, the salmons, |

)

and many others.»Ngne are more
dramatic thgn the salmon hordeg which,
‘lay their eggs in freshwater streams,
\migrate far out to sea to feed and grow,
then return to the stream where they
hitched to lay their own eggs before

dymg .( R 5

5 Among euryhahne animals 1andlocked
(trapped), populations-living in 1<>weredw
salinities, often have a sma er maximum
size th ‘individu of the same species
living in more salile waters.. For
example, the lamprey (Petromzzon

. marinus¥) attains a length of 30 - 36"
,in the sea while in the Great Lakes
‘the 1ength\is 18 -24" !

»2

~>\

Usually th\ larvae of aquatic organisms ’
are more sensitive to changes in |

salinity thatl are the adults. This
characteristic-both limits.and dictates
*the distribu of and size of popu]ations

The effects of ﬁi es orr organisms

1 Tidal fluctuat s probably subject

the benthicygr intertidial populations

to the most| extreme and rapid variations
of en¥ironmental stress encountered

o0 ©

generally meso- or euryhaline and
meso- or eurythermal, °

a o

(3

» Numbets of Species

5;‘ 0 55 és 0 3% o,
Figure 5. DISTRIBUTION OF
! ORGANISMS~IN AN ESTUARY

a Euryhaline, freshwater{ i
b Indigenous, estuarine, (mesoﬁaline)
marine _

i atic-habitat— Highly speci
bommuni&/es have developéd in this
zone, sonle adapted to the rocky surf

_ zofies of the open coast, ° others to'the
muddy inlets’ of protected estiaries.
Tidal reaches’ of fresh water rivers,
sandy beaches, coral reefs and -~ .
mangro(/e swamps in the tropics; all
“have their own ﬂoras and faunas, All
must’
Water/ there jg rises and covers or
‘tears at them,. all must collapse or
retract to- endure drying, blazing _ -
tropical sun> or freezing arctic ice _
__ dilfing the’low tide interwal. Such a

- community»is depicted in Figufe 8.

merge‘and flourish when whatever " :

‘a..'"
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England, the general idea of zonation may be applied to any temper-

The gray.

R
-

- -

with exposurd top extreme to support algae; at the right, én a less _

exposed gituation, the animals are mostly cbscured by the algae. .

the Littorina zone (above) the
the Balanoid zone (between the gray zone and the
a. Pelvetia canaliculata,

-~ ]
. ° ) ° ) . - Sy “" .
o * SNATLS . -t
- . Littorina neritoides
* 0 Le fudis . . " P

¢ 1. obtusata W

o O L. littorea . f;‘z DO g
. N . {
] BA RNACLES ~ 74 @
t
© Chthamalus stellatus T
‘o " © Balanus balancudes ,f/,, ,
A Bl perforatus © . :/,4 7 ‘
&4 T, ) /’ ’ //.
. . . ) ,/"
g ///// / i\
- F1gure 6
- ——— _}  * Zonation-of plants, sna1ls, and barnacles on a rocky- shore.~ While
. " this diagram is baspd on the situation on the southwest,coast of
L o —atc rocky ocean shore, though the species will differ,
‘zone consists largely of lichens. At the left.is the zonation of rocks

; . ’ ‘ Figures at the'right-hand margin refer to the percent of time that
. the zone s exposed to the airy i.e., “the time that the t1de is out,
5 ® - *Three major-zones cam fibe recognized:
i- i gray zone);
$ e laminarias); and the Laminaria zone,
b, Fucus spiralis; c. Ascophyllum nodosum? d. Fucus serratus;
e. Laminaria digitata. (Based on Stephenson) ~ -,
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-C Whéh man adds his cultural contributions .

ad .

- ;) -
» . . N :
v FACTO_RS AFFECTING THE " REFERENCES :
PRODUGTIVITY OF THE MARINE e
‘ 1 Harvey, H. W. The Chemistry and

'‘ENVIRONMENT : : _ ,
- o - ' "« * - Fertili#f of Sea Water (2nd Ed.)., °
A The sea is in continuous circulation. With- ° "Cambridge Univ, Press, New York.
ouat circulation, nutrients of-the ocegn.would 234 pp. 1957»
eventually become a part of the bottom 4nd . ‘ .
biological production would cease. Generally, | 2 Wickstead, John.H. Marine Zooplankton
.in all oceans there exjsts a warm surfate - .
.layer which overlies the colder water gnd . of Biology. 1978, -
forms a two-layer system of persistent, . o roos
stability., Nufrient conlcentration is usually )
_greatest in the lower zone. Wherever a . . L .
mixing or disturbance of these twp layers’ 25 ) o ST
oceurs biologichl production is greatest. . : E e ’

-

B The estuaries-are also a ne&ing zone of - ‘
enormous importance. Here the fertility . _ . L
washed off' the land is mingled with the '
nutrient capafity of seawater, and many . < e T i .
&f the’would's most-productive waters | ° .. .

.result, : PO . -

of sewage, fertilizer, 'silt or toxic waste, , _, . - " - .
it is no wonder that the dynamic equilibrivm .. ™ - _ -
of the ages is rudely upset, and the o < . s . v !
environmentalist cries, "Sée what man
hath wrought"t-—1 = : .

El
-
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Part!

I INTRODUCTION

A Broadly defined, 'wetlands.are areas
which are "to wet to plough but too
thick to flow." "The soil tends to'be
saturated with water, salt or fresh,
and numerous channels or ponds of
shallow or®open water are common.

% and variable to list here, they comprise

in general a rigorous (highly stressed)

' habitat, occupied by a small relatively

specialized¥indigenous (naive) 9ora

and faun;a.

. B They are prodigiously productive

°  however, and many constitute an
.absolutely essential habitat for some
“portion of the life history of animal ,

"+ forms generally recognized as residents
of other habitats (! e 8), Thisis _
particularly true of tidal marshes as» |
mentioned below. .

s

C Wetlands in toto comprise a ' remarkably
large proportion of the earth's surface,
,ang the total .organic carbon bound in
" thein miasgs. constitutes ag enormous )
sink of energy.~; -..

D Shlce our main concern here is with
_the'a atic”, environment, primary
emphasis wjll be -directed toward a

spreads degradation.in both directions,

il‘

-

~ ~n

¢

Lt

Due to ecological features too numerous\

description of wetlands as thﬂeﬂtransﬁional
. gong between the wat s and'the’ land, and
_how their desecration by human culture, .. ;]

Wetlands

51

B” Estuarine pollution stlidigs are usually
devoted to the dynami f the circulating
water, its chemical, physical, and
biological parameters, bottom deposits, etc.

hY
.

.

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

origin,

g’ The tidal marsh (some inland areas also’
haye salt marshes) is generally considered
to be the rharginal areas of estuaries and
coasts in the intertidal zone, which are
dommated by emergent vegetation. They

" mgenerally-extend inland to the farthest
point reached by the spring tides, where
they merge into freshwater swamps and
marshes (Figure 1), They may rédnge in
width from nonexistent on rocky coasts to
many kilometers., -

]

&

’

~

»

W

] -

TEALMARSHES AND THE ESTUARY

is seen in'such ajbeau way-as‘the -

balancé between-the growing marshes |
.and the tidal streams by which they are
"+ at'once’ nourished and worn away..
: *(Shaler, 1886)

‘ "There is no-other case in nature, save
in the coral reefs, ~where the. adjustment =
“of organic relaticisito: “%Esical condition

¢ qo-

Sprlu tide leval, 3 Mean high tide,”

&’ rtina turf po-tudby lco, "

H(urc“ 1. mhapﬂlﬂnuumhuomq 1.
ummu«,t Bo(bola,l luelunppol.c

1 Zosters
gﬁn(m}p mud ml!(y_gg) communlty. no‘ Ses um(;mi)
{
{




o .
g R 4
e

The Aquatic Environment . - . ‘ -
- ¥

III MARSH ORIGINS AND STRUCTURES ) Such banks ar® likely to be cliff-like,

‘ and-are often undercut, Chunks of -
A In general, marsh substrateg dre,high in * peat are-often found lying about on ° -
organic content, relatively low in minerals harder substraie below high tide line.

. and trace elements, . The upper layers . If face of ‘cliff is well above high water, -

bound together with living roots called . overlying vegetation is likely to be
tur?, underlaid by more compacted peat typically terrestrial of the area, -
' -type material, . ) Marsh fype vegetation is probably <
. . absent, . .

1 Rising or eroding coastlines may . , X
expose peat from ancient marsh " 2 Low lying deltaic, or sinking coast-
growth to wave action w/hich cuts lines, or-ihose with low energy wave

«

N into the soft ﬁeat rapidly (Figure 2) action are likely to\have active marsh
. e formation in progress. Sand dunes .
: . - are also, common in such areas
\\( ,/ /H\’/W/” '/ L, (Figure 3); -General coastal

x

’rm-emmm \ ;...m,“ ;) ‘v,m ’Cf-a"",l""

configuration is a factor, -
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. S ) - Fi‘ure 3 o " ’ , N LT .
= - " peyelopment of a Magsachusetts Marsh since 1300 BC imrolving an AR e

, 18 foot rise in waterlevel, Shaded area indicates sand dines, Note - _/9 -
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. a Ruggedor prqci.pitous coasts or
_. - slowly rising coasts, typically
exhibit narrqw 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 glacial flour shows
- evidence of the recent encroachment
“of saline waters in‘the presence ‘of
recently buried trees and other
terrestrial vegetation, exposure
of layers of salt marsh peat along
the edges of channels, and a poorly
co:;xfpacted young marsh turf developing
at the new high water level (Figure 5).

Lol

R ,

Figure 4 A Blver Mouth on a Slowly-Rising Coast. Note absence
of deltaic development and relatively 1iifle marshland,
although mud flats stippled are extensive.
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_Figure § Some general relationshipsina northern fjord with a rising waterlevel. 1, memn low

.. "% water, 2; maximum high tide, 3. -Bedrock, 4. Glacisl flour to depths in excess of
400 meters, 5, <Shifting flats and channels, 8, Channel against bedrock, 7. Buried
‘terrestrial vegetauog',',' 8, ' Outcroppings of salt marsh peat, .
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‘Low ly‘Rg coastal plains tend 'go%fe Deep tidal.channels fan out throuéh
fringed by barrier islands, broad - ° ~ innumerable branching and often
estuaries and deltds, -‘and broad interconnecting rivalets.” The -
associated marshlands (Figure 3), intervening grassy plains are ,
: : = ) < ntially at mean higl} tide level.
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c Tropical and subtropical regions
- such,as Florida, the Gulf Coast, * -
. and Central America, are frequented
: .~ by mangrove swamps., This unique -
; %type of growth is able to establish
itself in shallow water and move out
into progressively deeper areas
(Figure 6). Theé strong deeply
embedded roots enable the mangrove’
: to resist considerable wave action
at times, and the tangle of roots --
' quickly accumulates a deep layer of
organic sediment.: Mahgroves
in the south may be considered to
¢ _ be roughly the equivalent of the -
‘ artina marsh grass in the north
- as a land builder, When-fully .
developed, a mangrove swamp is an
impenetrable-thicket of roots over
the tidal fiat affording shelter to an

*J_

P Teny

such as various molluscs and
. Wcrustaceans, and providing access
IO from the nearby land to preda.ceous .
- birds, reptiles, and mammals,

Mangroves are not ré¢stricted to

> - estuaries, but may develop out into
shallow oceanic lagoons, or upstream
into relatively fresh waters.

- ’

Figure 6 Diagrammatie transect ofa a.mangrove swamp
showing transition from marine to terrestrial

habitat,
:

<

IV PRODUCTIVITY OF WETLANDS )

A Measuring the productivity of grasslands

. is not easy; because today grass is. seldom
-'used-directly as‘such by man, It is thus .

" ugually expressed ag production of meat,

'milk, or in‘the case ‘of salt‘marshes, the

. tzatal crop of animals that obtain-food per

A.tmit of area. The primary producer in a’

assortment of semi-aquatic organisms °

tidal marsh is'the marsh grass, but.very
little of it is used by man as grass,
(Table 1) - °© :

The nutritional analjsis of several
marsh grasses as compared to dry land
hay is shown in Table 2,

& .\ .

- o

'rABLE 1, Genersl Orders of mpnude of Gross Primary Productivity in Terms
of Dry Weight'sf Organic Matter Fixed Annually

- - < gma/MP[year
Ecosystem (ML_‘!;‘_ square meters/year) . 1bs/acre/year

-

land deserts, deep oceans ~ Tens / Hundreds )
Grasslands, forests, cutrophic Hundreds Thoussnds -
likes, ordimry agriculture
. Estuaries, delias, coral reefs, Thousands Ten-thousands
.. intensive agriculture {sugsr .
cang, rice) 14 % 4 -

—°

-~

TABLE 2, Analyses of Some Tidal Marsh Grasses

\'0

/A Percentage Composition )
Dry Wt; Protein®  Fat Fiber Water Ash N-free Extract
Distichlis spicata (pure stand, dry)

28 53 17 324 8.2 67 . 455
Short Spartina al(cmillorund Salicornia curopaea (in standing water) - i

1.2 bA4 25 ©31 (X ] 120 377
Spartina alterniflora (1all, pure stand in standing water)

3. 76 20 20! 83 . 155 73 v
Spartina patens 'puety stand, dry) .

32 60 .2 300 8.1 950 . “S .
Spartina alerniflora and Sfu"fm patens (mixed stand, wel)

34 68 19 28 81 0.4 428
Sprtina alterniflora (short, wet) / .
22 4] 24 304 8.7 13 363 {

Camparable Analyses for Hay . .
Tt eur 6.0 20 6.2 67 « 42 5 . 449
2] eyt 10 37 25 .10.4 59 »S’

Analyses performed by Roland W, Gilbert, Department

«of Agricultural Chemistry, U.R.IL.
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B Theactual-utilization of marsh grass is
accomplished primarily by its decom-- oo
positior and ingestion by micro organisms.

. (Figure 7) A small quantity of seeds and *" . .

Q‘ solids‘is consumed directly by Biz‘,gg. :

’ 'a 8 N -2 :
SPARTINA cmemeemd DETRITUS }
o S -
NN e 0 G & : _ 3
h oS N . STAGES K
. [ . ‘b:::‘.ﬂ‘ '\ . ;
3 %1 T . V=) 5
t| - AR —ocoa—" -
oo 1 aour, €GGs B o L
§)o E ' T ' ’ " " A
E ) s Figure 8 Diagram of the life cycle g
M ] - of white shrimp (after Anderson and
. - Lunz 1965). ~ =~ ‘ )
:w- . , . . N .
Tty —e | 3 An effort to make an indirect,
. : ) o estimate of productivity in a Rhode .
Figure 7 The nut:‘ictlive °°mP;’t:m°’; of . Island marsh was made on a single ° .
successive stages of decomposition o : 3 - . ]
ertina marsh grass, showing increase, Angust day by.recording the nux’nl:;ers .
ﬁ____m profein and decrease in carbohydrite . % and k.inds of birds that fedon a
with increasing age and decreasing size - . . relatively small area (Figure 9).
of detritus particles. Y Between-700 and 1000 wild birds of o
T e ‘ I 12 species, ranging from 100 least s
The quantity of micro invertebrates . —sandpipers to uncountable numbers . -
which thrive on this wealth of decaying . of seagulls were counted. One food
oen . . . . ) T
marsh has not been estimated, nor has - requirgment estimate for three- .
the actual production of small indigenous ° _ pound poultry in the confined inactivity »
fishes and invertebrateg such as the - of a poultry yard-is-approximately one _ ...
‘top minnows (Fundulus), or the mud - ounce per pound of bird per day. :
snails (Nassa), and others. - * » . : ) ; :

P 4 d

i
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-2 Many forms of oceanic life migrate
into the estuaries, especially the
».marsgh areas, for important portions -
"'0f theirelife*histories as is mentioned -
relséwhere (Figure 8). It has been |
‘estimated that in excess of 60% of the
marine commercial and sport fisheries
are estuarine or marsh dependent in .

[N

© gome way. . _ i
’ C e i Lt
- . ’ // . Greater-yellow legs (left), 25
) ) - . R . and black duck _, - i
e e e ; : . e - \ ek 28
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. The Aquati‘é Environment

%

On dted black bellied plovers
at approximately ten ounces eath
would weigh on:the order of sixty
pounds, At the same rate of food
consumption,” this would indicate
nearly four pounds of food required

* for this species alone. The much
greater activity of the wild bipds
“would obyiously great]y increase their
food requirements, as would their
relatively smaller size.

-

-Considering the range of foods con-

sumed, the sizes of the birds, and the

fact that at certain seasopg, thousands
of migrating ducksrand others pause
o'feed here, the enormous productivity
:,wpf such a marsh can be better under-
stood.

A -
.

-

-V INLAND BOGS AND MARSHES

A Much of what has been said of tidal
marshes also applies to inland wetlands,
‘As was mentioned eaklier, not all inland
swamps are salt-free, any more than all
marshes affected by tidal rythms are
salme.

The specificity of specialized floras to
particular types of wetlands is perhaps
more spectacular in freshwater wetlands
than in the marine, where Juncus, >
Spartina, and Mangroves tend to dominate.
‘1 ha or peat moss, is

probably one of the most widespead

and abundant wetland plants on earth,

'Deevey (1958) quotes an estimate. that

there is probably upwards of 223

- billions (dry weight) of tons of- peat "

in the world today, derived during

redent geologic time from Sphagnum

Bogs. Particularly in the northérn

regions, peat moss tends to overgrow

ponds and shallow depressions, eventuallb;' ‘

forming the vast tundra plains and
moores o£ the north,

Long lists of other bog and marsh plants

might be cited each with its own -
.. special requirements, topographical,

s o ol o~
> "'.;‘ “ﬁ - i

and geographic distribution, etc.
Included would be the familiar cattails,
spike rgshes, cotton grasses, sedgas,
trefoils,; alders, and many, many
others,

C Types of inland‘wletlands.

1 As heted above (Cf:, Figure 1),
. tidal marshes often merge into. -
freshwater marshes and bayous, _ .
_ Deltaic tidal swamps and marshes
arﬁten saline in the seaward
* po] ion, and fresh in the landward
areas, )
River bottom wetlands di.ffer from
those formed from lakes, since wide
flood plains subJect to periodic
inundation are the final stages of .
the erosion of rivef valleys, whereas
lakes in general tend to be eliminated
by the geologic processes of natural
eutrophication often involving
hagnum and peat formation,
Riverbottom marshes in the southern -
United States, with favorable climates,
have luxurient growths such as the
canebrake of the lower Mississippi,
or a characteristic timber g‘z’owth
such as cypress. ° .

Although b1rd life is the most )
conspi« cubus animal element iri the
fauna (Cf: Figure 9), many mammals,
such as muskrats, beavers; “otters,
and others are also marsh-oriented.
(Figure 12) .
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VI POLLUTION |,

A No single statement’can summarize the
*. effects of pollution on marghlands as

distinct from effects noted élsewhere on
other habitats. < _. ;

Reduction’ of Primary Productivity ,

The primary.producers in most wetlands .

are the grasses and peat mosses. -

Production may be reduced or eliminated-

by' -

1 Changes in the water level brought
about by flooding or drainage. -

a Marshland areas are'sometimes -
diked and flooded to produce fresh-_
water ponds.. This may bs.for

aesthetic reasons, to suppress the ,

growth of noxious marsh inhabitating
ingects such as mosquitoes or biting
midges, to construct an industrial
waste holding pond, a thermalor a
sewage stabilization pond, a *
"convenient" result of highway IS
causeway construction, or other
reasén. The result is the elim-
ination of an area of marsh. A
small compensating border. of

. marsgh may or may.not develop.

High tidal marshes were often
ditched and drained in former days |
to stabilize the sod for salt hay or ,

"thatch' harvesting which was highly " -
sought after in colonial day3. This’.

inevitably.changed the ch&racter
-of the marsh, but.it remained as .

essentially marshiand. .Conversion-

"to outright agricultural lg.nd,has
been less widespread-because of the
necessity of diking to exclude the
periodic floods or tidal incursions,
and carefully timed drainage to 3
eliminate excess precipitation. .
Mechanicdl pumping of tidal marshes

.-has nof. been.econoriical in this

- country, although the.success of
the Dutch and others in this regard .
is well known, -

The Alﬁatic Environment

K

2 Marsh grasses majlalso be elimipated
by smothering as, for example, b
depositiop of dredge spoils, or the

spill or discharge of sewage sludge.

Congiderable marsh aréa tias been
eliminated by industrial construction
activity such as wharf and dock con~ .
struction, oil well construction and o
-operation, and the discharge of toxic
‘brines add other chemicals.

:

C Consumer production '(anir(nal life) has

been drastically reduced by the deliberate

distribution of pesticides. In some cases,

this has been aimed at nearby agricultural
lands for ‘economic crop pest control, in
other cases the marshes have been gprayed
or dusted directly to control noxious’
insects. )

1 The results have been universally
disastrous for the marshes, and the
benéfits to the human community often
questionable, - ‘ .
Pesticides designed to kill nuisance

>ingects, are also toxic to other
arthropods so that in addition to th
rget species, such forage staples as
the various scuds (amphipods), fiddler
cyabs, and other macroinvertebrates
ave. either been drastically reduced
or entirely eliminated in many places. .
For example; one familiar with fiddler .
crabs can traverse miles of marsh:
margins, still riddled with their burrows,
without seeing a single live crab,

DDT and related compounds have been:
"eaten up the fodd chain (biological -

. magnification effect) until fish\eatmg
.and other predatory birds such as herons

and egrets (Figure 9), have been virtually

eliminated from vast areas; and the
' accumulation of DDT-in>man himself
is only too well known. )

.
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D Most serious of the marsh enemies isf‘i’. E Swimming birds such as ducks, loons, .
man himself. In his quest for Ylebensraum" cormdrants, pelicans, and many others
.near the water, “he has all but killed the b are severely jeopardized by floating o
o water{he strives to approach., Thus up to— pollutants such as oil. '
- twenty. percent of the marsgh-~estuarine T -
. area invarious parts of the country has S
. already béen utterly destroyed by cutand ' ’ 3 - ,
il real estate deve],opments (Figures . ~ .o N
<10, 11). . . ) . . .
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. "7 TFigure 10, Diagrammatic represe'ltation of cut-and-fill for .
real estate development, mlw='mean low'water [ ° .
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VH SUMMARY

bogs, and tundra areas of the world.
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 opeh waters.. They
are esséntial as habitat for all forms of
wildlife.

B The tidal marsh is the area of e g\ergent
vegetation borderingﬁthe ocean o
estuary.

C Marshes are highly pr'o'd\ictive areas,
essential to the maintenance of a well ,
rounded community of aquatic life.

.D Wetlands may be destroyed by:’

1 Degradation of ._fhe life forms of

which it is eomposed in the name o /.

nuisanée control, |

2 Physical destruction by cut- o[f-:'ll\

to ¢reate more land area, ' /

.
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These so~called Laws of Ecology have

been collected and reformulated by

'Dr Pierre Dansereau.

A They have a broad range of appli-
cation in aquatic as well as terres- -
trial ecosystems

N

-

Only the ones which have strict
application to fresh water organisms
will 'be diséussed

1
.“

2

-

The’ Law? Verbatim

an

A Physiology of Ectopic Fitness (1-9)

"1 Law of the inoptimnm. l\Io species
encounters in any given habitat the
optimum cenditions for all of its -

.. THE LAWS OF 'ECOLOGY

s oi‘ “ecological niches, in a reglonal

PR

&
’x

6 Law of ‘the continuum. * The® gamut
? ¥ unit, permits a gradual shift in the
qualitative and quantitative compo-

sition and structure of communities.

g, ¢

Law of cornering. 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 ecologicdl spectrumh which offers
the best opportunity to organisms of
adequate valence. '

ere
AT SR Lo’ Wcheva?

7

Law of persistence. Many species,
edpecially -dominants of a community,
are capable of surviving and main-
taining their spatial position affer
their habitaf and even the climate -

.7 .. functions. ‘

a _ . i . 2 itself have ceased to favor full
T 2 Law of aphasy? ''Organic. evolu- ‘ vitality. ¢ \
5 tion is slower than environmental : . ; \ e
. change on the average, and hence’ ' 9 Law of evolutionary opportunity. The T
" migrationoccurs, " ’ present ecological success of a * o+ _ :
. o . -8pecies is compounded of its geo- )
.8 Law of tolerance. A species is - graphical and ecological breadth, its ,
_ confined, ecologically and -geo- population structure, .and the natn_re s

A+ graphically, by the extremes of " of harboring communities. %"

- environmental adversities that it Lo . .
can w1thstand M 3 . .
B ' Strategy 'pf Community Adjustthent (10-14) ..
4 law of valence. In each part of ’ ) ° :

its area, a given species shows a
greater ‘or lesser amplitude in -
rangingy,through various habitats
(or*communitiés); this: is -condi-
tioned by its requirements and
.. ‘tolerances, being satisfied or
nearly overcome.

5 Law of competition- cooperation
~Organisms ‘of 6né -or more _species |
‘occupying: thé:-game, Bite:over a
~—g'1ven period of timejcuse (and : -
frequently. réugé).the. sarie re-

- sourcges- throughf‘“vanlous éharing
processes which allow 'a greater’

. portion to- the most efficient ‘

.\«.

10 * Law of ecesis. The resources of an
unoccupied environment will first be
exploited by organisms with high
tolerance and generally with low
requirements, .

+

’

11 Law'of succession, The game -site
will.hot be indéfinitely “held .by the *
same ‘plant community, because the
physiographic agents and the plants,
themselves induce changes in-the -
.whole. envirEnmeht and these allow - E

< other_plants heretofore unable 43
invade, but now more efficient, to -

displace the present occupants |

,
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-
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12 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,

Law "of factorial control. Al-
though living beings reacj holo-
‘ cenotically (to all factors\of the
environment in their peculiar
conjunction), 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 ecological
status of others. -

Al k)
C Regiopal Climatic Response (15-20)
- @ .
.15 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 (macrodistribution),
since’ both are determined by the:

.same ecological amplitudes -and
ultimately by uniform.physiologica}
requiremefits. " - .

16 Law of climatic stress. It is at ~
the level of exchange between {ie
.organism and the environme
(microbiosphere) that the stress

v

-

.7 . -is felt which eventually-cannot be

overcome and which will establish
a geographic boundary.
~ .

17 Law of biological spectra, Life-
. form distribution is a characteristic
1 . of regional flords which can be

'ﬂrela.ted to climatic conditions

18

19°

20

21

22

.'~2.3’

"‘response can be induced in the -

.isolation.

I3
N .

) .

of the present as well as of the
past,

w of vegetation regime. Under:
a similar climate, in different
parts of the world, a similar
structural- physiognomic~functjonal

vegetation, irrespective of floristic
affinities "'and/or historical gon-
nections.

Law of zonal equivalence. 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 communities will also

be similar, '

v

L % - 1
Law of irreversibility. " Some,
resources (mineral, plant, or
animal) do not renew themselves,
because they are the result of a
process (physicallor bilogical) which
has ceased to function in a particular
habitat of landscape at the present
time, .

)

8 ’

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. -

Law of phylogenetic trends, The
relative geographical positions, »
withige species (but more often genera
and families), of primitive 'and ad--.
vanced phylogenetic features are good:
indicgtors of the trends of migration, 5

Law of ‘migration, Geographical - . .
migration is determined by popu}ation =

pressure and/or-environmental changes

Law of differential evolution., Geo- i
graphic and ecological barriers .

favor-independent, évolution, but thé
divergence of vicariant pairs is not
riecessarily proportionate to the gravity

.
\ < amma’
| ‘ .lk

of the barrier or-the- duration of

5,
9 '
{ .
" .
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\ 'fhe' Laws ovt"Ecologz '

25 LaWw of availability.,. The geo- IV THE LAW OF THE EQUIVALENCE
. ., .graphic distribution -of plants ' QF WINDOWS (deAssis)
= and animals-is limited in the ' - i .
*-  first instance by their place_ . ' "The way to compensate for a ¢losed
and time of origin. ) - window is to open another window." °

“ T

®" 26 Law of geological alternation. -
Since the ghort revolutionary )

' .. periods have a strong?selective REF%RENCES - . 8
) force upon the~biota,*high1y . .- Y ) )
differentiated life forms are mnsereau, P Ecological ‘Impact and Human
- « " are more likely to develop - cology, in the book Future Envirofimeénts. .

, during those times than during of North America, edited by F. Fraser Y

f l . o ¢quable normadl periods. Darling and John-P. Milton, The Natural . =~ >
: History Press, -division’ %8s Doubleday & o
ﬁ 27 Law of domesti.catigﬁ. Plants - Company; New York, 1966, 1970. . B
g . and animals,whosw selection ' . ., -
l e has been more. or less domi- deAssdis, Machado, Epitaph of a Small Winner. s £
- .nated By man are rarely able Noonday Press. 1966, .
- to survive without his continued . P ' S
' protéction. " - ) . -Hynes, H.B.N. The Ecology of Running -
) ' : Waters., University of Toronto PFess. -

B ! v - * . ’ 19’i0. . . ' . 'd Y o
l © II THIENEMANN'S-ECOLOGICAL ERINCIPLES ' ” LT

« These three principles apply to stream This butline was prepared by Ralph M., Sinclair, ° .

_ ‘invertebrates and will be noted specif- ° Aquatic Biologist; National Training Center, Ca -
' ) ically during your stream examinations MP&OD, ‘WPO, USEPA, Cincinnati, OH 45268. - .
: & asyou compare’ aquatic communities;, ’ - : -

'(“"; ' s * A The greater the diversity of Descriptor;/!(“:“i’j]_ogy. . . ’, ‘.

the conditions in a locality the~ - ~ .
larger is the number of species - : . R
which make up the biotic . . : . .o
community. . B

The more the conchtions in a - .
locality deviate from normal, TP Rl
and. hence from the normal . : . . ; T
optima of most species, , the ' o . .
smaller is the number of species - ' ‘ K .
. which occur there and the., : . - . 4
‘gregter the number of individuals S .
of each of the. species which do . )
occur, ‘ )

» - - e
. . - .
-

The longer a locality has been - . . , e
in. the same. condition the ’ S - SR - %
richer is its biotic community . . - %L LT e ~

- and the more ‘stable it is. - . S _ 7




I ,@TRODUCTION R Lo,
: [
A Any organism encountered in a gurvey is
of significance,Our probl is thus not
to determine which are of si cance’

but ather to decide "what is"the mgr_xifi-
 cange of each?"

B The first step in interpretation is
recognition. "The first exercise in
ecology is systematics. "

C ’ Recognition implies 1dentification andan
understanding of general re1ationsh1ps
_(systematics). The following outline will
" thus review the general relationships of
livihg (as contrasted to fossil) orgdnisms
and. brieﬂy describe the various types.

ey
D The speci'es problem .

AP

- -

1 Necessity of 1dentify1ng specgés

§

- - -Studiegq of *ecology of any habitat. g
require thetidéntification of the 5,
organisms’ found in it. One cafinot

" come up with, definitive evaluations of
stress on the-biota of a systemumless e

~~"  we can say what species constitute the .

. biota, Species vary in their responses '

to the impact of the ’environment,. ' AN

. ¢

7w Freere

A gy fy e 2O
I A

. A

2 Solutions to thé problem py

B Fm s as i

R Evasmn - RGN s

R Treat the ecosystem asa "black
/" -box"--a unit--while ignoring the e
constitution of\the system., This -
‘. " may prodtice some broad generalizations
R ,mand will | certainlygyield moré questions
. than answers,,{ Sy !

- N 4

t

——

Compromise

-Work only with those taxonomic
. categories with which one has the
* competence’ to deal Describe the
. -biotic. component as:a, taxocenosis
“lirhited. to;one .or two numeérically”
dominant taxonomic,categories,
o bearing yin ‘mind that numerically
taxa which- are ignored may: ‘be very ’
u.mimportant to the ecology of the~ecosystem.

S

¥ b ~«&~,’ -~ s ., T

L=ty

.-\'ﬁi'fé.'é?c“lo;g'"’ '

. 1 . -
— ‘

. .

AQUATIC ORGANISMS OF SIGNIFICANCE IN POLLUTION SURVEYS -

<
°

~ . 4

'Qi‘

. ‘ . structure.”

‘c Comprehensive des cription

Attempt a comprehens}veodescription
«-.. of the biota. No one.can claim
- competence to deal with moré than-»
one or two groups.™ Ehé cogperation
of experts must be obtamed The
Smithsonian Institution has a clear-
inghouse for this sort of thing, 1
. Lists of expert taxonomists can be
‘:.» obtained. There will be none for
uwsSQme groups. Also collaboration

is time consuming .-

»

3 Fung1 extracellular digestion
(enzymesg secreted externally.)
Food material then taken:in through
cell membrane where’ it ig-metab-

* olized aid reduced to the “miheral

W <
ondition, Ecologieally fgown as
. REDUCERS. - ‘ \

.t ¢
E Each of these groups includes simple,
smgle-celled represgentatives, persisting
\% ver levels on the evolutionary stems
e of the higher organisms.

2 .
7:.

ese groups span the -gaps between
higher- kingdoms with a multitude

& - ,pfﬁrmuiqnal forms. They are

collectively called the PROTISTA,

-

g

t

‘2 Within the protista two prmc1pal
* sub- groups can be gefined on’ 0 the*
'Basis ‘of relative complexity-of °

«
%

e

Y The bacter“ia. and blue-green algae, ’.'
‘lacking a nuclear membrane. .may
"be qqnsidered as the lowex_s
’ ~protis‘ta (or Monera). . - .
-~y

.b The single-celled algae and

s ‘protozoa are best referred to as

\ge higher protista.
F~ Eistributed throughout these groups will,
_ be found most of the traditionals"phy "
of classic 'biology PR I

e

e L

LU
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I PLANTS . S
4+ *A _The vasoular p‘lants are usually larger -
“and possess Toots, stems, and leaves.

3 3 ,
. 1 Some typés emerge above the surface .
: . (emersed):-
' =
2 Submersed ty'ped typically do not
. extend to the surface. :

A >

3 Floaﬁ‘ types may be rooted or free-

I ﬂoatm . A

Algae gederally smaller, more delicate,
* less complex in structure, possess
. chlorophyll like other green plants. *
4 For. convenience the following artificial
grouping is used in sanitary science:

) 2 o~ -
am R S e
(
, ,

N . "Blue- greén algae" are ‘typically .small

Structure

»

are dissolved in cell sap.

s+ . very simple, :

l\"“h_ .

‘ "Pigmented flagellates" possess nuclei,
chloroplasts, flagellae and a red eye -

. gpot.,
taining several remotely related organ-~
isms, may:b.e green, red, brown, etc.

’J

"Diatoms" have "pil]box" structure of
SiOg ---may move, Extremely commop.
‘Many minute in size, but colonial forms
‘may produce hair-like ‘filaments, -

.Golden brown in co;lor

4 "Non-motile green algae have no loco-
_motor structure or ability in mature .
condition. Another artii'icial growp, °©

| P 'Unioellular representatives may be
D T extremely small

- b Multiceﬁular fo,rms may produce
great ﬂoating -mats-of; material.

.
¢+

"I FUNGL -~ . . .
T . Lack chlorophyll and consequent]y ‘most are
.+ .7 dependent.on. otheriorgahisms:, They-secrete
. .:ext.racellular enzymes*and reduce,»compiex e
. 'organicvmaterial'to simple compounds which
IR they can absorb directly through the cell wall,

and lack an organized nucleus, pigments ’

This is an artificial group con-- ~ °

RS V- 7 BRYOZOA are small colonial sessile i

r

- ! o3 ‘ . *
. . -le ¥ , [
) , 1, ‘/{ i . . .
- o e g - -
v - . . . N .‘l

o

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

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

2 Heterotrophic bacteria are most
common, The require organic
L. material on which to feed,

B "True fungi" usually exhibit hyphae as the ,

A}
/' e basis of structure.
~ '

IV ANIMALS
A Lack chlorophyll and eonsequently feed on
or consume other organisms. Typically’
- ingest and digest their food.

-~

B The Anima]l Phyla

‘e
.

’

" 1" PROTOZOA are single celled organisms;
many reBembling algae but Jdacking © |
chlorophyll (‘é‘i’-‘illustration in "'Oxygen",

, lecture)., - & .

l2. PORIFERA are the sponges; both marin
‘* and freshwater representatives.

4

"3 CNIDARIA (= COELENTERATA)
. include corals. marine and fresh-
water jelly fishes, marine and
{reshwater hydroids. .

4 PLATYHELMINTHES are the flat worms
such as tape worms, flukes and Planeria, -
<" 5 NEMATHELMINTHESare the round
worms and include both‘free-living. "
forms and many dangerous parasites. .

6 ROTIFERS are multicellular micro- ..
. scopic predators, e

‘r e

4~ “forms, marine or freshwater,

Ly

52 ' ’\47.3"A
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“1

. .
. PR

.

MOLLUSCA include snails and.slugs,
clams, mussels and oysters, squids. .
and octopi. )

o

s

BRACHIOPODS are bivalved marine

organisms usmav.ll;r observed as fossils,

) ANNELIDS 'are‘the Segmented worms
such as earthworms, sludge worms and.
: rYi“afny*iharine spécies‘. T

ECHINODERMS include gtarfish, sea
urchins and brittle stars. They are.
exclusively marine. ’

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

ARTHROPODA, the largfst of all
animal phyla. - They have jointed ap-
p dages and a chitinous exoskeltor.

a C USTAC'EA are divided into a*
cephalothoraz and ahdomen, and
have many pairs‘of appendages,
including paired antennae,

1) CLADOCERA include Daghina
a common freshWater micro-.
crustacean; swim by means of
branched antennae,

‘ANdSTRACA (-‘-’PHYLDOPODS)‘
are the fairy shrimps, given
*to eruptive appearances in .
_ temporary pools.

2)

gy

‘freshwater microcrustacea--
swim by means of dnbranced
antennae.

OSTRACODS are like micro-

copic "clams with legs, "

ISOP’ODS .are dorsoventrally
compressed called’ sowbugs. .
Terrestrial and aquatic, marine
and freshwater.

..

'AMPHIPODA knOWn as.scuds,
-Jaterally compressed Marine" '
and freshwater.

COPEPODES are mgfine’and - *

) DECAP.QDA - crabs, sﬁrimp,
> crayfish lobsters, etec.
Marine and freshwater

b YINSECTA - body divided into head,

" ‘thorax and abdomen; 3 paris of legs;

adults typically with 2 pairs of <

wings and one pair.of antennae. '

No common marine species; Nine

of the twenty-odd orders include

4 species with freshwater-inhabiting
stages {n- their- life history as. follows:

.
Se
[N .
- s
;
“‘"‘- ® t B b
I P i C dap - PR i e
B e tan e AR it s wh $02

RO T

R K N

)

opon x o

pa T~
.
.
B
H e < T
e Wagows L Tler oo
T e R

WA A=Y -

SaE

T 1) DIPTERA - two-winged flies
2) COLEGPTERA - beetles
-3) E?}ITEMEROPT RA - may.-flies
4) TRICHOP?ERAT- caddis flies
5) PLECOPTERA - stone flies

° 6) ODONATA - dragon flies and-
damsel flies - . ;S

7) NEURGPTERA - alder mes,‘ :
Dobson flies and {ish flies. ~

8) HEMIPTERA - true bugs,

. suckinginsects such as water
striders, ‘electric light bugs «

| and water boatman

PR RN

b3

LEPIDOPTERA - butterflies
.\ -and moths, includes a few
_ freshwater moths

¢ ARACHINIDA - Kody divided into
cephalothorax and abdomen; 4 pairs
of legs - spiders, scorpions, ticks
,and mites; Few aquatic repre- -
. 7. sentatives except for the freshwater; *
- - mites and tardigrades.

Y \

-~

“C CHORDATA . e

. 1 PROTQCHORDATES - primitive marine °
forms puch ag-acorn wormfs, sea ¢
squirt and‘lancelets“

- .
~
e

e - : e
2 ﬁR 6B RATES a11 animals which =
T Thave a packbone ‘
a‘}PIC RS or fishes{fﬁcluding such
* formp as sharks and rays, . -
A . Jampn eys, “and’higlier fishes; both

T mar ne- and freshwater

o
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b- AMPHIBIA - frogs, toads, and ’ REFERENCE . yoe
b .. -salamandets - marine species . v
b . " rare, » . Whittaker, R, H.  New Concepts of S
- l e . B - . Kingdoms of Organisms. Science -
: . ‘¢ REPTILA - snakes, lizards and 163:150-160, *1969, N
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Aquatic Organismspf Significance
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Osoillatoria sy, filaments (trichomes) range from .6 to over
OAt in diameter. Ubiquitous, pollution tollerant. -

7. .

Lyngbis spp.. similar to Osoillatoria but has a sheath: -
A, Lyngbia oontorts, reported to be generally intollerant *
of pollution; B, L. birgel, - Ca

¢ -

anizomeno -flbs-ggae .
A, ocolony; B,filament

" Anabaena flos-aguas
A, ekinets; B, hetercoyst
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BIOLOGICAL ASPECT
S |
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1 INTRODUCTiON

A The results of natural*self purification
.processes are readily observed. Did they
" not exist, sewage (and other organic -
wastes) would foreyer remain, and the
worldas we know it-Would long ago havé -
become unifihabitable. Physical, chemical,
and biological factors are involved. The
microscopic’and macroscopic animals

-and plants in a body of water .receiving
organic wastes are not only exposed to all

of the various (ecological) conditions in

that water,- but they themselves create and
profoundly modify certain of those conditions.

Since toxic.chemicals kill some of or all. -
of the aquatic organisms, their presence
disrupts the natural self purification - |
processes; and Hence, will not be considered’
here. The following discussion is based
solely on the effects of organic pollution
"such as sewage or other readily ox1chzab1e
orgamc wastes,

a "stream" since under the c1rcumstance§2§
of stream or riverh«flow, the events and
conditions dccur in a linear; guccession.

The. same fundamental processes occur in
lakes, estuaries, and oceans, except that
the sequence of events may become:

telescoped or confused due tothe reduction
or variabihty of water movements.

{

-

The particu]ar biata (plants and ammals,

below are typical of central United States.
' Similar or equivalent forms occurnin
.8imilar circumstances in, other parts-of.-
the world, ; .

This presentation is based on an unpublished

. chart-produced by Dr.- C.M Tarzwell and
" his co=workers in 1951, Examples from
this chart are;erpployec.:l in the presentation,

. -

OF NATURAL SELF PURIFICATION

II THE STARTING POINT

—~§-7—e This—deseription—is basednn_the_conceptaof_.____,s _The : temperature affects both certain

or flora and fauna) employeH as- 4llustrations . -

»

A A normal unpolluted stream is assumed
- asa starting point, (Figure 1)

Catin u

B The cycle of life is in reasonably stable
ba]ance.

<

o
3P

2nTens
Af o Fey K

»

C A great variety of life is present, but no
one species or type predOminates.

-

R

D The organisms .present are ad;usted to the
normal ranges of physical and chemical
" factors characteristic of the region, such
as the followmg.

£

1 The ]atitude, turbldity, typical cloud
cover, etc, affeg;c» the amount of light
penetration and:hence photosynthesis.

2 ‘I‘he.slope, cross sect1ona1 area, and
nature of the bottom affect the rate of
flow, and hence the type of organisms
present deposition of sludge, etc.

o matn

« Tibr pLa

physical characteristics of the water,’
and the rate of biological activ1ty
.(metabolism).

..-'

- -

4 Dissolved substances paturally present
in the water‘ greatly affect living '
; organisms (hard‘water vs, soft wa.ter .
fauna and ﬂora)

-

-

E’ Clean water zones can usually-be.’

characterized as follows:

1 ‘eneral features'

’

- a Dissolved oxygen high
"-b BODlow

¢ Turbidity low

d Organic content low .




7 R e A ",’f :ﬂ‘i’w‘;r%;:i“, B - [T e jww‘ R ; '. . . - 4edba ool ‘—w-jfn:xnw-.;gz‘:t
Y " o ‘ YA
. . Y - — 7‘ ~
Biolog}cal Aspects of Natural Self Pur1f1cat10n < : I: '
o R . . ' [
. - - -
| ) I
[} . . *

(\
.
-
-
*
]
)
\
[
'
'
7 .
:

it B
%
' 1 > ! »
) . -
[ g -
D e 4 . . : . . .
- ‘ THE BIOTA - {
. .
. .
. . ) .
! .- . .
. . . . -’
. .
,
. . ,
:
.
é ' W - . ‘ -
i
s . -
N L]
L | '(f‘ ]
l‘ . A
.............. -
. _ aor

o
..
L *°
0...

S

b “Ce, soee®

BCTUCRG E

(=]

POPULATION IN 1000's/sq. ft.
P
B N .

VARIETY (nb. Of species): o 0sc00ssebene SO0
N
(=]

. 2_1 0 1 2 3 4 5 6 7 8 9 ; £
. DAYS *
- . . 24 12 0 12 ‘24 36 48 «60 72 84 96 108 b
MILES - I
PN 1 = - . M
{ . e o " T ]

P s -

F1gure 1: Relations between variety and abundance (productmn) of aquatit life,
as organic pollution (discharged at mile 0) is carried down a stream. Time

and distance.scales are only relative and will be found to d1ffer in nearly every
case. After Bartsch and ];ngram.

-

[ .'v :
s 5
\ . R
~ e i
. . i
~ < z
L e B
- g <,
. . s
.
- %
" . A SRy
; . o R
. #
% « [
7' . . -
5 ' ?
. ) -
’
. N .
‘ <
f
. -
] .
~r . eid
. i . T,
[NV N - .

g ST Al B e




R e e I R T -

[ : . A R »

. SR - 1
Biological Aspects of Natural Self Purification
o i . he
Bacterial count low ) . well organized events are initiated,
. ) TITwem e~ oS Important items to observe intmterpreting
Numbers of species high. ° o the pollutional “significance-of- stream .
. organisms are the followmg T
Numbers of- organisms of eachfspecies -
moderate or low ) * ' B--Numbers_of species present they tend to :
. ' decrease with pollution, ™ - w2
h *Bottom free of sludge deposits . .
' ‘ ) . C Numbers of individuals of each species
2 Characteristic'biota includes a wide . tends to increase with pollution. g
variéty of forms such as: e i
{ e - - D Ratios between types of organisms are. :
;" ' . ' a A-variety of algae and native higher Jdisturbed by pollution,
o , .o (vascular, 'or'rooted) plants ' : ’ v
o 1 glean water species intolerant of
b Caddis fly larvae (Trichoptera) organic pollution tend to become®scarce
l c > . and unhealthy. .
.C* Mayfly larvae (Ephemeroptera)
* . 2 Animals with air breathing devices or
l . . d Stonefly larvae (Plecoptera) habits tend to'increase in numbers.
- e Damselfly larvae (Zygoptera) - 3 Scavengers become dominant -
:'""l - f Beetles (Coleoptera) .. - - 4 Predators disappear . .
(% ¢ . v
) " g Clams (Pelecypoda) - : 5 Higher'plants, green algae, a,nd most
X l g . . - : diatoms tend to disappear. ¢
: ' 'h Fish suchas: : - ” . -
P A L 6 Blue green algae ofteﬂecome -
§ I - Minnows (Notropid types) . conspicious e —
i S - - Darters (Etheostomatidae) E The importance of observations on any
oy : ) single species is very slight, °
l - Millers thumb (Cottidae)
o e - Sunfishes a.ndbasse&(Centrarchidae) IV THE‘rZONE-OF -RECENT POLLUTION o
I —_ “." - Sauger, yellow perch, etc. (Percidae) A The zone of recent pollution begins with G
e, . ; _ the act of pollution, the introduction- “of .

- Others o C - »‘«\.‘,ﬁ_&_;&‘ : ‘excessive organic matter; food for
\ . T microorganisms (Figure L , day 0)
.3 Organisms characteristic of clean lakes, -- T T e
. . estuaries, or oceanic shores might be B There follows a period of physical mixing. :
.. gubstituted for the .above; and likewise . : N
] in the following sections. However, it ~ C Man'y animals and plants are smothered L
. ‘should be- recognized that no single or shaded out by the suspended ma.terial - :%
o ' habitat is'as thoroughly understood-in : e - 2
- this regard as the freshwater stream. ) D With this enormous new supply of food
- Coe o o %Mater“ig_lﬂabacteria and other saprophytic ,
. microorganisms beginto-increase -~ _ ..
III POLLUTION :

rapidly. X o

c )
: ‘*~.‘ 5 A With ‘the introduction o£ ‘rganic pollution ,
(Figure I day 0), a succession of fairly RS
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BioL@.cal Aspects of. Natural Self Purification
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E The élimination of mtolerant predatory
animais allows the larger scavengers to
take fu}l advantage of the situation, -

..This explosive growth of organisms,
particularly fungi and bacteria, draws
heavily on the free.digsolved oxygen for
respiration, and may eventually eliminate it..

G The number of types of organisms diminishes
but numbers of mdividuals of tolerant types
may increase.r s

Lya

>

L

H Zone of degeneration, or recent polution,
can usually be characterized as follows:

.

1 General features:

green algae .

+

N .

,Midge larvae (Cﬁironomidae) may
become extremely abundant

.

;Back swimmers (Cor:.xidae) and water
‘boatmen (Notonectidae) often present

-

I:Sludge worms~-(Tqbificiciae) common
‘toabundant.

N

T -\_,...,,A P

\.

LRI
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“f Dragonflies (Anisoptera) often present
have uniqie tail breathing strainer

‘

Fish types, :eg:

’

Fathead minnows (Piméphales
promelas)

White sucker (Catostomus
commersonni )

Bowf{in (.Amia calva)

Carp (Cyprinus carpio)

- V THE SEPTIC ZONE .
a DO variable, 2 ppm to saturation A The exact location of the beginning of the .
i septic zone, if one occurs, varies with :
.™%  p BOD high b season and other circumstances. . )
. (Figure 1, day 1) E
¢ Turbidity high “ . . . :
e ) B Lack of free DO kills many microorganisms -
. d Organic content high ¢ and nearly all larger plants and animals, ' )
: . . again replenishing the mass of dead :
e .Bacterial count variable to high organic material,
hS f Number of species declineg from . " C Varieties of both macro and micro- l
clean water zone organisms and adjustable types(facultative) '
i' that can live in the absence of free oxygen :
g Number of organisms per species . (anaerobic) take over.: ) l
tends to increase L - .o
D These organisms continue to feed on their
h Other: Slime ‘may appear on bottom bﬁnza of food (pollution) until it is l :
T, : depleted. -,
2 Chara.cteristic biotas, S : :
E' The numbeTs of types of organisms is now *
... a Fewerfhigher plants, but rank heavy at a minimum, numbers of individuals
growth of those which persist may-or may mot be at a maximum.
b Increase in tolerant green, and blue F The septic zone, or zone of putrefaction

can usually be characterized as follows:

1 General features: g
- . m‘

a Little or.notDO during warm weather-—

¢

b BOD high but decreasing

c Turhidity high, ’dark; odoriferous
d GOrganic ‘content” high but decreasing

s
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_e, Bacterial count high °

_ f Number of species very low

g Numbe?r of organisms may be extremely

high

h Other: Slime blanket and sludge
deposits usually present, oily . .
: appearance-on surface, riging gas
bubbles

” - ~

2 Characteristic biota: :
" ‘a Blue gréen algae
-b Mposquito larvae

R ¢ Rat-tailed maggots \

d Sludge worms (Tubificidae and similar
forms)., Small, red, segmented
(annelid) worms seem to be character-
istic of this zone in both fresh;and
salt waters, the wogld around,

e Air breathing snails (Physa for
example)

f Fish types: None

Note: Fortunately, all polluted waters

do not always d erate to "'septic”
conditions. i

, s

VI THE RECOVERY ZONE

A The Septic zone gradually merges mto the
recovery zone. (Figure 1, day 4)

«B As the excessive food reserves diminish
“* o do the numbers offanaerobic¢ organism¢g
and other pollution tdlerant forms. .

~’

C As the excessive’ demand Tor oxygen .
diminishe free DO begins to appear and
hiiiring (aerobic)

. organisms.

(,
-

-D A’s'the suspended material is reduced and
available mineral materials increase due.
to microbial action," algae bégin’ to”increase

often in-great gbundance.”  °©

\

J

" for food,- general animal growth is resumed., \
k T

-

Photosynthesis by the algae releases more
oxygen, thus hastening recovery.

Since algde require oxygen at all times
for respiration (like animals), heavy
concentrations of algae will
DO during the night when-it is not being
replenished by photosynthesis.

Consequently this zone i8 characterized
by extreme diurnal fluctuations in DO.

B -
-

. -

The stream may now enter a period of

excessive productivity which lasts until
the accumulated energy (food) reserves
have 'beeh. dissipated.

-2

Zone of recovery may-usually be o ' L
characterized as follows:

.

1 General features:

“a DO 2 ppm to saturation

b, BOD dropping - : : =

c Turbidfty dropping, less color and'
odor

d Organic corttent dropping

e Bacterial count dropping ‘ N
’ v - . ot

&/Ngmbers of spe‘cies increasinE' .
g bers of organisms per species .
.deereasing, (with the increase in \
. competition) +

h Other:r I,.ess slime and sludge;’

2 Characterfstic biota 5

a, Blue green algae

b ToIerant green ﬂagdla(tes and othe'r

c Rooted,higher plants in lower rea ches .,

. “"‘-

-

’:d Midge larve (_C_hironomids)
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e Black fly larvae (Simulium) " REFERENCES . ‘
f Giant wbiter. bugs (Belostoma spp.) 1 Bartsch, A.F. and Ingram, W.M, o
. T Stream Life]::i and the PoH%on Envjron-
.g Clams (Megalonais). . * ment, Public Works Publications, * :
: ‘ July 1959, Vol 90, No. ¥, pp. 104110.%
h Fishtypes: 2 Gaufin, A.R. and Tarzwell, C,M#

Aquatic invertebrates as indicators of

- Green' sunfish (Lépomis cyanellus) . stream pollution, Reprint No. 3141

. - Common sucker (Catostomus from PHR. 67 (1):57- 6‘% 1952.
: , commersonni) R . 3 Gaufin, A.R. and*Farzwell, "C.M,
o : L #'  Environmental changes in a polluted
' - Flathead catfish {Pylodictis olivaris) “stream during winter. Am, Midland
vy / : Naturalist, 54:68-88.~ 1955,
- Stoneroller minnow (Camgosto | ( o ] “
anomalum) . _ 4 g}aufin, \5 and Tarzwell, Q.M.

Aquatic macro-inverfebrate communities

- Buffalo (Ictiobus cyprinellus) as indicators of organic pollution in

.

. Lytle Creek. Sewage and Ind. Wastes
3 Excessive production and extreme 3 28:906-24. 1956,
4 variability often characterize middle and .
. lower recovery zones. 5 Hynes, ‘H.B.N, The Biology of Polluted
) Waters. Livernool Univ. Press.
4 Unfortunately, many waters once”'ipolluted pp. 202, 1963,
neyer completely "recover’. Re- . '6 Katz, M. and Gaufin, A.R. Theé effects

pollution is the rule in many areas so
that after the initial pollutmn, clear
# out delineation of zoRés is not possible,

of sewage pollution on the fish populatmn
of a migwestern stream.’ Trans, Am.
Fisheries Soc.e 82:156-65. 1952, * -

Characterization of these waters may - )
involve such parameters as productivity, 7 Reish, D.J. The Relationship of the °
’ BOD, some "index" figure, or other Polychaetous Annelid Capitelld capitata,
value not ihcluded here. . " (Fabricius) to Waste Discharges of
. « 0 Biological Origin. In: Biol. Prob.
e viI CLEAN WATER‘ ZONE e Water Pol. - Trans, '1959 Seminar,

Robert A, Taft Sanitary Engineering

A Clean wa&r conditlons again obtain when \ Center, USPHS, Cincinnati OH )

productwity has returned to a normal, . Pp. 195 200, ¢ b
relatively-poor level, and a ‘well balanced ‘8 Biology of Water Pollutmn FWQ,A Pub,
varied flora and fauna are present s CWA-3 eferences w’ith an asterisk’
(Figure 1, day "10") Conditions may ‘are reprinted in thig publication. 1967.-
usually be characterized as follows' ) : ) < S . :
o ' - v ~y
\B General features: similar to upstieam . b '
_clean water except that it is now a.]arger
' stream. - B
C Characteristic biota~ similar to upstream : . . _ R . i
< clean water fauna and*flora except that *~ - | This outline was prepared by H. W, Jackson
species inclyde those indigenous to a’ Chief Biologist, National Training Center,’
. larger stream. .- DTTB, MDS, WPO, EPA, Cincingati, o -

Rl

i ., « OH 45268 o .
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C SIGNIFICANCE OF EUTROPHICATION - - B
e — .. . ) -., a ?" - - ,
INTR‘ODUCTION e T - .C An natural eutrophication does not B
P ' . necesssrily lead to the elimination of -
Eutropheication may be defined brieﬂy .water basins; 6ther gedlogicprocesses
as enrichment (of theaquaticenvirons< =~ -~ ~ . -often mtervene. “But it is interestink - "
'ment) leadmgto the production of aq'_.atic " to'note that vast’ quantitie,s "of carbon, ) :f
_ life, Itispartandparceloftheprocess < hydrogen; and oxygen have been.immo- . . ,.j
of Tmtural»self“ﬁumﬁcati'ono o ‘-;' - “bilizedinthe earth's crust as coal and g
o .. . peat measures as the’result ofseutro-
Product1v1ty is defined briefl'y as the® phication and biological productivity in T
abjlity of water (or land) to.produce a " the Ca"mniferous (late Paleazoic). o
crop of livmg things. ) . . Streams may have a natural productivity :
& .. * resulting from ma.terials- leached, from o 7
A ba.selme assumption of the present ' bedrock or other materyals. . ’
disé¢ussion ig the-absence of toxicity. = * - 4 .
. . . v '
NATURAL EU’l‘ROPHICATION o EU OPHICATI(?N BY MAN )
N A C A Covert (Concealed) Eutrophication via -
Eutrophication may occur naturally in Soil Seepa e -
the course of geologic timé, . ge, c
Cot . . i 1 This is a-slow but sure route for much -
The classic exampleisa "pot=hole''lake - nutrient material deposited in or on
formed when a large block of glacialice . the ground to reachgquter. '
(which had been-buried in sand and °. s 2 A limited(?) and unknown amount -~ '
gravel) melted. Tow of production occurs in the subter- 5 -
1 ‘At the outset, it was a barremho‘le . ranean environment. This includes
S inavast gra.veilplainfilledv\pth ice- the growth of soil bacteyia and
N . ey . - . sother fungi, or animals, and does e 3
' o . not generally result'in the entpain- ,
2  Life quickly betame established as ‘- ment of aYditional energ—eontenff—_’
. . bacteria and algae drifted in. -The. <in the biomass (mass of organic:  , .
nutrient base at'this time was the . substance). !

morganic d1ssolved solids in water, . .
X 3 Duetothegenerally low rateof water '

ey Fon ohdnde

3  As time wentfon, dead organic o seepage through soil, visible eutro-
matter began 6 accumulate on the ¢ . ‘phication of open bodies of water by -~ .
bottom as ooze. ' Rooted vegetation - - this route is likely to.be slow to ;
crept inaroundthe dhore,: Leaves, _ , develop, and equally slow to digsi-"
sticks, and othér dead organic matter . pate, should the sourcebe eliminated. - %

ol accumulated" around thel margins un- . oo ) DA Tl
+ il a mat of sodand peatbqgant R 4 Examples could be cited from ”:
build out from the shores. This over- O ) Floridb. to Washington and Maine to ..  *°
growth cqntmued mtil the'water was .-,' K California Sources of the nutrient v
closed over and ioog resulted, Bog . ¥ are generally seepage from agri~
grew into solid id soil and ﬂxe lake o \,.cultural' crop fertilization, or soil . .
'disappeared forever y v . : z ;absorption from mdividual sewage a- Tad
v - .. ‘s R

4 The procésses. of eutrophica”tfon s -«gdisposal systen}i.s. ‘ ;{-' Yy
therefore ledto ‘the self: elinﬁnation e
of the’ lake by means of organic 2 ) =B Overt (Open) Eutrophication - .
m{tter essentially produced within . -1 Raw was’te discharges of sewage, - - :

. its own confines'and the- immed.iate P dairy wastes, food f;rocessing ~ 3
-erfvirons. B - o B ’ © - :wastes, etc. )
R &
61,

. T

A 4 - ‘
! » ._.:8'0\
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ldl;ely to be conspicuous,

a . . ually leads tothe develop- ’l; '
intermittent, and, obnoxious. mentgfblooms of plankton organisms (-
. K A = * " causing tastes and odors, or the
b -Often create nuisance zones in # development of an anaerobic hypo- *
streams;or lakes during which " limnion with décompanying HyS and- - - .
. * mineralization takes place. . other problems. - ¢ -
“b\\ Environmental eutrophication 2w . Entichment of a fishing lake is . A
. . cannot begin until mineraliza- o Sonsidered’good to the point where N :
X tion has proceeded tQ apoint ~ . . > maximum fish production canbe ob N
wherebasicplant nutrients are’ tained, / £
available, although vei'y heavy. . " ’ Iw
*. ‘"consumer" growth (scavenger B Eutrophication exists in many degrees; .
. animals) may result from direct, - a little may be good, too much may be
feeding on the ‘waste itself. ~. bad. . '
2 Treated waste discharges C  Alittle natural productivity (eutrophica- ‘ "
e co > & - tion)plusalittle man-made productivity )
; - 8 Generally less environmentally may lead to too much total productivity.
traumatic than'raw Waste; nui- . v .
> sance zones ﬁe§s‘00mmon- H "D Eutrophication is inexorable and inevi-
: - - oy tgble. Once the basic ingredients have g .
o P Conventional secondary treat- been dumped irto abody of water, some-
ment less damaging than pri- where, sometime, they are sure to be
. mary treatment alone. ¢ agsimilated by an organism and thus . l
. contribute to new growth. Burial in a.
c Reszdualnu&nerals and energy - ‘sludge bank or- discharge on a flood -
content «4till inevifably avail- . .si- ~ githply delays the result in time or
. able for eutrabhication...... ~ : changes the location. l
3 Hvert eutrophxcanon génerally more E Deliberatel encouraged eutrophmatxonm .
*emedlable—&nd—subject-to—control—— —*—mayé'o'n’sﬁéf_éﬂfnal stage in treatment, [
than covert. ) i
' Waste ﬂ%wis completely con- V. 'CONCLUSION \ )
troliable (Ba"rrmg accidents), . = - i ) i -
as,compar ed 10 diffuse seep- ‘ Eujrophication is ne1'ther good nor bad, but N
. 2 g o through goil, thinking makes it so! (Apologies to Shake- o
~ 6 (L e > speare) s = A
b Thé ntity of, eutroph1c mater- . - - '
"y, 121 $n 2 body of witer at any given T e P
t.zme is finide and degradable.’ . < .
Given time," without replenish- ~ - REFERENCE : .
a ment, it will be. exhausted. Stewart, KentonM. and Rohlich, GeraldA SR
Sy s . * Eutrophication - & Rev1ew. Publica- o

-
-l‘
e tEN
¥ RS
a L.

- as it

tion No. 34, California State Water

8 SIGNIii;JICANC'E O'F EUTROPHICATION

A point of view such .as a water. qua]ity . /\

objective, "for example,. is necessary

- for’ the evaluation of eutrophication.

ot
. . Enrichment of a water supply res-
ervoir is generally considered bad,

4 .
i

-

Wl PR

Quality Control Board,,p 188. * (1967) "

P
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( This outline was-prepared by H.W, Jackson,
‘Chief Biologist,
Office of Water Programs, E
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National Training Center,
EPA, Cincinnati,
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I Estuaries are.the. hydrologic exit points .
"for inland lakes and streams and the oceans»\

are the’ receivmg we.ters

The accumulated pollutfbn load of the entire
-central portion of the country is disyged
through them;

A Estuarine waters are th\us essentially
“river waters! near their heads merging
r\seaward into typically }narine waters,
rMixtures of fresh and salt water are
called "brackish. "

.. B Bays and the open ocean are essentially
similar in water characteristics but .
usually have distinctive patterns of water

/ circulation.

C Approx:mately one third-of the population
of the U, S, (6ver 55 million people) lives
on estuaries; and seven of the worlds ten *
greatest cities are on estuaries.

£l

PR A

I MARINE WATERS AS RECEIVING WATERS

A Marine waters are extremely "hard, "

&, compared to most’inland.waters, The
total dissolved solids content is measured
in terms of parts per thousand (%)
rather thanearts per million.

’

1 Water from the open ocean ranges

‘* » from 33-35 parts per thousandof total
salinity by weight (33, 000-35,000 ppm)t

‘ - \s‘m

2 There is considerable readJustment of -
the/dissolved solid ratios a8 inland v
waters mix with smater.

solids, suSpended in

nay’ be ‘dissolved inswpy

reas;other .

a Some ~of t'
.river water,’
.oceanic: water,

- POLLUTION OF THE MARINE ENVIRONMENT

A2

} . . ; s

> * v o vt

L. ' o~

. . .o i

%

\ MG g . v

.

i

. :};

materials may be precipitated ‘and e

. «.,dropped as silt, " There is thus a

u.prelated to man-made pollution.

e,

--certain amount:of “natural'’- siltation j

> .
Rm g -4
. N "‘sf’“‘rm e, ¥ . P
N :_ Lo VRSO . W
E Ly .
.
-
N .
/ ~ : . . .
et ~
~ . .
.

b It has recently been established
that much of the silt in" certain

estuarié€s is of oceanic origin. In
*  others it is of river origin. - )
™ b N ’ ) ‘ :, 'z
¢ Biological assimilation removes , N

¥ ¢

additional material from solution,

B Thereis a great (but not inexhaustible)
'capacity1for dilution in the oceans.

.

1 Though we ‘will probably never approach e
the assimilative, capacity of thejopen .
oceans as a whole for-the natural
purification of sewage type wastes,
severe local disturbances of the natural

.ecological balance ‘(pollution) are legion <
in coastal areas. - ~

Safe dilution limits for radioactive

wastes appear to be definitely limited.

"3 The effects of conditions in abyssal
depths on waste storage containers

e, cgnnot currently be predicted.

—

. b Oceanic water masses aré’knownto .. .
turn over-and major “currents o, Lo
change ‘at long or presently unpre- A
dictable intervals,

Long half-life radioactive isotopes |
..could accumulate dangerously in the °
‘biota.”

+
s Y. L3
,9§c w

Il EFFECTS QF ORGANIC OR SEWAGE- :
TYPE POLLUTION‘ > '

-These materials while»zdetrimental can .
‘eventually be metabolized by biological SO
processes. C

3,

! It should'be noted that many brackish water
forms -pan,tipularly those adapted to life in
brackish ‘narshes’and tidal flats, are highly
tolérant of variable cond:.tions, ofter naturally
includmg high organic content. TheSe then~ -
might be expected to tolerate moderate

. ‘e‘

-

R

»
-
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‘amounts of organic pollutmn arid could be
* listed as "fat:ulta'tlve " -

3 é‘-.’ - [y . . .
A MolIuscs Lo e v
- .e N ’ ' /' »
1 stterg (such as Cra§§ostrea nglmca)
+ and mussels (such-ag Mytilus edulis).?
. /\ are dttached and ungbje to move to

-t overcoxne 's11t acc ula'tion. . .
— . — 4 . . - P _kA'“ ) :-’m‘
¢ .a Slow sﬂtatﬁxﬁ results in upward .

Aelongat_lvon of &xisting individuals.

\«.; -~ . . v’

b Continuous accumulation of silt will
prevent the attachment of young

larvhe. g
. > 3 ~ ¢ -

drganic pouution is usually sef;va;ge

. - and mussels ecologically, but also
renders ;inem unacceptable for~
] sanitary reasons. g
- h - '
d They seem to be able to tolerate '
consxderable mterm1ttent oxygenﬁ% :
depletlon . *

R . LIS « \ Q‘ €

2, The term "clam" 1nc1ude$ such forms
as the hardshéll cldm or quahog .

(Mercenaria nfercénaria) and the.
*- softshell 8lam (Mya arenarja) of.the

«patuld) and geodugk (Panopﬁgenerosa)
of the Pacific coasts.- P
e
. . a, Bemg’ anattached and naturally active
. burrowers, these dnimals’are able

. to, overcome sheer-sﬂta.tlon.

- 3 Sn;ceclaxhs and oysters ; are plankton
- feederd, ;it should be noted that they -
..are parucularly liable to the accumnla-
tlon of radloacﬁve wastes N
. S
“a Some radioac’dve isotopes are .
/'. eass1m11ated by certain algae and,

.y

phytOplankton. .
. - .
S s&ru . . .
BN
s . R '
. - . e ..‘. . «, . A e
RO T SN ” . o -
O ~ . . s -
o, . :‘:}& R : . B . - , 2
LTI ’
Y 7=2 .“wi s I
RIC -7, = 7 #B . 5  w “
" o N -l B AR ! -
D RIS - ORI S i

tes ; v .. " " turn be assimilated by them. )

which not only éliminates dysters s -

s .

Atlantic, and razqr clam (Silijua - p

! @vanety of annel#forms often i )

3
4
B

b As the bivalves feed on the plankton,
these radioactive chemicals will in

e

Details have yet to be worked out,
but prelimifa¥y investigations have
demonstrated the basic facts.

-z

v

_ 4 Some snails have known responses
~ to pollut1on and other ecologlcal factors,

a The mud snail (Nasg§a-‘s )I is often
“found on shallow t1§a'1 mud flats with
high tempe_rat_ures and high organic

" content. a

»
Y - i

b The European snail (Bulla stricta)
is listed as b_éuing favored by pollution.
. . P \ .

.
L
. PN X
» FUNROAT - 8

ey

3

4

1

B Annelids

!
-

N A type of annelid worm kno as sludge -
worms are found to be f_fag):e by severe .
. organic pollution, even th®ugh anaerobic

- corditions may obtain, These are repre-

: sented in freshwater by such genera as
Tubiflex and Limnodrillus and in sea-
waters by Spio fulginosus, Capitella

" capitata and qthers, ¢’ N

-
Y

?
1e

1 Due to their possession of hernoglobin
they are -able to extnact the last trace’
‘of *avallable@xygen from polluted -
water, and there is good evidence, that
" at least.some of. them may utilize’
c bound .oxygen under dnaerobjc cond1t1ons.

PO

L4

- .

e, ST . dofhinates the fauna of a polluted area, . =~
= b Their sens1t1v1ty-to°oxygen depletlén . even whe'n industrial-wastes are .. i

o~ resemblés that of the oyster. < prevalent ST
,4. 2 \ . J . . M . . 0

aﬂ‘& 3 Members of this groupgappa.rently feed -+ -.
e actlvely on the orgamc mud or sludge -
o - self - - Yoo e
. - ', -. T ) S f S
-~ C Heaﬁ/ og'gamc pollution wﬂ.l eliminate the
, macrofauna and-flora of* an egtuary or
. ocean front, ;aB~in 2 fre‘shwater river or -

’ lake, 1argely as a result of oxygen R l

."
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. Table II - Pollution Tolerance of Marine Organisms e e

. (As reported by Von Wilhelm, 1916 and Mohr 1952)

,
[{
3

2 ® ¢ -
THALLOPHYTES
Chlamydothrix .
... Enteromorpha spp.
et . Ulva spp. -

Response to Pollutmn ' -
Favored

Facultative . v

Intglerant . . L

PROTOZOA (Cmophora)
Eutreptia .
¢ Vorticella (Campannla type)
Epistylis ,
aginigola :
Elplotes , .

Stylonychia . .

O S -

Lac aria
PLATYHELMINTHES

(oo Plagiostoma girardi
MOLLUSCS i

[y

Bornia corbulo1des

Capsa frigilis ) -

Tapes aureus
' Bulla stricta

Dirois verrucosa - .t
Spurilla neapolitans

- . Mytilus edulia ‘

Cardium edule .
ANNELIDS .
’ Spio fulginosus
s» Capitella capitata .
. Arenieola claparedei & A. grubei
Hydroides pectineta & H. uncinata’ -
Spirographis salanganis’ -
Staurocephalua - rudoiphi *,
Sternaspis thalass:.gfgdes
ECHINODERMS |, °
. Asterias tenmspma
BRYOZOA .
* Bugula avicularia & B. calajjgus -
' Bugula purpurotincta =4
CRUSTACEA .
foos Nebaha golatea s
- otus- sexdentatus
Ba.lanus spp. ° .
TUNICATES =~ .
v Cione intestinalis

g
- ‘Botryllus: aurohneatus . / .
©", BoxBalpa - .
x - indicates general degree of tole rance

%X - strongly favored
.- R T ' .Lé
: : y
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#»  deficiency, or the physical accimulation

of a.slifdge blanket on the bbttom,. Living
matter, however, is represented by
.bacteria and molds. The impoundment
of inactive water over such an area .
hastens this c}estructwe process.

-1 Ag distance up or dqwn the estuary .

S provides timé.and dilution, biological

to the point’ @ere some elements of .
' he macrofauna-and flora can live.

2 These tolerant species, such as, those
‘noted above, then take advantage of the
increased concentration of nutrients
and the lack of competitors to grow in
size and numbers far beyond the natural 7
production levels, .

This then, is the same expression of

.recovery from ﬁrgaﬁ’fc pollutmn found

in freshwater, namely: stper abundance
- of life, but generally restricted vanety

.

+

D Marine fishes respond to pollution in
essentially the same way as freshwater
fishes,

1 Due to their being accustomed to moving

) about in larger bodiés of water, they
R have more chance to avoid the proximity
of local pollution sources,

.

2 «Elimination of bottom organisms tends

- to discourage bottom feeding fish,

"+, although scavengers sych as sculpins
«»% ¥ toadfish, and others may often be
- ° found in thé vicinity of outfalls,

-

b=
L]

3 Organic sedimentation may directly ¢
smother the eggs of bottom Spawnmg"" :
j fishes s{ch as smelt o

-

\

4 Se\tere polluthn,m a nver-mouth or’
estuary may a§go serve as-a block"to
. gensitive.anadrdmous f1sh Bseeking-to
.*. run upstream to spasw: ‘,« e o\
: . R
5 Orgamc en.rxchment may provide,'ﬁyofe ’
" food and hence increase pro&?uctw:.ty -

on the fringes of: polluted zones ag in, )
i fresh.wa‘ters R £, oL .
) » ! ' ' -

W TOXICPOLLUTION e
o:d.danon‘a:nd’mirferaliza:tion pro‘c'eeds_“"'*’\‘ e T T - - -

e~

-and but partially understood. The adjust-

. Numbers of Species

6 TFish such’as tarpon and mullet have
been observed to thrive in highly
: enriched brackish water ponds and
bays in Florida and. elsewhere.
This of coprse is essentially the same
type of situation as a' fertlhzed fish
pond.

~ >
«

. . '
' - .‘ % c -' P raereaad

1
i
!
4
Rz

The physmlogmal nature of the action of
toxicants on organisms i8 infinitely varied

-

o

ment of organisms to varying salinities

may in some cases be related to toxicity

through the phendmenon of osmosis.

A Organisms may be grouped with reference
to their ability to endure salinity changes
(Figure 1), -

~

- v ¢
s
.
- )
"

1'5 ﬁ’o 25 30 35

\

0 .5 10

N~
,,2-
>

DISTRLBU'fIO OF ORGANISMS '\
. IN AW ESTUARY

a Euryhaline, freshwater
b Indigenous, estuarine, (mesohaline)
c Euryha.hne, marine

Figure 1.

»

12

1 Stenohalme organisms can endure
relatively little variation in salinity.

.2 Euryhaline organisms can endure '
’ considerable variation in salinity.

.

.

-~ ". -
.
‘ '-. '
' v | B .
N AR N N
. “ .
N L.

BTN

3 Preshwater orgamsms havmg a body .
containmg fluid of a hJ.gher ogmotic
pressure than that of the surrounding s
rdedia must cOnstantly resist the < -, -
tendency of that' media to penetrate - - l
*. and dilyte their.body flujds. ) Y '
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. Marine ofganisms having a body con- ‘
taining fluid closely resembling the
sur¥ounding media, is either in
osmotic equxlxbnum with his surround-

ings, or may even haye to take in extra
water to prevent dehydration. ’.

]

5 Osmotic differences assoc;ated with

the salinity gradient may play a signi-

+ ficant role in determining the- toxicity

- of*a*gi:ven*waste*at'dxfferent parts of =+ ~
. an estuary. Detergent, for example,

. has-been found to be more toxic in

marine Waters than in freshwater. .- '~

.
.

B OQutfalls dischargmg foxic wastes may
often be recognized by tompletely denuded
env1rons. '

C Toxic wastes are sometimes eliminated
from the water by complexing on suSpended
material. When this material mf'depos:.ted
the toxicants may be removed from the -
waters, but they are deposited in the .
substrate. ~ Such a situation may often be
recognized by a pauperate bottom infauna. s
or epifauna, while the overlying watef - '
shows no biological effect. Gradual
recovery of the bottom fauna usually takes
_place with increasing distance from the

* outfall, provided there are no comphcatmg
. factors

.s. , . . 2
D Pollution dilution by sewgge. A situati:on' N
has been observed where the generally
toxic water® of an estuary are diluted by
the outfall of a domgsuc sewage treatment
plant to such an extent that a limited fauna {
is able to survive inthe'vicinity of the
sewage outfall. . .
. -‘ N ' ’

,

V SOME~ PRACTICAL CONSIDERATIONS
OF MARINE AND ESTUARINE WASTE
‘DISPOSAL

¢
.

A Due to 'the lessér specific gravity of
sewage, it hds a strong tendency to R
channel its way to the surface of salt - .
water, yith relatively little miging ‘en=
¢« route unless very well diffused at the

.- point of chscharge On the-surface it is

susceptible toowind dritt. ,- I %his 18 onto

. . i \‘5 L .‘

g -
. . k

a bathing beach from an offshore outfall,

' sanitary conditions may quxckly become

intolerable. ' .

B Of InaJor significance is the absence of .
a continuous unidirectional current to
remove material from the outfall.and -

**immediately begin mixing- -and dilution. '

«This is of course likemse true of lakes.

-1 Oceamc surface currentsv may-be - -

strongly winid influenced, or associated
with txdal cycles.

an

~ .

2 Currents in‘bays and estuaries are at
best tidal. Use.is sometimes rhade of )
this by constructing temporary-holding ‘
basins and then dumping only on
selected phases of the tidal cycle.

> x

to the water (as mentioned else- B
.~ . -where). ‘

b ‘I;ifLomng freshwater imparts an .
'out motion." The resultant of
these two is known as the "net tidal

drlfto " LA

.

¢ .Typically, cross’sectional areas \
" increase as.the sea is approached. ¢

d The denser Sea water. tends to flow
in underneath the lighter fres'hWater

in the mixing process.

’ L3

)

" e The corxoh,s effect pulls moving- |
bodies to the right (in the northern
hemiephez;e)'.' Alghough this is ..
insignificant in most river situations,
it re'sults‘in generally léwer salini-

. ties along the right hand (facing the.
ocean) shores of estuaries'whxch
are not-too irregular in phape; as.
the river water moves, down, - andv

. - ‘higher § tes along. the left hand -
™~ -shores as the sea water.moves,in. + ~ -
I This c'an be seen‘in such situations. :

5 - « as the Chesapeake Bay m~Mary1and. .2




"'Poliution of the Marine Environment

.. ?.
. T
. .

*

_f Irregularities of bottom and shore
and wirld action all combine to |
séomplicate and confuse the results
of these forces,

g

v

_ oo v R

4 . Careful study of local hydrographic
circulation will sometimes reveal
other ways in which’ these. phenomena
can be put to advantage.

- e

-

C The phys1ca1 difficulty of constructing
offshore oceanic outfalls which will
w1ths_tand the rigors of the storm, ice,
and shifting sand renders this an extremely ,
expensive undertaking. N

-

.
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~WATER TEMPERATURE AND WATER QUALITY °
- . 4
v . . . e " s
. o, : . '
7 ' " . 2 Direct solar radiation is the overriding
. o _ < Y ‘ contributor of thermal energy to ally .
4 Temperature is the basic variable in water = | lands and waters. . ,
U * 4—ee .- ——=-. - - a Total-energy-from-insolation-ontg— - ——-
A & ~T§mpéra;£ﬁré,\?di~:the,a‘fnouﬁt;o£;th'enmal‘ . . "spacecraftrearth! is counters~Z -~ -
2 Jenergy present, is originally of solar .. balanced by the radiation of . D
-+ “or cosmic origin. Biological processes . ¢ terrestrial energy into-space, T e
acting over \geologlc' time temporarily ‘ If the two do not exact]m‘bala}cg . .
capture and store much energy in . on an annual basis, the overall N .
. organic substance.- The "fossilfuels" . - ' temperatyre (climate) of the earth - . #
+ (oil, gas, and coal) which we burn s will rise or fall, )
- today releage solar energy captured - . r Y
in the geologic past, which but for man b The annual climate:or heat budget .
. might not have been released until . of a given bedy of water is,deter- *
. . sometime in the geologic future. Most . mined by its geegraphic lo ation j’"
' of the sé?ar energy béing captuifed .. . (latitude elevation, etc.) interacting A
* 7 ,today, is released probably today, . ’ . with local meteorolpgical conditions,
with the possible exception.of some o and other factors. L7 -
unrecdgnized fraction which is pro= R .. , ° ta
. ‘ceeding into long term storage. LN ) ¢ There is, "thereforg, a natural or N
e ] " normal temperature regimen for.
. The release of dtomfjc energy is of ' " any given body of water to which
+ inorganic or cosmic origin, and the- ) . it will fend to return’if disturbed
. magnitude and significance of the . by man, . R
.additional therinal discharge to the . -t .. T
»°  environment has y‘é‘f‘ to be accessed. ' d There is, also, a nornigl or R
I : “ characteristic communitjof .
. ,One lagt abservation is important  * .~ aquatic organisms that will tend
before turning to the detdils of water / ; topersist, When the heat budget i
temperaturg and water quality. “While - . ,or climite of a body of water is
we.are most critically occupied with ~ - - changed, the faina and flora change.
the.immediate or local impact of a e, : . o . :
concentration of thermal energy released 3 There is great diversity of opinion,
at a given point in the environment *’, : even among knowledgeable people, as
" (the excess or “waste' which manisunable " to the effects of thermal changes in ’
*. té captiire and entrkin in his electric - . . waters. Some of the reisox_ls for this .
- transmis¥ion lines), it should be - ; follow: . M , C
remembered that of every ton of coal a “Only & continuously maintained
or pound of uranium burned as fuel, o S s 0 ¢ could K.
néarly 100% of the energy contained" - temperature of 1000C cowld keep -,
ool = . surface water mass 'slerile
eventually-finds itg way. into the general .. aTh tiw is therefc te i .
‘ . globalenviromment. A small o e question is therefore not: life or -
: P e . o no-life; but rather: what kind of :
.- rémaining fraction ig'rebound as ) ] Jife is the objective? \
chémical energy in some “product.." . . T e objective
, . e - . i o * .
” . - .. - . : ’ }\ ' . N / oL R
- . - 5:‘-7@ ) S ) . I. _‘“ B RN
T ‘ - ' . ! ¥ '
7, BLECO 8 e : 81 . . -
W il - T e % . ‘ ’ PRYs
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Water Temgeratﬁre and Water Quality-
. . .

. b Aquatic life has received moére
.. attenfion than other water uses

because the aquatic organisms
\ cannot escape the water conditions.

. ¢ Thereare cer{:ain circumstances in
which a modebt rise in temperature
might be considered to be beneficial

——as for-example:-keeping an-area of

-ty

o _navigation, or winter fishing.

.

-- . of the use of warmed waters for
N certain aspects of aquaculture.

d It is, therefore, important in
discussing the virtues and vices
of thermal changes to clearly

* ; define or specify the obJect:.ve or
: type of aquatic community in mind.
. 3 .
.. 4 Jtis clear {hat the nged for more and -

- S more power wil contmue into- the

foreseeable fu

B Human activities which may modlfy
receiving water témperatures mclude -
" the followmg

- 1 Loggmg o’gher land stripping

' ‘activitie§ which increase the rate of
surface run-off ard hence raise or
lower temperatures of influent waters,

."depending on the season. - .

et e
-

3 Erosion which fills in stream bed and .
causes water to bé, spread in broadgl.r'»,

\/vshallow layer, exposed to sun and

&

.o of deep Z:servoxrs.

Withhol g or augmenting flow by dam
manipulation.

5 Release. pi relatively large volumes of,
high temperature wastewatérsifrom
power production and/ or industrial
processes.

There has, also, beén mvestigatm_n .

v

\/ "2 ‘Removal of stream bank shade

4 Release of cold waters from hypolimnion

(Table 1). : T N

. THERMAL ELECTRIC POWER

By

“ PRODUCTION AS A STREAM WARMING :

&

ki

;,_._A ——a-river-or-a-harbor {ree of icefor - —— - . . generated.- _Thisxepresents an efﬁciencyw -

‘B

3

C

D

E

. which fias been heated 2bove its equilibrium

L]

+

m

¥
A

. of bacterial growth, the optiloum tem- ~

ELEMENT

Production of*electric power by stream -
plants involves the wastage of considerable
quantities of enérgy in cooling waters.
Approximately 5000 BTU of heat are” .
wasted for each kilowatt of-electricity S ,/l

-of roughly 40%.

It is estimated that approximately 80%

of all epergy required in the, future will
come from steam \generatmg ‘plants.”

Weirs and jetties help greatly in the C
dispersal of warmed waters, but'must

bg carefully designed to each s1tuation.
‘As weter temperature-rxses, its.’ value as
a coolant dzmmxshes s :

Heat d1$sipat10n 'from a b‘ody of water

temperature with the meteorological con~
ditions follows Newton's Law of Cooling
which states that the rate of*cooling is
proportional to the difference between

the temperature of the body of water,

and the equilibrium temperature for the
given meteorological conditions. ' For
.example, an analysis of the Ohio River

as at Cincinnati has shown that it would
require over 200 mileg to dissipate

99 + % of heat added (Figure 1). -

- - X .‘ ) e a
EFFECTS OF HEAT ON ORGANIC -
WASTE DISPOSAL' .. , @

H1gher temperatures accelerate the rate
perature being in the range of 300 c' )
QGO F)., A ‘
1 As water temperatures approach this
"value, the rate of BOD thuys approaches
a maximum, . K

-

4
1
I
1
R
-
1
N
1
B
1
a
1




Hyt”

N

T es A v N e R,
. B . - . L}
. . s o Ry e
« , g 4" L
- - - -:’ -7 g '
. N
. -

.t

-y mE R e Ee e
N . ' o »
.
.
.
.

.o

B Higher water, temperatures may, also, T

-
L} - s -, \

. . .

(A

» - ~
° o

MAXIMUM TEMPERATUBES PROBABLY’COMPA'FIBLE WITH THE WELL-BEING
OF VARIOUS SPEC}ES OF FISH AND THEIR ASSOCIATED BIOTAINOC

- ._'5_' 2" .
7 ¥ v ; .

: 7 'Temperature _

Tag;a. L '

’ - : +

walleye, northern pike, sauger, .and At1ant1c
-t salmon

*

) 4 . -

2 If the waste assimilative capacity of * .. Involves duration of exposure as well
a stream is being utilized based on a ‘as absolute thermal level.
given stream temperature, and the >

{ temperature subsequently raised, the . 2° Sensitivity to toxic substances is
DO may drop'so, low. a8 to produce fish- - increaséd. - ~ - .| !

. kills and other nuisance conditions.- ) .

f P " 3 Lower temperatures are required in
winter. than-in summer, ,

o lead toa “higher concentration of bacteria
athogefhic toman, B Factors contributing to the sensitiw\ri'fy

. offish to heat e .

- ? S

ggfggg I?IFF‘,;IEAT O,N FISH QND OTHE_I-: ©® 1 Oxygen solubility diminishes as,

| ‘A Vul:iera,bility of fish and other aquatic-life

.

- to high temperatures represents a ma.Jor .
. restricﬁon on,the discharge of cooling

water, _ . \

«temperature rides (Figure 2). ,
3 AR R

2’ Oxygen requirements of aquatic life
increase as  temperature- rises

(Figure 3)

: _-,TABLEI ' -

.

'

. 34 C ) ‘Growth of catfish, gar, white or yellow .
o *': o = - .~ . . =bass; spotted bass, buffalo, carpsucker, o =
- :%*_\‘_' ’j“'*‘ “['""-" T fhreadfin'had’ gizzard =107 S e
i " 39 c T - -Growth of ]argemouth ba.ss, drum, blueg111 ’
J . ) crappie . .
") 39 X Growth 6f pike, perch, walleye, smallmouth’ °
- ! bass, sauger, California killifish, topsmelt —
) 27 C l Spawning and egg development of catfish,

. . buffalo, threadfin shad, gizzard shad,

. - California grumon, opaleye, northern

' ’ . swellfish .

- . -
24 C Spawning and egg development of large-
mouthed bass, white and yellgw bass, spotted
- bass, sea lamprey, alewife, striped bass N
‘s J1¢C Growth or migration routes of salmdnoids  ~
* . B . . and for egg development of perch, small-
@, - . mouth bass, winter flounder, herring
12 C ¢Spawning and egg development of salmon’
' and trout (otheg than lake trout)

N 9 C ) Spawning and egg development of lake trout, ;

* e
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THE RELATION OF TEMPERATURE TO ACTIVE AND STANDARD
. _'«META’BOLISM IN YOUNG GOLDFISH OF AN AVERAGE WEIGHT OF .
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;+ 3 The sensitivity of aquatic organisms 6 Acclimatxzatxon to higher temperatures '
: oA . to temperature levels and*changes® "o 1is faster than fo lower. Fishacci~ T
S . varies with age, size, and siz&: ) . mated to warm water are rapidly
) 7 S Y= » killed when they swimrinto cold water, -
. : .77 This.implies that the sudden shutdown o
] - .« 8.A constant elevated temperature .o . of a thermal d1scharge may be more I
. redudes. the potentidl of fish to™ * detrimental than a contmuous ormal °
o ‘reprodupe (Figure 4).° . d1scharge 2 SRR
o oy — 71— 7. .- T fﬁe_d}l?,tlﬂll in DO, 'increase in CO,, or * ::W«l
- N R N ST T T the presence of toxic materials ]
58 - - o = 5" . ' reduces maximum tolerable temperd- . .
il L PR L tures., v -
v :-:“ - . . - ~ - N . . I
» \ . s 8 Species.qan be eliminated at legs than .
-- o ———x ot - N 4 - Fethal temperatures by predators;——— = - —
’ . 2 \ A parasites, or diseases which are less
: i, . temperature “Eensitive, . l
] N = . . ' d
. \»\ " "9 Some fish dd not seem to be able to
\ . T Remanedh oo , avoid killing hot waters, while others l
. B - : : "do. —
r » ° EFFECTS OF CONSTANT TEMPERATURE . ° : ) ¢
) ; ON 'REP(II{;O?UCTI! ]onm;\mow i TN 10 Preferred ’Eemperature ranges in
. ) , Figre 4 . ) ; labOratory,tests generally are so;l\ . l
. - what higher than in field observations .
s Different speties have d1fferent . . . (Figure 6). This may be influenced
preferred temperature ranges. t - by the demands of the natural epviron- . _ ,
PN . . ) ment for greater activity and hence a l
R ﬁ? c Seasonal cooler temperatures are " need for more oxygen ¢Figure 2, Tgble 1),
’ - often” e§sential to egg production . N
and hatching,,; while warmer summer ¢ 11 JPemperature can act as a d1rect1ve .
* . temperatures will promote'faster ’ force in fish migration,
K growth after hatching, up to some, . o ° . .
limit of tolerance characteristic of 12 «\'Ihe exact physiological mechanisms °
. . the specles. . .. . ., of heat kill are not fully understood. t I
e 4 Lethal high temperatures as deter- L Fats rather than proteins seem to be - .
N .+ ,mined in laboratory tests vary widely ;. s+ ' the most critical substance, :
£ for different species, e.g. goldfish; , » . !
: B 107.60F, pink'salmoh: 750F, . <t a “‘Some fish"Will dié at temperatures . o
ced w0 . -7 e . of 850F, lower than that at which L
S - & Lethal temperatures differ at ' < proféins usually coagulate. .. ) '
s . . different times of the year, as well » - : ‘
- . o 7 as for the different life history . . "~ b ' Trdpical (or hea, adapted) plants
. C o . stages (Figure 5). . v - e “and animals oftell have fats witha "o
Fo ) L ' N highleg felting. point th?an aretic . l
A b This is analogous to a temperature . (or cold-adapted) orgélmsms et 3 ‘8
- ' . . of 500F for man: in winter it feels = - o % ' RIS
i .o T Uyarm; ! m summer it is "cool," - .c Ammals (such as goidﬁ’sh)'fed high y o
2 - : —— melhing.point fats (e. g. beef) developw . I
- 5 Suddén changes in water temperature .+ higher melting. point body"‘?ats thart i}
T can be fatal tg certain organisms, both .+ . _ those fed on low= melti.ng fats’y . - . <
Lo v fishand fish food organisms. -, e 1\- " (suchsas fish.oil}, They aregn turn” =
2 ’ ' R A o .« able to tolerate higher temperatures, ,,l

<
.

>
el
.
rl
¥
|
”
R
.
.
v
o
] .
'\
.
A
»
LY
»
{
-
. q
3
g -




-
3

)

B
e

Ql
%

~

@

L4

LAY

d

o

« " e ' o, ) ¢ N
. ) - . Iy — :
. - ln‘n °F) a " nw
? . BRODK TROUT I 3 P
[
b - o . 0 — ‘ .
v : *e k LETNAL, - - . '
. B ot = .
- ""— . H R ‘f N - - . o . - °
. o gpp—2 -; it )
1 -, o 'N_* , 20.. -‘: 4% _ - . .: ) .
oot " o] ATURATION 3’“"' _WCUBATRON JERY | enowny | - C 7
: - / ST 0~--—mu:n—o—gn =TT |———om W—m W — - - - ..
CT Tl e e O e S i ~ - o A - - o T v DL e T
) « 100 . - o
L. _'7__1 lﬂ'llll\
- 80, — G
. R Y ‘FMI'IEAD NINNOW SAFE &
P v .
« ¢ . 3 ° ~ .ot
. 20 T :
"y DA NATURATION SPAWNIRWIRCUBATION FRY _ SRONTY L&
. - Pt e APHL 3 SEPTENDER S SEP 1AM~ " v
% v . . . L -
& . - , -
e . ——— KNOWN ~UNKNEWR ' S
~ s - y . 8 v . .
. 'I;HERMAL TOLERANCE OF CRI;I‘ICAL LIFE HISTORY STAGES 2%
e "~ . h F1gure 5° ¢ ‘ .
[N ’ * . ° AL
. . 'EH: R , . P .

" d Lethal temperature.s,seem to destroy' .

.fat'\calcmm relaudhshlps . ‘, v

C Effects of Temperai’hre ofi F;sh@Food

- Organisms .o

C e

1. Specigi

' —affected in'wdys suni]ar to ¢he f1shes
as-outlined above. . _
Wadrm waters encourage blue-green
algae. “Some can tolérate ag mgh as

IBS;F for limited periods (FJ.gure .

A- temperature mc;rease of 80C
stimulated photosynthesis in

) Wplankton in one- series of obivations

AN

composifiéxf‘and abundance are ..

e. !

v

L

=

‘

when ambi.ent wé.ter«tempe'ratures were

160G oF coole: but—inhtbited photo-
. Synthests when natural waters were
200C or wartner' The existence ofa

. diurnal response to thetmal. stimulation

4 Warmed waters speed-up life cycles‘
and encourage year round emergehce
of-aquatic insects,. often creating
local nuisance conditjons Fy

v

MARINE ESTUARINE, AND ANADRO"
MOUS SPECIES
h MMM:‘-W(—:” o

)

'I‘he general prmciples of biotic’ responses
to thermal conditions outlined above apply
as well to sal‘t waten forms as'to £rgsh?

&

Salmon do not’ feed dui'ing the" spawning ' |’

migratiofi, hence higher temperatures X
may Bo icrease their'metabdlic demands

sas to depl&e their food T resefrveﬁ before .

spawmngcan ogeur.. A thermal'block at’ -
the, mouth of a river (e.g. 21.19, C at.the "
mouth ,of the Okawogan River in Washington)
can prevent an. entire ,spawning'run'

v -

¥ ’ . ..
- M T .
o was noted at'9: 00 A, M. . . - ~ .
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EFFECT OF TEMPERATURE ON TYPES

’ OF,,PHY‘I‘OP LANKTI)N ‘
e :Flgure,ﬂ.. W
[ ‘@ 4 -: ) .‘:: . :

1% The Amerxcan Oyster Crasggstrea

Yirginica may. spawn depending on its _”;

condiﬁon -at temperatures from 419

£ do 340 C, “npawning’ being tr&ggerea b
4,0 a rise.in temperaturef w Il °
) oo Y ¢9- . e

2 ’L‘he Shorg grab Carcéd,gs Maenas theres

% ' bub:dpes-ROL bredgatem eratures

bgtween 14’5;.&23@0.. Breé¥ding éan :
'take pla.ce outs&de the heated area

R B

C Fishn the estuarine env1ronment ard more;
susceptible to temperature’ cmnges .than,

thosé in fresh watet, However, wider

* '-Q‘ ,.v,x
"*D Most z}uellfish (in the broad senge: "

tollugca and crustaceans) are' re]atix(ely

or highly st,enothermal (unadaptable to

rapid temperature changes). Some are :°
_ stenothermal for one stage'(e.g. spaWning),
"and eury'thermal for pthers (e.g. grd(vmg)

K Prelimmary observation, also, “indicates -
¢ that heat stress may stimulate Qysters to

accumd]at copper (as: gther*stressful

factors are known fo do) wifhout being a’

direct killing agen’l:
s ;»nss» 'f‘;,
IR B '
A A
T T, B, <

cies exist,

E . The d1str1bution of many benthie
4% invertebrate'organisms is temiperature -
depenglent (See Table 2),* T
" i : ':" -
) 'ENVIRONMENTAL TEMPERATURE RANGES.- .
OF SOME MARINE INVERTEBRATES ,- ph

S © Tablez w ' ‘ad’
TTNWTTTEga T T Temperature ‘rahge inDC
Ameritan Oyster: el e )
< B PP . * -
European Oyster =~ * -0~ 20 ‘.
"Opossum Shrimp. 0 7’31 s
. : & v T e
.:o 1 § We ¢

! F Observatfons in 1am1, Florxdg mdicate ..

4 ' that'the followin! .groups of larget plants

-, ,may show temporary or perinanent
changes following thermal discharge

- ¢
L3R %

-,

f i The sSed grass Thalaspa, ,ix'&portant v

habitat for inyertehrates and stabihzes
of the substrate v o -
S L A Sk
2 Cer’aam,emacro-algae et . Y
~. D. ° ’J » S

(Lurenc;ia, Fucus, Lam.‘inar'fa % Lo

Macroczstis, Hahmeda a‘nd--' 37
"/ v Agetabularia) &', IS
+ 4 ' 8. - . R
3 eThe m‘to nkt6n (sf;e F:,gure 7) 2.0.0" .

- 4 _JZhe %nphy‘l‘ﬁ: Thicro -algae ° _";'- ‘

¢ Qt. °

4

T ] ‘I'he benthic rm.cro#lgﬁe R

- 0

-
v

G The upper limits of therfnatﬁ:olerance for °
A twg spacies. of copepods from Chesapeake;
Bay awere found tozbe hear the normal

e temperature of the habitat dur.mg the

» summer, The addition of chlorine-to the. "*;
cooling water killed all copepods ,passing‘,
. thiy qugh the system at témperatures belo wi
the upper ]ir?its of thermal tolerance.

i..a;. }XE' ,).. .-

_Dry weight of total estuarine epifauna _‘
. production averaged 2,8.times great had
-+ -in the discharge’ canal than in the intake v v
e _area over a 5 year period in another study '

.
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Water Temperature and Water Quality

Y
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VI SUMMARY
The various environmental factors, cannot be.”
considered as isolated entities, organisms

“srespond to the entire. environment Tem™

. perature criteria thus tust be based on the

) requlrements of the entire aquatic population,
and on the life history requirements for
dlfferent seasons of the year.
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1
) : I Sedimentation of rivers, lakes, estuaries B The organic fraction includ¢s such |
l and adjacent coastal water should be con- setteable materials as greases, oils, .
sidered as a special case of pollution ' . tars, animal and’vegetable fats, feed |
‘ « . resulting from deforestation, overgrazing lot wastes, paper mill fibers, synthetic =~ ' §
2 .« e . and faulty agricultural practices, road plastic fibers, sawdust, hair, greases |
_l\‘ . constructjon, @nd all other land management from tanneries, and various settleable |
5 " abuses, | . : materials from city sewers. Deposits |
S S - o - P containing organic materials may deplete |
. A Good farming practices can do a great . bottom oxygen supplies and produce |
) ' . 4 deal to prevent silt from reaching streams hydrogen sulfide, carbon dioxide, pethane, * ‘
: B L A‘(é.ndt lakeg.4 :  or other noxious gases. T . '
l ' i B Road building and housing. development C The inorganic com;lonents,include sand,
. projects, placer mining, strip mining, silt, and clay originating from such . |
' ; coal and gravel washing, and unprotected sources as erosion, placer mining, mine
road cuts are important-sources of tailing wastes;= strip mining, gravel . }
. . i i turbidity that can bé reduced with planning, washing, dusts from coal washeries, - ' .
* good housekéeping, and regulation. . .loose soils fiym freshly plowed farm
. -, * lands, highway, and building projects. %
. e . . . 1
. I Setteable solids include both inorganic and ~° D Some settleable sdlids may cause damage |
: . . oOrganic materials which may settle out by mechanical action, |
¢ rapidly, forming bettom deposits of both  ° |
. l K - inorganic and organic solids..” " E The biota of streams is limited by the - - |
: . . ‘ . type of substrate. - s |
: A They'may adversely affect fisheriés by ’ : )
| . covering the, bottom of the stream or lake 1 A depositing substrate generally , o
. l C with'a blankét of material that destroys. gontains fewer types and may be
v ) . ——— the bottom fauna or the,spawning grounds - dominated by burrowing forms. ’
o ) of fish (Figure 1 from Ingram, et al), ) . ’ - 5 : :
‘. ) s T e L 2 An eroding substrate has a charac-
i l ‘. : X NP § . . “teristic fauna’of sessile attached and . )
] g . 1 2 y foraging members, such as bryozoans,
_ ¢ | é '° 7 § . . ' stoneflies, nonburrowing majflies,
. ) ' ~ila n 7 m' ) 7 . and net-spinning caddis flies.
2! £33 . A . .
: § ’w‘\*-%\q““ 3 The addition-of solids over an . e
p : - — originally eroding riffle substrate o
' B . Q- Q“\ ~- N will produce pronounced changes in -
< oA o —— the biological communitf all the way from
e ‘ Q? a ., A= diatoms to fish, The following are common
. - N 7 o \ 0 48 s\, macroinvertebrates’ of this azw "trickling :
) l . e 3 w ‘ filter" commuhity in coutrast to E 2 above.
- . . LU "' ' v .
. . " v , a Oligochaetes - T
.- o HOTE: . " . . '
. b Sonemgmiares Alderfly larvae (Siglis)
5 N o ';‘“ ':"“; e ¢ Midge larvae (gl_x_i_r_o_.'g_o_n_xi_c_iy . .
- l . @AM GRAPH KEY, # ) L e "
I " Figure 1 Vertical bar graphs, superimposed over a'nap, used to show, . T '

. total genero and individuals of bottom animals per unit area . o

WP.13d,10.75 S R ' 1
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Biotic Effects of Solids "

-
>

h “Turbidity, color, and transparency are
closely interrelated phenomena in water,
They must be observed simultaneously

. because transparency is a functipn of ‘tur-
: bidity, water color, and spectral quality'of
transmitted light

\

= A Turbidity is an expression of the optical

property of a~sample of water which’ -
causes light to be scattered and absorbed .
rather than transmitted in straight lines .,

through the sample,

.t

B Turbidity is caused by the presence of
suspended matter such as clay, silt,
»  finely divided organic matter, bacteria,
' plankton, and other microscopic )
: organisms. v

«1 Algae, turbidity fronlx silts and cldys,
" and color of'the wafer all affect one
. environmental factor of major impor-
- tance in the productivity of aquatic T
¢+ wildlife habitat--light penetration of the
water.

+

v

° .

‘a Excessive turbidity reduces-light - A
jnetmtion in the watet and, there-~

-

fgre, ‘reduces photosynthesis by’
phytoplankton organisms, attached ’
algae, and submersed. vegetation, )

The results of many of man's .
"activities, including agriculture,

. LT mdustry, navigation, channelization,
oo dredging, land modification, and

R fertilizers; often reduce light trans-
- ~+ . mission tg the degree that aquatic
e angiosperms of value to wildli.fe -
C i cannot grow, ° . '
Mlxed effluents from various co .
. industpial p]ants and domestic N
y . sewage incréase the turbidity of -
. receiving 'water. It is difficult to
- o distinguish between: ‘the effect of
= K “the attenuatton’of light due to sus-
% .+ “pended particles and the direct e
' .+ " effect-of the particles in' suspension .-
o on the growth physiology. of aquatic el
. organisms. ' - .

RE:

.SILTATION b ‘ v

eutrophication from sgwage or B

. the associated turbidity, butby the

: Approxima.t'e]y 40 square miles of bottom
". are ¢overed with soft, semi—liquid silts
;. uptod incheg de
-stituting one-fif

plant production. ~

] ‘m

2
v

.
g .aam

2 . In many.coastal waters, the principal
cause of turbidity is the discharge of
silt carried out by the principal rivers.
Secchi disc readings show that the
transparency of water at the mouths
of large rivers during flopd stage may

- be reduced to a few centimeters. At

. normal river stages, the disc may bé
visible at several meters below the
surface. .

2

o

-
o s
o ,

i

Dredging lof bays and Hdal rivers for
imprb::{ent of navigation occasjionally

.
‘ ' \ '
, y
'

presents/ serious problems, Benthic
communttieg in the area near dredging
operations may be destroyed or
damaged by spoil deposition, increase
ih water turbidity, release of toxic
:substancés accumulated in the mud

of the polluted areas, and by changing
thé pattern in the dredged area. '

.

~N

Y

PHYSICAL DAMAGES FBOM—«—'

Silt and se’diment aregparticularly
damaging to gravel and rubble—type
bottoms. “The sediment_fills the inter-
stices between gravel and stones, thereby
%nmmatmg the spawning grounds of fish
and the habitat of many aquatic inseets
and other invertebrate animalé: such as
mollusks, orayfish, fresh water shrimp,
etc,

«

f . I I
H .

{
i+

7 s

Accumulation of silt deposits is de-"
structive to marine plants, not only by

[

creation of a soft, semi-licrui‘d substratum
irycdequate for anchoring the roots. -

Back Bay, Virginia and Currituck Sound, '
North Carolina serve as examples of the, 7
destructive nature of-sil{ deposition, ¢

PRt
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eep; these areas, con- , -
-of the total area,
produce only 1 percent of the total aquatic

L W

- At . I
.



PPN
T ! 4 - 4
s -

- %,

" P

»

.

N ae e
.
.

e e

|
i
|

T

.

‘

!
)

= ' SN Y
,B_iotic Effects of Solids . ol

V SILT'POLLUTION INCLUDES NOT ONLY,

. PURELY 'PHYSICAL EFFECTS, BUT :
ALSO MAY INCLUDPE COMPLEX MATERIAL

A Eollﬁttmr‘m the estuary may ‘be derived

from contamination hundreds of miles .-
upstream in the river basin or it may be

of purely local origin. Siit plays a major
role in the transport of toxicants, especially
-pesticides,’ down to the estuary,

1 Agricultural ghemicals are adsorbed
{ on silt particles, Under poor farming
practices, as mueh-ag 11 tons of silt
*per acre per year may be washed by
surface water into a drainage basin,

2 ,S;irface mining and deforestation further
accelerate the process of erosion and
.permit the transport of terrestrial
chemical.deposits to the marine
environment..

B Oil that settles to the bottom of aquatic

habitats can blanket large areas and
destroy the plants and animals of value
of waterfowl,

1 B.eportedly, some ofl gludges on the

—bottoms of aquatic habitats tend to
concentrate pesticides, ‘thus creating.
a double hazard to waterfowl that

pesticides falg to Y8
spray areas and the presence of 5 fg/l’
of DDT in°presumsbly untreated "Alaskan
rivers indicates the magnitude-of this

* facet of the pollution problem.,

1 The continuous presencevof 5 ug/l of - ,

" DDT in the marine environment would
detrease the growth of oyster populations
by nearly 50 percent, - o .

¢
L4

LT o

- attention to land punoff-of nutrients, fertil-

o .

.3 FWPCA Missouri Basin Region. . Seéond
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2 Atmospheric drifth is also an important
factor in the transport of a variety of
| pollutants to the aquatic emnronment
. 3 Organochlorine compounds fromi’] sources
- other than pesticides applicationd are
involved in food webs and biological
magnification in remote polar ‘environ-
ments. e .-

‘D 'he daté on water pollution, however,. are h
less encouraging. Among other things, they
indicate that land runoff ffom farms and

* even urban land, as opposed to discharges .
from citieg and factories, has a much greater
impact on water pollution than we realized.
In all types of river basins, the concentration
of~nutrients, which can eutrophy our lakes,.

is increasing, These data indicate that while
we carry on our major efforts to clean up
® pollution from municipaliand industrial
sources, we must increasingly turn our

izers, pesti¢ides, organic materials, and
the soil particles that-oftéen transport the
others, °If-we fail to do 80, our expenditures
for water quality will not anﬁieve maximum |
improvement..'" Council on Environmental
Quality. U . ¢

/. g T~
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I INTRODUCTION

_ A By what means do pollutants exert their
effects? ) - :

B What is the relationship between water
quality and water use-by-fishes?-

C . What is the reaction of fishesto domestic
‘gewage? "

D Is there any noticeable change in species
compoaition of the population following
poliution? °* - .

t . .
E Is there any genetic or environmental
~ selection in favor of pollution resi.stant
strains? . .

F Neérly any polhitant, given sufficient -
concentration and time, can kill as a..
direct toxicant, We are primarily con--
cerned here with sub-lethal or chroni¢
levels of pollutents, (Acute toxic levels

‘ and physiologica.l mechanisms are *
treated elsewhere..)

P S
I MECHANISMS OF DETRIMENTAL ACTION
- A Inert silt may »
1 Clog gills and smother eggs and fry,

2" Blind sight feeders and eliminate
hiding. places,

3 -.Smother food organisms,"

. 4 Reduce oxygenation by smothering
a,lgae. CoL .
B Irritants triay“

1 Act a\sorepéllénts, T

.2 Cause excessive muoouq,,secref;ion and
upset osmotic balanbe. .

C Sub-lethal quantities of a host of environ-
mental materials, are constantly penetrating

. ’ ) .
.. gr«'gﬁc'rs OF POLLUTION ON FISH _ ' S

R

the bodies of fish‘es by various routes.
We are-generally not aware of their .
presence unless.they: = .

1 Cause an observable effect on the fish,
2 Cause an effect on man by imparfing
off-taste or odor to fish flesh,

3 .Are sought for and detected, e.g.; -
radioactive substances, DDT, -mercury.

We can only speculate as to their
undetected effects, .
.
ENVIRONMENTAL RELATIONSHIPS
BETWEEN WATER QUALITY AND WATER
USE BY FISHES 4

Freshwater fishes sometimes spend their

"entire lives in a single body of water.

Pollution of that body of water therefore
impinges on them at every stage of their
life ¢ycle, and at every point in their -
various ecological relationships; such as,
seeking food or escaping enemies,

Mi‘gratory fishes on the other hand feed and
grow up in one body of water. (the ocean

for anadromous species, “fresh water for .
. the catadronous eels), then travel

gra~
tion route (usually a river) to another body
of Water where they breed. -
Pollution at either end of the route, or a .
pollution block along the migration route,

may ‘eliminate the species, , 2z T

W.hat will affect one species adversely may
be favorable for ancther.

1’\( Cold water speoies, such as. various
trouts, might be killed or eliminated by
warmed water from a power plant which
would in turn: permit the survival of warmi
water species, such as certain basses,
Asun:‘ishes, etc. o . \ s
.2 Benthic species.(such as catfish, sculpins,
or sickers,; which live near the bottom)
might be eliminated by a smothering

>
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blahket of inert material which would
not affect imnstic species inhabiting

. the open water aredg (such as white .
and yellow bass, gizzard shad, or v
walleye), The limnstic species on the

* other Mand might be inhibited by a dense
turbidity which would hide their prey,

.suppress the growth of nutritious plank-~ °

ton, or clog their gills; this in turn
‘ being relatively harmless to the benthic.
group .
3 Likewise the shoreline hugging littoral
forms (like pumpkinseed or bluegills)
and profundal species (such as lake
trout) might respond selectively to guch
factors as temperature or transparericy.

*

.

v

IV RESPONSE OF FISHES 'I‘O SEWAGE AND

SIMILAR WASTES

A These wastes in general are not toxic in
themselves, but exert their effects on
frshes directly.

L-\

B Oxygen Depletion

1 , May lead to death atq;arious stages in

life history depending on circumstax}ces'.

2. May lower resistance to disease or .
increase sensitivity to mtoxication.

3 May reduce ability to capture——food or

- swim against current, - )

May smother or kill normal food sources,

May increase normal fish production
through eutrophication. ¢
-
. Usually changes normal population balance
by driving out predatory types and en-
couraging seavengers.

" Reported to cause osteological and other '
‘pathological mard,festations, such aszhe
knothead oondi,tion of carps in the Illinois
River;

.

.V NATURAL SELECTION AND
* ACCLIMATIZATION TO POLLUE[‘ION ’

A Known biological mechanisms for selective

B Individual organisms on the other hand can .

-*

bré eding of pollution resistant strains ~
-“-operate in nature among fishes as among
other organisms,

’ '
1 Studies of population genetics indicate

' that after some finite number of genera-'

tions of p [palation stress (e. g.; exposure
.to a given'pollutant), permanent heritable
res1stance may be expected to develop.

2 If the env1ronmenta1 streas (or pollutant)
is removed prior to the time that
permanent resistance is developed in
the population, reversion to the non-
resistant condition 'may occur within a

" relatively few generationé.

3 Habitats harboring populations under
ress in this manner are often marked
with the dead bodies of the unsuccessful
) mdividuals. N
“over a period of time (less than one life
cycle) develop.-a limited ability to tdlerate
different conditions, e.g.; pollutants: .

1 With reference to all categories of-
* pollutants,both relatively facultative

and obliga.te ‘species are encountered S

(e.g.; euryhaline vs, steno‘iali.ne, R
eurytb,ermal vs, stenothe rmal),

2 This temporary somatic acclimatization
is not heritéble. . -

s

A given single~species collection or sample .

o living fishes may.therefore represent
one or more—types of poliution resistance°

1 A sample of an origina.l populat,ion which
has been acclimated to 2_given Stress in -
toto, " ¢ K »

U Y

A sample of the surviving portion of‘

an original population, which has been
selected" by the ability to endure the

. ptress,” The dead fish in 3 partial fish

" kill are that portion of the original - ;
population unable to ehd&re the stress.
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3 A sample of a sub- populatioa of the
original species in question which has
in toto over a period of several genera-
tions developed a heritable stress

*  pesistance,

.

D .Any given multi-species field collection
~will normally contain species illustrative
"of one or more of the, conditions outlined .
above.

. TO POLLUTION '

A Sewage pollution generally results ina
reduction in the predatqry types and their
repIacement by scavengers. Regions of
severe oxygen depletiop may be devoid of
ﬁsn, or inhabited only by rough fish guch
-as gar or carp. The general concept of a

+ reduction of-variety coupled with an in-

" crease in abundance in certain regions g
as valid for fishes as for other groups,

POPULATION COMPOSITION RESPONSES

Effects of Polluﬂ.gn on Fish
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FROM MONAD TO MAN

L]

k)

T A, Man 8 desire to classify has always been
’ strong. Consequently this area received

the éarly attention of philosophers and

- theologla.ns.

B Classification and taxonomy provided a
foundation and stimulus for biology.

' Some areas of biology were virtually .

' dominated as systematics became a ~

. 111
* € Definition of terms . L
. . A
. Systematics: "'The scientific study of the -
. kinds of diversity of organisms and of any

and all r_elatiqnships among them, "

R R
. .
‘Sl GBE N i
»

.

Classification: "The ordering of organ-
lsms into grqups (or_sets) on the basis of
“their relations‘aips that is, of their (O -

N ]
i

g — . » Y3ggociations by contiguity, similarity,
’ or both. " | .
. Taxonomx ""The theoretical studyof ~— B

classification, including its bases, ’
principles, procedures, and rules.'

Identiﬁcation ~"Tie use of a Key (or .

key #ybstitute like an expert) to place an

unknown.orgaunism into a specific taxo- "
. nomic rank, " .

.

. ~ .

Il CHANGIN® CE)NCEPTS'IN SYSTEMATICS -

A The basic foundations were laid by John "
‘Ray inthe 17th ‘century, - | .

B In the 18th century Linnaeus established

* the system of natural classification and

*" binominal nomenclature in’ use today, iy
His system utilized much of Ray’s work., ,
Basic ca‘tegories added since I-tj.d.n.ﬂaeus

are the fa and phylum.." His- Systema
- . Naturae (10th-edi 1758) is designated as

. the official beginning point for nomenglature,

! ¢ - - ' : '

"*",, ‘ . ey
5o . e *

' BLAQ. 26c. 10, 72,]_ . -
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' CRITICAL 1‘°ROB_LEMSIN SYSTEMATICS — - ,

science in its own rights, -

v organisms found in it.

Solutions to the problem

d LT — ———— and will certainly yield more questions -

3 .

Y

~ C Historically, coneepts in systematics-
are three-phased., -

1 Alpha - Descriptive ' - -

-

2 Beta - Relatioﬁ‘ships

3 Gamma - New Syntheses and Future
Systems

’
.
LY

THE SPECIES PROBLEM . ‘' . ~

Necessity of identifying species

Studies of the ecology of any habitat

requlre the identification of the ™:

One cahnot ..
gome up with definitive evaluations of ’
‘stress on the biota of a system unless

we can say what species constitute the

biota. Species vary in their responses / )
to the impact of the enVironment,

*

1 Evasion

Treat the ecosystem as a 'black
box"--a unit--while ignorirg the
congtitution of the system. This
‘may produée some broad generalizations

than answers, 2

2 Compromise ' \

Work only. with those -taxonomic
categories with which one has the
competence to deal, Describe the

biotic cffmponeiit : as'& taxocenosis -
,limited % one or two numerically’

"dominant taxonomic categories,
bearing in mind that nurherically
taxa 'which are ignored may be very oL
“important to the ecology of the écosystem:

“ ¢
3 /Comprehensive'description '
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Critical Problems in Systematics ' 4 L

v ) D)
2 Splitters conversely destribe those
systematists that see minor variations’

as valid grounds for species separation,
‘The splitters would recognize as a

Attempt a comprehensive descrip~
- tion'of the biota. No one can cldaim -
competence’to deal with more than
one or two groups. The coopera,tion

1 of experts must be obtained.}, The _ species each shell type, however minor.
Smithsonian Institution haS“Sf c1ear- e
inghouse for this sort of thing ' ’ ‘
Lists of expert taxonomists can be. ) ! L. -
§ \ obtained (2a,b, ¢)(3). There will’ 'V SYSTEMATIdS AND AQUATIC BIOLOGY. _
" be none for some groups. .Also
collaboration is time consuming, A How far’ does the aquatic biologist go in -
ot ‘ ) 1ystefnat1cs? . .
. . - . ‘1" The aquatic biologist may or may not
"IV PROBLEMS IN SYSTEMATICS ¢ . - be a systematist or speciahst in a
» - ’ —-’ limited taxon, ‘ .
A A critical problem in,zlassification - ) et .
has been the arbitrary assignment o ’2 Some aquatic biologists have specialized
characters for definition and sepanjfon . in a particular taxon with good results.
4 of characters for definition and separa- ' ., .
) tion of taxa. Specialists in a limited 3" Granted a fine degree of‘competence
taxonomic plant or animal group may in one taxon, he will probahly havé
. " sharply disagree over which values only limited acquaintance with other
s _ should be employed, ' .. taxa.
J The subjective nature of this dpproach 4 It should be obvious that no one can
. . to systematics has not always been . ~ specialize in more than several taxa.
. \> ’ recognized, ’ o - - . -
’ B he' Non-Biologist, Should:
. B Specialists working with restricted plant. /T
or animal groups may be utfable to— "~ . g 1’ Be acquainted.with the basic biological
communicate with specialists’ _m other’ . system of natural classification and
areas due to termiriology used. . ,5ome basic terminology. *
’ C As a result of the subjective element, 2 Realize the limitations of both
" tHe pendulum has ‘Swung betweem the” systematiocs and the aquati¢ biologist
! "lumpers ang ' sphtters T handling systematics,
1 Luimpers is a term uSed loosely .3 TUnderstand that adequate and usabfe
. to deseribe systematists that . 20 taxoppmic treatment of a]l plant and
K deemphasize minute varfations ) & animal groups proceeds jit varying.
' , - in populations of individuals. The Tates, Many groups (example: midges)

"snail species Pleurocetra

- canaliculata has upstream and down-
5 forms (shell types), The
Iumpers-ingist that a great numbér
of thes forms are only varieties

" or ecotypes of a-single highly. -

are still in the Alpha phase. "

C .Facing Problems with the Systematic N

. 1 Identification of aquatic organisms is

Literature { L~

. variable species. ' coinp]icated by.
o ’ >~ ’ - - a Keys may be avaﬂable for on]y one
U . o _of the ]ife history stages. 4
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: Tt . Critical Problems in Systematics T
. g 5
I - Y b Reproductive phases or type of + - - C Systematic Relationships are )Recognize'd
— ; egg depbsition may be involved . o T ! -
. K in correct.igentification, : : 1 Phenetic - based on dverall ' : -
I R . ‘ . similarities . '
) ¢ -Seasonal changes in the organism . ' g
Pl .. may frustrate identificatiqn. ’ "2 Cladistic - based on common lines
' o of descent ) ‘
) . "2 The Hterature is difficult to retrieve. e "
Rl . * . 3 Chronistic based on time .pelation v
D How important is the correct identifica- s - among eVolutionary branch'es
' l tionto species with an aquatic organism? . )
N . For example: . . . . .
1 A test organism ina bioassay Vil CONCLUSIONS ’.' AR ’
procedare , . L2 : g o , L
¥ ' Npmerical ta.xonomy is gaining in ) )
2 "The sludgeworms in a bank of sludge 7 techniqures and application. . -, .
below gross organic pollution ‘ -t
. < ‘B There w111 be .new syntheses in the i
E Current Problems in Identification, . N field of systematics. 7

P

1 Fewer students going into systematics C ’ The applications of corhimter. classification
and identification in th€ field of aquatic .

~
. N ‘ .

2 The marked reduction in our native biology are'unlimited. 2
flora and fauna due to man s dctivities. , - K N
Many eridemic ''species" and groups” - * ‘ ACKNOWLEDGEMENT _ * \ -
(especially molluscs) have been . ‘ - o o ‘
l . extirpated. " . . i "REFERENCES o )
s 3.. Trend toward "lumping” in recent _*. .1 Blackwelder, R, E, Classification of the :
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y electron Picroscopy . ! . %13 " Federal Council for Science and < .
: , ) S Technology. USGPO, 106 pp.“ 1969, . .~ -
I SR $1.25. S
) . S . ; . N L
VI THE NEW SY STEMATICS FROM AR'l‘ 3. Gier, L. J Principles of Taxonomy
'TO SCIENCE R Gier.'.94 pp. 1965. - s 3
N , fi X ‘ } ! . PR
A The new! systematics' including the tool 4 Gregne, hn C The Death of Adanr e % f:
© . of numerica.l taxono#y, is constructed . / Mento 382 pp. 1961. ,’ . e T
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syntheses along with increasing : ‘['; 5 'Heywood V H, and McNeill Jr, 7 7 8 : A .
utilization of compitter techniques. S Phenetic and Phylogenetic Classification; . '
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"B One elemei it seeks to displace ig the. , - P
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‘ _with organisms however,

A/ .

apply to both, however, primary
will be directed to aquatic types,

-

it cLASSIFch TION

One of the first questions usually posed

*about an organism.seen for the first time

is: "what'is it?" usually' meaning, "what is
itsname?" The naming or classification of
biological organisms is a science in itself.
(taxonomy). Some of the .principles involved
need to be understood by anyone )vorking
v » e
A "Names are’ the key number code°
designation"”, or “file rei;e}'ences which
. we must have to find information about
an unknown organism. / ' .- © -
/
~Why are they so lon‘g and why must they-
.+ be in Latin and Greek? ‘File ref\erences
“in large systems have torbe fong in order
-t désignate the many divisions.and sub-
‘divigions; There are gver.a million and
a half items (or species), includeﬂﬁn the
system of-biglogical 'nomenclature (very
-few711braries have as many ¢ dsa million,
books to- classify) Lo . e '

now - ‘\ - v e \..:;f_..aau s

Comrnqn are rarely available for
most’ invertebraieﬁ and algae. Exceptions -t

to this ate common among the molluscs,
many of which have\common names which
_are fairly standard fos thé same species
throughogt its range. This may be due
to their dtatus;as a commercial harvest
or. to the actjvities of devoted groups of
amateur colléctors. Certain acientific -
~ goc\e‘: es have.also agsignead "official"
L %to particular species, '
for example quatic weeds - Ameérican.
Weed Society, fish - American Fi heries

l

Society; amphibians (salamanders and

-frogs/American Society of ,
Ichthyologists and Herpetologists.

D The system of biological hnomenclature
.is regulated by international congresses.
\l‘ It is based or(a system of groups and .

super groups, of which the foundation
(which actually exists in nature) is

e xspecies. .

The tdxa (categories) employed are
as follows® -

The species is the foundation
(plural: species)

.

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

Similar genera are ‘grouped into .
* 4% families. -

PR .

/Similar famihes are grouped in;o .
orders. .
. * ‘\ﬁ’
Similar orders are groupéd into: .
classes, e SR
—_—— . N ,Q' . .

~

Similar, classes are grouped into
phzla (phylum) o S

. Similar phyla are grouped into’
kingdoms.; '

3 \:

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

-

D The scientﬁic name of an organism is its

This is analogous to our system of
surnames (family names) a?d given’
names (Christian names). L

"1 The generic genus) name is always

capitalized and.the species name .
written' with a small letter, They

12t o
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should also be underlined or"print’ed * a Examples of the Clp.ssjﬁcation of « .
. .in italics when used in a ‘technicai: animal and a plant:* * . . :
? ) sénse. For example: ' <Y . .z '
N ' . joo T e '
Y . . . - ) - - - .}
AP Homo sapiens - (=sentiens) mo#ern man Kinsddm  Plantae =~  Anipalia

Homo heidelberggnsis -'heiﬁelberg man Phxlum CJ'irysaphytaJ ’ Arthrc;poda

- .
) . i o . -
L] . re i

Homo neanderthalis - neanderthal man . 91_8_8_5 Bacillariophyceae Insecta
Qrder Pennales - Diptera .
e, Oncox;ytichus gorbuscha - pinki\salmon . Family Gom'phonemacgaé'Chironomida
! Oncorhynchus kisutch - coho saimon Genus Gomphonema - Chironomus
. Oncorhynchus tshawytscha -~ chinook . Specles ?hv,a‘q‘eum . —-E——‘ri arius
) salmon % ot . -
’ - R 4 b These seven basic levels of ‘
3 * oogd .
2 Common names do not exist for mo \ .. organization are, often not enough ¢
" ,of the smaller and less familiar =~ for the complete designation of
. organisms:; For example, if we wish ‘ one species among thousands; -
' to refer to members of the geniis . however, and so additional ¢ .
Gomphonema (a diatom) we-must . echelons of terms are provided“
simply use the generic name, and: by grouping the various categories .
. Yy : . . -into' super.. - groups and sub-,
Goémphohema olivaceum | / dividing them into "sub..." groups

Gomphonema parvulum . .8 ‘ ) oo
. Gomphonema abbreviatum . Superorder, Order, Suborder, etc,,
e s ‘ : Still other category names such ‘ NN

I3

o e

4
1

three- distinct species which nave . as "tribe", "division","variety",
. _ different significances to algologists T "race", "sectian®¥ etc.’, are used :
éinterpreting water quality. - ) ;’ on occasion, e
: r
. 3. A complete list of the various ‘ - ‘tc Addiuonal accuracy is gained by
categories to which an organism - * . citing the name of the authority . <
belongs ig known as its "classification". | who first described-a Species .. i
° For example,gthe classification of a ‘ (and the date) 1mmediate1y ‘ ' o
5 type of diatom and a midge larva or R . following the species name. .
- - "ploodworm" are shown side by side *Authors areé also often cited for 3
below. Their scientific nameés are generg or other groups.
- .- - >~ -Gomphonerna olivaceum and Chironomus T ' ° - ) B

‘riparius.

oS
i
¢
~
‘
.
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d A more coxﬁplete clasgsification of

- the above midge, follows:
Kingdom Adimalia °* -«
Superphylum Annelid
Phqum.Arthropoda}:/‘ . o .
Class Insecta % '

. OrderDiptera .

" Suborder Nematocera

. .Famﬂ}'r Chironomidae

Subfarnily Chironpminae

Tribe Chironomini

“w

Genus Chirortomus

Species riparius Meigen 1804
r
- . .
N
. 5 . 8
-
[ 4 . »
B Y
“ * .
- .
- ,
v e
P t . o -
2 “
/ﬁ, »
. ., .
. -
. ) ‘
- 2
%
A— 3
LY {
.. A b — _
" | .

ad
N A
ey . X

Thé System of Biological Classification

-
-

e ’

e It should be emphasized that since
all categories above tﬁ?’g?ecies
level are essentially human con-
cepts, there is often divergence of

“opinion in regard to how certa

- “organisms should be grouped.’
Changes result as knowledge K
grows, '

f The most appropridte or correct
names too are gubject to change. ,
The specigs itself, however,, as
an entity in nature, -is relatively
timeless and so does not change .
‘to man 8 eye,

This outhne was, prepared by H. W. Jackson,
Chief Biologist and R. M. Smclgm Aquatic’
Biologist, National Training Center,

Water Programs Operations, EPA, Cincinnati
OH 45268
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The desirability of Jlankton (tiny dispersed

plants and animals)‘as objects of radio- °

biological investigation a.rise_s from a number
+ . of points:

I INTRODUCTION-'

S
o

A Their widespread occurrence’in many
* kinds-of a.qua.tic habitats, -

B Their a.bility to take up and to concentrate
radionuclides, which may be injected,
metabolized, and stored by higher organ-
isms, inc¢luding humans, |

B &

C Producing potential health hazards from
. ionizing-radiations at the higher levels
of concentration from radioactiyity.

i . p,
II PRELIMINARY DEFINITIONS AND ’
CONCEPTS

.y
& 1

A Rxdioecolog}of plankton and the food
chain they begin requires a knowledge
of physiology for the metabolic. activities
-involved in the uptake of radioactive

. for the passive (dead) uptake of radio-
, nuclides, i. e. , diffusion, imbibition,
‘B Some isotopes may be passively and
" instantaneously absorbed on the:surface
. of the,cells and are.not taken into the’
. ncells, Cells of Carteria remove yttrium
from the a.quatiq environment by -
" adsorption on the surface, while the
same cells take calcium and a similar
substance strontium into the cells by
a.bsorption. These cells cannot, however,
- substitute strontium for ¢alcium in their
metabolism, because cells without
calcium do not divide.
.em. .
C In gbme cases,_ the concentration ratio
- will vary, directly with the congentration
of the isotope in the water, thi being. a
« linear function. In other cases, the
isotope will be concentrated only to the
extent that it is. uSed In gtill. oth?-:r cases,

2
P

t R

THE CYCLING OF RADIQNUCLIDES IN THE AQUATIC ENVIRONMENT

,J «
isotopes, as well as certain physical ]ax

v,

3

.

as phosphorus metabolism, the element «

may be concentrated considerably out of
proportion to the available phosphorus
in the aquatic environmént,

Ty o
ey

The concentration factor is the ratio of

the activity of the wet weight of washed

a.lga.l cells (disintegrations pes minute, &

per gram) to the activity of the aquatic -~
solution in which the organism was -
living (disintegrations .per minute, per
milliliter). By using concentration
factors, planktonic algae may be com-
pared for a.bili{y to concentrate
radionuclides.

N,

E A succession of organisms,vbeginning £
with those having photosynthesis A
(producers), and proceeding to her--
bivorous, ornnivorous, and carnivorous

,ofganisms (consumers) each serving
as a sustenance for the next, iscalled
a food chain or cycle. Types of orga-
nisms are found at the bottom, middle,
and the top of each of these okains, - X

of

I Phytoplankten (algae) take up and con-
céntrate many kinds of isotopes, both .
stable and radioactive. The amount taken.up

. of each isotope may vary with the age of ther " -
cellg, the concentration of the- dissolved
or jonized isotope, and the pH. A rise in
temperature may increase the diffusion,
but could slow_down the metabolism, which
in turn would tend to decrease the active
(respiratory) uptake of the isotope. '

L ¢

A Algae are noted for their ability to take
up and tosconcentrate certain dissolved
minerals from. great dilutions in their
environmept ‘

1 Concent}v\ation of "essentjal" minerals

(ma.cronutrients) i, e.,¥'C HOPKINS -
CaFe Mg NaCl,". Con : o

-2 Conpentration of trace minera.ls
{micronutrients) such as Cu, B, Mn,
Zn, and Mo,

13-1



The gycling-of Ragionuclides in the Aquatic Environment

\ - P ""iv' -
3 Accu@ulation of nonrﬁé‘tabolic substances
* Y k’ o
. : < - FEY - 7
. B *Because ‘of their minute ‘8iZes; 'pt\ytoplankton
present a great deal of surféce for exchange

with ions and substances in solutibn in

B During periods of elaboration of large
planktoni¢ populations (blooms) peaks of
radioactivity will occur near "the surface

" with the algae. Consequenatly, this radio-

., activity may be manifested as a surface
< i . phenomenon ‘moving do stream; however,
water. 0% ;e ¢+ .7 inbodiés of water witk little or no current
: Lo Lo LT S > (lakes,and ponds); the\rad.ioactivity may

1 At times, algae occur in massive Te ot
: i e concentrated with the algal blooms, in
quantities (blooms) Under these »  a stationary position‘_

conditions. they may selectively
exhaust (take up) -dissolved. substances ’

(phos phatgs. nitrate 8;.and catbonate s) ¢ On degradation ‘of the dead algal cells,

fhe detritus formed from the algae may
- carry some of the radioactivity tothe .
bottom in the form of silt makirig "hot"
conditions for bottom-dwelling organisms.

2 From inorganic substances are o
. synthesized organic substances ‘which
become assimilated as protoplasm, or
nonliving cell w‘alls etc, .

]

Ma flowihg stream, the spgcific activity
3 Because they selectively take some will diminish along the food chai .

‘substances-out” of solution, plankton ' o : ’ oo .

have been used to decontaminate a . . T S ‘ o
‘water supply of known unwanted ° METHODS OF COLLECTING INFORMATION

" -dissolved substances, or to reclaim - ABOUT POSSIBLE RADIOACTIVITY,OF
4 : valuable disso}ved minerals. * . ELANKTON: AND THE FOOD CHAINS
o : , THEY COMMENCE v

t4 Algae f.requently concentrate subs,tances U . , .
an mthout any known role.to metabolism Take a sample of plankton from the stream’
s ' 1i,e., cesium, rubidium, 1odine, bromine, and measure its radioactivity. -

i

. strontiu@, and yttrium, <

.

<4

A

. Control culture the plankton with the

T L

IV .Plants with photosynthesis are at the base
(beginning) of the food chain for all aquatic
life, .

. A In photosynthesis, plankton use radiant
energy, COy, and HgO to begin the
elaboration of many complex organic
compounds ‘which are present in the web
of aquatic life (biosphere). Radionuclides

. tied to these organic compounds may
accumulate to concentrations dangerous to
metabolism all along the food chain, de-
pending on the selective habits of the
herbivordus and predaceous animals,

A “hot" fish may be radiocactive from ~ .-

having fed on caddis fly larvae;. which'in

tarn<ed on.’ "hat ',;algae. The rélative

position 'in the food: pyramid determined

the ‘concentrat.ion of the radioisotope‘*’
.

-
o A
i

0

TN (

medium dosed with known concentrationg

of radioisotopes, 8o as to calculate the

concentration factors for each radionuclide‘ .
, I

C Add plankton-feedmg animals to an

aquarium containing hot' algae to -
measure the amount of radioactive uptake

" from the feeding of the animals on the

plankton. -

Vary pH temperature., time of exposure,
age of ¢ulture and cells and note large °
changes in the concentration factor,

°

SOURCES OF RADIONUCLIDES

o

A Naturally Occurring -

1 Insoils rock etc. (uranium, radium)

.

2 In biot’a--mostly K40
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The Cycllng of Radionuclides in the Aquatic Environment l . )
e ' ' . o -
\;\ ' TABLE I; UPTAKE OF CESIUM.13"7 BY SPECIES OF ALGAE ) l
PR W . SR
VR P . |ppm |Days after | Concentra- '

] ' 1':\" ) : Species ] -of k Dosing {tion Factors ) l
Rhizoclonium hieroglyphicum ~ _ 1 5 11530 . o
Oeddj nnium vylgare - S 3 7790 . l '
Spiro a ellipsospora R 2 341 : .
Spiroma commuhis " 113 5 3 220 I A l
Gonium pectorale 10 2 . 138 IR

, ‘ ¥ l ‘;
Oocystis ehiptma 10 10 - 670 , |
. Chlamydomonas 8p. 8 5 52 T '
Euglena 1ntermedia . 8 14 706 N I
o |Chlorella pyrenbidosa - |8 11 154 " I
e, : ' A * . '
" 7 |Uptake by dead: (formalin-kilied) cells | . ‘ ~
: Chlorella pyreno1dosa 0.3 3 ‘ © 96 g I
Euglena intermedia 0.3 3 (\ 16 T
. ;Lv_ — ; 7
i TABLE I, \ ONCENTRATION OF CESIUM1 57 N EUGENA - .
N4 ] . — _ . -
CELLS/mI \& _ » CONCENTRATION FACTORS
'BEGINNING (AT 40\HRs 18 HRS, | 40 HRS.-§ 96 HRS.
o ~ 144, 000 . 148, roa .3.4 - |- 8,2 62
K 86, 000 113 800\\ 3.4 1.8 .98 g
' ﬁ36,,9(_)0 60, 000 ° 44.46 “15.4 28 . |
.21, 000 . .68, 300 5.9 17.0 26 4}
18, 000 5 55, 500 6.4. 19. 4 19 .
£,400 _ | 27,700 «5.3,. | 11.0° 16 ‘
. ) )
g . ", G, Williams"
: ‘
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was radioactive from growing in & culture dosed with cesium-137, Each.
V .fish was whole body gamma counted in a tube containlng 2 ml of distilled .
. water at 48-hour.intervals for 20 days, Tl;e fish were fed nonnd.(oactive

Daphnia every 72 hours.
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Uptake of radion
by Pithophora in perforated polyethylene bags, compared with activity of fish (bullhqad) a
alga, Cladophora, taken from the river, Dptake of these radipnuc

tilamentous green '
since—the-slga_haqd been killed with ch’lorlne'.

onmetabolic,

ACTIVITY - COUNTS PER MIN.

»
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The Cycling of Radionuclides in the Aquatic Environment
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. pooy water quality’ leading to inveetigations
whichi may improve water qualtt?‘ Prompt
investigatipne should be organized and
conducted o that the resultant data implicatee
" thé ‘correcticausé, Fish kills tend to bé
highly controversial usually involving the
general pub] [c a8 well as a number of . -
agencies. herefore, the investigator can
expect his findings to be’ disputed quite
possibly in &} court of law. 3

fortunate,}can in many instanées indicate , .

The fom)win proceduree are presentetLae
‘a working gu de for i.nvestigatmg and re-

. 'porting fish Kills as S develgped by the
perSonnel of The Lower. Mieeiseippi Biver»
Comprehensi e Project (FWPCA)

3

B Man caueed fish ki:lls Produced by
“environmental cha.nges through man' s
activity, ‘angd may be attributed to’
municipal wastes, industrial wastes,

. agricultural acti ies and /water control
activitiee. . /

One dead fidh fn a stream majr be called
& fish kill; powever, ‘in a praétical .

-

]

h]

I

R

‘..

i

I

" of major significance and, ‘there~-
fore, investigated.

‘<

Minor fish kill-considered here as
NO fish kill and reported sg: -
1 - 100 dead or dying fish confined

" toa gmall area or stream stretch.

Providing this is' not a reoccurring
or periodic situation. For -~ .
example, near a waste ‘outfall'in =
which stream dilution plays its,

part ‘and nullifies the effect ‘of the
deleterious material, If thijisa
reoccurring situation, it could be

Moderate fish kifl: 100 ~ 1000
dead or dying fish observed. Ina
stream whege dilution has had the
chance to pgﬁte role involving

©o..a raile or 8o pfistream; & number

PREPARATION FOR FIELD -
 INVESTIGATION

“of species aré affected; and

apparently normal fish can be
~collected immediately’ downst(ream

from the observed _,kill area,

_ Heavy fish.kill: 10, 000 fish or
more observed dead or dying.
In a_stream where dilution has-
hadthe chance t%xplay 4ts part,
but ten miles’or more of<the
stream are ifivolved, many °
:species of figh are affectedJ and
dying fish may still be obeerved
downstream, ~ ' -

— N
= LN

A Secure mape of area to be'investigated

. sense so minimal range in number of, = g‘:- U S. Geological Survey maps -
~ dgad fish served plus,addifional . N
fqualification.s“sheu‘ld be tised in repgrting & a‘ 1/ 250, 000 scale for general
~ -and*claeaiiying fish killinveetj.ggtioqs. e "”%-; locati(m -
oThe following; definitions -ghould:beé used R ,,,, T .
“as guidelines in reporting fish i » T 124, 000 ‘for accurately
. ~inveeti’gatione. These qualifications " defining:the kill area.in the .
. are] based’on ‘a streani approximating K SN - ~fie1¢ e .
200 feet in’ width and 6 feet’in depth, - R >
For other size stréams,’ adJuetxnente e 2% Navigation mape (agg?opriate ~-
should be, mé.de. i ) AR - -agency) LY Lo .
. ' - - N . _—
122 o 4=
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3 Other sources L
‘From fhe data received from the ’

. . reporting agency, locate the kill

area on the map, .

14

. physical and chemical equipment

" or preserving samples.possibly

.
.
.
4,
s R

of "Standard Methods" for specific
required for collecting, ahalyzing,

contdining the suspected causative

; - .agent, l
st a ' Determine best access pointg, ’ - ‘
. T 3 Form an investigating party -
ooy b Locate possible known mdustries, . ’ \
o ) aunicipalities, or other _ < a' . If only one man is available
: potential sources of pollution. , to make the investigation,
s .preference for choosing the .
" . ¢ - Estimate the possible area to man should be in this order ' '
- - be traveled or inspected on . : ,
& ‘ \T 1) Specialized professional )
’ : 1) water . personnel, such sas,
. i . , engineer,  chemist, or S '
’ ~— 2) land . 3 biologist who is ex- T
. . perienced in.investigating
- - 3) both : \ - . _ fish kills and who is .
. . ’ ) capable of adequately ' i
B Secure sampling equipment and deter- s - - reporting the technical -
mine size of investigation team needed - aspects of the invegtigation, N l
g : H '
1 Standa.rd eqﬁipment tobe'takenon -~ 2) . A non-specialized pro- i
¢ all mvestigat‘ions (a standard 5" fessional engineer, )
, 1+ checklist with space for special chemist, or biologist who l ,
& equipment wxﬁ often save- & has little or no éxperience ,
. embarrassment in the field,) - in fish kill investigations, '
- 4 - .but.who is capable of
- a Thermometer adequately reporting the i v
: ‘ ' —— technical aspects of the ) .
o . b  Dissolved oxygen seﬂ)pler o ~ -*  investigation,
s L J ' =
; ¢ .D.O. bottles * 3) A tedhnician who has
: , : . . “*  considerable field .
’ d Winkler D, O. test kit = experience it pollution -
i . o ' 4 ‘ and fish kill investigations
v Conductivity test meter , T and who is_capable of .
L ) ' ' . reporting some of the X
pH test rheter or chemical kit . v -technical aspects of the
3,:;‘ . N . *» . investigation. -
i Sample bottles * ] R S . .
& S / \ *ﬁf < 4) - An office technician or
" h. ‘Penci.}s and note .paper other personnel who has
g5 ", . + had limited field work in
[ . i Current edition of "Standdrd - T pollution investigations,
e . . Methods for the ‘Examination Y '
:~ ¢ . 7"\ of Water an\d Wastewater "M *e b If two or more men‘ are .needed

3 o~

2. 'If preliminary information is
dvailable on the possible cause ort;/

4 \thijn, consult the latest editio .
N . ' . HHF

v

for the investigation, -the party
should include at least one
person under category €1)

. above, ,Preferabiy, the: team
.should 1nc1ude- ’

G
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Procedures for Fis Kill Investigatiods\

v . |
» . a 'y .
A biologist to make a
# - survey of the biological

changes. -

v, . - a -

2) An engineer to make.an
» evaluation of the physical
condition of the fish kill
. area and to makean -
’ investigation of an industry
or a municipal wastewater
N treatment },p]ant if needed.

¢ If afish kill is observed in its

initial state,in"the field by any °

one of the people listed under

.the classification in Section -

b ‘ B.3.a,, the project vffice
should be informed immediately
(after working hours the project
director or deputy director

should be informed) so that an *

adequately equipped, specialized

investigating party can be

formed if needed, -

C Contact personnel of the laboratory or
laboratories which will participate in
analyzing samples. If possible estimate
the following and record on sample form
No. 1, t

The number and size of samples to.

be submitted

- 2 The probable number and types of
analyses required

gy
"3 The dates the samples willbe
. - received by thé laborafory . * °
4 Method of shipment tothe laboratOry
5 To whom the laboratory results are -
. to be reported
6 The date the results are: needed
. ) ‘ e 4 , +
v MAK[NG THE FIELD IN’VESTIGATION

A. Contact the- local lay person or official
, whofirst observed the kill and reported
< it, “daie

B 5 H - . 4
; ; bt

i

» \ -

1 Obtain any 1additlona'l information.
which might be helpful which was
not reported previously.

2 i possible, retain the reporting
party as a guide or invite him to
accompany the investigating team, °

B Make a reconnaissancg of the kill area,

1- Make a decisioh as to the extent. . *

of the kill and if a legitimate kill
really has occurred& -

2 If a legitimate kill exists take steps
\to trage or determine‘\the .cause,

a Always perform th¥ following

o physical or chemical tests,
during the initial steps of the :
investigation:

e 1) Temperature
2) .pH_

3) Dissolved oxygen

4) Specific.conductance
"™ While none ‘of‘these factors
" may be directly involved in
the kill these tests are per-
formed simply and rapidly in -
e field and can be usedasa
.basgeline or starting point for
isplating the cause (s) of the
kill,

Y

. \ b  Record Ot;lelj physical

observations such as:

1) , Appearance of wat’er, le.,
turbidity, high algal
:blooms, ‘oily, unusual
appearance, ete. ¢

"2) Stream flow W _pattern, i.e.,
" high or low flow, ‘Btagnant
or rapidly moving water,
. i tide moving in or out, etc.
FRT If possible obtain reading
.- .fromstream gage if one
is near kill area,

’
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C t
s method of sampling will depend upon

sx

- outfall

¢

t

3) Weather conditions pre-
vailing at the time of the
' investigation and information
' on weather immediately
v prior to,the kil
3  Make a rough sketch or define the
kill area on a map so that sampling
. points, sewer outfalls, etc, can be
accurately located on a drawing to
be included in a final report.

4+ Take close-up and dista”r'ice
photographs of:

- a Dead'fish in the stream m the
polluted area, °

b  The stream g‘ov;e the polluted
area. vy

c  Wastewater discharges.

Photographs will often show a
marked delineation between the -«
wastewater discharge and the
natural flow of water, Pictures
taken at a relatively high'elevation,
(a bridge as opposed to a boat or
from a low river bank) will show
more and be more effective,

Color photographs areslso more -
effective in showing physical con~
ditions of a stream in comparison
*  toblack and-white prints. |

Sampling Procedures - The extent and

location ‘and upon the suspected cause of
the kill, . ) S

-

1 .Stream and wastewater sampl‘ing,‘.‘

a- Sample the following points when
" the pollutional discharge is
coming from a well defined

LI

. . L ]

i) The effluent discharg%
,  outfall 7 .-°

- « o ¥

2) The sfre'am at the ‘closest

is ITgt inflienced by the " -
,-waste discharge’ '

Apoint above the outfall. which,

e

* tensive enough that when a

1) Streams less than 200 feet

" 3) A number of samples ina .

The str’ea‘\t_n immediately

below the outfall

4) " Other points downstream -

‘needed to'trace the extent
of the pollution

The sampling should be ex]-j

the data is compiled no queétion : !
will exist as to the source of
the pollution which killed the -
fish, °~ ° \
The number of samples to be
collected at a given cross
section will depend principally '
on the size of the stream, -

wide, not in an industrial

area usually canbe

adequately sampled at one .

'point in a section (Figure 1.~
2) . Streams 200 feet or wier, 3
generally should-be ’
sampled two or more-
places in a section
immediately above and |
Welow the pollutional - . \
discharge, where the |
poliutional waste has
gdeqiw.tely ‘mixed with the \
stréam fl6w ope sample
may suffice.

|
| %
|

|
”\
cross section may be
required on any size of DL
stream, to show that the I
suspected pollutional
discharge is coming from
a source located inan’ |
industrial or municipal - ‘\
complex (Figure 2) / o
4) Extensive cross:secticnal
sampling on/rivers | o
greater than 200 feet wide-
will be required for kills )
inyolving suspected R
agricultural or other’ types |
of mass runoff, .

o

. .
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* 5) Sample depths - On streams s 2
5 feet in depth or less, one

> - mid- depth sample per
sampling locations, For - '
streams of greater depths,
appropriate sampling

- judgment should be used,
since stratification may be
present

’

Explanation of Plate I .

A\

1) * Collection point 1, Figure
1 and points 3 and 4,

- F{.gure 2 should be collected
as near to the point of -
pollutional discharge as
possible, These points
will vary according to

. stream flow conditions; the
pollutional discharges into
a slow sluggish stream C e
usually will have a cone:of
- influence upstream of the
. outfall; whereds, a swift
flowing stream usually ‘will
‘.« not,

2) Collecting gn upstream
" control sample from a
- bridge within sight of the
’ pollutional discharge
. would probably be satis-
«factory in Figure 1 but .* !
.definitely not in Figure ﬁ
3) Figures 1 and 2 are given ’
for illustrative purposes:*
only and should be used
only as a guide for sampling.
R Thought-must.be givento. ~
_each individual situation
. to insure adequate, proper
*° . sampling, While too many’
. samples are better than ¥
t86 few, effort should be
made not to unduly over- ' ,
load the laboratory with
" sarnples collected as a
result of poor sampling
+ procedures.

.

Biological sampling :

‘a "¥n every investigation of fish

" 1)%. Collect 20 plus drops of -

. The number of individuals

- enumeration of ﬁsh kills may .-
~he approached in one of the

Py

.
: .
- ..

s »

or wildlife kills-the paramount .
item should be the immediate s .
collection of the dying or only-
recently dead organism.

This may be dope by anyone,
sampling and freservation is

as follows:

A}

§
{
H

blood in a solvent rinsed .
vial, seal same with
aluminum foil,” cap and
freeze, .

tow

2) Place bled'carcass, or

entire carcass if beyond
bleeding stage, in plastic -~ -

* bag and freeze. In case '
no method of freezing is

- available, icing for a
short period prior to
freezing may be acceptable.
Labeling of both blood and
_carcass is}mportant. .

3) Cpntrols-live specimens
of the affected organisms
. should be obtained from
an area within the same
body of water which.had
not been influenced by the
causative agent, Once
obtained these speci
should be handled in
like manner," ¢

*
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invélved and the species

affected should be enumerated
in sorhe manner; At -most

these will be estimates. , ',
Depehding on the given situation
stich as area or distance .
involvéd and personnel available
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1) For large rivers, establigh
observers at a station or
. stations’'(e.g., bridges)
* and count the dead aud/or
. ' dying fish for a specified
: . _period of time, then pro-
ject same to total time . I
involved, . ' Y
2) .For, 1arge rivers and lakes,
‘traverse a measured
distance -of. shoreline. -
count the number and . ;
’ kinds “6f dead-or dying fish, >
Project same relativeto  °
) total distance of kill,
- /
3) For 1akes and large ponds,/
- count the humber and spec}es
within measuréd areas, and
then project to total area
involved, .
4) .For smaller streams one -
- may walk the entire .
strefch involved and count
_observed number of dead
-individuals by species.
Biological sampling Macro- : : ’
Invertebrates .
a Sampling of benthic organisms
after the more urgent aspects v
of the kil investigation has been
completed-can’préve to be- .
rewarding relative to extent and A
. cause of kill, Since this"ﬁaneral
form of aquiatic life is somewhat
sedentary by.nature any release
of deleterious materials to their *-
envirdiment will take its toll.
Thus by making.4 series of ° -
. collections up and downstream, -
tire affect&d stretch of stream
may be delineated when the oy <
benthic populations are compared
to those from the control area.
Algo the causative agent may
-be, realized when the specifics
.7 of 1H& benthic population present .
are ‘analyzed. N ,

Other aspects of the biota

“which should be considered
are the aquatic plants, In lakes
and ponds floating and rooted
plants should be enumerated
and identified. The collection
of planktan (rivers and lakes)
should be taken in ‘order to

. deterfnine the degree of bloom,
which in itself may cause fish

" kills because of diurnal DO

b

levels, .
¢ Both aquatiq plant‘s and macro-=
' ifivertébrates.may be preserved
‘ in a 5% formalin solution. -
4 Bioassay N

Static bioassay techniques as out-
lined in Standard Methods may be
effectively used to determine acute
toxicity of wastes as well as .
receiving waters. .

-In situ using live boxes

a
b ° Mobile bicassay laboratory
c Samples returned to Central

Lab for toxicity tests

DETAILED EXAMINA TION OF SOURCE

‘OF POLLUTION

. \
Seven general éategories under which
causels of kills can be grouped are:
i Ihdustrial waste discharges

Waste discharges from mﬁnicipal
. sewerage systems -
-~

2

-~

3 Water trgatment plant dksd\g.rges '
4 Agriculture and reIated activities
5 Temporary adtivities s

6, Accidental spills of oil and other

hazardous substances
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C Waste discharges from a municipal or

\ . s
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7 - Natural tauses
B, Industi‘ial Waste Discharges

',1 Upon locating the optfdll source;
* collect a sample immediately if
possible at the point where the
wastes leave the company property.

2 Make an in-plant inspection if
possible,,
B ¢
a Contact the plant manager .or
person in charge.

. b Request a brief tour of the
. facilities. ;

. ¢ Obtain general information
concerning the products
* manufactured; raw materials;
"' manufacturing process; .
, quantities, sources, and
N .characteristics of wastes; and
- waste treatment facilities-if any.
Possibly the company may be
able to supply a flow diagram
or brochure of the plant
operations.

P4 / : M

d Request specifi¢c information
concerning the plant operation
immediately. prior to the start
of the kill. .

domestic type sewerage system

? .
g Dlso’harges from, this source may
. be domestic sewage &nd industrial
© wastes combined with domestlc
sewage. These wastes.may be
. subjected to treatment of a municlpal
treatment plant or may be dis- -
charged directly, untreated 'toa-
* stream., -

. Generally, the, municipality or
-.__owner of tlig gewerage system is
held responsible for any&glscharge .

. 'in such a system; consequently,
~_after collecti.ng samples, the owner

_ or arepresentative of the owner of .

* -the sewerage. sys"l:em sgpuld be

S 1R L o

”

.
a,

-
- - - - .~.. N
. R pry PR

N . . .

., ., - .-

contacted. This may be a gsewage
Cl -treatfent plant operator, city -
engineer, public 'works supervisor;—.
a subdivision developer, etc. -

e

. |
.a Obtain information about the

operation of the system. .
b If the cause of the kill was the
result of an industrial waste
discharge to a municipal
sewer and thence to a stream,” ,
information should be obtained
from a municipal official aboiit
the industry and the problem.*
An inspection of the industrial
plant may be desirable.
Generally, this should be done
only in cooperation with a
municipal official.

%

ATl

D Ag}jculture and Rela.ted Activitles

1 ' Pollution capable of causing fish
kills may result from such
agricultural operations as crop
\  dusting and spraying fertilizer.
applications, and manure or other o
» ™  organic material discharges to a
stream.

-

. . .

2  Generally, kills related to these
factors will be associated with
hlgh rains and runoff.

-

- - ~i~
PR - L .
) M “

i

3 . The sourcg or type of pollution
- may be difficult or impossible to
- . " slocate exactly. " It may involve a
" large area, Talking to local
.residents may help pinpoint the
" specific problem area. Runoff | -
from-'fields, drainage ditches, and v
‘. small streams leading to the kill
. . area are possible sampling places
’ .which may be used to trace the
cause. - .

3.
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‘ E Temporary Activitles u - .
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" substances, and:weed s;grs;ymg VI casE HISTORY - S

»A The Lower Mississippi Endrin kill is an

toxic-to fish such as arsenic. excellent example of the investigation of

: . z, a major fish kill. Bartsch and Ingram ®
2" As with icultural activities, - %&: -
’ trsacing thger'cius‘elro " th‘:ej;e el is“ give the following summary (See Table 1). -
' . difficult and may require extensive — o ’ y |
' sampling. - TABLE 1 R
' 3 Accidental sl;ills from-ruptured L ELEMENTS OF INVE TIGATI S .
. _tank cars, pipelines, etc., and _ 5\/\ ONS f ——
: “dike collapse of industrial ponds I Examination of usual, envlronmehw% o g
are frequently sources of fish kills. +  factors - . .-
. ' ) 14 Enn;tnatlon of paragites, bacterial or .
, F Possible Natural Causes of Fish Kills . viral diseases and botulism as causes of R
. mortalities* T,
) 1 Types of natural cais/ei > v I Considerations of toxic subataﬂc;s: '
' Examination and‘prognostication of
. { a Oxygenf depletion due to ice and ‘ 48ymptoms of dying Iish. Autopsy,
o snoyv cover on surface waters "ificluding: . -
Haematocrits and whlte cell counts A

‘ .
b _ Oxygen depletion at night because -

of plant respiration or at any- Kidnéy tissue study

. time .during the day because of . Brain tissue assay for organic 4
natural occurring organics in ] phosphorus insecticide ‘
the water Tissue analysis for 19 potent!any
°  toxic medpls .°
>
¢ Abrupt temperature changes ' .Gas chromatographic analysis of
. tissues, Including blood, for -~

. d Epidemic and endemic disenses, chlorinated hydrocarbon fhsecticides

parasites, and other natural | IV Explorations Yor toxig substances: \

occurring biological causes - .
‘ - _Bioassay with Mississippi River

) water <

e Lake water inversidn during ,
) vernal or autumnal turnover - \
which results in toxic material

or oxygen-free water beingrr )

! Bioassay yith extracts from river
bottom mud

Bioassay with tissue extracts from

. ~ . . fish dying in’ river water and . 6. °
- ) brought to the surface. ,,, “bottom mud extracts .. 5
’(, -~ . . s
= - "ot . Bioassay with endrin to compare . :
- f Interyad:geiche movem%ﬁ!’n . ~-  gymptoms and tissue ektraoct ’ e o
R which a toxic or low o - analyses with those of dfing fish in . T
S ' hypoli.mn;lon flows up intg.e bay all bioassays . -
. or bayou for a limited per{gd . ' . b
s . - e | ° V Intensive chemlcal analysis for. &
’ . of time, and laer returns » . pesticides in the natural envirénment, T
: normnl leV—I o ) experimental environment, river fish, -
. —— 1. B i and experimental anlmals adee L
2  Fish kills in rivers below high da.ma . SR
immediate]\y followi.ng the opening._ - = VI Surveillance of aurfacexwaters for ’ .
. * ¢%  of a‘gite permitting hypolimnionie . |" . . geographic range and infensity of .
B pestlclde contamlnatlon -*
%%, water to flow down the stream . o
%2 (as in TVA region) . il vt Correlation and interrelafion of findings

*»

.
" ) . ] T P
. - « -y X .

! - . * The lavestigator should be awere of the .
s . . Y hﬂ that lnu-nly beaithy fish may be . R .
Y . . . . = » - ; rboring pétheyenlo bectoris ia thelr .
. N .t Tt N bodl(tuu (oee Bullock and Sniestre). v e

. . - PR T Thus thefs may be sdvers! fsctore {avolved :
., D ot .t - in flok mortalittes, 811 of which méy obs

- s .. . . . ‘ qeure the primary sause of cavees.
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Procediures for Fish Kill Investigations

a

o .-
Thésinvestigation was desig'negl to con‘- . —3 Bu]lock G,L. and Snieszk’o S.F. .
sider and eliminate potential fish-kill’ Bacteria in Blood and Kidney of
pogsibilities that were not irvolved and Apparently Healthy Hé.tchery Trout.
come to a point facus on the real cauge, » = * Trans. AmericargF?theries
It was found that.the massive kills were - .. Society '98(3):268-271. '1969.
not cauged by diséage, heavy inetals, } 1
organic pﬁSphorus compounds’ lack of 4 - Burd1ck G.E. "Some Problems «in the
dissoIvevd oxygen or unsuitable pH. Determinatien of the Cause of Fish
Blood of dying river fish wags ound.to . Kills, Biol. Prob. in Water .
have concentrations of(endrin equal to.on” Pollution. USPHS Pub. No..999-
greater than:laboratory fish killed with WP-25\pp, 289-202, 1965.
this pesticide, while living fish Had° S o -
‘lesser. concentrations. Symptoms of 5 —Fish Kills-Cansed Pollixtlgn in-
both groups 6f dying fish were _ideritical, .. ° 1970, 11th-Apgnujl Repert 21 p.

- It-was concluded from all data obtained- - 1972, A . N
that these fish kills yere cgaused by / - oL
endrin poisoning.” ) . o . -

y 6 .Mount, Donald I. and Putnicki, George J.

. Summary Report of the=1963
Mississippi River Fish Kill %

‘e

- -‘

1t

)

o

Reeent investigations’ in Tennessee have
shown that the leaking of small amounts

.of very toxic chemicals from spent | ., 1
pesticfde -containing barrels used as Investigation, 31st North American *
floats for piers and diving rafts in lakes _ Wildlife and Natural Res. Conf.

and reservoirs can-produce extensive ' . 11 pp 1966 . -

fish kills, The particular compound v .
used.to contrpl glime-growth in manu- %: . . §xpith L L. Jr; ., et al. ~Procedures
facturing processes, contained two. , . fzr Investigation of Fish Kills
primgry clemicals in: solution - \ (A guide for field reconnaissance

d data collection). ORSANCO, - °
(phenylmercuric acetate and 2, ‘4, an . ]Q ,
8-trichlorophenol). The formerscom- Cinclnnati, ) 24 pp. 1956,

pound which breaks down to férm® o oo
diphenylmercufy was found to-be more _ 8. Tenneasee Velley Authority. Fish
toxic to aquatic lif&than the latter. < Kill iri Boone Reservoir. = TVA

' : . - Water Quality Branch, Chattanqqga
+ , TN. 61 Pp. 1968,

L 2
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oo + 9 Tenpegsee State Game and Fish
* 1 American Public Health Association, me?" ¥ __ . Commission. Field Manual for_ -
standard MetHods for'the Exafnination ° . .Investigation of Pollution and Fish’
cof Water and Wastewater. Section 231 Kills (USPHS WPD 3- -0351-65
' Bioassay, Exagpinstfon.of Polluted.. . . Grant)’ 71“pp‘ undated 7
‘s”em;.t?,‘2:‘3"3{\?5545:‘“%‘#&’:‘;2;5°°‘°"‘ 10 Willoughby, L. G, Sslinon Digesse in.
E dition. Ne w York. 1971 . i‘ﬁdermere and ‘the River Lewen;
. The Fungal‘Aspect. Salmon and .
“ : .- - .- Trouyt Magzine.. 186:124-130 196
2 Bartech A.F. and“mgram. "William N.© .o

11 Muncy 'Robert 7. Observations on the
‘Biological Analysis of Water Pollution . Factors Involved with Fish Mortality .

-.in North America, International . e "
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I INTRODUCTION °

A The report of the Council on Environ-
" mental Quality (1970) repeatedly stresses
the need for the development of predictive,
. simulative, and managerial capabilities
to combat air and water pollution, °*The
last capabi]lty depends on the first two.

' "B* The standard static jar fish bioassay,
which uses death as & response, -enables
one to predict the toxicity of a particular '
waste to fish, One limitation.of this

. procedure is that it uses a grab sample
which represents the quality of the waste
“at only one point in time, The water’
used to make the dilutions is also taken

"y atone po,int in time,. At the actual
"industrial site, the.quality 8f the waste .
-and the river water vary through time.
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'overcomes this limitatipp, bit may mask
variations that, are biologically important

|

Y

C One could put fish in a continuous ﬂo.v of

there is one further limitation of the
" standard bioassay: death is used as the
response. In-order to prevent damhge
to organisms, itis necessary to have an
early warning of dangerous conditions,
"-'  sothat corrective action can be taken,
In other words, symptoms of ill-health,
. ' which dceur before death, Thiist be detect--
' ed™if there is to be time for dia_gnosis and
treatment,
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I METHODS AND MATERIALY

- A Fish Movement Patterns
1 Fish movement patterns‘ can be monitored
using the techniqué bf light beam inter-
. ruption described in- détail" by Cairns,
‘et al.~»(1970')\ Dawn and disk are
: SImulated by a motor-driven dimming -
-""*  init which graduaily increases the -
. intensity of the rosm. ]ights overa
] half-hour period ’starting at 6:30.a.m,
- and gradually ‘decreases’ the intensity e
“to O‘over a <hour” period starting ‘-
-at'6:30 p,m, The cumulative movement

s - . ' .
2 PR < #
. - . .
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 SPECIAL APPLICATIONS AND PROCEDURES-FOR BIOASSAY .

8

$ A composite ‘waste sample partially ° i

waste diluted with river water, but then _ -+

.’ 2 The fish are placed in test chambers by

.
Y

.’- ).:.7 .- ) . e .
L ,1:3‘3' \, .J’ . B . v

. G

4 . N -
- »

of each of six bluegill sunfish, a .-
single fish per fank, is recorded
every hour throughout a' test‘ except .
during the simulated sunrise and
sunset when an additional record is
made on ‘the half hour,. Each day is . ’
divided into four intervals; first R,
half day, second half day, first half . <

. night and- second half night. (Table 1), :

Before any statistical analysfs ‘can A
Be performed," recordings for day .
1 must be .completed, After the - - —
cumulative movemeht for day1 is L
recorded, statistical analyses are o
performed after-the completion of . “ .
each desighatedtime interval, : For
example, the cumulative movement S
++ recorded hourly for each fish' during '
day 1, first half day values are ‘compared
» * to the cumuldtive movement recorded
*+ " hourly for each fish’ during day 2, first

half day values. . -

Based on the results of 20 laboratory

experiments "stress detection'’ ig.*

* "defingd¥a the presence of two or -
more abnormal maovement pattei’ns
recorded’during' the same time interval,

".B Fish Breathing , S g
€ - - . .

1 Breathing rates may be determined* from/g
polygraph recordings of breathing signals, -«
The fish are tested in plexiglas tubes -~ :

- through which dechlorinated tap water

. or some foxic solution is meteredat . . . :
a flow rate of approximately 100 ml/min,. =
* Breathing signals are detected by three - :

platirium wire electrodes placed in the _ -7 : |

" ' water; an active électrode, an indifferent *;
" -electrode, and d gronnd The tegt . - mj
chambérs and methods.of _acclimating

. the fish are described in more detail . -

by Cairns, et al. (1970) The photoperiod o‘
-*is the same as that for the fish movernent -
study. . -

v

=

6:00 p. m, and the recordings began at A

1 6:00 2,y the next day to allow the fish. . 7
to recover overnight from Handling, .. . %
Toxic solutions aye introduced at 10; QQ a.m, ‘}

. after, the experirmiental fish have been F
exposed to water containing no added g
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. “toxicant for periods of one to six days. . II -RESULTS.

. Bach experimental fish thus serves as . .o
. **_  its own control. In addition, one or " A Fish Movement Patterns
: two fish are never.exposed to the © -
’ ) toxicant and serve as controls through~ : 1 Table 1 shows the results of .one .
T out each experiment, In one experiment, " continuous flow experiment carried
. . using zinc as the toxicant, reported o "out for 20-days: During this experiment
O - 4n Table VI, six control fish were . fish were exposed to zinc on day 7
¢ exposed to water containing no edded ' from™1:00 p.m. until'7:00 p. m, at
cal :zinc for four days. : which time the flow was returhed to
¢ : - normal dilution water. _The zinc
a Preliminary e exidence suggested that - concentrations reached their maximum
: the data could Be analyzed by separa- ' ‘at 7:00 p.m. and atomic ahsorption -
" ting the experimental day into four . _ analyses on-effluent samples.collected
périods; a perfod from 6:00 to 8: 00 a.m, at this time showed the following -
when the bredthing rates changed “/ .concentrations: tank one, 13,32;
manrkedly, a period from 9:00 g, m, tank two, less than 0, 08; tank thr"ee.
Y ‘to 53:00 p.ny, when the rates were. ) 11,39; tank four, 12,72; tank five,
c'bmparativelx,high —another period T 13732; and tank six, 12159 mg/l Zn++
A of rapid éhange from §:00 to 8:00 p, m., ) .The results show that these concentrations
« T ... and a night period from 9:00 p. m. to U of zinc'developing over the six hour
- 5:00 a,m, ‘when the rates were compar- ° ) interval of exposure were insufficient
- atively low (Sparks, et al., 1970).” . * to ‘cause a detectable change in the"
S . movement patterns of the fish, By
_ b Bluegills inq'ease their breathing ] 8:30 a, m. of day 8 the effluent zinc -
" . rates when exposed to zinc (C.airns, - ‘concentrations were less than 9,30 in
et al., 1970). An individual fish was- '’ all cases. . .-
.- fhus considered to have shown a . '
v > responge each time its breathing rate = . 2 To determine the percent survival and
© during a time period exceeded the recovery patterns of the fish once stress
L . - maximum breathing rate observel - detection.occurred, zinc flow was
&, v, during the corresponding period of the” - reinitiated at 1:00 p. m, on ddy 13 of
- IR first day,,bef,ore any.zinc was added. A this experiment Betweéen 8:00 and.
Lot response was scored for each value- < 9:00 p.m. on a8y 13 ¢t inc concentration
«d® .7-- . on the second day that was higher than in thé effluent reached a imum of:
© -+ °. . _ the first day maximum for thée compar- -, 7.51 fof tank one; less than 0,05 for,
L. . able period. The-control periods . - tank two; 7.49 for tank thiree; 7.52 for . .
' (before any. zinc'was added) amdthe -~ - tank four; 7,49 for‘tank five; and 7.54 mg/1
experiment ‘where:no “Zine was added ™, - . " for tank six, The concentrations'remained
at all were tided to determine how nﬁmy # 7. near.the dbeve values until the statistical
. false detections this method of analysis . analyses showed "stress’detection' ..
’ would produce. The experimental . during the first half night values on day.
< .0 . periqds(after zinc was added). deter- _ , ‘14 (Table 1), As soon as stress detection s
mined how quickly the method of - . occurred the’ tlow was returned to normal
5 analysis could detect zinc concentrattons ’ dilution water, At 10:00 2.m, on day 15 _
< in"\vater. . "L \ ’ zinc analyses:showed all effluent concentram
* " ' o -7 tions tobe less than 0,70 mg/l zn'+
; ¢ Zine concentr atiops were determined * Stressdetection continued to be reg'istered
BT daily bysatomic ¢ sorption spectro- .. for two consecutive time intervalg following -
it S photometry.,‘ ) . the initial detectj:on, but after that no stress

detection was registered, and the frequency
of abnormal patterns-returned to prestress
"levels within 48 hours: In this experirfient
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-1 Table IV shows the breathing rates of

<@
<

ag with all others in which dilution )
water containing zinc was replaced with |
-dilution water minys Zinc at that time " *

of stress detection all'fish survived! 7
The results: from the serles of experiments
at progressively lower zinc concentrations
indicate that the lowest detectable con- -
centration is between 3,65 (Table II) ahd

£2.93 mg/1 zinc (Table III) for a 96-hour
exposure. .

Fish Bréathing. ' e

five fish on days 1, 2, and 7 of experiment
*8, ‘The first four fish were éxposed to a
‘measured zinc concentration of 4.16 mg/l,
beginnind at 10 a,m, on day 7. The fifth
. fish gerved as a control and was not
exposed to any added-zinc, The amplitude
of the breathing signals decreased every .
night,” and the breathing rates for fish 2,
in particular, could not be determined
during some portions of the.dark period
(7:30 p.m, - 7:00 a,m,), The maximum
- breathing rates for each fish  during each
period of the first day are circled. The
breathing rate of any fish during a tine
period of day 2 or day 7, which is greater,
than the - maximum breathing rate recorded
for that fish during the corresponding time,..
period of the first day has a .rectangle
drawn around it. The total number of
fish showing increased breathing is °
given at-the bgttom of each-column, On
day 2, fish 2 showed increased breathing
on just two occasions. In contrast after
‘zinc was added on day 7, three and four
experimental fish at a time showed
increased breathing. -
g "
2 Table V. summarizes the. results of .
successiVé comparisons of the first day
maximal breathing-rates to bneathing ?
rates on subSequent days (SCM method .
"of analysis), for experiment 8. During "
_the control period beforé any zine _
was added there were 15 oqcasions when
d aingle exp.erimmtal fish responded,

. fish responded at the same time, “At no .
fime "during the control .period did more
than two fish show responses together, fah
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".and’ three -occasions ‘when two experimental IV DISCUSSION

. A The experiments deseribed ; above
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After tHe zinc was introduced, all
four of the edposed fish showed responses
simultaneously on five occasions, and .
three fish showed r¢sponses during the
same time interval on 19 occasions, I ~.+"~
the criterion for detection of water 1
conditions potentially harmful to fish
were two or more responses during the
same time period, then three false
- detections would have occurred before
any zinc was added, and 4,16 mg/1 zinc *
would have been correctly detected eight
hours after it was introduced. If the
detection crité®ion were three or more
responses during the game time period,
then no false detections would have
occurred and.the zinc would still have
been correctly detected after eight hours.

’
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3 The lowest zine concentration tested was
2,55 mg/l, Using & detection criterion
of simultaneous responses by three fish,

" this concentration was detected 52 hours
after the zinc was-added, with no'falge
detections occurring during the four hours .
before zinc was added (Table VI). The
responsea,of six control fish that were
exposed to dilution-watér containing: no
..added zinc are also shown for comparison,,
Note that there was no tendency toward
increased breathing rates through time in*
the_control fish, and that, no more than one
control fish showed an increased breathing
rate during fine time period :

£ -

. -
by

¢

4 Table VII su:nmarizes information on .
three experiments that indicates the .»" -
effectiveness of the SCM method of A
analysis when different, criteria for -
-detection are used, Changing the criterion i
for detection from one to three responses
per time.period generally increases the -
lag time and decreases the number of',
false detections’ The lag time is the
time_from the addition of zinc to the first, -
" detection, A false detection'is one oceurr-.
" ing before anj zinc is added to- ~the Water.'
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qhow that
the movements'and breathing-rates of bluegill
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Spécial Appggauoﬁé and Procedurss for Biodssay

.

sunfigh-can be uagd to detect syblethal
concentrations of zinc. ‘The criferion - ‘
for,detection is a certain number of fish )
showing an grbitrarily defined response

in hreathing rate or activity during one

time period,
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B In-choosing a specific criterion for
‘.detection, the risk of not detecting stressful

. conditions soon enough must be weighed.
against the risk of falge detections, and
the cholce would probably be determined
by the nature of-the pollutant, If a pollutant .
is easily detected by the ‘biological monitoring
system,..is slow-acting, and if the toxi& :
effects are reversible, then the criterion
for. detection might be responses by 3/4
of the test fish, to avoid the false detections
that would necessitate expensive remedial
action or’a temporary shut-down, On the
other hand, an industry that produces an
effluent contai.xi:ln'-T a fast-acting toxicant
whose_effects are irreversible would
probab],y use a criterion that leads to rapid —
detection (résponses hy 1/4 to 1/2 of the
test fish), and would have to go to the
expense of installing holding ponds or

recycling facilities to accommodate a’

. elg.tive],y high number of false detectioas,
-Aternatively, a safety factor could be
int oduced : by metering prOportiona]ly
_morX waste into the dilution water delivered
to the teat fish than is delivered to the:
stréam. The safety factor could bef-
determined by growth’ and reproduci: on
experiments with fish
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%ﬁ; In aa actual industrial situhtion water and

3&? waste qualities are apt to vary unpredictably,
" -and it would certﬁinly'ﬁe desirable to have
=7 a redundant detec stem, Itis concely~

able that some harmful combination of

environmental conditions and waste quality .

would be detected by monitoring one biological

function, but not by monitoring another.

It is also possible that excessiv bidity

would disrupt the light beams of the movement

manitor, and not affect the breathing monitor;

. pr that an excessive concentration of electro-
lytes' would affect the electrodes of the breath-
ing monitor, but not affect the activity monitor,
Therefore, the activity monitor and the|
breathing monitor have been combined
laboratory for further experiments (Fig. 1)
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. on each waste stream irf the plant and ox
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“D’ The rate of] Hata a.cqu.fsition and ana],ysis -

. could be greatly speeded up if the
monitoring system were automated as

\.)shown in Figure 2, *¥he sampling rate
would be ‘controlled by a minicomputer
, whicH could receive data fromsthe *
" movement monitor and the polygraph
wvia a multiplexer as often as every minute,
The minicomputer would be programmed
to pérform ‘statistical analyses every 10
minutes, for example, and output the
results on a teIeprinter.

v

-8
E Figure 3 shows how the fish monitoring
*+units would be’ used at an actual industrial
site, A monitorifig unit would be lotated
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“the combined wastestream. * The expe
‘tal fish in each unit ‘would be exposed' to

" waste diluted with water from the river
above the plant, ‘and control fish would be
" exposed to upstream wster alone (Fig. 4).
The information from each’ monitoring
unit could be analyzed by a central data
processor, ard whén there was a warning
response, 'the industry could tell Which
waste astream was at:fault. If the problem
was outside the plant, the control fish
would show responses. .

F Figure 5 shows how the in-plant monitoring
systems would Ye integrated into a river -
management system. The in-plant monitoring -
unitg are shown as squares,- and in addition -
to supplying information to each industry,
the monitoring units also inform the control
center, In such a system, there are severals
alternative damage prevention meastres
that could be used, in addition to whatever
medsures,” such zis ghunting waste's to a
holding pond or recycling wastes for further”

* treatment, are available to each industry,
If the monitoring units at Industry 2 indicate,

- that toxic waste conditions are developing,
then the control center might have Industry 1 . .-,
hold its waste until the danger of combining
wastes from-Industry 1 and 2 in the river

._were alleviated by control measures. at
“Industry 2. Alternatiyely, the control centet
might call for a'release of water from the
‘upstream dam to dilute the efﬂuent from
'industry. ¢ )
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It is likely that "fish sensors" in
continuous monitoring units at industrial
sites can warn of developing toxic conditions
in time. to forestall acute damage to the

. fish populations in streams.. In conjunction
with-stream water quality standards for °
chronic exposure,’ such biological monitoring .
systems should make it possible for healthy
fish populations to co-exist with industrial
water use,,
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