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FOREWORD - 5

Man and his environment must be protected from the adverse effects of
pesticides, radiation,. noise and other forms of pollution, and the unwise
management of solid waste. Efforts to protect the environment reguire a
focus that recognizes the mterplay bggween the components of our{hysrcal

. environmgnt — air, water, and land. The National Environmental Research
Centers provide this multidisciplinary focus through programs engaged in

e studies on the effects of envrroﬂmental contammants on man and ttf'
biosphere, and’

®.a search for ways to prevent contanpnatron and to recycle valuable
~ resources. , . ‘
This manual was-developed within the National Environmental Research
Center — Cincinnati to. provide pollution biologists with the most rec@t
methods for. measuring the effects of envirenmental contaminants on fresh-/'(
water -and marine organisms in field and laporatory studies which are casried
out to.establish water quah&; iteria for the recogmzed beneficial uses of
- water and to-monitor surface“water quality.

" : Andrew W. Brerdenbach Ph.D.
. : . ~ Director
: o ) ) National EnvrrOnmental
' Research Center, Cincinnati, Ohio

J
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This manual was published under Researgh Objective chievement Plan

1BA OSAEF “Methods for Determining Biological Parameters of all - ~ '
Wat 15,”” as part of the National Analytical Methods, Deve10pmenKResearch ;

Prog¥am. The manual was prepared largely by a standing committee of sefior

Agency brologrsts organized in 1970 to agsist.the Brologrcal Methods Branch -
- in the selectiqn of methods for use in routine field and- laborator); work in

fresh and’ marine waters arising QUrmg short-term enforcement studies, ‘water

: qualrty trend monitoring, effluent testing and research projects. |

‘The methods contam,ed in this manual are considered by the Committee
to be the best available at this time. The manual will be revised .and new

- methods will be recommended as the negd arises.

~ The, Committee attempted to avoid ‘duplicating field and " lab ratory

j'- methods already adequately described for Agency use in Standarchethods
* for the Examination Water and ‘Wastewater, 13th edrtron and frequent
. reference is made to this source throughout the manual. - ’

o,

Questions and comments regarding thescontents of this manual should be
directed to: . .
i . _ Cornelius I. Weber, Ph.D. | “

' " Chief, Biological Methods Br

S W B Analytical Quality Control ]Jaboratory

: National Environmental Reséarch Center
U.S. Environmental Protectron~Agency
Ciycinnati, Ohro 45268 . .

nch - -
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The role of aquatic biology in the water
~pollution control program of the U. 8.
-Environmental Protection Agency includes field
and laboratory studies carried out to establish
water quality criteria for the recognized
. beneficial uses of water' resources and “to
~ monitor water quaht?

- Field studies are employed to: measure the
toxicity of specific pollutants or; “effluents to

individual species or commumtlés of aquatlc'_

."orgamsms ‘under. natural conditipns; detect
violations of water quality standards; evaluate
the trophic status of. waters; and determine
- long-term trends in water quality.

. Laboratory studies are employed to: measure
the effects of known or potentially deleterious
"substances on aquatic organisms’ to estimate
“safe” concentrations; and determine environ-
_mental requirements (such as temperature, pH,
dissolved oxygen, ettc') of the. more important
_and sensitife specie$ of aquatic organisms. Field
*surveys- and- water quality monitoring are
" gonducted pnnc1pally by the regional
- surveillance and apalysis and national enforce-
ment programs. boratory studies of water
qtiallty requ1rements, toxicity - testing,

by the national research prqograms. - -
The effects of pollutants are reflected in the

] population, density, - species composition and
diversity, physmloglcal condition and metabolic,

i a‘&s of natural aquatic communities. Methods
for- field surveys and long-term' water .quality
monitoring described in this manual therefore,

‘are directed primarily toward sample collection.

and processing, organism identification, and the
measurement of, bibmass and: metabolic rates.
Giiidelines are also. prov1de/gi for data eyaluation
and interpretation.
There are three basic - types of blol&fglcal field
studles reconnmssance surveys, synoptic
'surveys, and comparative evaluations. Although
- there is a considerable amount of overlap, eash
of the aboVe types has specific requu‘ements in
terms of study design.
‘ Reconnaissance surveys mdy Tange from a
bnef perusal of the study area by boat, plane, or

. . : - '
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and .
methods development are conducted prmmpally .

- fauna in different bo
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car, to an actual del‘d -study in which samples are
collected for th¢' purpose of characterizing the
physical boundz{nes of the various habltat types.

(substrate, current, depth, etc.) and obtalmng” -

cursory infofmation o the flora and fauna.-
Although they may befan'‘end in themselves,
reconnaissance surveys are generally conducted”
with a view to obtammg information adequafe
to de51gn more comprehensive studies. They”*
may be quantitative or. qualitative in approach. .
As discussed in the biometrics section, quantita-

 tivg reconnaissance samplés are wvery .useful for
~evaluating “the améunt of sampling ~ effort
required to obtain the desired level of precmon '

in more deta11ed studies. .

Synoptzc surveys generally involve an attempt
to determme the kinds:and relative abundance
of orgamsms present- in the environment being

" studied. This type of study may be expanded to
. include quantitative éstimates of standing crop

or proq_uctlon of biomass, but is generally more
qualitative,in approach. Systematlc sampling, ifi

~which a deliberate attempt is made to collect

specimens from all recognizable habitats, is’

" generally utilized ip synoptic surveys. Synoptic )
ackground data, are-

surveys provide useful
valuable for evaluating 7seasonal sghang nfs\m
spec1es present dnd provide” ul information .

. far long-term surveillance programs. PR

* The more usual type of field studies involve

comparative evaluatzons which may ta¥e various .

forms including: comparlsons of the flora and

-fauna in different areas’ of the- sameu/body of
p

43

water, such as conventional' ‘“‘upstream-
downstream” studies; comparisons of the flora:
and fauna at a given location in a body of water
over time, such as is the case
monitoring;. and co%ljlynsons of the flora and

quantitative and qualitative approaches. How-,
€ver, as prev1ously pointed out, the choice /is
often dependent upon such factors as avallable

" resources, tirhe llmltatlons, and charactenstlcs of ~

the hablta.t to be studied. The latter fhctor may

& t% tjuite important because the habltat/ to be
di

ed may not bf: amenable to t‘he use, of quan-

» :

in trend

i es of water. . /
Comparative studies frequently involve both/ ,



titative sampling devrces do
A special field method that warrants a brref

netation is scuba (Self Gontained Underwater

Breathing Apparatus). Scuba enables the biolo-
gist to observe, first hand, congditions thatjother-

. wise could be described only. from sediment,

~chemical, physical, and biological samples taken
" with various surfacg-operated equipmeng Equip-

-operated at

R
* . *Braidech, T

ment modified from standard samplipg cquip-
ment or prefabricated; installed, and/or operated
by Scuba divers.has proven very valuable in, as-
sessing the environmental conditions where, sur-
face, sampling gear-'was inadeq \
photography presents visual evidence of existing

tonditions ‘and permits the monitoritg of long—
‘term changes in an aquatic efivironment.* "
By utilizing sych underwater *habitats as )

Tektite’ and Sublimnos, biologists can observe,

collecty and analyze samples (\mtl}out leaving the -

aquatic environment. Scuba'is a very: effective
tool ‘available to: the aquatrc biologist, and
methods 1ncorpprat1ng .scuba should be. con-

sidered for usg in situations where equipment -
e surface does not provide suffi-

cient inform tion. .

y

P
, P.E. Gehring, and C.0. Klevenv. Biological
studies related to oxygen depletion and nutrignt regencration
processes in th Enc -Basin. Project Hypo-Canada Centre

* for Inland Waters, Pager No. 6, U. S. Envrronmcntal Protection
' Agency Techmcal Report TS05-71-208-24, February 1972.
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© ' 'SAFETY - .

The hazards assockited with work on or near
water require special consideration. Personnel
should not be dssigned to duty alone in boats,
and should be competent in the use of boating
equipment (courses are offerqgd by the U. S.
Coast.Guard). Field training shquld also‘include
instructions on the proper rigging and handling® ™

-of biological sampling gear.

Life preservers (jacket type work vests) should

‘be wormat all times when on or near deep water.

Boats should have air-tight ar fqam -filled com-

partments for. flotation and be equipped with %

fire extinguishers, running lights,. oars, and
anchor. The use of inflatable plastic or rubber
boats is discouraged.

All boat trailers should have fwo réar runnlng
and: stop lights and turn signals and a license
plate illuminator. Trailers 80 inches (wheel to

. wheel) or more wide should be equipped with
-amber marker lights on the front and rear of the

frame on both sides.
Laboratories ‘should be iprovided with fire

.-extrngmshers, fume hoods, and eye fountains.
-~ Safety glasses should be, worn when mixing

dangerous phemrcals and preservatives.
A copy of the. EPA Safety Manual is available

- from the Qffice of Admrnrstratmn Washington,

DC
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1.0 INTRODUCTION . N

~ Field and laboratory studigs should be wel)-
_planned in advance to assure the collection of

unbiased and precise data which are technically .

. defensible and amenable to statistical evaluation.
The purpose of this chapter is. to present some
of the basic concepts and techinidues of sampling
. design and data evaluatronﬁthiﬁ can be easily
applued,by biologists. :

An attempt Qas been made to present the
* material in a format comfortable to the non-
statistician, and examples are used to illustrate
most of the techniques. , -

»,.r—.

’

1.1 Terminology

To avoid ambiguity in_the following discus-
_ sions, the basic terms must be defined. Most of

the terms are widely used in everyday language,
But in biometry may be used in a very restricted
© . sense. ‘

S

1.1.1 Experiment
'An experiment is often considered to be a

.rigidly controlled laboratory investigation, but,

in this chapter the terms experiment, study, and
field study are used interchangeably as the

‘context seems to require. A general definition
which will usualjy fit either of these terms is’

“any scientific endeavor where. obseérvations or
measuréments are made in order to- draw
inferences about the real world.”

-

112 Observation

This term.is used here in much the same
manner_ as it is in everyday language. Often the
context will suggest using the term ‘‘measure-

_ment” in place of “‘observation.”” This will imply
a quantrfred observation. For statistical
purposes, an observation is a record representmg
some' property or characterrstrc of a real-world

" object.

This" may be a numeric value representing the

3

weight of ‘a fish, a check mark indicating the

presence-of some species in a bottom quadrat
in short, any type of observatron A

- ,‘Blomémics -a ; ‘,

1.1.3 N Characteristics of interest

In any experiment or sampling study, many
types of observations or measurements could be
made. Usually, however, there are few types of
measurements that are related to the purpose of
the study. The measurement of chlorophyll or
ATP in a plankton haul may'.be of interest,

“whereas the cell count or defritus content may

not be of-interest. Thus, the characteristic of .
interest is the characteristic to be observed or .
measured, the measurements recorded, analyzed

and interpreted in order ‘to draw an inference Y.
ab ut the real world. °

1.1.4 L_/mverse and experimental unit

The experimental unit is-the object upon
which an observation is made. The characterjstic
of interest to the study’is observed and recorded
for each unit. The experimental unit may be

_Igferred to in some cases as the sampling unit. °
. For example, a fish, an entire catch, a liter of

pond water, or a square metgr of bottom may
each be an experimental unit. The experimental .

‘unit must be clearly defined so as to restrict

measurements to o_nly those units of interest to
the study. The set of all experimental units of -
interest to the study is termed the “uniyerse.”

1. 1 5 Populatzon -and sample /\.
In biology, a_population is consrdered to be a

.group of rndrvrduals of the same species. The.

statistical use of the term population, however,
refers to the set of values for the characteristic
of interest for the entire group of experimental
units about which the inferences are to be made
(universe).

When studredre made, observations are not
usually taken for all possible experimental units.
Only a sample is taken. A sample is a set of obser-
vations, usually only a small fraction of the total
number of observations that conceivably could
be taken, and is a subset of the population. The
term samplé¢ is often used in everyday language
to mean a portion of the real world which has

* been selected for measurement, such as-a water
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sample\or a plankton hauf However, in this Thus our efforts to select a good” sample

" section \the term *“sample” will be used to  should include an appropriate effort.to Jefine
denote t’k] set of observations” — the written  the problem in such a way as to allow ‘us to
‘records themselves. _ “estimate the parameter of interest using a sample

. S ' of known probability; i.e., a random sample. '
1.1.6 Parameter and statzstzc . R The preceding dlscussxon should leave little
When we attempt to characterize a popula- doubtthat there is a fundamental distinction

' tion, we realize that we can never obtain a per- . Detwe “haphazgrdly-selected” sample and a-
‘ randomly-'aeated sample. The distinction is

fect answer,’ so we settle for whatever, accuracy
and precision. that\js required. We try to take an that a hapﬁazarrdly-selerted sample is one where
there is no conscious-bias, whereas a randomly-

adequately-snzed sa and compute-a number lected 1 here theke is co l
- from our sample that is representative he Selected samplg is one where is.consciously
P presen Q}ﬁ - no bias, There is consciously!4fd bias because the

opulation. For example, if we are i terested in
popL P 5 randomlzatlon Jis planned,-and therefore bias is

" the populationt mean, we take a sample and com- :
pute -the sample mean. The sample mean is .~planned out of the study. This is usually accom-
plished with the aid of a table of random

referred to as a statistic, whereas the po ulation
bop .numbers. A sample )selected according to a plan

mean is referred to as a parameter. In general, .
thé -statistic is related to the parameter in miich that includes rantiom-selection of-eXperimental-

the same way as the sample is related to the po nits is the-qnly sample validly called a random |

ulation. Hence, wg speak . of population param sample. e
eters and Sample statistics. . R;ference to the defimtlon of the term,

Obviously many samples may be selected - sample, at’ the beginning of the chapter. will-

from most populations. If there is variability in ~ remind us that a sample consists of a set, of
the population, a statistic computed from one Observations, eich-made ugon an experimental
sample will differ somewhat from the same ©OF sampling unit. To sample randomly, the

statxstxc uted from another sample. Hence,  €ntire set of sampling units (population) must be
) whereas S?npr;rameter such as the r;))opulatnon identifiable and’enumerated.- Sometimes the task

™ mean is fixed, the stafistic or sample mean is a= .Of enumeration may b% considerable, but often
- vanable and there is uncertainty associated with _ it may be mingmiged by such coinveniences as

it as an estimator of the population parameter ~ ™Maps, that allow easier access to adequate

which derives from the variation among samples. representation of the ehtity to-be sampled. :
A\ . The comment has frequently been made that -

2.0" STUDY DESIGN . . ~ random sampling causes effort to .be put into:
‘ drawing samples. of little meaning or utlh_ty to
2 1 Randomlzatlon . the study. This need not be the case. Sampling

~ ..In biological studles, the expel;mental units  units should be defined b:x the investigator so as
(samplmg units or sampling points) must be to eliminate those units which are potentially of
- selected with known probability. Usually, no interest. Stratification can be -used to place °
.random selection is the only feasible means of less emphasis on those units which are of less
satisfying the “known probability” criterion.  interest. -
"The question-of why known probability is re¢ . Much of the work ‘done in bxologlcal field-
quired is-a valid one. The answer is thatonly by  studies is aimed "at®explaining spatial - distri-
knowing-the probability of selection of a sample . butions of population densities or of -some
cari we extrapolate from the sample’ to the parameter rélated to population densities and
population in an objective way. The probability  the measurement of rates of change which
allows us to place a weight upon an observation ._'permit prediction of some future course of a .
' in making our extrapolation to the populatlon biologically-related parameter. In these cases the
. There is no other quantifiable measure of “how  sampling unit is a unit of space (volume, area).

well’’ the ~selected sample represents the Even in cases where the sampling unit is not a.
population. - ~ . . unit of space, the problem may often be stated
2 h V.
. ) . A o \
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ples

in such-a manner that a unit of space may be
used, so that random samplmg may be more
easﬂy carried out. ! .,

For example, suppose the problem is to ,
estimate the chlorophyll content of algae in a
pond at a particular time of year. The measure-
ment is upon algae, yet the sample tonsists of a

*_volume of water. We“could use our Knowledge of
the way the algae are spatially distributed or

- make some seasonable assumptions, tnen
construct a random sampling scheme based upon
a unit of volume (llter) as the basic sampling
unit. ,

It is }st always a simple or stralghtforward
matter to define sampling units, because of the

N\
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‘statistical population is needed in advance of the

full scale study. This information may be
obtained from-’ prior related studies, gained: by
pre-study reconnaissance, or if noidirect in-
formation- is available, professional opinion
about the characteristics of the populatlon may
be rehed upon. '

2.1.1 Simple random samplt'ng

" . Simple (or unrestricted) random sampling is

used when there is no reason to subdivide the
population from which the sample is drawn. The
sample is drawn such that every unit of the
population has ‘an equal. chance of being
selected. This may be accomplished by using the

+ dynamic nature of living populations.- Many | 4andom selection scheme already descnbed

aquatic organisms are moblle, and even rooted
or sessile forms ‘change With time, so that.
“changes occurring during the study often make
data interpretation difficult. Thus the benefit to
be derived from any attempt to considerysuch
factors in the planning stage will be consnder-
able.

Random sample selectlon is a subject. apart
from the selection of the study site. It is of use

" selected; rand the sampling( upits have been
defined. At this point, rand sampling pro-
vides an objective means of obtaining*informa- -
tldn to-achieve the objectives of the study.

One satisfactory method of random sample---J
' selectlop is describéd. First, number the universe ..

or entire set of sampling units from which the -

0

2. 1 2 Stratified random sampling
- If any knowledge of the expected size or

_'variation of the observations is available, it can

often be used as a guide “in subdividing the
population into subpopulatlons (strata) with a,
resulting increase in efficiency of estimation.
Perhaps the most profitable means of obtaining
information for stratification is through a pre-

: study reconnaissance (a pilot study). The pilot

*study - planning should be done . carefully,
perhaps: sf‘fatlfymg based upon suspected varia-
bility. The results of the pilot study may be used
to obtain estimates of .variances needéd to
establish sample size. ‘Other advantages of the
pilot_study are that it accomplishes a detailed
reconnaissance, and it provides the opporturﬁty-
to obtain experience in the actual field situation

sample, will be selected. This number is N. Ther\__vall\ere the firral study will be made. Information

from a:table of random“umbers select as many
.random numbers, n, as there will be sampling
« units selected for the sample. Random numbers
_tables are available in .most:applied statistics
texts or books® of mathematical tables. Select a
starting point in the table and read the numbers
‘consecutively in any direction (across, dlagonal '
down, up). The snumber of observations, n
(sample size), must be determined prior to
sampling. For example, if n is a two-digit

number, select two-digit numbers ignoring apy

numbers of the sampling units to be elected.
- To obtain reliable data, informatipn about the

obtsined and difficulties encountered may often
be used to set up a more realistic study and

~avoid costly-and needless expenditures. To maxi-

mize -precision, strata should be constructed
- such that the observations-are most alike w1thm
strata and most different among strata,

minimum. variance- withi ata ang max1mum
variance among strata. Fn practice, the informa-
tion used to form strata will usually be from
previously -obtained data, or information about
characteristies correlated with the characteristic
of interest. In aquatic field situations, stratifica-
tion:may be based upon depth, bottom type,

“isotherms, and numerous other variables sus-

pectéd of being correlated with the chajacter-
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istic of interest. Stratification is often done on
other bases such as convenience or administra-
tive imperative, but except where these cor-
respond with criteria which minifmize the
variation within strata, no gain in precnsnon may
be expected.

Number of .Sltrata B

In aquatic biological field studies, the use of
knowledge of biological cause-and-effect may
help define reasonable strata (e.g., thermoclines,
sediment types, etc’, may. markedly affect the
organisms so that the environmental. featlre may
-be the obvious choice for the strata divisions).
Where a gradient is suspected and wheré stratifi-
cation is based on a factor correlated to an
unknown degree with- the characteristic of
interest, the«answer to the question of how
‘many s{rata to form and where to locate their

boundaries is not clear. Usually as many strata -

are selected as may be handled in the study. In
practice, gains in efficiency due to Stratification

usually. become negligible after only a few disie®

sions unless -the characteristic used as the basis
of stratification is very highly correlated w1th
the characteristic of interest.

2.1.3 Systematic random sampling -

In field studiés, the biologist. frequently
wishes to {ise some sort of transect, perhaps to
be assured of including an adequate cross section

while maintaining relative ease of sampling. The

use of trarsects is an-example of Systematic

" sampling. However, a-random starting point is -

chosen along the transect to introduce the

randomness needed to guarantee freedom from -

bias and allow statistical inference. i}

The method of placement of the transect'.

_should be given a great deal of thought. Often
*transects are set up arbitrarily, but they should
not be. To avoid arbitrariness, randomization
should be employed in transect placement.

' 2.2 Sample Size ) P

-~

2.2.1 Simple random sampling

In any study, one important early question is
that of 'the size of the sample. The question is
important because if, on $he one hand, a sample
is too large, thegeffort is wasteful, and if, on the

P ‘

other hand, a sample is too small, the question
of importance to the study may not be properly

_answered.

¢ \ :

Case 1 - Estimgtibn_of a Biﬂvl‘mhial Proportion

An estimate of the proportion of occurrence
of the two categories must be available. If the
categories are presence and absence, let the

probability of observing a presence bé P (0 <P ;
< 1) and the probability of observing an absence

.be Q(O<Q<LI,P+Q=1). The second type of

inf@'mation which is needed is an acceptable -
agnitude of error, d, in estimating P (and-

"hence Q). With this information, together with

the size, n, of the population, the formula for n
as an initial approxlmatlon (fg), is:

2 U
no =% M

d2

The value for t is obtained from tables of
“Student’s t”, distribution, but for the initial
computation (he value 2 may be used to obtain
a sample size, ny, that will ensure with a .95

probability, that P is within d of its true value. If

ny is less than 30, use a second calculation”

‘where t is obtained from a table of ‘“‘Student’s t”

with ng-1 degrees of freedam. If the calculation

tesults’ in an ny, where %Q < .05, no further ,'

calculation is warranted. Use n, as the sample .

size. If?—qQ > .05, make the following, computa-

- tion; S

R .
‘;‘:'.: - n= n .‘—/
| 1+2§—_1 (2)

i3

LA

Case 2 — Estimatio’n of a Population Mean for
) Measurement Data

In thls case an estlmate of the variance, s?,
must be obtained from some source, and a state-
ment of the margin “of - error, 'd, must be ex-
pressed in the same units as are the sample
observations. To calculate an initial sample s1ze )

‘4%_9?/ ‘ - (35

kb
o))



If iy <30, recalculate using’ t,' from ‘the tables,
—and-if—fi’f>--:0—5;- a further-ta‘lculation is in order:
Y : . B /,

N.

n=

= _1 )

After a sample of size, n, is obtained from the
population, the basic sample statistics may be-
calculated. The calculations are tie same as for.
equations (11) through (15) unless the sample

size, n, is greater than 5 percent of the popula--

Fi
tion N. If I% > .05, a correction factor is used so
that the calculatron for the sample var1ance is:
e . EX 2 _ z:xl)2 ¥
n’ S

(%)

The other calculations’ mzhce use’ of, s, as
' ecalculated above, wherever s?
formulas.

&)

S’

n-—l

2.2.2 Stratified random sampling

To compute the sample size. ggquired to
obtain an -estimate of the mean within a

specified acceptable error, computations can be

made similar to those for simple .random
sampling:” a probability level must be specified;

“an éstimate of the-variancé within each stratum
must be available; and the number of sampling

units in each stratum must be known. Although

"this involves a good deal of work, it illustrates

the need for a pilot study and indicates that.-we
must know something about the phenomena we,

- are studymg if we are to plan. an effectlve :

sampling program.
, If the pilot study or other sources of 1nforma-

- tion have resulted in what are considered to be

reliable estimates of the variance within strata,.
e sampling can , be optimally allocated to
strata. Otherwise pr0port10nal allocation should
be ysed. Optrmal allocation, - properlty used, will
resdlt in. more precise est1mates
sample size.
For proportional allocatlon the. calculatlon for
sample size is:
12 INgesi 2
Nd2
»-n=1 ZNjsk?
. N2d2

o (6)

appears in the _

or a given

1

5
1"
A
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s

[}

where t = the entry for the desired probability
level from a table of “Stude t” (use 2 for a
rough estimate); N = thg number of santpli
units in stratum k;.sk?“® the variance of stratu

X; N = the totabnumber of sampling units in al]

strata;"and, d = the acceptable error expressed in
the same units as the observations.
For optlmal allocafion, the calculation is:

12 (ZNisi)? .

- 242 <
¢ o pe—2Nd iy (7
v tzszsk ;
. Q] l. N242 ., ™
ﬂ s -

where the symbols are the same as above and

“where s = s the standard dev1at10n of
stratum k [see Equatlons (16) to (19)1. -
.Having established sample size, it remarns to.
determine the portion of the samplc- to be
allocated to each stratum. :
For proportional allocation:
' , " nNk '

, Nk = N . @‘

(8)
where nk = the number of observations to be
made in stratum k.

For opt1mal allocation:

] nNksk
" PNk

LIS

Sample selection within each stratum is
performed in- the same manner as for simple
random samplmg .

2.2.3 Systema(zc randz;m samplmg
After the location of a transect line is

~ selected, the® ‘number of experimental units (the,

number of poss1bfe sampling points) along this
line must be determined. This may be done in .

.. many way® depending upon the particular situa-

tion. Possible examples are the number of square
meter plots.of battom ceptered along a 100-
meter transect (N = 100) or the meters of
distance along a 400- meter transect;as points of
departure for making a plankton haul of some
predetermined duration perpendiculaif to the

. transect, (In the” s¢cond example, a question of Vs

subsampling or sqme assumption about local,
homogeneous distribution might arise since the
plankton net has a gadrus less than one meter).
The interval of samplrng, C, determines sample

v

»

®,

/ C ™

-~

"

~
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size: n = N/C. The mean is estimated -as usual;
the variance as for a sunple randpm sample ﬁ“
there are no treads, periodicities, or other non-
random effects. {

*3.0 GRAPHIC EXAMINATION OF DATA

©
Often the most elementary techmques are of,
the greatest use in data”interpretation. Visual
examination of data can point the way for more

‘ : » ® N . >
2 3 Subsamplmg . _discrmunat_ory analyses, ‘or on the other hand,
J S ¢ ’ h it + interpretations may become s vious that
atlons often arise where it is natural or’ further analysis is superfluous. In gjther case,

. rative that the sampli units are defined in
.a two—step manner. For example: colonies of
-benthic “organisms might be, the first step, and
L tl1e measurement of some characteristic on the .

graphical examination of data i$ ofter§ the most
effortless 'way to obtain an initial ‘examination
of data and affords the chance to .organize the
data. Therefore, it is often done as a f{irst step.

¢ individuals -within the colony might be ' the

second step; or streams might be' the first

(primary) step, and reaches, riffles or poo[%is/
un

‘the second step (or. lem )‘t) within the

- When a sample of pnmary upits’ is selected, and

then for each_ ity unit a sample is selected

by observing/ gome element of the primary unit, ™

“:» thegampling scheme is known ‘as subsamplmg or.

“two-stage sampling. The computations "are
straight forward, ‘but somewhat more involved.

The method 'O‘f selecttoir of the primary units -

must be established. Tt may be a simple random

sample (equal probabilities), a stratified random _

sample (equal -probabilities within strata), or
other scheme such as probability proportional to
size (or estimated size) .of" primary unit. In any
)case let us call the probablhty of selection of
the ith pr1mary unit, Z;. For simple random

-sampling, - ‘Z-t ﬁ%, where N 1s the number of ,
primary u-rirts in the universe. For stratified
random sampllng, Zy; = Nl , where k signifies the

Kt stratum For selection in which the primary
units, are selected with probabili poational
to their size, the probability of selection of the
J—tl prlmary unit is A .
T ¢ 1)

»

where L‘I equals the number of elements in the-
its subscript. If

primary . unit indicated+ by
- stratification is used with the latter scheme,
merely apply the rule. to each stratum. Other
methods of assigning probability “of selection-
- may be used. The important thing is to establish
the’ probabrllty of selectlon for each printary
un1t

Some commonly used techniques atg presented
below. Cell counts (algal cells per {milliliter) will
serve as the numeric example (Tab’le 1 )

31 Raw Data-

© As. brought out in, other °chapters of this

nual, it is oftmost importance that raw data
be recorded in.a careful, logical, 1nterpretable,'
manner togetherwith appropriate, but not super-
fluous, annotations. Note that although some

annotations may- be con51dered superfluous ‘to
‘the immediate intent of the data, they may not
be so for. other purposes. Any note that might
aid in cdetermining whether the data are
comparablé«to. other similar data, etc., should be
recorded if p0551ble \

3.2° Frequency ‘Histograms
To construct a frequency histogram from the

data of Table 1, examine the raw data to deter-

mine the range, then establish intervals. CHoose
the intervals with care so they will be optimally
integrative and differentiative. If the intervals '
are~tpo wide, too many observations will be
integrj\(ated into one interval and the picture will

be "fidden; if too narrow,too few will fall into
one .interval and a c0nfusmg overdifferentiation

or overspreadlng of the data will: result. It is.
often enlightening if thessame data are plotted ™
with the use of several ifiterval sizes. Construct

the intervals so that no dosbt exist as to which

interval an observation belongs, i.e.,.the end of

one interval must not be the same number as the

beginning of the next.

The algal count data in ‘Tables 2 and 3 were
grouped by two interval sizes (10,000 cells/ml .
nd 20,000 cells/ml) It iseasytosee that the data
are grouped largely jin the range 0 to 6 x 104
cells/ml and that tt(‘ frequency of occurrence is

':\ | N
15 -



" constryction. Flgures 1 and .2 are frequency '

3

TABLEJH///RAW DATA ON E:LANKT(%N

‘ COUNTS
Dnt/"Co&ht Date ~ Count Date Count}
Jane o July

.23 077 gi . 7,692 1. 43231
36,538 1 '26° < 23,077 12 50,000-
26.923 27 1 134,615 13 26,923
2,077 | 28 32,692 1? 44231
13462 29 25,000 157 46,154
19,231 30 146,154 16 55,768

< 21,154 July . ‘ 17, 9,615
61,538 1 107692 18 13,462
96,154 2 13462 | 19 . 3846
23,077 3 9615 .| 20, 3846
46,154 4 148,077 21 11,538

. 48,017 5 "U53.846 | 22 7,692
51,923 .| 6 103,846 23 7 13,462
50,000 |- 7. 78,846 24 21,154
292,308 8 132,692 25 17,308

168, 38 9 228,846 . S

423 10, .307,692. -
I A S
PRI = . . v\ A

lesser, the larger the value. Closer mspectlon will
reveal that. with the finer 1nterval 'width (Table

2), the frequency of occurrence .does nat in- _

crease monotonically as cell . cOunt decreases
Rather, 'the frequency peak is foug;ld in the
interval 20,000 to.30, 000 cells/ml. This observa-
tion was not possible usmg the coarser interval
width; the frequencies were ‘‘overintegrated”
and did* not reveal this part of the pattern”Finer
interval widths could further change the p1cture
presented by, each of these groupings.

. Although a frequency table, contams all the

information that a comparable histogram con-

tuins, the graphical value of a histogram is
usually - worth the small effort required for its

histograms corresponding to Tables -2 and 3,

_ respectively. It can be seen that the histograms
" aré more immediately interpretable. The height -

-of ‘each bar is the frequénéy of the interval;'the

-

width is the interval width..

33 Frequency Polygon 7 y

Another way to: -present . essentially the same
information as t at in a frequency histogram is
the ‘use of a frequency“polygon. Plot 'points at
the height of the frequency and at tHe midpoint
of the interval,/ and jconnect the ‘points ‘with
stralght llnes The data of Table 3 are used to

[ =3
b
A

rn’mumcl

-~
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TABLE 2. FREQUENCY TABLE FOR DATA’
IN TABLE | GROUPED AT AN INTERVAL
WIDTH OF 10,000 CELLS/ML

) Inteval & Frequency lntel:val . Frequency
0- 10 . 6 200 - 210 -0
10-° 20 7 2104220 0
20- 30 9. 220-230 * - -1
30-, 40 / 2- 2301240 S50
a0-"50, 6 240250 - [0
50- 60 - 5 " 250 -260 <0
60- 70 - 1 260 -270 .0
70-180 1 7 270280 0.
80- 90 Q " 280-290 AU

. "90-100 1 290-300 . ~ 1.

- 100-110 2 -1 300-310° 1

110-120 0 s 310-320 - 0"

©120-130- ) 320-330 - 0

130- 140 ' 2 330- 340 i)

140-150° 2, 340 - 350 0

150 - 160 0. 35012 360 0

160-170 1 360 - 370 0

170 -180 .0 370-380° 0

" 180-190 0 380 - 390 0

190200 0 .390 - 400 0

illustrate the frequency polygon in l:'igure 3.

3 4 Cumulative Frequency

Cumulative frequency plots are often useful in
data interpretation. As an example, a cumulative
frequency histogram (Figure 4) was constructed
using the frequency tabl¢ (Table 2 or .3). The'
height of a bar (frequency) is the sum of all
frequencies up to and including the one being
plotted. Thus, the first bar will be the same as
“the frequency histogram, the second bar equals
the sum of, the first and second bars of" the
frequency histogram, etc., and the last baris the.
sunt. of all frequencres

° P

‘ .

hﬂ‘m—mrﬂ mrL —nld ‘,'f‘,”.-.i

160 . 200 240 - 280 320
ALGAL cmsmr THOUSANDS

a

BN ;-

Figure'l Frequency hrstogram mterval w1dth is

10,000 cells/ml

- N .
D - 4

-



&

0’ . 4‘/. k ot -
A

BIOLOGICAL METHODS" ‘

TABLE3. F REQUENCY TABLE FOR DATA
IN TABLE'1 GROUPED AT AN INTERVAL .

WIDTH OFQ&) 000 CELLS/MI.
Interval Frequency ‘ "l‘em' Frequency
L 0- 20 13 7200-220 "y 0
0- 40 11 220 - 240 1.
_ 40- 60 11 240 - 260’ 0
~—60-/80 2 260 - 280 0
* 80 - 100 . 1 280 - 300, 1
100-120 Y& 2 300 -320 L
120-140 . . 2 (320 - 340 "0
140- 160 2 340 - 360 0
.160-180 1 360¢ 380 0
- 180-200 0 380-400, 0

Closely relate'd to the cumulative frequency -

histogram is the cumulative frequen(:y distribu-

tion- graph, a graph of relative ‘frequencies. To +

obtain the cumulative graplt, merely -change the

‘scale of the frequency axis on the cumulatrve

-frequency histogram. The scale change is made .
~ by drv1dmg all values om the scale by the
value on the scalg (in .this case the nu

ighest

er .of

" observations or 48).

‘The value of the cumulative frequency distfi-

butron graph is to allow relatf¥é frequency to bex,

réad, , the fraction .of observations less than

" or equal, to some chosen value. Exercise caution

in extrapolating from a cumulative’ frequency
distribution to other situations. Always bear in
rmnd that in spite of a planned lack of bias, each

. sample or restrlcted set of samples, is subject to

influences not accounted for and is therefore
unique. This caution is all the more pertinent for
cumulative frequency plots because they tend to

1
10
fry -
g
S s+ >
= 1
24 Q.
T T T T T T T é—_! T T T T 1
040 80 . 10 200 20 /20 320
® " ALGAL CELLS/ML. THOUSANDS " '
)
Figure 2. Arequency hlstogram lnterval width is

- . ‘\

-
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smooth out sl)me of the varlatlon noticed in the‘
frequency . histogram. In addition, the phrase

“fractlon of observations less than or equal to
."some choseri value” can easily be read “fractiq
.+ of time -the -observationis less than or equal to |

some chosen value.” It is tempting 4o generaljze.

from this reading and extend these results
.nge of applicability.

beyond thei .

FREQUENCY

320

T T T T T T T T T T T
0 40 &0 120., 160 200 240 280

- ALGAL CELLS/ML, THOUSANDS

Figure 3. Frequency polygon rnterval v/vrdth is .
20 00@ cells/ml. v .

CUMULATIVE FREQUENCY

T — T T T T 77—
0 40 80 120 200 240 280 320 360 400

T "‘ T
160,
<ALGAL CELLS/ML, THOUSANDS

Figure 4. Cumulative frequency histogram; in-
terval width'is 10,000 cells/ml. .

3.5 Two-dimensional Graphs

. Often data are taken where the observations
are recorded as a pair (cell coumt and time),
(biomass and. nutrient concentration). Here a
quick plot of the set of pairs will usually be of

value igure § is such a graph of data taken
from able 1. Each pomt is plotted at. a height -
. 1, ’
Soke | |
o
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corresponding »to cell count and at 3 distance

from the ordinate axis correspondmg to the

-number of days since the beginning obs rvatldn
‘The peaks and troughs, their frequency; toggther
with intimate -knowledge* of the conditions of
the study, might suggest somethmg of biological

_interest, further statistical analysrs, or further
field or laboratory work.

'In summary, “carefully.. preg?&red tables and

graphs may be important land informative steps
- in dafh analysis. The_added.effort -is. usuajly
small, whereas gams in interprgtive mslght may
be large. Therefore, graphrc examination of-data
is a-recommended procedure in the cours\: of

mostimve-strgatrons # NN
e
\ I —
A A -
tv“ 300,_ - .
LF ,.
X 200+
= .
z ~ -
gﬁuu- N
=M , - L
= \- ‘ L\/-/\:\_/\/\
- \“ (.o
af AV . .
N R 30 40
\ DAYS

_Figure 5, An example of a two-dimensional
.graph plotted ‘f\rom algal-count data in Table 1.

4.0 &AMPLE MEAN AND VARIANCE
4.1 General Appllca ion

Knowledge of certam computations and

computational notations is essentral ‘to the use

of statistical techniques. Some bf the more basic

~~of these will be briefly reviewed here. .

- To illustrate the computations, let us assume
we have a set of data, i.e., a list of numeric
values wr1tten down. Each of these values can be
labeled by a set of numerals’, begrbgmg with 1.
Thus, the-first of these values canbe called X
the second -X,, etc., and the last ie we cz)ill Xn.

——————
4
»
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: &
The data values are labeled wrth consecutr@_
rilumbers (recall from the deﬁrptrons{hat these

.- numeric values are observations), and there:are n

values in the set of data.- A typical dbs rvatron is

Xi, where i may take any value beWeLjh Land n,

inclusive, and the subscript mdrcatesy/é‘éljl Xis is

being referenced. . .
Thé sum of-the numbers in a dafa set such as

our sample, is indicated in statistical computa— .

tions by capital-sigma, =. Associated with  aré .{,

an, opprand (here, X) a subscrrpt (here i=-19,
T

nd a,.superscrrpt (here n), 2 X; The sub- -

script i = 1 mdrcates that the %’alue of the
operand Xis to be the number labled X,yin our

™~ data set and that this is to. be.the first observa- .

tion of the sum. The’superscrrpt n indicates that
the last number of the summation is t'o/be the
value of X,,, the last Xin our data set. « P

Computatidhs for the mean, variance,
standard deviation, variance of the mean, and
- standard deviation of the mean (starrdard ‘error)
are presented below. Note that these are compu-
tations for a sample of n observations, i.e., they «
are statistics. .

Mean (X): - .
n
% 5 % (n
* n
Varianee (s? ):- v
< n n .
Z Xit- (2 Xxi)? :
i=1 i=1 (12)
o — :
n-1

7
Note: The X;’s are squared, then the summation
is performed in the first term of the numerator;
in the second term, the sum of the X;’s is first
formed, then the sum is squared, as indicated by
the parentheses. - 4
- Standard deviation (s):

- \};riancelofthe mean (s33: o
B R
0.- ‘.
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Standard deviation of the meéan or standard
v+ error (sg) N
@ 2o I (15)

T‘he'caleulatlons of the, sample statistics for
str,atlﬁed random sqmpllng are as follows (see
i 2.2 2 Stratified’ random samples): ‘
For,‘the mean of stratgm k:
. — . . (16)

L. o " ng SR D

e

- E Yki
=1

~ e -

T ' . . | i ,
\\ | | ‘ “ ;.
sampling): ' '
"« For the sample mean: _ ]
. . n"\ v . _
=_,1 Liyi )~ .
Uil z (—_Zi ) (20)

n E Li
=}

RIS - . : %, . .
" where ¥ is the avenge, coinputed over sub-

' 3amples a$ well 2<s for th#rsample

-

ie.. sxmply comﬁute an thetlc average for .

the measurements of stratum k. -
For the variance of stratum k\&* '

- (E y}d) z
i=1

nk

o
R
>y 1

nk-1

an

b

ie., 51mply Equation 12 applled to the data of -

the kth stratum.
For the mean of the stranfled sample

.
K

m
.k‘_El Nk¥k
for either type allocatlon or alternatively for
- proportional a}locatlon

Vst =

(18)

-

P> nk¥k | .
k=1

Sy

Note that Equations (18) and (19) are
identical only for proportional allocation. - * -/

yst=

r4.3 Statistics for Subsamples

'If simple random sampling is. used to seloct a
subsample, the following formulas are used tg

g . .
St e 0
¢ i= yl“

=

o@D

where Yi j equals the \pbservatlon for the J

element in the i" primary unit, and L; the ‘
nurber of. observat10ns upon element for
primasy uniti. ' ¢ L
For the varlance of the sample mean -
2= 1 n--A A g ' y
82 (y) =—— Z (Yi- Yn)? SN
n(n—l)(ELi)z 1=1 A - (2/2) Ny

*

A .
where Y; is computed as

A

* or alternatively

19)

1 ‘ A

2= -
s n(mD) (_E1 Lp?
- = .

447 Roundlng

The questlons of roundmg and the number of
digits to carry through the calculations always
arise in making statistical” computations. ”

' Measurement data are approximations, since .,

they are rounded ‘when the measurements were
taken; count -data, and binomial dgta are not’

‘subject to this type of approximation.

calculate the sample statistigs  (see 2.3 Sub- .

Observe the following rules when working
w1th measurement or continuous data.

hen rounding numbers to some number -

{

of decnmal' places, first look- at the dlglt to. the

cw R

T

-~




*_right .of" the last place to be retained. If this
number is greater than 5, the last place torbe
‘retairfed is roundedAp by 1;if it is less than 5%
do not change the last place = merely ‘drop the
extra places To round to2 decrmal places:

3.0

s
'-pnrounded s Rou‘nded R
1.239 .24 .
28.5849 . . 2858

® If the digit to-the right of the last place to
be retained is S, then look at'the second digit to
the right of the last place to be kept, provided
tfiat ‘the unrounded number is recorded with
that *digit as a significant digit. If the second

" digit to the right is greater than 0, then round

the numberfup by 1 in the last place to be kept;
if the second digit is O, then look at the third

digit, etc. To roung to 1 place: :
{R\ ~, Unrounded. Rounded

13.251 13.3. A
CEL 13, 25’001 133 .

® lf the number is recorded to only one place

to the right of the last place to be kept, and that

.8igit"is.0, or if the SIgrlrfcant digits'two or more
places beyond the last place to be kept are all O,
a special rule (odd-even rule) is followed to en-
sure that. upward rounding occurs as frequently
as downward’ rounding. THe rule is: if the digit

* to" the right of the last plage to be keptis 5,and

is the last digit of significance, or if all following
significant digits arc@,‘round up when the last
" digit to be retained is odd and drop the 5 when
the last digit to- be retained is even. ¥o round to

1 place - .
Unrounded Rounded
‘ ©13.2500 "t 13.2
13.4

o © . 13.3500°

Y
g .

Caution all rounding must be made in 1 step
to .avoid introducing bias,
number 5. 45] rounded to a whole number is
clearly. 5, but if the rounding vere done in two
stcps 1t would first be rounded to 5.5 then to 6

-

~.will be described:

R

For example the -

PNy v, : .
b4 . . -

- -

. . .
+ BIOMETRICS — TESTS OF HYPOTHESES -

LO.
' . . -~ | =
. v

‘e

(A ' Retaining Significant, F;'gures\
Retentron of signifitant figures in statrstrcal

computations can be summarized in three rules:

value than is warraited v I g >
. ® During intermediate omputatldns keep all
significant frgures for each data value, and carry
the computations out in full. v

® Round the final result to thé accuracy set

by the least apgurate data value.

5.0 TESTS OF HYPOTHESES—
Often 1h blofoglca] field studies some aspeet

® Never use more s,rgmjcance for a raw"data’

- of the study'is dlrected to answering a hypothét-

ical question about a population. If the hy-
pothesis 1s quan tifiable, such as: ‘““At the time of
samplmg, the standing crop of plankton biomass
per liter in lakt A was the same as the standing
erop per liter in lake B,” then the hypothesis can

\,tested statistically. The question of drawing a '
sample in such a way that tq\ﬂe is freedem from
bias, $o that such a test may be made, was dis-
cussgd in the section.on sampling (2.0).

ThIee standard types of tests of hypotheses
» the “t-test,” the ‘“x2-test,”
and the “F-test.” ~_ ’

5.1 "Itest _ .
«The t-test is. used to compare a sample statistic-

W

3

" (suchas the mean) wit,h some *value for the

purpose of making a judgment about the popula-
tion as indicated by the sample The comparison
value may be the mean of apother. sample (in"
which case we are using the two samples to judge
whether the two populations are the same). The -
form of the t-statisti¢is =~ -
Sl N
=S . (26)
where 0 = some, sampe\staylstrc Se = . the
standard deviation of the sample statistic;"and
Q= the value to which the sample statistic is
conipared (the value of the null hypothgsis).

The )use of the. t-test requires. the use /;of '
t-tables. The t-table.is a two-way table usually
arranged with the column headings bemg the
probability, «, of rejecting the: il hypothesrs
when it is true, and the row headings. being the
dcgrees of frecdom Entry of the table at thc'

3
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- correct probability

) e R Y . X .
A . ¢ [

i" two-types. of hypptheses testable using the

N

© t-statistic. s :

The null hypothes;s- is d hypothesls +of no?
difference between-a population parameter and
'another value. 'Suppose -the’ hypothesis to be
"fested is that the mea.n 4, of som# population
als ' 10. ‘Thei we would write the rull

hypothesrs ( rhbohzed H,) as .\_\
° Hg: u-,lo - --

requires a discussion of *

v

. )
4 /
- il
; 4 .

<

"and the table is for one-tailed tests, use thrs same
column for..05 in_a two-tailed test- (double any

one-tailed test hea ing to get the proper two-

tailed test hea‘dmg, or conversely, halve the two-

. tailed ‘test heafing to obtain proper headings for

one-taited tests) “ :
Testlng H, : p=M (the populatron mean

eﬁuals some value My: . .

M ..

& R e L (27)

Here 10 is- the value of @ in the general form for - wherae,a 18’ grven ‘lSy \equatlon (l 1)/ St otfer”

the t-statistic. An alternative to e null
hypothesrs -is® now required. The ihvestigator,
.viewing the experimental Sftuation, determines
the way in which this is stated. If the investi-
gator merely wants to answer whether the

" samplé indicates that g = 10 or Tot, then the
- alternate‘hypothesls Ha,rs ' . -

: than 10, then H, is

v

NHp g # 10° ] ,"-

If it issknown, foibx_ample,' tha‘fzu cannot be less

- b T~
o
N

k
. - . Hy:u>10 .
Q:é’J - a i .

N

~and by s1mrlar reasonlng°the other possible H is
P u<i0 : :

T e

Hence,b there afe ‘two types of alternate hy-
. potheses: “or€ wherc the altematlve is srmply_

. that the «null _hypothesisi s false (H cu¥010);

‘the other, that the null hypothesis is' false and,
igaddition, that#he population parameter lies
to one side or the other of the hypothesrzed
value [Hy:p > or <) 1. In the case of H,

# 10, the test is called a two tailed test; in the

appropriate equatron M = the hypothesr[ed

population mean; and sg. is given by-equation -

(15). The t-table is e;red -4t the chosen proba-
" bility level (often Xi)
dom, where n is he number of observatlons in

the sample. -

When™® the computed t-statlstrc exceeds the
tabular value there is said to be a l— o proba‘ o

bility that H, is false N SRR 4

. *Testing Hy, tpy = #z (the mean of the popula-
tion from which sample 1 was taken equal§ the
mean of the popula,tlon from which sample 2
was taken): - : S :

Ri-% ' |
oL =2 : (28)
. X - X2

nd.n-1 degrees of free- "

“

where sz _x = the pooled standard eLror

" obtained 'by adding the correctéd sums of

. case of either of the'second types of alternate _

t

hypotheses, the' t- te‘s(t is called a one-tailed test.
"l:o iise a’ t-table, it must be .determined.

whether the column headings (probabrlrty of a’
\gt o : X (ni - 1)517+(n2 sy ? (30)

larger valug, br percentage points, or. other
means -of expressing «) are set for one-tailed or
two-tailed tests» Some tables are presented with
both l¢ad1ngs, and the teyms “slgn ignored” and
“sign considered’”’ are wused. ‘“‘Sign ignored”

1mplres a two-tailed test, and “‘sign considered”
implies a one-tailed test. Where tables are given
- for one-tailed tests, the column for any
probab‘rlrty (or percentage) is the~ column
“appropriate to twice the probability for a two-
tailed test. Hence, (if a column heading is .025
‘ [

&

(v

squares for sample 2, and dividing by the sum of
the degrees of freedom for
of the numbers of observatrons 1 e.

S L }:x ) _(EX
\/EW i EX (29>*
X1-Xs. (1 +n2) [(nl E 1)+(n2—1)] s

squares for sample 1 to th{ecorrected sums of

An alternatrve and frequently useful form is

Ky - Xy © (ny +n3) (ny +ny = 2)»

where s, 2 and s, ? are each computed accordmg
to equation (12).
For all condltro‘:s to. be met where the t-test is

[

y

*Z sign, when unsubscnptcd will fndlcntc suminatlonT}r all
obscrvations, hence XZX; mecans sum of all obscrvatrons in
sample 1.

—
~ % ) . \
. LI .~

-

ach times the sum

gapplicable, the sample‘should have been selegted °

!
s
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from a population distributed as a normal distri-
- bution. Even if the population is not distributed
.normally, however, as sample sge 1ncreases, the

t-test appioaches  to appl}cablhty Ift it is
" suspected t the population deviates ‘too
drastlcally froh the normal, exercise care in the
use of the #test. One method of ' chiecking

whether the data aré ol rmally dlStl'lbl;lted\S to
. plot- the observations on normal p; bablllty\
* graph paper. Ifthe plot approxlmates

3 lme using the t-test is acceptable

-The .{-test. is Gised in cértmn cases where it-is~
knOWn that the’ parent distribution
normal. One case: commenly encount red 4n.
field studies \is the binomial. The b1nomfal may
descrlbe presence or absence dead or a male
or female, etc. ~ v h \

- TestingH, : P=K (ﬁle populat10n proport&on
equals some value K) ¢ :
t [ - .
o '” ' --~ t = P- K - .
| I (3 1) ;
R ' - N -n—

where P = the symbol for the populatlon propor-
. tion (eg proportlon of males in the popula-\,
tion); K = a constant positive fractien aslthe
- hypothesized proportion; p = the proportion
‘observed in the sample q = the complementary
proportlon (e.g., ‘the proportion of fema in .
“the sample or 1 - p); and n = the numberyof
observatlons in the>sample. Note that since p is
computed 3s (number of males in the samplea /
" (total number of individuals-in the sample), it
will - always be a pos1t1ve number less than ne\
~ and hence, so will q. Again’ a must be chosen H,’
“can be any of the types prev1ously dlscus ed
and the degrees of freedom aren-1.
Count' data, where the .objects. counted are
- distributed ranigomly, follow a Poisson dlstnbu-'
tion. -If the Poisson can be used as ansadequate -

~-description of the distribution of the popula-

tion, an approx1mate t'may be computed. -
M_for the P01sson (the mean ’

ilsf I’IQD )

. » ' -V-" ; v K .
Note that X = o2 for the PBLsson thus VX s the *

/§tandard deviation of ‘the°mean sz -
- o

52 Chi Square Test(x -tcst) ; C "
Liker t, x? vatues. may 'ba fm\wd,é mathe- -

~matjcal and_statistical tables tabulated in a two-

‘wa ist.n'angement Usually _as with t, the column

straiglit hel&yngs are probabilities 0 obtmnmg a larger

x2 value{when Heg=s ‘trare; an! LOW headlngs'
ar¢"degrees_of freedom. If the ealculated. X. ex- -
_ceeds-the tabular value, then\fhe null hyporthesxs »
s rejected. The chi square tést is ofte;n»used with .

". the assumption ot} approx1mate n6rma~};ty n the v

;.

population. % -
‘Chi square appears in two' fonms‘that d1ffer ’
not only in appearance, but that provide formats’

—
A Y

for different applications. s - I
® One form: AP T T /
. . . o - ve2 - (. LS

s - -hs? - (33)

g

1s useful in tests regardlng hypotheses about o’}
" @ The other form

"x

 pip Bt " (34)
~where 0 = an observed value, apnd, E an ex-"

pected (hypotheslzed) value, is especially useful
in samplnrig from binomijal and multinomial
distribution, i.e., where the data may be classl-
fied into two qr more categorles

Consider first a binomial srtuatnon Suppose
_the data from fish collections from three lakes ~
“are to be p. oled and the hypothesis-of an- equal
sex ratio tested (Table 4).

“ °

. : \  TABLE 4. POOLED FISH SEX :

.} DATA FROM 3 LAKES

No. males - No. femalés . "Total
892% (919)t 946 (919) /1838
« *Observed values.

tExpected, or hypothcsrzcd valucs AN .-

. Q ’ . o *
To compute . the' hypotheslzed values: (919 -
above), it is necessary to have formulated a null’

] X 32). hypothésls In 'this Case, it was
. ‘\‘n v o Ho : No. malds = N;g:malcs = (5) (total)
| ' 13 S Y .
< o * D N - =y S
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Expected valpes are always computed based
Alpon. the null hypothe31s The

-

.v"‘-

#xz H R ) o
e L (8920 919)’+9(94?—919) _159“,
. 91 '
/ \ <y
© *ps. = qot sxgmﬁcant I .

v
 There_ is one degree of - freedom~ for thls test.
Sinde domputed x®
X2 (3.84), -the null hypotheSis is not rejected.
This test, of course, appﬁes equally well to data
thdt has npt been pooled, i.e., where’ the values
arg from two unpooled categories.

The information. contajned in each ‘of the'

.collectlons is partlally obllterated by ‘pooling.:If
the 1d.ent1ty of th€ ‘bollectlons is maintained, two

types‘of test may be made: a-test of the null "~

thesls for, each collection sepa'rately and a

" hyps
i.e.,- whether 'the ‘ratio

.testSof ™ 1nteractlo.n,

: dep.ends upon  the, lake from wh1ch the sample

“was obtalned (Table 5) v
TABLE'S. FISH SEX DA’HA FROM 3 LAKES

is not greater than tabulated -

computatlon for | following :example.

Anqthér X? test, may be 1llustrated by the

Suppose that comparable

techmques were -used to collect from four
eams—With the-use of three spécies common

" -to all streams, it is desiréd to test the hypothesis
. that the three species occur in the same ratio

.. regardless of stream, -i.e.,

that thefr ratio is
1ndependent of ustream (Table 6)

TABLE 6. OCCURRENCE OF THREE '

. SPECIES OF FISH |

: - Number of organisms . < s

Stream .- —g cies 1 Species 2. Species 3 ‘F‘e,““"c{
1 24* 2LMF 12325 -30 (3L .66
2 * 15 (185) © 14(10.6) 27(26.9) 56 .
3 . 28 (274) 150157y 40(39.9) 83 ¢
4 20 (194) - - 9112y 30(284) | 59

" Total 87 - 50. 127, -~ 264

Expected . .

ratio 87/264 50/254 127/264

“*Observed values. ', Lo .
tExpected, or hypothesxzed . : '

‘,tlon for the it?

- Po discyss the table above, O; ; = the observa-
stream and the . o spec1es

- Hence, 0023 is’the observation for stream two
~and spec1es three, or 27. A similar indexing

scheme applies to the: expected values, E; ;. For

~the totals, a subscript replaced- by a dot )
. symbk hzes that summation has occurred for the
observations indicated by that subscript. Hence, -

ke | No Males A *No Females | Total .| '.x?
1 346* (354)t 362 (354). .| "708 36 ns.
2 302 (288) -| 274(288) | 576 | 1.30ns
3 244 (217), [ 3102711 554 |. 7.88
- ~ .| _P=.005
“Total | 892 (319) 946(919) | 1838 ‘| 1.59n.s.
*Observed values. ‘ T ‘ L .

TExpected or hypotheslzed values

' W1th the use of thé same null. hypothesls ‘the.
" following results are obtamed

.The individual X2’ s were” computed m the -

same manner as equation (34), in separate tests
of the hypothesis for each lake. Note that the
figst two are not significant whereas the third is
significant. This points to probable ecological
differences among lakes, a possibility that would
" not haye been discerned by pooling the data:

The|

"obtained using totals ie.; .

X (interactions) = EX2 (mdmduals) x, (total)
=.36+1.30.+ 7.88 - 1.59 =7.95:

. The degrees of freedom for the interaction x?

"are the number of 1nd1v1dual‘>(2 ’s minus.ofie; in

this case, two. This interaction X2 is s1gmﬁcant

(P > .025), which indicates that the sex ratlo 1s

1ndeed dependent upon the lake ‘

the X

v

'
\

test for interaction (dependence) is. made
by summing the individual Xz's and subtractlng‘
i

O, is the total for species two 450); O3, is the,
total for stream three (83); and O _ is the grand
total( 64) ' . ‘
Computations. of expected values make use of
the null hypothesis that the ratios are*the same

.regardless of stream. The best estlmate of thlS

ratio* for any spec1es is D_ the ratio of the sum

l4

for species j to the total of all species. This ratio
multiplied by the. total for stream -i glves the

‘ expected number of organlsms of specles jin

stream i . _ . .
0.5\ .
Bij=(b,—f) ©y 35)
For example,, . .
. o v
_Ei2= ‘o—J) 0,)
50
. = o= (66)
.. 264 % =
‘ =125
’ f’ D . W
VIR S . 5



_is eomputed as-
- 2
2.5 (On Ej)
i B
For this type of hypbthesis, there are (rows - 1)
(colums - 1) degrees of l'reedorrL, in this case

AN

H@2)y=6

X = 2.69(n.s)

T N iy,
In the example, x2 js nonsnz,mllcant Thus, there
_\1s no evndenwtlmt the ratms -among ‘the organ-
“isms arg different for dlffereht 'stiparfs.

. Tests of two types of“hypotheses by . X? have
been illustrated. The first type of hypothesns was
onc where there was a_theoretical ratio, i.e., the
Tatio of males to females isl:1. The second type
of hypothesis was one where equal ratios were
hypothesized;, but the values of the ratios
themselves were computed from the data. To
draw the proper.inference, it is important to,
make a distinction betwetn these two types of
hypotheses. Because the ratios are derived from"
the data .in ‘the later case, a better fit to these
- ratios (smaller X?) is expected. This is compen-
sated for by loss of ‘degrees..of .freedom, Thus,
-smaller computed’x2 s may be judged: slgmﬁ-‘
" cant than would be in the case where the ratios
are hypothesized independently of the data.

~ 5.3 F-test ,
" The F distribution is used for testing equality
of variance. Values of F are found in books of
mathematical and statistical tables as well as in
most statistics texts. Computation of the. F
- statistic involves the ratio of two variances, cach
- with associated degrees of freedom. Both of
these are used fo enter the table. At any entry of
the F tables for (n; - 1) and (n, - 1) degrees of
. freedom, there are usually two or more entries.
These entries are for various levels of probability

of rejection of the null hypothesis when in fact _

‘it is true.
The s1mplest F may be computed by forming

the r o of two variances. The null hypothesis is
H, = 02? The F statistic is

Slz .

Fes? (36)

where s,2 is computed from n, observations

and 's,? from n,. For simple variances, the
- degrees. of freedom, f, will be f; =n, - | and

v . .
.y

~

" lated value,
probability that o,

v ' T

‘BIOMETRICS — F-TEST

-

f, = n, = 1. The table is entered at the chosen
probability level, «, and if F exceeds the tabu-
it is said that there is a 1 - «a
? exceeds 0, 2.

5 4 Analysw of Varfance ,
simple but potentially useful examples

" Tw
of th analyms of variance' are presented to
illustrat™NQe use of this fechmque The analysis

of varian'ce 1s a powerful and general technique
applicable to data from v1rtually any experimen-

- tal or field study. There are restrlctlons, hOWever

in the use of the technique. Experimental errors
are assumed to be nbrmal]y (or approximately -
normally) distributed about a mean of zero and
have a common variance; they are also assumed
to be. independent (i.e., there should be no cor-

- relations among resp'onses that are unaccounted ..

for by:the identifiable factors of the study or-by
the model). The effects tested must be assumed
to be linearly additive. In practice these assump-
tions are rarely completely. fulfilled, but the’
analysis of variance can -be used unless signifi-
cant departures- from rormality, or correlations
among adjacent observations, or other types of
heasurement bias. are suspected. It would .be
prudent, however, to check with a statistician -
regarding any uncertainties about the. appli-
cability of the test before 1ssumg final réports or

.publications.

a
o

5.4.1 Randomizeddesign L
The analysis. of variance for completely

‘randomized designs provides a technique often

¢

useful in field studies. This test is commonly’
used for data derived from- highly-controlled
laboratory 'or . field experiments where treat-
ments are applied randomly to all experimental
units, and the interest lies in whether or ‘not the

~ treatments significantly affected the response of '

the experimental ehits. This case may be of use ’
in water quality studies, but in these studies the
treatments are the conditions found, or are

. Classifications. based upon ecological criteria.

Here the desire is to detect-any differences in
some type of measurement that might exist in
conjunction with the field sitwation or the
classifications or criteria. ,
For example, suppose it is desired to ‘test
whether the biomass of organisms at’tachjng to
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slides suspended in streams varies from stream to
stream.” A simple analysis such as this could

precede a more.in-depth biological study of the
comparative productivity of ‘the'streams. Data
from such a study are presented in Table 7.

TABLE 7. PERIPHYTON
PRODUCTIVITY DATA

Biomass
(ing dry wt.)

26
20
14 !
25 :
34
28
Lost
, 23
- 31
35 »
40

S 4 .28
In testing with the analysis of /Z:mce as

with other methods, a null hypothesis should be

formulated. In this case the null hypothesis

could be: ‘ ‘

. H,: There are no differences in the
biomass of organisms attached to the
slides that may be attributed to differ-
ences among streams.

In utilizing the analysis of variance, the test
for whether there’ar differences among streams
is made by compdrm?g two types of variances;
most often called ‘‘mean squarcs in this con-
text. Two - mean squares are computed one
‘based upon the means for streams; and one that
is frec of the effect of the means. In our
example a mean square for streams is computed

Stream Slide

1 N

BLWRO BN =S wN -

with the use of the averages (or totals) from the - -

streams. The magnitude of this mean square is
affeeted both by differences zmong the means
and by differences among slides of  the same
stream. The mean square for slides as.computed
that has no contribution due to stream differ-
- ences. If the null hypothesis is true, then differ-
ences among streams do not exist and, therefore,
they make no contribution to the mean square
for streams. Thus, both ‘meéan squares (for
streams and for slides) are estimates of the same
variance,

r

and ’with repeated sampling, they
would ‘be expected to average to the same value.

16.0.@ b

‘f

4

-~

-

4

It the null hypathesis (H ) is true, the ratio of

these values is expected to equal one. If Hy" is
not true, i.e.,
the effect of streams, then the mean squafe for
streams is affected by these differences”and is
expected to be the larger. The Tatio in the
second case is expected to be greater than one.
The ratio of  these two variancés forms an F-test.

The analysis of variance is presented in Table
The corhputat\ions are: ,

’ 85+ 85 + 134)?
C= A > )

ZXU2=262+2024’....
ij "

y—-

=.8401:45

- ‘
+40% + 282 = 8936
Total S = 8936~ 8401.45 = 534.55

Xi2 852 gs? 1342

i e i RS

” = 8703.58

~ Streams SS = 8703.58 8401.45 = 302.13
Slides w/i streams SS = Total SS ' Streams SS
. ~ =534.55-302.13
=232.42

The mean squares (MS column) are computed
by dividing the sums of squares (SS ‘column) by
its corresponding degrees of freedom (df
column). (Nothing is usually learned in this
context by computing a total MS.) The E-test is

TABLE 8. F-TEST.USING PERIPHTON DATA

Source - Cdf ' . SS
Total N-1* Z X;j? -C
. ij
. X 2 R
Streams S I z ekl .C

Slides w/i streams z (rif1) ~ Total SS - Stream SS
/ : . -

if there are real differences due to

*The symbols are defined as: N =
(slides); t = number of streams; rj = number of slides in stream i;
Xij = an obser¥ation (biomass slide); Xj. = sum of the
obscrvatlons for stream i;and C = rection for mean =

total number of observations -

(E le)
_N__-
A — ;
Source df SS MS F
Total 10 534.55 '
Streams 2 302.13 151.065 5.20*
. Slides wfi o '
streams 8 . 23242 29.05€

*Significant.at the 0.05 probability level.

*
N L

R
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-

performed by computing the ratio, (mean square  This hypothesis is not stated in statistical terms
for “streams)(mean square for slides), in thls and, therefore, only implicitly tells us what test
151.065 5"20 : to make. Let us look further at the analysis
29.055 : : ‘before attemptmg to state.a null hypothesis in
‘When the calculated F value (5.20) is com- statistical terms.
pared with the F values in the table (tabular F
values) where df = 2 for the numerator and df = ;oo oy positions. A study could have been
8 for the denominator, we find that the calcu-. done on each of the two factors separately,
lated F exceeds the' value of the tabular F for an attempt could have been made to dlstmgu1sh‘
“probability .05. Thus, the experiment indicatesa  whether there was a difference associated with
high probability (greater than 0.95) of there times, assuming all other factors insignificant,
being a difference in biomass attached to the and likewise with the positions™ The example,
slides, a difference attributable to dlfferences In used here, however, includes both factors
streams. . simultaneously. Data are given for times and for
Note that this analysis presumes good biologi- positions but' with the complication that we
cal procedure and obviously cannot discriminate cannot assume that one. is insignificant when
“differences in streams from differences arising, - studying .the ovher. For the -purpose of this.
for example, from the ‘slides having been placed study, whether there is a significant dffference
"in a riffle in one stream and a paol in the next. - ywith times or on the other hand with positions,
. In general, the form of any analy¥s ‘of variance are questions that are of* little interest: Of
derives from a model descrlbmg arh observation interest to this study is whether the upstream- -

case,

In this study two..factors are 1dent1f1able

in the experiment. In the examplé, the model,  downstream difference varies with times. This
 although not stated explicitly, assumed only two  fype of contrast is termed a positions-times inter-

factors affectMg a biomass- measurement —  gefion. Thus, our null hypothesis is, in statistical

streams -and slides within streams. If the model o . '

“had included other factors, a more complicated TABLE 9. POUNDS OF FISH CAUGHT |

analysis of variance would have resulted. | . PER 10 HOURS OVERNIGHT SET OF A

5.4.2 Factorial design 125-FOOT, 1%:-INCH-MESH GILL NET

Another application of a simple analysis of P '

variance may be made where the factors are: Times- ositions

arranged factorially. Suppose a field study where Upstrearh (Py) Downsteam (75}

the. effect of a suspected toxic effluent upon the B(‘»’Tm)'c o ‘3"23 ' §§8

_fish fauna of a river was in question (Tables 9 - h 38.2 203 °

‘and 10). Five samples were taken about one- ' 41.1 ’ 36.5

quarter mile- upstream and five, one-quarter mile . : 17'6, . _"29'4'

downstream in August of the summer before the - ‘:‘Tm)r _ ;g'g' ;g'g

plant began operation, and ‘the sampling scheme .~ - : Co221 244

was repeated in August of the summer after : ;’61-3 }?'37 L

operations began.
Standard statisfical terminology refers to each
of the combinations P, T,, P,T,, P,T,, and

P, T, as treatments or treatment combinations. - TABLE 10. TREATMENT TOTALS FOR

Of. use in the analysis is a table of treatment THE DATA OF TABLE 9°

totals. = ‘

" In ‘plannjng—for -this- fietd study, a null and Total o Positions Times totals

pstream Downstream N

alternaté h/ pothesis should have been formed. o 1589 Tai1 3030

In fact, whether stated explicitly or not, the null After. ‘1318 944 *226.2

hYPOtheSIS was: . Positions . ~-Grand total
H,: The toxic-effluent has no effect upon- - “, totals 290.7 , 2385 529.2

the weight of fish caught v
17 -

° . g - e . ‘e - )
* ) o,
’ N . NEE ) N - iy
- . . - I

Y]

n



BIOLOGICAL METHODS

termmology
-Ho: There is no significant mteract10n effegt
Computations for ‘testing this hypothesis With
the use of an analysis of variance table are
presented below. "¢«

Symbolically, an observation must have three '

"indices specified to be completely. identified:

posntlon, time, and sample number. Thus there
_are three subscripts: X; jx is an observation at
posmon i, time j, and from sample k. A value of
1 for iris upstream; 2, downstream; 1 for j is
before; \2 after. A partlcular example is X;, 3,
the third sample upstream after the plant began
operation, or 22.1 -pounds. A total (Table 10) is
specified by ‘using the dot notation. Fors the
value of X”, then the individually sampled
values for position i, time j are totaled. It is a
total for a treatment combination. For example,
the value of X;,.is 158.9, and the value of Xy .o
wher€ samplings and times are both totaled to

" give the total for upstream, is 290.7.

»

- of times, of sampling (in this case t =

For. a slight advantage in generahty, let the
following additional symbols apply: t = number
2% p
number of positions samples (in this case p =

gumber of samples per treatment combi

tlon and n = the total number of observatlons .
., significant effect (Table 11).

The cdmputatlons are:

Correction for mean (CT)
EXi ,kﬁ (529.2)2
.’ N
P 14002 63

Treatment Sum of«Squares (SSTMT)K ,» |
(S-Xij )

'S

(158 9)2 : (131 8)’
T ‘_s T

5

samples is taken for fich Hegtfném:‘ eombm-atlon
it should be left as above ) '

Posntlons Sum of Squares (SSP): -
Exi <cr

(238.5)2

250.7)2
239.D) T - 14002.63 = 136.24 |

10

}I‘Irror -

Z Xi

¢ o . - .

o \
Times Sum of Squares (SST):

x.j.2

Sp - Cr
03.0)2 (226.2)? T [
3 > ) +5—16-)— - 14002.63 = 294.91

Interaction of. Positions and Times Sum of
Squares (SSPT): '
SSTMT ~ SSP - SST

456.69- 136.24-20491=2bs4 |

. Error Sums of Squares: "]

-.SSTMT-CT
15308.24 - 456.69 - 14002.63 = 848.92

Although not important to this example, the
main effects, positions and times, are tested for
significance. The F table is entered with df = 1
for effect tested, and df = 16 for error. The posi-
tions effect is not significant at any probability

' usually employed The times effect is significant

with probability greater” than '.95. The inter-
action effect is not significant, and we, there- -
fare, conclude that no effect of the suspected
toxic effluent can be distinguished in this data.
Had the F value for ‘interaction been large
enough, we would "have rejected the null hy-
pothesns, and cdncluded that the effluént had a

A}

TABLE 11. ANALYSIS OF VARIANCE
o TABLE FOR FIELD STUDY DATA
. OF TABLES9 ’ .
0 sowree. . df sS MS - F {
s Treatmenis 3 ¢ 456.89 i ) .
ff,,POsxt:ons T 136.24 136.24 .. 2.56
CTimeg [t I7 01T - 29491 294.91 "5.55%
.." Pdsitions - oL
'_ X times " T 25.54 25.54 <1
16 848.92 -53.05 :

here, if desued but Where ad&f{éienf u-mber of. ..6 0 CONF IDENCE INTERVALS FOR MEANS

MY “AND VARIANCES.,

LA
When means ar(computed in ﬁeld studies, the

" desire often is to Teport them as intervals rather

than as fixed numbers. This is entlrely reason-

- able because computed means are’ virtually

always derived from-sampies anid are subject to

. the same uncertamty that is assomated with the

¢

sample.

1830’.-.‘v'"l,»



..4
s

{ ~ .

The correct computation of confidence
“intervals requires that the distribution of the
~ obseryations be known, But very often approxi-
mations are close enough to correctness to be of
“use, and often are, or may b&made to be, con-
servative. For computatlon of confidence inter-
vals for the mean, the normal distribution is

usually assumed to apply for several reasons: the_ -
central limit. theorem assures us that with ‘large

ples the mean is likely to be approximately. .
normally distributed; the required computations
- are well known and are easily applied; and when
the normal distribution is known not to apply,
suitable transformation of the data often is avail-,
able to allow a valid appllcatlon

The confidence interval for a mean is an inter-

val within which the true mean is said to have -

some stated probability .of being found. If the
‘ probability of the mean not being in the interval
isa (a could equal .1, .05, .01 or any probability
value) then the statement may be written

P(CL < u<CLy)=1-a

Thisis read, “The probability that the lower con-
fidence limit (CL, ) is less than the true mean (u)
and that the upper confidence limit (CL;) is
greater than the true mean, equals 1 - «.”’ How-
- ever; we never know whether or not the true
mean is actually included in the interval.~So the
confidence interval statement is really a state-
ment about our procedure rather than about o
It says that 1f we follow the procedure for re-
peated experiments, a proportion of those ex-
periments equal to « will; by chance alone, fail

to include the true mean between our limits. For

example, if o = .05, we can expect 5 of 100
confidence intervals to fail to include 'the true
mean. .

To compute. the limits, the sample mean, X;

the standard error, sgz; and the degrees of
wJnust be known. A ty -]. value )

freedom, n-
from tables of Student’st is obtained corre-
sponding to n-1 degre):s of, freedom and
probability a.The computation is

{ - .
| CLy =X~ (i) (5)
CLz = X + (tg) (sg)

Other confidence limits may be computed
and one additional conﬁdence limit is givel

-variance, - ¢?.

. n-l and values

-interval is : .-

/S ‘
[ .

'BlOME'llRlCS — CONFIDENCE INTERVALS

¢

this section — the tonfidence limits for the true
The information needed Rere is
similar to that needed for the mean, namely, the
estimated variance, §%; the degrees of freedom,
om X2 tables. The values from

X2 depend upon the degrees of freedom and
‘upon the probability level a. The confidence

= ¢ =

2 M 2

(n-1s* &+ , & (n=1)s?
.. P -xz‘ =0
a 1~a

This will ‘be illustrated for & = .05; (n-1) = 30;
5. sinc'e a =05 1- %‘-= 0.975; the

associated X2 5,5 = 16.8,and the X%, 025 =
" 47.25. Thus, the probability statement for the .
variance in thls case is

[319< <893] - 95

7.0 LINEAR REGRESSION AND CORRE- '
LATIQN - :

7.1 Basic Concepts

Tt is ofteft desrred to investigate relationships .
between variables, i.e., rate of change of biomass
and concentration of some nutrient; mortality
per unit of time and concentration of some °
toxic substanc% chlorophyll and biomass; or ..
growthrate and temperature. Asbrolog18ts we
appreciate the incredible complexrty of the real-
world relationships between such variables, but, -
sirnultaneously, we may wish to investigate the

and s? =

-

desirability of approx1mat1ng these relationships

with a straight line. Such an approximation may
prove invaluable- if used judiciously within the
limits of the conditions where the relation holds.

It.is important to recognize ‘that no matter how
well the straight line describes th@ data, a causal

relationship bétween the wvariables is. never
implied. Causality is much more difficult to
establish than mere descrrptlon by a statistical
relation. ‘

When studymg the relatlonshlp between two
variables, the data - ‘may be taken in one of two
ways. One way is to measure:two variables, e.g.,
measure dry weight biomass and an_associated
chlorophyll measurement. Where tfvo%a‘riables

o

.
¢
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are measured, the data are termed bivariate. The
. ‘other way is to choose the level of one variable

. and measure the associated magnitude of. the -

-other variable. ‘

Straight line equations may be obtained for
eagh "of these .situations by the technique of
linear regression analysis, aid if the object is to

prédict_one variable from the other, it is =

desirable to obtain such a relation. When: the
degree of (linear) association is to be examined,
nq straight line need be derived — only a
measure. of the strength of the relationship. This
measure is the correlation coefficient, and the
analysis is termed correlation analysis.

Thus, linear regression analysis and linear cor-

relation "analysis are two ways in which linear
relafionships betweéen two variables may be
- examined. - . ecel

7.2 Basic Compiitations <

7.2.1 Regression equation

The regression equation is the equation for a”

straight line, : (

r Y=a+bx

" " A graphic :represer'ltétibn of this function is a .

straight line plotted on a two-axis graph. The’

line “intercepts the y-axis a distance, a, away
from' the origin and has a slope whose value is b,
Baoth a and b can be negative, zero, or positive.
Figure 6 illustrateg various possible graphs of a
regression equati»o%J )
~ The regression equation is bbtained by “least-
squares,” a techinique-ensyring that a “best” line
will be objectively obtained. The application of
_ least-squares to_the simple case of a straight line
“relation’ between ‘two- -variables is extremely
simpte. = ]

In Table 12 is a sét of data that are used to

illustrate the use of regression analysis. Figure 7

is a plot of these data along with fitted line and
confidence bands. o ‘ '

“In fitting the regression equation, it is con-

venient to compute at least the following ‘quan-

tities: |

(1) n = the number of pairs of observation of X N

‘and Y, o
(2) ZX=thetotal for X,
. (3) ZY=the total for Y,

~_
3 ‘ '

-

. TABLE«12) PERCENT SURVIVAL "
TO FRY'STAGE OF EGGS OF
 GOGGLE-EYED WYKE VERSUS
CONCENTR.?ION OF /’ '
SUPERCHLOKOKILL IN™ *
PARENTS’ AQUARIUM WATER .

Percent survival (Y) Concentration, ppb (X)
74. 1.
82. * ., )
68, .

65. -

60. - |

o . 72. '

- 64, -
60.
57.
S1.
50.

.55.

+ 24,
28,
360
0.
10.

4.

.F‘%"‘.r:—

!

oopsbLLLNDD

10.
10.
10. ¢

(4# X2 = the total of the squared X’s,

(5) ZY? = the total of the squared Y’s,

(6) ZXY = the total of the p'ro‘ducts of the X,Y
pairs, -

 (7) (E£X)? = the square.of quantity (2),

(8) (ZY)? = the square of quantity (3),
(9) (ZX)ZY) = the product of quantities (2)
~and (3), S :

(10) CT, = quantity (7) divided by quantity (1),
(11) CT, = quantity (8):divided by quantity (1),
(12)CTy,,y = quantity (9) divided by quantity
BN § § R _ ' o

With the calculation of these quantities, most
of the work associated with using linear regres-
sion Is complete. Often calculating machine
characteristics may be so utilized that' when one
quantity is calculated the calculation of another
is partly accomplished. Modern calculators and
computers greatly simplify this task.

In Table 13 gré the‘ computed _values of
quantities (1) through (12) for the data of Table
12. ‘ - . - .

The estimated value for the slope of the line,

. b, is computed using

20

: _ED(Y-CTxy,_v 6)-(12) -
PEEXT - CTy - (@)- (10) -

37



For the example, this is -

_ 2453 - 3726.67
' 498- - 338

= -8

b

rounded to the nearest Mole number
Computation of the estimated: mtercept a, is

as follows . _
. 4 a‘='y b% - . (38)
=‘§.Y—bz._
) n n
- : .3 _.Q)
. . =.._.—b\— .
_ g M °m 5
.which for the éxample
'(/\ 860 (3) 18

‘ =82
rounded to ‘the nearest whole nimber. .
Thus, the repgession equation/ for this data is

A 3 ) “\ A
Y=§2- sx/ ..

where Q = the percent survival, and X =
centratron of pesticide. .
Figure' 7 shows -the regression line, plotted

con-

. alpng with the data points. Note that this line

appears to be a good fit but that an eye fit might

have beerf‘shgh.tly different and still appear to ke °
.a “good fit.”

tainty is associated with the line. If a value for
is obtained with the uge of the regression equ
tion with a given X, another experiment, how-

This indicates that’ some uncer/

- ever well controlled, could easily produce a ‘dif-

ferent value. The ~predicted values for y are

TABLE 13. COMPUTED, VALUES |
OF QUANTITIES (1) THROUGH
(12)’FOR THE DATA OF TABLE 12

. Quantity = ' *  Value

(D)n - ' . w18

(2 zx ' 78

(3 ZY 860

(4) Zxt S 498

(5 ZY? : 51,676
' ( 6) EXY2 2453
gD @Y 6,084 ]

( 8 (ZN? 739,600 .
(£ (9) (ZX)(ZY) ) 67ggg

(10) CT :

(1) CT, : 41,088.89

-3,726.67

12) Crxy

.
«

oo

. interval estimate,

" compute a variance estimate:
‘ due to deviations of the observed values from

Fn

BIOMETRICS ~ LINEAR REGRESSION

) ‘ ’ (\
subjedt to sonme uncertainty, and a statement of

that ‘uncertainty should invariably accompany -
the use of the predlcted y. ’

7.2°2 . Con f_rdence intervals

The proper statement of the uncertainty is an
the same .type as. those
previously dlSCUSSed for. means and vanances
The probability statement for a predicted y
depends upon. the .type of prediction being

" 'made. The regression equgtion is-perhaps most

oftenused to predict the mean y o be expected
when x'is some value, but it may also be used to

. predict the value of a partlcular observation of y

when x is some value. These two types of predic-
tions differ only in the width of the confidence
intervals.. A ‘confidence interval for a predicted
observation will be the wider of the two types _
because of uncertainty associated with vafations -
among observations of y/for a given x. :
To compute ‘the cohfidence intervals, first
is is-the variance

the regréssron line. Thls computatlon is:

ZXY - CTx )2‘
- CTy- Ex’—CTx)

.

N shx= —= ‘(39{ |
For th1s ex,';mple _ ' '
- 2 *
. 51,676= 41,089 24532 312 ,
2 - (498-338) _ _
fx = 182 =28 ‘

This statistic is useful in other computa.tlons as
will become apparent. !

For theconfidence interval, the squdrs root of
the -above statistic,y, or the \s@dard error of
dev1atlons from regressipn is required, ie.,

Syx— Syx-S .

(40)

The onﬁdence limits are computed as follows
for a predicted mean: :

CL(Y) = ﬂ”bxp*('a)(syx) 2(;1;_(2) @ -
‘ V W G
k .

where tg"is chosen from a table of t values using-
R—Z ‘degrees of freedom_and )brobability level a;°

' Y = the computed Y for Wh,J;Ch the confidence

interval is sought, a mean 'Y predicted to be

“
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v Figure 6. Exam’gie; of stfaight-line graphs "illust'rating regression equations. '
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observéd on the averag/e Whén thfe,lX value is X, ;

X, = the particular X value used to compute Y;

X = the mean of the X’s used in these computa- -

%x- = %; ZX? = relation (4) in the
computations; and CT, = relation (10) in the
computations. Note that:in using-Equation (41)
where the, signs (+) are shown, the minus (-) sign
is used when computing the lower confidence
limit and the plus (+) for the upper. -
'.lf-a confidence interval for a parti?ular Y

tionsy

. L . A N
(given. a particular X, ie., Y) is‘ desired, the
confidence limits are computed using

K * - P— .
A N AR
CL(Y)—af'bXp Tty sy x) {1+ n*'(EXZ - CTy)

: . . -" .. . \\
Note that Equation (42) diff&gs from Equation

-(41) only by the addition of 1 under the radical.’

All the symbols are the same as for Equation
_(41). Again thése confidence intervals will be
. p X A

: wider than those for Y. .

. If a graphical representation of the confi-
' ) A A’ F

dence interval for Y or Y over a range of Xis

desired, merely compute the confidence interval
for several (usually about S) values of X, plot
them on the same graph as the regression line,
and draw a smooth curve through them.. The
intervals at the extremes of the data’ will be

~wider than- the intervals neaf. the mean values. .

_This is because thesuncertainty in_the gstimated
slope is greater for the extreme values’than for

‘ thgvgenti'al ones. ’ , _

~ With such a'plot, the predigted value of Y and

its associated confidence interval for a given X

can be read (see Figure “1, vertical line corre-

~ sponding to X =3 and notation).

7.2.3 CEalibration cur}zé; ‘ ~
Often’ Wwith data such as that given in Table

12, a calibration-curve is needed from which to

@2)-

“e§ugtion for X §!}ould be obtained algebraically,

v

to obtai

survival. This] may be done graphically from a
plot such as thgtjﬁillus'tr_ated in Figure 7.

Predicted X’s and associated contidence intervals
may be ¥ead from the plgt (see horizontal line
corresponlding to y, = 40 and notation). ‘

-p sticide - concéntration from egg

~

Calibration .curves and’ confidence intervals: -

may also- be worked algebraically. Where the
problem has fixed X’s, as in the example, the

i.C.‘,

T 1

§

(43)

bl ¢

(Y—a)
A

: foq’a predicted X (X) given' a mean value Y
¢ -frém a sample of m observations, the confidence

between Y and X, a test should be made to

~ predict X wHen Y is.given. That is, the linear .

relation is establisned from the data where

wvalues of X (say pesticide) are fixed and then Y
(survival of eggs) is observed, where this relation
predicts Y given X; then unknown concentra-

"tions of the pesticide are used, egg survival -

measured, and the relation is worked backwards

s . S
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limits may be computed as follows: .

compute the quantity
' A .t& 82 X

.,_' A=b2"——_2 y.

(EX? - CTy).

(44)

L, Om- v)?
n "’ (EXI-CTy)

compute the confidence limits as

(Ym-Y) tasy.x'\F 1 )
+ !
LA A: A(mf
wheré Ym = the averageyof m newly observed Y
values; X, b, Y, s, x, ZX?, CT,, and n = values

2 _
CL(X)=X+

obtained from the original set of data and whose

meanings are unchanged. Note that m may equal
orig, and Y, would therefore be a single

‘observation. " :
7.3 . Tests of Hypotheses

Ll

1fit’ is not clear that a relationship exists

determine whether thé slope différs from zero.

The test is a t-test with n-2 degrees of freedom. "

The t value is computed as
! s t= b-fy
c 5
where ., : : i
Sy .x o
sp = L :
‘ '\/}:x2 -CTx e

Singe the null hypothesis is -

o

- " Ho:fo=0 S
~ set B, =0 in the t-test and it becomes
p=2
Sb
G
Lt L) : d N ’
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If the computed t exceeds the tabular t, then the

~null hypothesis is rejected and the estimated

slope, b, is tentat1vely accepted. Other valu®s of.
B, may be tested in-the null hypothe51s and m,
the t-test statistic. Y
With data such as those in Table 12, another,
hypothesis may be tested — that of lack of fit of
the mddel. to the data, or bias. This idea must be-
distinguished from random deviations from the -
straight line. Lack of fit implies a nonlinear .
trend as the true model, whereas random devia-

_tions from the model imply that'the model’

adequately represents the trend. If more than
one Y .observation is available for each X (3 in”
the example Table ‘12), random fluctuations can
be separated from deviations from the model;
i.e., a random error may be computed at éach

»pomt so that deviations from regression may be

partitioned into random error and lack of fit.
. The test is in the form of an analysis of vari-
ance and is illustrated in brief form. symbolically

- in Table 14. Here, the F ratio MSL/MSE tests’

linearity, i.€., whether a linear model is suffi-
cient; .the ratlo MSR/MSD - tests whether the
slope is significantly different from zero.

ILLUSTRATION OF ANALYSIS

v T .
~ BIOMETRICS - LINEAR REGRESSION
~level .of X; in. this ca?ae always 3. 'For the "
.example; e v :

Nope
ZL-=sia1
ki .
With tlus, the analy51s of vatiance table (Table ‘
15) may be constructed..In the first part of
Table 15, the sums of squares and degrees of
freedom are given symbohcally to relate to the
computations of Table 13 and to the above .
computations. Thie mean squares (MS) are always,\ .
obtained by dividing SS by df.
When the data for Table 12 are arlalyzed .
l(second part of Table 13), there .is a very
Unusual coincidence in the values of MS:for
deV1at10ns from regression, lack of fit, and error.
Note that this is coincidence and they must
“always be computed separately.’
As already known from the graph, t- test, etc.,
the regression is lughly significant. A negative
result from the test for nonjinearity (lack of fit)

n

., 'was also suspected drom the visually-satisfactory

“fit of Figure 7. Theréfore, for this range of data,
we can conclude that a Imear (straight line) rela-,

TABLE 15.. ANALYSIS OF VARIANCE OF
THE DATA OF TABLE 12; TESTS FOR - '

TABLE 14.
OF VARIANCE TESTING LINEARITY OF LJNEARITY AND SIGNIFICANCE OF ..
REGRESSION AND SIGNIFICANCE OF ‘ REGRESSION * ,
REGRESSION ~ o
o ‘Source df SS
Source - df MS . " F, - Total : ", : \ o . n-l ‘}’_‘,yz.cry \
Total . . n-l < ' R LT ot (EXy-CT A
:ROF‘?essidn s nl 2 ' MSR MSR@D “.‘_Re.gxessmln D .1. e ’(E_xiﬁ o
Deviations from q : s L S . .
regression n- rfsbr o Devmtnous from . ..
Lack of fit m2 SL 4 - MSL/MSE regression n-2 Total SS Regressxon 5SS
- Emor n-m. MSE ‘ l Lack of fit m-2 . Deviation §§ - Error SS A
./ Error . . " nm Z:Y2 _21:_“_
, : ¢ i

To use this analysis, one set of computations

. must be made in addition to those of Table 13.

The computation is the same as that for treat-

ment sums of squares-in_the analysis of variance -

prewously discussed; in this case, levels of X are
comparable to treatments. Fnst compute the

sum of the Y’s, T;, for each level of X. For -
X=1,T, =

224 etc. Then compute

z 2
- kl i : ) /.

where k; = the number éf observations for the
. -

&

25

*Symbols refer to quantities of. Fable 13 of to sy‘fr,lbols de-
fmed in‘the text 1mmed1ately preceding this table.

For the data of Tablem

Source df l /MS .o F
Total - 17 10; 587 T i
Regression _ 1" 10,139 10,139 362**
*  Deviations from : N " )
" regressi - 16 - 448 28
Lack offit 4 . 113 28 " 1lns
Error - 12 . 335 . .28

‘;*Signifimnt at the 0.01 probability level, .

L)



‘ ments are’ taken without restrictions on either, -
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R nonsth exlsts, with estlmated slope and mter—
'cept as computed.

- 7.4 Regressnon for Blvarlate Data” -

As mentioned, where two assocnated measﬁ)r

. the data’ are called bivariate. Linear regression is

sometimes used to predict one of the.variables
‘by using a value from the other. Because no

, attempt .is usually made to fest bivariate dat\,for

3

. predicted,

" . and. 45). But note thaf’

as far as-an analysis of variance table is taken.
Linearity is assumed. Large deviations from
lmeanty will appear in deviations from regres-
sion and cause the Fivalues that are used to test
for the significance of regression to appear to be
nonsignificant.

Computations for the blvarlate case exactly

’

lack of fit, a test for deviation from regression is

Fl

an elgebfﬂc rearr'angemeﬁt of the regressi0r3 of
-Y on X. For the bivariate case, this approach is

.not appropriate. If- a regression of 'Y on X is
-~ fitted for bivariate data, and subsequently a. pre--',

diction of X rather than Y. isdesired, a new

' regression must bé computed.

is is a’ slmple
task, and all the basic quantities are tained in
a setf. of computatlons similar to computations in

Table t3. A summary of the types of cémputa- '

tions for univariate and bivarjate data i is given in
Table 16. " -

'+ Since. the computa‘tlons for the blvarlate'

regl‘e551on of Y on X are the same as those for.
the univariate -case, they will not be répeated.

" prgceed simply by interchanging X and Y'in the

follow those for the univariate case [quantities

(1) to (12) and as illustrated for the univariate .

case, Table 13)."The major operating difference
is that, for bivariate data, the dependent variable
is chosen as the variable to bepredicted, whereas
for: univariate data, ‘the depenS\dent variable is
fixed in-advance. For example,\if the bivariate
data are pairs of observations -on‘algal biomass
and chlorophyll, either could be considered the
dependent variable. If* biomass
then 1t is dependent. For the uni-
variate case, such as for the data of Table 12,

percent survnval is. the dependent variable by"

virtue of the nature of the experiment.

In. the, preceding section, it was seen that X
-and its’ confidence interval could be predicted:
from Y for univariate data (Equations 43, 44,
uation (43) is merely

~ TABLE 16. TYPES OF
COMPUTATIONS ACCORDING
TO VARIABLE PREDICTED AND

.  DATATYPE* -
. - \)
i Predicted- Bivariate " Univariate data
: variable ~ , s data " (fixed X’s)
- Y y=R X0 " y=R (X
o X' x=R{(Y)  X=R'®
PR R symbolizes &;,regresswri usgg Y as '

dependent varjable, R a regressnon mputed
using X as dependent variable, R, is adige- ‘
braic rearrangement solving for X when the: -

. regression was Ry.

Yo T”

is being’

.the following: . o

Wl(ifre X is to be predicted, all computations

-notation. The computatlons for b and a are;
for the skpe . L
by gzxv CTxy
Zy?-CTy
N L -ay -
& - an
-for the intercept: .
! _(ZX)
n
. ()

)

(EY)

L

‘bxy

' .(_3)_.
o

. Xy

1. 5 Linear Cotrelation R

If a linear relatronsh1p is known to exnst\ or
can be assumed; the degree of association of two

variables can be examined by linear correlatlon

analysis. The data must be blvanate o
The correlation coefficient, r, is* computed by

.

R EXY = CTxy

I= .
< V(EX? - CTy) (BY? - CTy)

. (48)

"A perfect correlation (all po.ints falling on a

. straight line with a nonzero slope) is indicated

26

by a correlation- coefficient of, r = 1, orr=-1.
The negativg value 1mphes a decrease in’ one
the " vatiables *with an increase in the ot
Correlatidn coefficients of r = 0 lmplles noitinkar
“relationship between the variables. Any Teal data .

:will result in correlation coefﬁcnentsgbetween .

the extremes ' L

s .

L (46),

@y



—STuart, A. 1962. Basic ideas of scientific sampting. Halfrer, New York. 99 pp.

ERIC

Aruitoxt provided by Eic:

Ifa correlatlon coefficient is computed and is

of low magnitude, test it to determme whether ..
itis sngmfncantly different from zerg. The test.a

t-test, is computed as follows
N\

. L _\/(—l-_rz_) - ' (49):;‘
Co " * : . . ‘&
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1.0 INTRODUCTION

Plankton are defined here as organisms sus-
pended in a body of water and b&cause of their
physical characteristics or size, aresincapable of

sustained mobility in directions ceynter to the
water currents. Most of the plankMicro—

of them drift with the currents. .. .._ .

Plankton consists ef both plants (phytoplank—-

ton) and animals’ (zooplankton) and complex
mterrelatlonshjps exadf among the varidus com-

ponents of. these groups. Chlorophyll-bearing *

plants such as algae ‘usually constitute the
greatest portion of 'the biomass of the plankton.
Phytoplankton use the energy of sunllght to
metabolize morgamc nutrients and convert them

. to qomplex organic materials. Zooplankton and.

other herbivores graze upon the phytoplankton

and; in turn, are preyed 'upon by other organ--

isms, thus passing the stored energy along to
larger and usually Thore complex organigms. In
-this manner gftrients become available to large
organisms syh as macroinvertebtates and fish.

. Organic materials excreted by plankton, and

“products of plankton decomposition, provide -

nutrients for heterotroplNg. microorganisms
/(many of which are also members of the plank-
ton assemblage): _Th ‘heterotrophs break down
organic matter release inorganic nutrients
Wthh become . a a'lable again for use by the

“primary producers,” In waters severely pol-
luted by organic matter, such as sewage, hetero-
trophs—-may -be- extremely abundant;~sometimes
l-tlving “a mass exceeding that of the algge. As a

sult of heterotrophic metabolism,.high con-
centrations of inorganic nutrients become ava:l-
“able and massive algal blooms#ray develop.

~ Plankton may form thesbase of-the food-
pyramid and drift with the pollutants; therefore,

data.concerning them may be particularly signif-
icant to the pollution biologist. Plankton blooms
often cause extreme fluctuations of the dis-
solved oxygen content of the water, may bc one
of the causes of tastes and odors in the water
and, if present in large numbers. are acsthetically
objectionable. In some cases, plankton may be
of limited value as mdlcator organisms because

-
.7 4 "o
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the plankton move with the water currents'

“thus, the origin of the plankton may be obscure.

and the duration of exposure to pollutants may.
be unknown.

.The quantity ®f phytoplankton occurring at a
particular statioh
including sampling depth, time of day, season of
year, nutrient content of water, and the pres-
ence of toxic materials.

2.0 - SAMPLE COLLECI'ION AND PRES—
ERVATION (

2.1‘ General Considerations

- depends upon many factors

Before plankton samples are collected, a study- «

désign must be formulated. The objectives must
be .clearly defined, and the scope of the study

.must remain within the limitations of available .

manpower, time, and money. Historical, biglo-

gical, chemical, and physical (especially hydro-

logical) data should be examined when planning

.-a study. Examination of bxologlcal and chemxcal

data often reveals areas that ‘warrant mtensxve
-sampling and other areas where
seasonal sampling will suffice.

7 Physical data are extremely’ useful in’ the ¢
design of plankton studies; of particular impor- | |

tance are data concerning volume of flow, cur-
rents, prevailing wind .direction, temperature,
turbidity (light penetration), depths of reservoir
penstock releases, and estuarine salinity
“wedges.”

After historical data hayé.beén examined, the
study site should' be visited’ for reconnaissance
and preliminary sampling. Based on the results
of this Teconnaissance and on the preliminary
plankton data, the survey plan can be modified
to better fulfill study objectives and to facxhtate
efficient sampling.

2.1.1 Inﬂuent_ial factors

In plapning and conducting a plankton survey,
a number of fictors influence. decisions and
..often alter colle
rents detérmine - rhf/d/xrectxons of plankton
movements, knowing the directions, intensity,
and complexity of currents in the sampling arca
is important. Some factors that influence cur-

eriodic or\ :

ion routines. Since water cur-_»
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rents are winds, ﬂow solarwheatmg, and tides: -
~ Sunlight -influences, both the  movements: of
~ plankton and. priffiary productlon Darly vertical
plankton migMtions are common in many
waters. Cloud cover, turbidity, and shading (e.g.,
from ice cover and dense growths of vegetation)
1nﬂuenc§ the-amount of light available to plank-
ton. '
Chemical factors, such as Salinity, nutrients,

1

K K
* of11m1tat10ns in time and manpower. .

\and toxic agents, can profoundly affect plank— .

ton production and survival.

The nutrients most frequently ment10ned in
the literature as stimulators of algal growth are
nitrogen .and phosphorus; however, a paucity of
any vital nutrient can limit algal production. The
third category of chemical factors, toxic agents,
.is almost limitless in its.components and com-
binations of effects. Toxic compounds may. be
synergistic or antagonistic to one. another and

' may either kill planktonic organlsms or alter
their life cycles.- Many chemicals dlscharged in
" industrial efﬂuents are toxic to plankton.

212 Samplmgfrequency IR

The ob)ectnves of the study and time and man-
.powgr limitations dictate the frequency at which
plankton samples are taken. If it is necessary to
know the year- rour)g plankton population in a
body of waler, it is necessary to sample weekly

s through .spring and summer -and monthly

through fall and winter.. However, more frequent
- sampling is often necessary. Becausé¢ numerous
plankton samples are usually needed to char-
acterize the plankton, take daily samples when-
ever possible. Ideally, collections include one or
two subsurface samples per day at each river
sampling station and  additional samples at
VdI’lOUS depths in lakes, estuaries, and oceans.

21.3 Samplmgf cations

In long-term prOgrams such as ambient trend -

. monitoring, samplmg should be sufficiently fre-
quent and widespread to define the nature and
quantity of all plankton in the body of water
being studied. In short-term studies designed to
show the ctfects of,specnfnc pollution sources on
the plank(6}, sampllng station _locations ‘and
sampling depths may be more restricted because

"The physical nature ~of the water greatly
influences the selection of sampling sites. On .
small streams, a great deal of planning is not
usually required; here; ‘locate the stations up-
stream from a suspected pollutlon soujce and as
far downstream as pollutional effects are ex-
pected. Take great care, however, in interpreting
plankton data from small streams, where much
of the plankto may be derived,from the,
scouring of periphyton from the’ stream bed. -
These attached organisms may have Qe\glr ex-
posed to pollution at fixed points for unknown

time periods. On rivers, locate sampling stations,

both upstream and dowastream from pollution
sources and, because lateral mixing often does
not occur -for great distances downstream,’

sample on both sides of the river. In both rivers
and streams, care should be taken to account for
confusmg interferences such as contributions of
‘plankton from lakes, reservoirs, and baCRWater,

. areas. Plankton sgmpling stations in lakes, reser- .

Voirs, estuarles, and the oceans are generally
located in grid networks or along longltudlnal

-transects. : -3

The location; magrutude and temperature of
pollutlonal discharges affect their dispersal,
dilution, and effects on the plankton. Pollutants:
discharged from various sources may be antag-
onistic, synergistic, or additive in their effects on
plankton."Yf possible, locate’sampling stations in
such a manner as to separate these effects.

. In choosing sampling station locations,
include areas from which plankton have been
collected in-the. past/ Contemporary plankton
data can. then be compared’ with historical, data,
thus documenting long’-teuu olfutional effects.

-2.1.4 Sampling depth .

‘The waters ‘of streams and rivers are generally
well mixed, and subsurface sampling is suffi-
cient. Sample in the main channel and avoid
backwater areas. In lakes and reservoirs where
plankton comnosition and dgnsity may vary
with depth,- take samples from ‘several depths.
The depth at the station and the depth of the -
thermocline (or sometimes the euphotic zone)
genérally determines sampling depths. In shallow

" areas (2 to 3 meters; 5 to 10 feet), subsurface

2
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sampling is usually sufficient. In deeper areas,
take samples at regular intervals with depth. If
‘only phytoplankton are to be examined, samples
may be taken: at three depths, evenly spaced.
from the surface to the thermocline. When col-
lecting - zooplankton, however; "sample at: I-
meter intervals from the surface to the lake
bottom. ' C

Because many factors influence the nature
and distribution’ of plankton in estuaries, in-
tensive sampling is necessary. Here, marine and
freshwater plankton may be found along with
brackish-water organisms that are neither strictly
marine nor .strictly. freshwater inhabitants. In
.addition to the influences of the thermocline

and light penetration on plankton depth distri-

bution, the layeririg of waters of different sa-
lm1t1es may inhibit .the complete mixing of
freshwater plankton with marine forms. In
estuaries with extreme .tides,.the dimensions of
these layers may change cons1derably during the
course of .the tidal cycle. However, the natural
buoyancy of the plankton generally facilitates
. the mixing of forms. Estuarine plankton should
be .sampled- at regular intervals from the surface
to the botfom three or four times during one or .
more tidal cycles

N
In.deep marine waters or- lakes collect plank-\

-ton’ samples at 3--to 6-meter intervals through-
. out the euphotic zone (it 1s "neither practigal nor
profitable to sample the entire water column in
~very deep waters). The limits of sampling depth
+in these waters may be an arbitrary depth below
the thermocline or the euphotic zone, or both.

Perform tow or net sampling at 90° to the wind -

direction.™:”

2.1.5 Field notes

-Keep a record book containing all information
written on the’sample label, plus pertinent
additional notes. These additional notes may
include, but need not be restricted to:

® Weather information — especially d1-
rection and mtens1ty of wind

® (loud cover

® Water surface condition — smooth” Is
plankton clumping at surface? ’

® Water color and turbidity

PLANRTON COLLECTION

.® Total depth at statlon " .

® A list of all types of s%mples taken at‘
station.

® General descriptive 1nformat10n (e.g.,
direction, distance, and description of
effluents’  in the v1cm1ty) Sampling
stations should be plotted on a map.

2.1 6 Sample Iabellmg

Both lab s and marker should be water proof
(a soft-lead pencil is recommended). Insert the -
labels into sample contaipers immediately as
plankton samples are collected. Record the
following information on-all labels: ‘

*
® * Location
name of river, lake, etc.
-distance and direction to’ nearest city’
state and county -

river mile, lat1tude and longltude or
other descnptlon \.

®' Date and time :

® Depth = . ’ T

® Type of sample (e.g., grab, vertical plank-
ton net haul, etc.)

‘®  Sample volume, tow length

® Preservatives used and concentration

® Name of collector - o

2.2 Phytoplankton

2. 2.1 Sampling equzpment

The type of samping equipment used is highly
dependent upon- where&and how the sample is
being taken (i.€., from a small lake, large deep
lake, small stream, large stream, from the shore,
from a bridge, from a small boat, or from a large
boat) and how it is to be used.

The cylindrical type of sampler with stoppers

that leave. the ends open to allow free passage ofrw, ]
- water through the cylinder while it’s. being

lowered is recommended. A messenger is re-
leased at the desired depth to close the stoppers
in the ends. The Kemmerer, Juday, and Van
Dorn samplers have such a design and can be
btained in a variety of sizes and materials. qls
ys

‘only nonmetallic samplers when metal anal

algal assays, or primary productivity measure-
ments are( being performed. In shallow waters
and ‘when surface samples are desired, the

-~

.
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sampler can be held in a horizontal position and
operated manually. For sampling in deep waters;
the Nansen reversigg water bottle is often used
- and a boat equipp®d with a winch is desirable.
Take caution when sampling from bridges j}th a
Kemmerer type water bottle; if the messeyger is
dropped from the height of a bridge, it can
hatter and. destroy the triggeging device. To
avoid this, support'a messenger a\e¢w feet above
the sampler by an attached string and drop 1t
when the sampler is in place.

Net collection of phytoplankton

plankton and even larger algae, such as some
pennate diatoms, are thin enough to pass
through the meshes of the net if  oriented
properly. Using a pump also presents problems:
when the water is stratified, the tubing must be

flushed between samplmgs and’ dehcate algae R

may be harm{/d - .

=

2.2.2 Sample volume

No fixed rule can be followed concerning the
. volume of sample to be taken — sampling per-:
sonnel must. use their own Judgment The vol-
~ume . of the sample neqgtl* depends on the
" numbers and kinds.of analyscs to be carried out,
e.g., cell counts, chlorophyll, dry weight. When
phytoplankton. densities are les# than 500 per

ml, approximately 6 lite¥s of sample are required-

for Sgdgwick-Rafter and, diatom species pro-
portional counts. In most cases, a- 1- to 2-liter
sample wilt sufficé for mqre productive waters.

223 Sampje preservation

Blologlsts ‘use a variety ofs preservatlves and
each has advantages. If samples are to be stored
for more than 1 year, the preferred preservative
is formalin (40 percent formaldehyde =100 pef'x-
“cent formalin), which has been neutradlized with™

sodium tetraborate (pH 7.0 to 7.3). Five milli- .

liters,of the neutralized formalin are added for
each 100 ml of sample. This preservative will
cause many flagellated forms to lose flagella.
Addjng saturated cupric sulfate solution to the
. preserved -samples maintains the green color of
phytoplankton samples and aids in distin-
guishing phytoplankton from detritus. One milli-
liter of the saturated solution per liter of sample

is adequate. Adding detergent solution prevents .

“clumping of settled -prganisms.

_and simplifying identification.

is not
recommended for. quantitative work. Nanno-

. e 1. 0 gram of merthlolate (sodlum ethyl-

One part of
surgical detergent to five parts of water makes a
convenient stock solution. Add 5 ml of stock
solution per liter of sample. Do not use deter- .

"gent when diatom slides are to be made. <

Merthiolate is less desirable as a Qreservatlve .
but offers the advantage of staining cell parts
It also causes .
some of the algae, such as blue-greens, to lose
gas from their vacuoles and, therefore, enhances
settling. Samples preserved with merthiolate are
not sterile, and should not be stored for more
than 1 year. After that time formalin should be

. used. Merthlolate solution is prepared by dls—
' solvmg the followmg m 1 liter of dlqtllled water

.t

mercury thiosalicylate).

- @ 1.0 ml of faqueous saturated 1od1ne-.
potassium ydide solution prepared by
dissolving 40 grams of iodine and 60 -
grams of potassium-iodide in 1 iter of
distilled water.” ~ *

-'® 1.5 gram of Borax (sodlum borate)

‘Dissolve each of the components separately in-

~ approximately 300 ml of distilled water, com-

bine, and make up to 1 liter with distilled water. . -
Add the resulting stock solution to samples to
give a final concentration (V/V) of 36 mg/liter
(i.e., 37.3'ml added to 1 liter of sample).

. 2.3 Zooplankton

2.3.1 Sampling equipment

Zooplankton analyses require Jlarger samples
than those needed for phytoplankton analyses.
Collect quantitative samples Jvith a messenger-
operated water bottle, plankton trap, or metered
plankton net. Obtain semi-quantitative samples
by filtering surface water samples through nylon
netting or by towing an unmetered plankton net
through the water. In moderately- and highly
productive waters, a 6«1i\ter' water sampl: is
usually sufficient. In oligotrophic, estuarine - and
coastal waters, remove zooplankters from scveral
hundred liters of ‘the waters being sampled with
the use of towed nets. Take duplicate samples if
chemlcal analyses are desnred :



' sampler). Each tow lasts from S to 8 minutes.

- meters per second. The volume of water strained

. short d1stance apart on the same line.

‘hand-operated winch is desirable. A 3- to 5-kg

’ ' PLANKTON PRESERVATION
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. Seyeral samplin'g'methods can be used. . . . water, all'o‘w to dry, and lubricate all moving
o . L parts. with light machine oil. Clean nylon netting
- allow to - .dry (out of direct sunhght) before

~ An outboard rn'otor boat fitted with a ‘srhau
stormg

davit, meter wheel, wire-angle indicator, and
weight attached to the line is used to sink the 232 Samp le volume \
net. ‘Maintain speed to ensure a wire angle near The sample volume varies Wlth the specific
60° for easy calculation of the actual sampling ~purpose of the -study. Twenty-liter surface
depth of the net. The actual sampling depth gmsamples obtained by bucket and filtered through
equals the amount of wire extended times the% No. 20 net are large enough.to obtain an
cosine of the wire angle. ° . estimate of zooplankton present in ‘flowing

Oblique tow-~Make, an 8minute tow at four Streams and .ponds. In lakes, large rivers, estu-
levels in the water.column (2 minutes at each aries and coastal waters, filter 1.5 m® (horizon-
level: just above the bottom, 1/3 total depth, tal tow)'to 5m? (oblique tow) of water through

2/3 total depth, and just below the surface) to }nets for adequate representatlon of species pres-
estimate zooplankton abundance. ' ent.

Horizontal tow-Take samples for estimating o
zooplankton distfibution and abundance within 2.3.3 SampIe: preservatton
a particular. layer. of water with a messenger-
operated_net equipped with a flow-through
measurlng vane (such as- the Clarke-Bumpus

grab samples in a final concentration of 5 per-
cent neutral (add sodium tetraborate to obtain a
- pH of 7.0 to 7.3) formalin. Adding either 70
percent ethanol or ¥ percent neutral formalin,

Vertical tow—Lower a weighted net to the
‘each with 5 percen glycern (glycerol) added, to

desired depth, record the amount of line ex-

tended, and retrieve ‘at a rate of 0.5 to 1.0
~is usually used for prgserving samples obtained

from coastal waters. In\ detritus-laden-samples,

- add 0.04 percent Rose Bengal stain to help
differentiate zooplankters\ from plant mategial.
For chemical analysis (taken, in part, from
Recommended Procedures\ for Measuring the

. Productivity of Plankton Standing Stock and
"Related Oceanic. Properties, Wational Academy

‘ - of Sciences, Washington, D.Q\ 1960), the con-
Zooplankton can also be sampled from shore centrated sample is placed in a fine-meshed
by casting a weighted net as far as possible, (bolting silk or nylon) bag, drained of excess

can ‘be estimated. Duplicate vertical tows are
suggested at each station. -

To sample most sizes of zooplankters, two
nets of different mesh size can be attached a

Net casting -

allowing. the net to reach depth, and hauling to water, placed in a plastic bag, and frozen. for -

shore at the rate of 0.5 to 1.0 meters per second. laboratory processing. If the sample is taken
Take several samples to. obtain a qualitative  from an estuarine or coastal station, the nylon

estimate of relative abundance and spec1es bag is dipped several times in-distilled water to

present. ' remove ‘the chloride from interstitial seawater
Suggested net sizes are: No. 6 (0. 239 , mm wh1ch can interfere with carbon analys1s
aperture) for adult copepods in estuarine and

coastal waters; No. 10 (0.158 mm) for cope- 30 ‘SAMPLE PREPARATION

podites in saline water or microcrustacea in fresh o

water; and No. 20 (0.076 mm) for rotifers and 3.1'. Phytoplankton

nauplii. The No. 20 net clogs easily’ with phy- ,As the phytoplankton density decreases, the_

toplankton because of its small aperture size. amount of concentration must be iricreased and,
Rinse messenger-operated samplers with clean - accordrngly, larger sample volumes are required.

5
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K N . : . ey

For identification and enumeration, preserve

Towing . Co material thoroughly, rinse with clean water, and -

preserve the concentrated net samples. Formalin
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-As a rule of thumb, concentrate samples- when
phytoplankton densities are below:500 per ml;
approximately 6 liters of sample are required at
that cell concentration. Generally,}1 liter is an
adequate routine sample volume.

The following three methods may be uséd for -

concentrating preserved phytoplankton, but .
sedtmentatlon is Preferred

31.1 Sedlmentatlon

Preserved phyt0plankton samples can often be
settled in the original storage containers. Settljng
time is directly related to the depth of the
sample in the bottle or settling tube. On the
average, allow 4 hours per 10 mm of depth.
After settling, siphon off the supernatant
(Figure 1) or-decant through a side drain. The
use of a detergent aids in settling. Exercise
~caution because of the different sedimentation
rates of the d1verse sizes and shapes of phyto-
plankton. : o

" 3.1.2 Centrifugatidn

During centrifugation,” some of the . more
fragile forms may be destroyed or flagella may .
become detached. In using plankton centrifuges,
many of the cells may be, lost; modem
continuous-flow centrifuges avoid this. -

313 Flltratlon

To. concentrate samples by ﬁltratron, pass
through .a membrane_filter. A special filter
apparatus and a vacuum source are required,
Samples eontaining large amounts of suspended
material (othef ‘than phytoplankton) .are
difficult to enumerate by this method, because
the suspended matter tends to crush'the phyto-
plankters or obscure them from view. The
vacuum should not exceed 0.5 atmospheres.
_Concentration by filtration is particularly useful
for samples low in planl?t.on andmlt contenL

: 32%ooplankton _

The zooplankton in grab samples are con-
centrated prior to counting by allowing them to
“settle for 24 hours m’“"lal@ratory cylinders of
appropriate size or in spgcially constructed

setthng tubes (Flgure l) . A ”
L)&\/T

A ¢ o J

- Figure 1.

Plexiglas plankton settling tube with .

side drain and detachable cup. Not .

drawn to scale

- v,

" Take care to recover organisms (especially the

Cladocera) that cling to the surface of the water -

in the settlmg tube
40 SAMPLE ANALYSIS
4 1 Phytoplankton

4 1 1 Qualltatuw analysis of phytoplankton

The opt1cal equipment needed includes.a good
quality compound binocular microscope with a
mechanical stage. For high magnification, a-sub-

stage condenser  is gequired. Th cular lens
should be 8X to dli Binocular ey€pie s are
« generally preferred” over a monocular e ce

. because of reduced fatigue. Four turret-mounte
objective lenses should be provided with mag-

mfxcatlons of approx1mately 10, 20, 45, and :
‘ [ T o 6 " ' e
' : 4'? L o ot

¥ ’v.




100X. When combmed with the oculars, the

following ch)aactenstlcs are approximately

‘ C{rrect ‘
LA ," .- - i ,‘\
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tween “live” cells, i.e., those that contain any
part of a protoplast, and empty frustules or -
“shells. '

The availability of faxonomic bench’ refér—

- ences and the skill of the biologist will govern

: — ha Maximam working T t!l‘e sophistication of] identiﬁcatiOn efforts. No
Objective | Ocular |  -Subject | -distance between | Depthof -single reference is campletely ‘adequate for all
fens. | lens. magnification ;‘:}::S;’; ‘::‘rin focus,#  phytoplankton. ‘Some general references. that

ox {1ox| 100X 1. 7 R ‘should be available are. listed below. Those

20x | 1ox! 200x | .13 | 2 - marked wifh an asterisk are considéred essential. .

45X |-10X » 450X . 0_'5;0_7 1 American Public Health Association, 1971. Standlard methods

11 . ! for the examination of water and wastewater. 13th edition.
100X | 10X | 1000X 0.2 04 Washmgto’; D“g ton -

‘An initial examination is needed because most

phytoplankton samples will .contain a diverse
“assemblage of orgamsms Carry out the identi-
fication’, to species whenever possible. Because
the size range. of the individual organisms may
extend over . several “orders “of “magnitude,, no
single magmﬁcat}on is completely satisfactory

¥ for identification. For the initial examination,

place one or two drops of a concentrate on a
glass slide and cover with a_No. 1 or No. 1:1/2
cover slip. Use the 10X objectlve to examine the
entire  area under the cover slip and record all

identifiable orgamsms Then examine with the -

20 and 45X ObJeCtIVCS Some very small or-
ganisms may require the use of the 100X
obJectNe (oil- immersian) for identification. The

"initial examination helps to obtdin an estimate

of populatlon density and may indicate the need
for subsequent dilution or concentration of the
sample to recognize charaéteristics of small
forms fiot obvious during the routine counting
procedure;and to decide if more than one type

of counting procedure must be used.

When identifying phytoplankton, it is useful
to ex’ﬁrmne fresh, unpreserved samples. Pres-

€ may cause some forms to become. dis-- .
torted, N‘se flagella, or-be lost together. These

- can be determined by a comparison between
fresh and preserved samples.

Ad the sample is examined under the micro-
scope,. identify the . phytoplankton and tally
under the following categories: coccoid blue-

green, filamentous blue-green, coccoid green,

Bourrelly, P. 1966-1968. Les algues d’eau douce. 1966. Tome
I-I111, Boubee & Cie, Patis. .

Fott, B 1959. Algenkunde. Gustav Flscher, Jena. (2nd revised
edition, 1970.)

Prescott, G. W. 1954. How to know, the fresh-water algae w. C
Brown Company, Dubuque. (2nd edmon, 1964.) -

* *Prescott, G. W..1962. Algae of the Western Great Lakes Area.

(2nd edition), W.C. Brown, Dubuque. -

*Smith, G. M. 1950. The freshwater algae of the United States
(2nd edition), McGraw-Hill Book Co., New: Yo:k

Ward, H. B., and G. C. Whipple. 1965, Fresh-w&té;bnology 2nd
edition edlted by W. T. l;"dmonson Tohn Wllex:énd Sons, New
" York. ek

“‘cher, C. L 1966 A guide to the common'diatoms at ‘water
‘pollution surveillance system stations. USDI FWPCA, Cin-
cinnati.

‘Wcst G.S., and F. E. Fritsch. -1927.\A treatlse on the British
freshwnter algae. Cambridge Unjv. Press. (Reprinted 1967; 1.
Cramer, Lehre; Wheldon

* Inc., New York.)

Speciaﬁzed, erences that may'be/ required
‘for exact ‘identification . within certain taxo-
nomic groups include: .

rant, K., end C. Apstein. 1964. Nordisches Rlankton. A. A'sher
& Co., Amsterdam. (Reprint of the 1908 publication published
by Verlag von Lipsius & Tischer, Kiel amd Leipzig.) °

Cleve-Euler, A. 1968. Die diatomeen von Sghweden und Finn-
-land, I-V. Bibliotheca Phycologica, Band 5, J. Cramer, Lehre,
Germany.

Cupp, E. 1943. Marine plankton \imtoms of the west coast of |
North America. Buil Scnpps Inst *Oceanogr (Umv: Callf
5:1-238.

Curl, H 1959. The phytoplankton of Apalachee B!ay and the
" Northwestern Gulf of Mexico. Umv Texas Inst a_rine Sci.,
Vol. 6, 277-320. .

*Drouet, F. 1968. Revision of the classification, of the Oscilla-
toriaceae. Acad: Natural Sci., Philadelphia. ~

*Drouct, F., and W. A. Daily. 1956. Revision of the coccoid
Myxophyceae. Butler Univ. Bot. Stud. XIIL., Indianapolis.

esley, Ltd.; and Stecherthafner, " -

filamentous green, green flagellates, other pig- Fott, B. 1969..Studies in phycology. E. Schweizerbart’ sche,
mented flagellates, centric diatoms, and pennate Verlagsbuchhandlung (Nagele u. Obermiller), Stuttg? Ger
diatoms. In tallying diatoms, distinguish be,~" many.
o , . ) x_' z ’ s - )
) .' . g % . Q7 . Y
) - e - /, D
//'/\/ v ’ ’ it
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‘*Fritsch, F. E. 1956. The. structure and reproduction of the
algae. Volumes I and I1. Cambndge University Press. ‘
Gcﬁtler, L. 1932. Cyanophycea.e 'n: Rabehnorst’s Kryptoga-
. men- -Flora, 14:1-1096. Akademische Verlagsgesellschaft
m.b.H., Leipzig. (Availablc from Johnson Repnnt Corp , New

York.) i .

Glezer, Z. 1. 1966. Cryptoga:mc plants of the U.S.S. R volume
VII: Silioflagellatophyceae. Moscow. (English Transl Jerusa
lem, 1970) (Available from A. Ashér & Co.; Amsterdam.)

Gran, H: H., and E. C. Angst. 1930. Plankton diatoms of Puget ~

~Sound. va Washmgton, Seattle.

endey, N: L »1964 An introductory account of the smaller
- algae of British coastal waters. Part V: Baccﬂanophyoeae (Dia-
toms). Fisheries Invest. (London), Series[V. - p

Huber—Pestalozzl, G., and F. Hustedt. 1942. Die Kieselalgen. In;

~“A. Thicnémann (ed.); Das Phytoplankton des Susswassers, Die
Binnengewasser, Band XVI;: Teil II, Halfte II. E. Schweizer-
bart’sche Verlagsbuch-handlung, Stuttgart. (Stechert, New
York, reprinted 1962.) :

*Hustedt, F. 1930. Die Kieselalgen. In: L. Rabenhorst (ed.),
Kryptogamen-Flora von Deutschland, Osterreich, und der
Schweiz. Band Vii. ' Akademische Verlagsgesellschaft m.b.h,,
Leipzig. (Johnson Reprint Co., New York.)

*Hustedt, F. 1930. Bacillariophyta. In: A Pascher (ed.), Die
Suswasser-Flora Mitteliuropas, Heft 10. Gustav Flscher, Jena.
(University Microfilms, Ann Arbor, Xerox.) .

Hustedt, F. 1955. Marine littoral diatoms of Beaufort, North

Carolina. Duke Univ. Mar. Sta. Bull No. 6. Duke Univ."Press,
Durham, N. C., 67 pp. .

Irence-Marie, F. 1938. Flore Desmidiale de la xeglon de Mop-
treal. Laprairie, Canada, .

*Patrick, R., and C. W. Reimer. 1966, The dlatoms of the United
States. VoL I. Academy of N?muaLSmences, Philadelphia. :

?Tiffany, L. H., and M. E. Britton. 1952. The algae of Illinois.
Reprinted in 1971 by Hafner Publishing Co., New York.

Tilden, J. 1910. Minnesota algae, Vol. I. The Myxophyceae of
North America and adjacent regions including Central America,
Greenland, Bermuda, the West Indies and Hawaii. Univ.
‘Minnesota. (First and unique volume) (Reprinted, 1969, in
Bibliotheca Phycologica, 4, J. Cramer, Lehre, Germany.)

4.1.2 Quantitative analysis of pﬂplbn kton

‘To calibrate the mic,roscop_e‘: the ocular must
be ‘equipped with a Whipple grid-type mioro-
meter. The exact magnification with any set of
“oculars- varies, and therefore, each combination

‘,.-ot}oculafs.and-objectives must be calibrated by .
-matching the ocular micrometer against a stage
micrometer. Details of the procedure are given .

in Standard Methods, 13th Edition. <

When counting and ldentlfymg phyto-
.plankton, analysts will find that samples from
‘most natural waters seldom need dilution or
concentratlon and that they can be enumerated

ERIC

Aruitoxt provided by Eic:

_directly. In those samples >where algal concen-

o

LN

trations are extreme, or where silt or detritus’
may interfére, carefully dilute a 10-ml portion
of the sami)]e 5 to 10 times with distilled water.
In samples with very low pOpu]atlons, it may be
necessary to concentrate organisms'to minimize
statistical counting errors. The analyst should
recognize, however, that manipulations involved
in dilution and concentratlon may introduce °
errog. - ;
Among the vanous taxa are forms that hve as.
solitary -cells,'as’ components of natural groups
or aggregates (coloniés), or as both. W
every cell, whether solitary or in 4 group; can be’
individually tallied, this procedure is difficult,
time consuming, and seldom worth the effort.
‘The unit or clump count is easier and faster and .
is the system -used commonly within this *
Agency. In this procedure, all ,unicellular or

- colonial (multi-cellular) organisms are tallied as

single units and have equal numerical weight on.

" the-bench sheet.

The apparatus and’

» _techniques used in
- counting phytoplankton are)o}scribed here.

: . ©
" . e

Sedgwick-Rafter (S-R) Go/unting Chamber °

“The S-R cell is 50 mm long by 20 mm wide by

1 mm deep; thus, the total area of the bottom of
the cell is 1000 mm? and ‘the total volume is
1000 mm? or one mk Check the volume of each’
counting chamber with a vernier caliper and™
micrometer. . Because the depth of the’chamber
normally precludes the use “of the 45X or 100X *
objectives, the 20X objective is génerally. used.
However, special ]ong—workmg—dlstance, higher- .

power obfcgtlves can be obtained.

For the procedure, see Standard Methods,
13th Edltlon Place a 24 by 60 mm, No. 1 cover-

glass diagonally across the cell, and with-a large-

bore pipet or eyedropper, quickly ‘transfer a I-ml’
‘a}lquot of well-mixed sample into the open
corner of the ¢hamber. The sample should be di-

rected diagondlly across the bottom of the cell.
Usually, the cover slip will rotate into place as

the cell is filled. Allow the S-R cell to stand for
at least 15 minutes to permit settling. Because
some +Organismes, netab}y blue-green algae, may

[N _
(R
1
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with the fiel

float, examme the underslde of the cover shp and

add thesé organisms to the total count.-Lower

the objective lens carefully into position with °

" the coarse focus adjustment to ensure that the
cover slip will not be broken. Fine focus should
always be up*from the cower slip.

When making the strip count, examine two to.

four “strips” the length of the cell, depending
upon the density of organisms. Enumerate all
forms that are totally or partially covered by the

-image of the Whipple grid.

‘When making the . field count, examine a

»

minimum ‘of 10 random Wh1ppler fields in at®

. least two 1dent1cally prepared S-R cells. Be sure

to adopt a‘consistent system of counting organ-
“isms “that lle only partially .within the gnd or
that touck’ one of the edges.. ..

-To calculate, the concentratron of organrsms

with the S-R cell, for the strrp count:

3

No. ﬂmi@xwmmw
pet,m LXDXWXS
('

e
. &V
\ . . ,

'2  number of organisms counted (tally)

= length of each strip (S-R cell length), mm
D= depth of a stri (SR cell depth), mm

= width of  a “strip} (Whipple grrd ‘image
' _wrdth),

number of strrps counte d
. the concent}‘a‘tion of organisms

count
bey

" To calculat

C X1000 mm3 =
AXDXF

U
k3

No.perml=

where:

- C=actual count of organrsmsa(tally)

= area of a field (Whipple grrd 1mage area)
© omm? -
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Palmer-Maloney (P-M) Nannoplankton Cell

* The P-M cell ‘was especially d'gsigned for
enumerating . nannoplankton with a high-dry
objectrve (45X). It ‘has a circular chamber 17.9
mm in” diameter and 0.4 mm deep, with a
volume of 0.1 ml Although useful for exam-
ining samples containing a high percentage of
nannoplankton more counts may ‘be requjred! to
obtain a valid estimate of the larger, but less
" numerous, organrsms present Do not use this_
cell for routine counting unless the sampleshave
high counts. '

Pipet an aquuot of well-mixed sample into
‘one of -the 2 X 5.mm channels on either side of *
. the circular chamber with the coverglxp in place.
“After 10 minutes, examine the sample under the
high-dry objectrve and count at least 20 Wh1pple

. fields.
To calculate the concentration of organ.rsms:
_C X 1000 mm3 . )
Nopeml TAXDXF « v
1 : /
where p \
C = number of organrsms counted (tally)
.-A = area of a field (Whipple grid 1mage), mm
D.= depth of a field (P-M cell depth), mm °
F= number of ﬁelds counted

)

? Bactenal Counting Cells and Hemocytometers

Mu tip.ly or divide the number of cells per '

(including that resulting from the preservative)
or for concentration.

9

The countmg cells in thls group are precrsely-

. “machined glas slides with a finely ruled grid on

a counting: plate and specially-fitted ground
cover slip. The counting plate proper is sepa-
rated from the cover slip mounts by parallel
trenches on opposite sides. The grid is ruled such
that squares as small as 1/20 mm (50 u) to a side
are formed within a larger 1-mm square. With
the cover sllp in place the depth‘ln aPetroff-
Hausser cell.is 1/50 mm (20u) and in the
hemocytometer 1/10 mm (100u). An optrcal
micrometer is not used. -

‘With a pipet or medic ne dropper, introduce a
sample to the cell ar\.ﬁl at high. magnlfrcatron
" identify and count all, the forms that fall withj .
the gridded arga of the cell. N ‘Si 4

To calculate jthe number of orgamsms
mrlljlrter multrply all the organisms found in the
gridded area of the cell/by the.appropriate
factor. For example, the/multiplication factor

8

VIR x . ; .
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for the Petroff-Hausser bacterial counting c_ell is
 based on. the volume over the entire grid. The
dimensions are | mim X 1 mm X 1/50 mm,,

which gives a volume of 1/50 mm? and- -a factor

of 50,000.

Carefully follow the manufacturer’s instruc- -

hen
'un til

“tions that come with the -chamber ?
purchased. Do not attgmpt routine coun

- experienced in its use and the statistical validity
of\ the results are satisfactory. The primary -

* . disadvantage of this type of counting cell is the
extremely limited capacity, which’ results m a
“large multiplication factor. Densities as thh as
50,000 cells/ml" are' seldom found in natural
i, waters except during blooms Such populations
N may,be found in sewage stablhzatlon ponds or in
laboratory cultures.
For statistical purposes, a normal sample must
.be either concentrated or a large number of".
-mounts per sample should be examined.

*
.

Membrane Filter.

A spec1al filtration apparatus and vacuum

source are required, and a 1-1nch 0.45u mem-.

brane filter is used. )
~ Pass a known volume of; the water sample
through the membrane filter under a vacuum of
0.5 atmospheres. (Note: in coastal and marine

(SN
H

Inverted Microscope

This instrument differs from the conuentional

below the stage and the illumination-comes from
above. This design allows cylindrical counting

'chambers (which may also be sedimentation
“tubes) with thin clear glasﬁottoms to be placed

microscope in that-the objectives are mounted. .

on the stage and sedimefited plankton to be

examined from below, and it permits the use of .
short focus, high'magnification objectives

including oil immersion. A wide range of con- -~

centrations is automatically obtained by merely”
" altering the height of the chamber. Chambers
can be easily .and mexpenswely made: use tubu--

lar Plexrglas for large capacity chambers, -and
flat, plastic plates of various thicknesses, which
have been carefully bored out to the desrred

\91,mensron for smaller jhambers then cement a

No. 1 or No. 1-1/2 cover shp'?o form the«cell

bottom. Precision-made,

also available. The countmg technjque differs
little from the S-R procedure, an
~strip or- separate field counts can be used. The
Whipple eyepiece microﬁber\iS also used.
Transfer a”sample into the desired counting

rwaters, rinse with distilled water to remove salt.) . chamber (pdur with the large chambers, or pipet
‘Allow the filter to dry at room temperature fgf) with 2-ml or smaller chambers), fill to the point -

5 ‘minutes, and place it on top of two drops of
immersion oil on a microscopesslide. Place two
drops of oil on top of the filter and allow it to
dry clear (approximately 48 hours) at room
temperature,

each species in 30 random fields is recorded.
Experience ‘is ‘Tequired to determine the

proper amourit of water to-be filtered. Signifi-

cant amounts of suspended matter may obscure
or crush the organisms. :
Calculate the ofginal concentration in the

+ sample a8 a function of"a’ conversion factorv

obtained fr6m a prepared table, the number of
"quadrates or fields per filter; the -ainount of
sample filtered, and,the dilution. factor. (See
Standard Methods, lﬁh Edition.) .

F ]

cover with a cover slip, and-
enumerate the organisms. The occurrence of
" the 20X, 45X, or 100X oil immersion lens.

age the values.
counts can be made; the number depends on the -

of dverflow, and apply a glass cover slip. Set th@"

- chamber aside and keep at room temperature
until sedimentation is compiete. On the average,

allow 4 hours per 10 mm of height. After a suit-’
able period of setthng, place the chamber 0n the
microscope stage and examine with the use of

Count at least two strips perpendlcul,ar to each
other over the bottom of the chambér ard aver-
Alternatively, random field

densrty of organisms found A a general rule,

count a minimum of 100 of the most abundant :

species. « At ‘higher. magnification, count more’
ﬁelds than under lower power.
When. a 25.2 mik diameter countmg chamber

all-glass counting
- -chambers in a wide variety of m’r;Znsrons are

either the

isused (the most convenient size), the conversion °

4

c ] -',. ’ . .
v. . :
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. - S o : PLANKTON COUNTING ~
of countgto numbers per ml'is qu1te simple: method, however, .to emdure quantitative
* No.per mi Gsrlp county < £ 1000 mm? - removal of cells smaller than 10 microns in
‘ : . T LXWXDXS_ diameter. ’

TS N .Thoroughly mix the plankton conCentrate‘ ina -
where ) vial with"a disposable pipet, and’dgliver several
C= number of organisms counted (tally) . drops to a No. 1, circular 18-mm coverglass. Dry
L= length of a strip, mm - _ the samples on a hotplate at 95°C.:(Caution:
W= width’ of a strip (Whlpple grid "image_ *overheating may causé splattering and cross-

width), mm ‘ o contamination of samples.) When dry, examine
D= depth of chamber, mm , ‘ ~ the coverglasses to determine if tHere is suffi-
8= Y\?mber of strips counted . _ cient material for a diatom count. If not, repeat
No. pcrml(ﬁemcoum)_cxmoo mm3 ' . the prevrous steps one oOr two more times,

. o AXDXF . . _ depending upon the density of the sedimented’ -
-where: . o ( -, sample. Then heat the samples dn a*heavy-duty

hotplate 30 minutes at approximately 570 Cto
drive off all:organic matter. Remove grams ‘of .
sand or other large objects' on the cover glass
with a dissection needle. The oil immersion =
objective has a very small workin® distance, and
. oy _the slide may be unusable if this is not done. -
. . Diatom Analysis ‘ I.abel .the frosted end of ‘a 25-.X 75unm
Study objectives often require specific identi- , microscope slide with the sample identification.
fication" of diatoms and information about the  Place the labelled slide on a moderately warm
* relative abundance of each species. Since the  hotplate (157°C), pit a drop of Hyrax -or
taxonomy of this group is based on frustule Agéclor 5442 (melt and use at about 138°C),
characteristics, low-power magnification ,is° mounting medium (Index of Refraction’
seldom sufficient, and permanent 'diatom 1.66-1.82) at the center, and heat the slide until
; mounts are prepared and examined under oil  the solvent (xylene -or toluene) has evaporated

C= number of organisms counted (tally)

A= area of a field (Whrpple grid 1mage area),
mm?

= depth of chamber, mm .

= -number of fields counted

immersion. < (the solvent is’ gone .when the Hyrax. becomes
- To- concentrate the diatoms, centrifuge 100 ~ “hard and brittle upon cooling). v
- ml -of thoroughly mixed, sample for 20 minutes While the coverglass and slide are strll hot,

at 1080 X g and-decant the supernatant with a . grasp thé coverglass with a_tweezer, 1nve(t and
suction-tube. Pour the concentrated sample into’. * place on the drop of Hyrax on a slide. It may be
-a disposable vial, -and allow to'stand at least 24 - pécessary togadd Hyrax at the margin of the
hours before further processing. Remove the coverglass. SBme additional bubbles of. solvent
- supernatant watet from the vial with a suction vapor may appear under the coverglass when it is
tube. If the water contains mos® than 1 gm of .placed on the slide. When the bubbling ceases,
- dissolved solids per. liter ‘(as in the case of remgove the slide from the hotplate and place on-
- brackish water or marine samples), salt crystals a ‘tirm, flat-surface. Immediately apply slight
form” when %the sample dries and obscure the pressure to the coverglass.with a pencil eraser (or
diatoms ‘on .the’ finished’ slides. .In this case, similar object), and maintain until thé Hyrax .
reduce the concentration of salts by refilling the_ cools and hardens (about{ 5 seconds). Spray a
- vial with distilled water, resuspending the plank- \ protective coating of clear facquer on the frosted
ton, and allowing the vial to stand 24 hours Jend of the slide, and scrape the excess Hyrax
before removing the supematant liquid. Repeat from around the coverglass.. )
‘the drlutrgn several times if necessary. . © _ Identify and count the  diatoms at high

If the plankton counts are less than 1000 per  magnification under oil. Examrne random lateral
ml, concentrate the diatoms from a larger strips the”width of the ‘Whipple grid, and iden-
‘volume of sample (1 to 5 liters) by. allowing tify /and ount all diatoms within the borders of
‘ them to settle out. Exercrse cautlon in using this = the”grid until 250 cells" (500 halves) are talhed

S
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BIOLOGICAL METHODS , .

. . . . oy

Ignote small cell' {ragments If the slide has very,
- few diatoms, limit the analysis to the number of
¢ells encountered in 45 nifnutes of scanning.

:When the count is completed total the tallies

d calculate the percentages of the individual
- Species. , ) . ‘

o

4.2.I' Qualitative analyszs of 200plankton

‘In the initial - examdratmn Temove ‘excess
' preservative from the sample with the use of an’
aspirator bulb attached to a small pisce of glass
with a piece of
No. 20 mesh netting. Swirl the sample and with
. a large-bore pipet, remove a. portion of the:
suspension and place 2 ml into each sectionofa
four-compartment gldss culture dish (100 X 15
mm). Examine. a -total of -8 ml for adult
" Copepoda, Cladocera; and other large forms.
~with the use of a binocular dissecting micro-
scope at a magnification of 20 to 40X. Count
‘and identify rotifers at a hrgher magmﬁcat10n
(100X). All animals should bé identified to
spedfes if possible. For qualitative analysis of
relatlve frequency, the following-classification is
suggeste_d

. ’

Species in ~ Relative
fields, % " frequency
., 60—-100 abundant
30~ 60 - yery common
5- 30 . common '
1—- 5§ © .. * occaSional
<l . rare

The following taxonomlc bench references are
recommended:.

Calman, W: T. l912 The Crustacea of the order Cumacea in thc
collection:'of the United States National MuscunL No. ;
1876 -Proc. U. S. Natl. Mus. 41: 603-676. "¢ .

Qhren S. M. 1970. dlonella fitzpatricki sp. n. and A. leei sp. n:

w Cladocera from” ‘Mlsslssrppl Trans. Amer. Microsc. Soc.’
8 4): 532,538.

* Conseil Permanent International Pour L’ Exploranon De La Mer.
1970. Fiches: DIdcrmflcatxon du Zooplankton Sheets No.’s

o 1-133, .

’ Davrs, C. 1949. Thc'pelagtc Copcpodn of the northeastern
Pacific Ocean. Univ. Wash. Publ in Biol. 14:1-188. Umv Wash.
Press Seattle. : .

Dzwrs C. 1955. The marine and freshwater Plankton Mich. State

AN

Edmondson, W. T. (cd.). Ward, H. B. and G. C. Whipplé. 1959:
Fresh-water blology John Wllcy and Sons, New York, 1248 -
ppw T

Faber, D. J. andE 3 Jermolajcv 1966 A new cOpepod genus in
the plankton of the Great. Lakes. -Limnol. Oceanogr 11(2):
301-303.

Ferguson E., Jr. 1967. New ostracods from the Playa lakes of
eastern New Mexico and western Texas Trans Amer. Microsc.
Soc. 86(3) 244«250 L

Hyman L. H: 1951. The Inverteprates: Acanthocephala
Aschelminthes, and Ectoprocta. The pseudpcoelomate
+ Bilateria. Vol. III. MicGraw-Hill, New York, 572 pp.

i

- Light,S. F. 1938. New subgenera and species of, diaptomid -

. -copepods from the inland waters of Californjaand Nevada.
“Univ. Calif. Publ. in Zool. 43(3) 67-78. Umv Cahf Press,
‘ Berkeley.

" Marsh, C. C. 1933, Sy‘nOpSlS of the calanord crustaceans, exclu-
sive ‘of the Dlaptonudac found in fresh and brackish waters,
chleﬂy of North America. No. 2959 Proc. U. S. Nat. Mus 82

© (Art. 18): 1-58. -

Pennak, R. W. 1953, Fresh-watcr invertebrates of the Umted’
States. The Roland Press Co., New York. 369 pp.

Ruber, E. 1968. Description of a salt marsh copepod cyclops
(ApocycIops} spartinus' n. ‘sp. and a comparison with closely
related species. Trans. Amer. Microsc. Soc. 87(3):368-375.

Wilson, M. S. 1956. North Amencan Harpactrcold copepods.’

1. Comments on the known fresh: Water species of the
_Canthocamptidae.

2. Canthocamptus oregonensis n. sp. from ‘Oregon and
California. Trans. Amer. Micgbsc. Soc. 75 (3): 290-307.

Wilson, M. S. 1958. The copepod genus Hallcyclop's' in North
America, with a description of a new species from Lake Pont-
chartrain, Louisiana, and the Texas coast. Tulane Studies Zool.
6(4) 176-189.

Zlmmer. C '1936. California Crustacea of the order Cumacea_
No. 2992. Proc..U. S. Natl Mus. 83:423-439. :

>

4.2.2 Quan’titdti'pe analysis o@oplan kton
’ - - Pipet Method h x

Remove excess liquid using a screened (No.
‘mesh net) suction device until a 125 to 250-
sample volume remains. Pour the sampl€i intola

- conical centainer graduated in milliliters, and-
“ allow the zdoplankton to settle for 5 minutes.
Read the settled volume of zooplankt
multiply the settled volume by a factor of fiye
to obtain the total dilufed volume; and ad
énough water to obtaih this volume. Insert a
“ "1-ml Stempel pipet into. the ‘water-plankton:
mixture, and stir rapidly with the pipet. While
the mixture is stilt agitated, withdraw a 1-ml
subsample from the center of the water mass.
Transfer the'subsample to asgridded cultyre’dish

Univ. Press, East Lansing. .~ . (110 X lSmm) with 5-mm squares. Rinse the
" : -* 12 - o
% ) ~ l . ‘ ‘» 1-
T . oo _
« v L. £ , 5 o (
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p1pet with dlstllled water mto a culture drsh to
remove -any adherent. organisms. Enumerate

(about 200 zoopla.nkters) and 1dent1fy under a

dissecting mxcroscope

To calculate theﬁnumber of plankton w1th an-

unmetered collectmg dev1ce
1. o M,
Total no. —-—- X 'I'N
S oy

7}

‘To calculate the number of pla.nkton with a-v",

' metered collectmg dev1ce

e

>

TNXDV . -

. "where:- L
T = . L
' C= total volume of sample concentrate ml

= . . X
¢ * LT P -
. o~ . - h

PLANKTON BIOMASS,

4" When calculating the numbet , of plankton,
determine the volume of the counting chamber -
from its inside dimensions. Convert the tallies to
organisms per liter W1th the use of*the followmg A
relatronshlps _ ) . -

* Rotifers.  per hter—T—ZS-—C- . U

. ©OPXV

- - ¥

‘) : ‘.,,.__“ :
= o - : c V-

. . _TX
. lvhcrocrustamperhter—sxv

C

RN

total tally

P = volume of 10 strips in the eountmg
.« -~ chamber, ml

- volume ‘of netted or grab sample; hters .
volume of countlng chamber mI

~ )
7

v 50 BIOMASS DETERMINATION L

Because natural pla.nlctop p0pula lons " are -
composed of many ‘types. of or ms_(i.e.,
plant, animal, and batterial), it ‘is drfﬁcult to
obtain, quantitative values for edch of the com-
ponent populations. Currently-used indices

" include dry and ash-free weight, cell volume, cell

No per m3 ol‘ water = .SV . . .
L E3 ‘Q \
where .
DV = total dlluted volume ml Tom
SV = total subsample volume, ml » . . _?
TN = total no. zooplankte@s in sample b ‘,g,. .
Q = quantlty of water strained, m o

Countmg Cha?nber o

4

" Bring the ent1re concegtrate (on: an appfo-,
, mix well, .

priate aliquot) to a volume of 8
. dnd transfer tp a counting chamber 80°X 50 X2

" surface area, total catbon, .total nitrogen, and.

chlorophyll content. The dry and ash-free
werght methods yield data that.include the par-

“ficulate inorganic materials as well as the plank-

. ton. Cell volume and cell surface area determi-

. mm (&ml capadéity). To fill, use ‘the technique -

prevrously described for th€ Sedgwick-Rafter
cell. Thé proper degree of sample concentratlon
can be determined only by experience.

Using a compound microscope-equipped with

~an ocular Whipple grid, enumérate -and identify ™
the rotifers (to specres if possible) in 10 strips . -
~scanned at a magmﬁcatron of 100X (one-fifth of -

the . chamber volume).: Enumerate the ‘nauplii.

also during the .rotifer count: Count_ the> adult
mlcrocrustacea

under ‘a binocular drssectmg"

o nucrosc0pe at a magnification of 20 to 40X by

" scan ‘the entire chamber. -Species identi-

+ ficatiopn of. rotifers and microcrustacea often
- Tequire drssectlon ‘and eXammatlon under a
compound mxcrosc0pe (see‘Penna‘k 1953) '

.

~having at'least 10 mg dry weight.

nations can be made on individual components
of the mpulatronand -thus yield data on. the

plant, the animal, or'th&:bacteriak volume; or -
- surface area,

or: both: Chlorophyll . detemu
natrons y1eld data on the phytoplankton. '

5 1 Dry and Ash-Free Welght

"To reduce - the amount of ‘contamination. by
dissolved solids, wash the samplg with several -
yolumes of distilled 'water by. centnfugatlo‘n or -
settlmg After -waslung, concentrate the sample

by centrifugation or settling. If possible, take

sufficient.sample to provide several aliquots each
Process at
least two replicate allquots for each sample.

(Generally,. 10 mg -dry weight is equlvalent to

lQOmgwetwe/ght) R . .
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1’v"ﬂ/ '

S.1.1 Dry weight /

Place the aliquot of concentrated sample in a
tared porcelain crucible, and dry to a constant
weight at 105°C (24 hours is usuatty sufficient). .

Subtract the weight of crucible to obtain thu dry

weight.

5.1.2 Ash-free weight

Attur the dry wuwt is (luturmmpd, place the
crucible in a muftle turnace at 500°C {or 1 hour.
Cool, rewet the ash with dlhtlllbd water, and
bring” to constant weight at 105°C. The ash is

A

~wetted to reintroduce the water ot hydration of

the clay and other minerals that; though not
“driven off at 105°C, is lost"at S00°C. This water
" loss often amourts to 10 percent of the weight
“lost during lgmtlon and, it not corrécted for, will
be intérpreted as organic matter. Subtract the

weight of crucible and ash froin tho\/cyw\ug_,llt
to obtdm ash-frec weight. .
5.2 Chlorophyil i \,

¢+ All algac contain chlorophyll @, and measuring
this pigment can yicld some insight into the

relative amount of algal standing crop. Certairi
algac also contain thorophyll b and ¢. Since the

chlorophyll concentration varies with species and~

with environmental and mitritional factors that
. do not necessarily: affect the st‘mdm&, crop.
biomass estimates based on thorophyll measure-
ments are relatively imprecise. Chlorophyll can
be measured-in viro fluorometrically or+in ace-
.tone extracts (in
spectrophotometry” Y
5.2.1 Invitro measuremént . . '

>

7
The algac differ L,Oﬂbldﬁl'dbly in the ease of

pigment extraction. The diatoms extract, wsnl
whereas the coccoid greens extract w1‘th/,d1ft|-
culty. Complete extraction” of pigments from all
taxonomic groups, therefore, requires disruption
of the cells with a tissue g?ﬁlder or bledder, ar
by freezmg or dryingb Generally, pigment is
more difficult to extract from old cells than
- fronmi young cells. '
Concentrate the algae with a laborq,tory cen-
trifuge,. or collect on a membrane filter (0.45-yu
porosity) -or a glass fiber filter (0.45-u effective
pore size).- If the. analysis will be.delayed, dry,

‘

A\l o ’

vitro) by fluorometry or

.

/

the concentrate and store frozen in a desiccator.
Keep . the stored samples in the dark to ‘avoid
photochemical breakdown of the chlorophyll.

Place the sample in a tissue grinder, cover with

2 to 3 milliliters of 90 purunt agueous acetone
(usu reagent grade acetone), add a small amount
(0.2 ml) of saturated agucous solution of magne-
sium carbonate and maccrate. )

Transfer the sample to a screw-capped cen-
triftuge tube, add sufficient 90 percent aqueous
acetone to bring the volume to 5 ml; and steep
at 4°C ftor 24 hours in the dark. Use the solvent
sparingly, avoiding unnccessary pigment dilu-
tibn. Agitate midway <during the extraction
period and again before clarifying.

To clarify the extract, centrifupe 20 minutcs
at 500 g Decant the supernatant into a clean,
calibrated vessel (15-ml, screw-capped, cali-
brated centrifuge tube) and determine the vol- -
ume, Minimize evaporation by keeping the tube
Ld?‘zcd .

hree proccdurus for analysis and concen-
tration calculations are described.

Triclfomatic Method

Determine the ‘optical density (OD) of the
extract at 750, 663, 645, and 630 nanometers
(nm) using g 90 percent aqueous acgtone blank.
Dilute the extract or shorfen the light path if
necessary, to bring the ODg4 3 between 0. 50 and
0.50. The 750 nm ruadmgém used to correct for
turbidity. Spectrophotometers Jrayjng a reso-
lution of 1 nm or less are prefefred. Stopper the
cuvettes to minimize gvaporation during the
time the readings are beingmade.

The chlorophyll concentrations in the extract
are determined by inserting the correctéd l-cm
OD’s " in the following” equations.
1966). ) -

4
= 11.64Dgg3 ~ - 2.16Dgqs + 0.10Dg30
pb="3 94D663 +20‘97D645 366D630
Cc=-5§ 530663 14 8“)645 +54. 22D63O

where Cg, Cp, Cp gre the concentrations, in
milligrams per liter, “of chlorophyll a, b, and ¢,
respectivély, in the extract; and Dgg3, Dgas,
and D43, are the l-cm OD s at the respective
wavelengths. after subtracting the 750-nm blank.

(UNESCO .
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+The concentration of pigment in the phyto—
plankton grab sample is expressed as mg/m?3 or
ug/m3 ot ug/liter and is calculated as follows:

Cg4 X volume of extract (liters)
volume of grab sample (m3)

mg cme;ophyll a/m3 =

Fluorometric (for chlorophylla)

The fluorometric method is much more sensi-.

tive than the photometric method and permits
accurate determmatnon of much ,lower con-
centrations of pigment and the _Mse of smaller

R

PLANKTON PIGMENTS

- To determine the chlorophyll a, zero the
fluorometer with a distilled water blank before
takmg the first sample reading at cach sens1t1vnty

- level.

sample volumes. Optimum sensitivity is; ‘obtained -

at excitation and ¢mission . wavelengths of- 439
and 663 npn, respectively, using a R-136 photo-

" multiplier tube. Fluorometem employing filters

should be equipped with Corning CS-5-60
excitation and CS-2-64 emission filters, or their
.equivalents. Calibrate the fluorometer with a
chlorophyll solution of known concentfation.

Prepare a chlorophyll extract and determine
the concentration of chlorophyll a. by the
spectrophotometric method as . previously  de-
scribed. .

Prepare serial dilutions of the extract to
provide’ concentrations of approxmlately 0.002,

0.006, 0.02 and 0.06 mg chlorophyll a per liter .

of extract, so that a minimum of two readings
are obtained in each sensitivity range of the
fluorometer (1/3 and 2/3 of full scaje). With the
use. of these values, derive factors to convert the

" fluorometer readings in each sensitivity range to

mllhgrams of chlorophyll a per liter of extract.

Conc. chlorophylla (mg/1)
fluol'omctcr reading

Fg=

where Fg is the fluorometric conversion factor
and s is the sensmvnty range (door). :

5. 2 2 1))1 vivo measurement

Using fluorescence to determine chlorophyll a
‘in vivo is much less cumbersome than methods
“.involving extraction; howevér, it js reportedly
considerably - less efficient’ than the extraction
method and yiélds about one-tenth as much
fluorescence. per unit weiglit as the same amount
in solution. The fluorometer should be-" cali-
brated with a chlorophyll extract that has been
analyzed with a speatrofluorometer.

4

- Mix the phytoplankton sample thol‘oughly to
ensure a homogenous suspensuon “of alga] cells.-
Pour an _aliquot of the well-mixed sample into a
cuvétte, and read the fluorescence. If the reading -

a(scale deflection) is over 90.units, use a‘lower
" sensitivity setting, e.g., 30X > 10X >3X > IX.

Conversely, if the reading is less than 15 units,
inicrease the sensitivity setting. If the samples fail
to fall’in ge, dilute accordingly. Record the

“fluorescent units based on a common sensitivity °

factor, e.g., a reading 50 at 1X equals 1500 at
30X. '

5.2.3 Pizeophytirzgorrectioh _ _

*Pheophytin is a patural degradation product
of chlorophyll and often occurs in- significant
quantities in phytoplankton. Pheophytin a,
although physiologically inactive, has an abgorp-
tion peak in the same region of - the wvisible
spectrum as chlorophyll a and can be a source of
error in chlorophyll determinations. In nature,
chlorophyll is converted fo pheophytm upon the
loss of magnesium from the. porphyrm ring. This .
conyversion ‘tan be accomplished in the labora-
tory by adding acid to the pigment extract. The
amount of pheophytin a in the &ftract can be
determined by reading the ODg¢ 4 before and -
after ac1d1ﬁcat10n Acidification of a solution of
pure chlorophyll a tesuits in a 40 percent re-
duction in the ODgg 3, yielding a “‘before:after”

-OD: ratio (663p/663,) of 1.70. Samples with

663p/663; ratios of 1.70 are considered free of
pheophytin 4, and contain algal' populations
consisting mostly of intact, nondfcaying organ-

1sms

Conversely, samples containing pheophytm a
but not chlorophyll @ show no reduction in
ODg4e¢; upon acidification, and have a
663p/663, ratio of 1.0. Samples containing both.
pigments will have ratios between 1.0 and 1.7.

To determine the concentration of pheophy-

- tin a, prepare the extract as previously described

and determine.the ODg¢3. Add one drop of
{ NVHCI to the cuvette, mix well and reread the-
®D; 5 o and ODg ¢ 5 after 30 secongs.
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Calculate the chlorophyll a and pheophytm a
as follows:

Chlorophylla (mg/m3) = 26.7 (663 ~663,) X E
VXL

Phcophytma (mg/m3)< 26.7 (1.7 X 663a- 663p) X E
N T VXL

where 663 is the I-cm corrected ODg ¢ 5 before
acidification; 663, is the ODggq3 after acidifi-
cation; E the volume of acetone used for the
extraction (ml); V the volume of water filtered
(liters); and L the path length of the cuvette
(cm).

5.3 Cell Voju me

'5.3.1 Microscopic (algae and bacteria)

Concentrate an aliquot of sample by settling
or centrifugation, and examine~wet at a 1.000X
magnification with a nucrosc@pe equnpped with

a calibrated ocular micrometer.’ ng(her magnifi-

cation may be necessary for small a{gae and the
bacteria. Mbike optical measurements and
de the  volume of 20 representative
individduals of'each major species. Determine the

average volume (cubic microns), and multiply by

. number of organisms per milllliter.

552 Displacement (zooplankto‘n)

Scparate sample from preservative by pouring
.through a piece of No. 20 mesh nylon bolting
cloth placed in the- bottom of a small glass
funnel. To hasten evagoration, wash sample with
a small amount of 50 Rkercent ethanol to remove
excess interstitial fluid dgd place’ on a piece of
filter or blotting paper. Place drained plank-
ton in a 25-, 50-, or' lOO-mlﬂ}‘ependlng on
sample size) graduated cylinder, and "add a
known valume of water from a burette. Read
the¢ water level in the graduatedscylinder. The
difference between the volume of the zooplank-
ton plus the ad<'-d water and the volume of the
water alone is the displacement volume. and
- therefore, the volume of the total amount of
zooplan..kton in the sample

S. 4 Cell Surface Area of Phytoplankton
Measure the dimensions of several represen-

" microscope. ,Assume the cells to be spherical

tative individuals of each major species with a .

L3

cylindridal, rectangular, etc., and from the linear
dimensions, compute the average surface area

(u?) per species. Multiply by the number of

organisms per. milliliter (Welch, 1948, lists

mathematical formulas for computing surface

area)

6.0 PHYTOPLANKTON PRODUCTIVITY

Phytoplankton - productivity measurements
indicate the rate of uptake of inorgar\i: carbon -
by phytoplankton during photosynthesls-and are
useful in determmmg the effects of pollutants
and nutrients on the aquatic commumty
- Several -different methods have been used to
measure phytoplankton productivity. Diurnal

curve- techniques, involving pH and - dissolved

oxygen measurements, have been used in hatural ,

"aquatic communities by a number of investi

gators. Wegtlake, Owens, plhng (1969)
preg‘ént an excellent discussiom cghcerming the -
limitations, advantages; and dnsadvantages ‘of
diurnal curve techniques as applied to non-
isolated natural communities.
method of Gaarder and Gran (1927) and the -
carbon-14 method of Steeman Neilson (1952)
are -techniques for measuring in situ phyto-
plankton productivity. Talling and Fogg (1959) v
discussed the relationship between the. oxygen -
and carbbn-14 meéthods, and the limitations of
both methods. A number of physmloglcal
factors must be considered in fhe interpretation
of the carbon-14 method for measurement of
phytoplankton productivity. Specialized appli-
cations of the carbon-14 method include bio~
assay of nutrient. limiting factors and measure-
ment of the potential for algal growth. :

The carbon-14 method™ ard the: oxygen
method have the widest use, and the-following

procedures are presented for the in situ field.

measurement of inorganic carbon uptake by

. these methods. -

6. 1 Q:gygen Method

General directiongfor the oxygen method are.
found in: Standard Methods for the Exami-
nation of Water and Wastewater 13th Edition,
pp. 738-739 and 750-751-.

The - oxy'gen .
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Specific modifications and additions for
apparatus, procedures, and calculations are:’
Apparatus — Rinse the acid-cleaned samplc

bottles with the water being tested prior to use.

‘Procedure — Obtain a profile of the input.of
solar radiation for the photoperiod with a
pyrheliometer. Incubate the samples at least 2
hours, but never longer than to that point where
oxygen-gas bubbles are formed in the- clear
~bottles or dissolved oxygen is deplctcd in the
‘dark bottles. .

Calculations ~ Using solar radiation protlle
and photosynthetic rate during the incubation
period, adjitst the data to represent phyto-
plankton- productmty for the entire photo—
period.

A

6.2 Carbon 4 Method

General dlgectnons for the carbon-l4 method

lare found in Standar@ Methods for the Exami-

nation of WAfer and Wastewater,®13th Edition,
‘pp. 739-741 phd 751-752.

Specific modifications and additions for
apparatus, proccdurcs and calculations are listed
below »

7'.0 REFERENCES
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7.1 Sample Collection and Pres::rVation

7.1.1 General considerations

i

A
PLANKTON PRODUCTIVITY

Apparatus — A fuming chamber is ot re-
quired. Use the methods of Strickland and
Parsons (1968) to prepare ampoules contammg a’
carbonate solution .of the activity desired.

Prodedure — The carbon-14 concentration in
the_filtered sample should yield the number of
coalzi;ts required for statistical significance;
Strickland and Parsons suggest a minimum of
1,000 counts per minute. Obtain a profile of the
input.of solar radiation for the photoperiod with
a pyroheliometer. ‘Incubate up to 4 hours; if
meastirements-are required for the entire photo-
perlod overlap 4-hour periogs from dawn until
dusk (e.g.. 0600-1000, 0800-1200,
1400-1800, 1600-2000). A’ 4-hour incubation
period may be sufficienf, however, provided
enérgy input is uséd as the basis for integrating

" the incubation period into the entire phc

period. To dx’y and store the filters, place’/the
membranes in adesiccator for'12 hours following

filtratioh. Fuming with.HCl is not rc;ylred and

dried filters may be stored indefinite
Calculations — Using solar radiation profile and
photosynthetic rates during the incubation

- period, adjust data- to represent phytoplanktOn

productivity for the entire photoperiod.
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1.0 INTRODUCTION

Perrphyton is an assemblage of a wide variety .

of organisms that grow on underwater substrates

and  includes but is not limited to, bacteria,

yeasts and ‘molds, algae, protozoa, and forms
that may, develop large colonies such as sponges
and corals. All organisms within the community
are not necessarily attached but some may bur-
row or live within the cqmmumty structure of
the attached forms.

~Literally  translated, periphyton means
‘ around plants,” such as organisms overgrowing
pond weeds, but through widespread, usage, the
terma has become associated with communities
of microorganisms growing on substrates of any
nature. Aufwuchs (Seligo, 1905), the German
noun for this community, does not have an
-equivalent English translation, but essentially
means growing on and “around things.” Other
terms that are essentially synonymous with
periphyton or describe important or predomi-

nant components of the periphytic community '

are: nereiden, bewuchs, laison, belag, besatz,
attached, sessile, sessile-attached, sedentary,
seeded-on, attached materials, slimes, slime
growths, and coatings. Some of these terms are
rarely encountered in-the literature. Terminology
based on- the nature of the substrate is as
follows: . .

Substrate Adjective -
various , eprholltlc nereiditic, sessrle
" plants - epiphytic

animals epizooic

‘wood . eprdendr\}rc eprxylomc
rock eprlrthrc 2,

Most above-listed’ Latin-root" ’ad’r@ctlves are

derivatives of nouns such as eplhola/eplphyton, ’

epizoa, etc. (After Sraineck-Husek, 1946 a
Sladeckova, 1962). o

Perrphyton was recognized as an important
component of dquatic communities before the

. ( . v
PERIPHYTON

o

e

\ - - G

>

* (1908 and 1909) made wide use of components

- beginning of the 20th century, and the study of ‘
periphyton was initiated in Europe in the early

1900s Kolkwrtz and Marsson m two articles

.

' 1946; Butcher, 1932;

- stad, 1950, 1964, 1965).

in this community in the development of the

. saprobic’ system of water quality classification.

This system has been continued arid developed
in Middle and Eastern Europe (Srameck-Husek, -
1940,- 1.946; Sladeckova,
1962; Sladecek and Sladeckova 1964; FJerdmg-

o

The study of p‘errphyton was introduced in
the United States in the 1920’s arid expanded, in-
the 1930’. The use of the community Aas
grown stekadlly and rapidly in water quality in- °
vestigations (Blum, 1956; Cooke, 1956; Patrlck ,
1957; Cairns, et al., 1968). '

The periphyton and plankton are the principal
primary producers in waterways — they convert

‘nutrients to.organic living materials and store

light energy through the prOcesses of photo-

* synthesis. In extensive deep waters, the. plankton

are probably the predominant primary pfo-
ducers. In shallow lakes, ponds, and rivers, the
periphyton are the predominart primdry pro-

- ducers. .

-

n
na

AR

_strate, pass through the

Periphyton is the basis of the trickling filter
system form of secondary sewage treatment. It
is the film of growths covering the substrate in
the filter that consumes nutrient§, micro-solids,

and bacteria from the primary treated sewage
" passing through the filter.

s these growths ac-

cumulate, they ‘eventually %ugh from the sub-
and are captured

in the fihal clarifier; thus, they change chemical

=~ and biological materidls to a solid that can
‘be

removed - with the . physical process of-x
settlmg Excellent ;tudres and reports on this--.
process have been published by Wrsm,ewsl?l
(1948), Cooke (1959), and HoltJe(l943)

The periphyton comm\)rty is an excellent
indigator of water quality. Changes may range .
from subtle alteration of species composition to.:
extremely dramatic results, such as whej the’ r
addition of orgamc wastes to waters supp rtmg .
a. community of predommately diatom growths -
result in their replacement by extensive. slime -
*colonies: composed predominately of bacteria ’
such as Sphaerofilus or Leptomztus and vortrcelm,g
lid proto;oans

R
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‘appear as brown, brownish-green,

] s . . . '
’

r

;
|

. Excessive growth stlmulatet‘.l, by - increased
nutrrents can result in' large, filamentous
streamers that- are esthetrcall&\unpleasmg and
interfere with sucly water uses ‘as swimming,
wading, fishing, and boating, and can also affect
the quality of the. overlying . water. Photo-
synthesis and respiration can affect alkalmlty

.(U. S. FWPCA, #967) and dissolved oxygen con-
~ centrations (0 Connell and Thomas, 1965) of

lakes and greams. Metabolic byproducts

BIOLOGICAI, METHODS . s .

v

»,

a

4 {lttoral areas in flakes and Shallow or riffle areas

in flowing water where the’ greatest number and |
variety of organisms are found. Combme the
scrapings to a volume of 5 to 10 ml for a suf-
,ﬁcient sample. In lakes and streams where

ng

. strands of ﬁlan{entjaus' algae occur, weigh!the = -
~ sample. A .

released to the overlying water may impart

the®stream or lake,
Silvey, 1966; Safferman, et al,, 1967)." Large
clumps of growth may break from the site «of
attachment and eventually settle to form accu-
mulations of decomposing, organic, sludge—llke
materials.

Periphyton have proven useful in reconnais-
sance surveys, water quality monitoring studies,

short-term investigations, research and develop- —_

ment, and enforgement studies. The investiga-

“+

tastes and odors to drinking waters drawn from t
a widespread problemf-,’
throughout the United States (Lackey, 1950;

After scraping has. ‘been completed, store the
material in bottles containing 5 percent forma-
lin. If the material is for chloroph Il analysis, do’
not preserve. Store at. 4°C in thegark in 100 ml
of 90 percent aqueous acetone. Wse bottlé caps
with a cone-shaped polyethylene seal to prevent
evaporatlon

2 2. Quantitative Sampling

" The standard (plain, 25 X 75 mm) glass micro-
scope slide is' the most suitable artificial sub-
strate- for quantitative sampling. If less fragile .

- material is preferred, strips of Plexrglas may be

tion, objectives dictate the nature, approach, and
methodology- of sampling the periphyton com- -

munity. Factors to be considered are the time
and duration of the study and the characterrstlcs

- of the waterway.

Sladeckova (1962) publlshed an extensive
review of mefhodology used in mvestrgatmg this
community.

20 SAMPLE COLLECTION AND PRESER-
VATION

2.1 Qualitative Sampling

Time_limitations often prohibit the use of
artificial substrate samplers for quantitative col-

“lection, and thus necessitate qualitative sampling

Periphyton usually
or. green
growths on the substrate. In standing or flowing
water, periphyton may be qualitatively collected

from natural substrates.

- by ‘scraping ‘the surfaces of several different

rocks and logs with a pocket knife or some other
sharp object. This manner of collecting may also

be used’ as a quantitative method if accurate:

measurements are made of the sampled areas.

When s_ampling this way, limit cotlections to

*J LR L 4

. where siltation is a problem, hold the substrates—

used in place of glass slides.

Devices for. ?;p/smg the substrate§ can be
modified to sui particular situation, keeping
in mind that the depth of exposure must be con-

- sistant for ,all sampling sites. In large rivers or

lakes, a ﬂoatmg sampler (APHA,- 1971) is
advantageous when turbidities are high and @n
- substrates must be exposed- near the surface.

small, shallow streams or littoral areas of lakes
_where turbidity is not a critical factor, substrates
may be exposed in severz;l ways. Twq possible
methods are: (a) attich the. substrates ' with-
PLASTIC TAK adhesive to bricks or flat rocks
in the stream bed, or (b) anchor Plexiglas racks
to the bottom to hold . the substrates. In areas

in a vertical position to avoid“a covering of silt.
If desired, another set of honzontally-exposed
substrates could be used to: demonstrate the
effects of siltation on the penphyton com-

. mumty

2

y ol
ey

i
The number of substrates to be exposed at
each samplmg site depends on the type and
number of analyses to be performed Because of .
unexpected ﬂuctuatrons in water levels, cur-
rents, wave action, and the threat of vandalism,
duplicate samplers should ‘be used. A ininimum

of four replicate Substrates Should be taken for -

each type of anagysrs Lo -

LN
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factors,
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. ‘ , . * PERIPHYTON
The length of exposure depends upon many . tzfers S S .

including the survey time schedule,
growth "patterns, which are ‘seasonal, and pre-
vailing hydrologic conditions. On the /assump-
tion that periphyton. growth rate -on clean sub-
strates ptoceeds exponentially for 1 of 2 weeks

"“and then gradually declines, -the- optrmum ex-

posure perrod is2to4 weeks

Donner, J. 1966. Rotrfcrs Butlcr and Tanner, Ltd., London

Edmundson, W. T. 1959. Freshwater. brology thn erey “"4\4

Sons, New Yprk. . |

Pennak, R. W. 1953. Freshwater mvcrtEbrates of the United .

. States nald Press, New York.\

Microcrustacea A

3.0 SAMPLEPREPARATION AND. ANALYSIS Edmondson, W. T. (se “"°“°’
Pcn nak, R. W. (see above).
- 3.1 SamplgPreparation. " I e : ' : .
4 pg/P P 5 3.2.2 Countsand enumeration ,
- Sample preparation varies accordlné to the . e

~

method of analysis; see the.13th edition of
Standard Methods, Section 6023 (APHA
1971) .

‘-3.2~ Sample Analysis_ L,

3.2.1 Identification

dn addition to the taxonomlc references listed
in the Plankton Section, the followmg bench.
references are essential for day-to—day perlphy
ton ldentlfrcatlon

3

Algae ' - SN

. Desikachary, T. W, 1956. Cyanophyta Indian Counc Agric. .

- Res.;'New Delhi:

- Fairdi, M. 196@\ monograph ‘of the frcsh water species of )
Cladophora and Rhizoclonium. Ph.D. Thesis, Univ. Kansas

' (available in Xerox from University Mrcrofrlms, Ann Arbor).

lslan' A. K., and M. Nurul 1963. Revision of the genus Stigeo-

. clonium. Nova Hedwrgm‘ Suppl. 10. J. Cramer, Weinheim,,
Germany. A J
Rananthan K. R 1964 Ulotrichales. Indian Counhe. Agric

New Dclhr

Randhkawa, M, S. 1959. Zygncmaceae Indian Counc Agnc Res,

- New Delhi,

Tiffany, L. H 1937. Oedogomales Oedogomaccae@ln North
‘American Flora, 11(1):1 102 N. Y. Bot. Garden, Hafner Publ.

. L" >

“ amine.
“colonial ‘ofganisms cannot be identifiedin a frag- .

Sedgwick-Rafter Method

Shake vigorously to mix the sample, transfer I

ml to a Sedgwick-Rafter cell, and make -strip .
counts, as described in the Plankton Section,

except ‘that acell count is made of all organisms.
~If the material is too concentrated for a direct
county dilute a 1-ml aliquot with 4
tilled Water; further dilution may-#e necgssary.
‘Even after vigorous shaking, the scrapings may
contain " large clumps of cells. These clumps can
result in an uneven distribution of material in

. the countlng chamber that could’seriously affect
the accuracy of the_count. Should this ¢bndition

occur, stir S0 ml of the sample (or a proper

dilution) in a blender for 1 minute and reex--

Repeat if necessary. Caution: Some

1 of dis-

-mented condition. Therefgre, the sample must -

be examined before belng biended.

. The quantitative determination of organlsms-

on a substrate can then be expressed as:

-

2 CXlOOOmm XV XDF
LXWXDXSXA .-

3 . - . »

" No. cells/mm

New York. . . ,:%ere .

Fungi . a .C* = number of cells counted (tally)
! E -

Cooke, W. Bridge. 1963 A Inbomtorygundeto fungi in polluted V T SamPle volume, ml

waters, sewage, and sewage treatment systems USDHEW, YDF = dilution factor

USPHS, DWSPC Cincinnati. . s _ . )

L' = length of a strip, mm -

Protozoa W - = width of a strip (Whipple grid image-
_Bick, H. l967-69 “An 1llustrated guide to ciliated protozed - - WIdth) mm

(used as biological indicators in freshwater ecology). Parts 1-9. D = depth of a stnp (S-R cell depth) mm

. World HIth. Organ., Geneva,  Switzerland. v : _ number of strips unted
Ku o, R. R. 1963. Protozoology CharlesThomas Publ., Spring: ) p %o

L. =_ area of substrate scraped mm?
o3 L , |
. I Ale) %



 BIOLOGICALMETHODS . .

Diatom Species Proportionalﬁ&ount :

' Before ‘preparing the diatom slides, use an-
. oxidizing agent to digest the gelatinous stalks,
- and other extracellular organic materials’ causing -
cell clumping. Before the oxidant is added,
" however, centrifuge_or settle the sample to. re- -
7 move the formalin. v
If centrifugation is preferred, transfer the
- sample to-a conical tube and centrifuge 10
minutes-at 1000 X G. Decant the formalin, re-
suspend the sample in 10 ml of distilled water,
and recentrifuge. Decant, take up the sample in
& mlof § percent potassium (or ammonium)
“persulfate, and ‘transfer. back to _the (rinsed)
" sample vial. !
* If the settlmg method is preferred follow the *
~instructions -given in-the Plankton Section fors
- removing salt from the diatom concentrate, but-

" add persulfate or hydrogen peroxjde instead of

distilled water. After the formalid is replaced by
-the oxidant, heat the'sample to 95°C for 30
minutes (do not bpil). Cool, remove the oxidant .
. by ‘centrifugation or settling, .and take up the
- diatoms in 2 to 3 'ml of distilled water. Proceed -
with the preparation of gtl;e permanent diatomx
mount as described in the. Plankton. Section.
Label the slide with" the S$tation -location and
inclusive sample dates. Carry out the diatom
strip count as described- in the Plankton Section,
except that separated, individual valves (half cell
~ walls) are tallied ag such, and the tally is d1v1ded

by two to .obtain cell numbers. - -
- 3.2.3 Biomass
("‘ ~Cell'Volume Do =

See the PlanktOn Section.

. .
) ~

-Dry and Ash-free Werght -

* See the Plankton Section. _
Centrifugation, Sedimentation and Displacehé?? :
«Centrifugation. Place sample  in graduated, .
"centrifuge tube and centrrfuge for 20 minutes at
1000 X G. Relate the volume in niilliliters to t
area sampled.
Sedrm‘entatron Place sample in graduat d ).
¢ylinder and ‘allow mple to settle at least :

hours: Relate the v lume in milliliters- to the
areagampled

~ th

- abnormal

p

Displacement. Use drsplacement for large
gr0wths of periphyton when excess water can be

¢readily rémovéd. Once the excess water is re-

moved, proceed as per Plankton Section; how-
ever,. do not pour sample throu
mesh nylon boltmg cloth

s o
: Chloroph'yll N

3 - .
The chlorophyll content of the penphyton is .

used to estimate the algal biomass and as an
Jndicat

statuf) or toxicity of the water and the taxo-

' nomrc col’hposrtron of the community.’ Perrphy-
ton growmg in surface water relatively free of

orgamc pollution consists largely of algae, which

of the nutrient content (or trophic

" contdin approximately. 1 to- 2 percent chloro- -

. organic matter is present in' high concentrations,

' phyll—axby dry. werght If dissolved or particulate :

large populations. of filamentous bacteria,

‘ stalked protozoa, and _other nonchlorophyll
bearing microorganisms develop and the percent-
age of chlorophyll a jis then reduced. If the
bromass —chlorophyll a relatro’nshrp is expressed

as a ratio (the autotrophic index),-values greater *

than 100 may result from organic pollutign
(Weber and McFarland 1969; Weber, l973)

. _ Ash-free Wgt (mg/m2)
Autotrophxc Index = Chlorophyll a (mg/m?)

- ®

To obtam mformatron{on the physrologrcal-.

condrtrgu/ (or health) of the algal penphyton

measure the amount of phdophytin a, a physio--

logrcally inactive.degradation product of chloro-
" phyll a. This degradation product has a absorp-
tion peak at pearly the same wavelength chlo-

- rophyll a and Junder severt envirenmental condr-

tions, may be
3 in
large

{esponsrble for most_if not all of
he acetone extract. The pres%nce

of relativel nounts of'pheophytin a is an

degradatign. (See the Plankton Section.) -
0 exfract chlorophyll' grind and steep the
riph

yton in- 90 .percent aqueous acetone (s

'sonal succession of the. ‘algae, the taxonomic

composition and the efficiency of extraction by
steeping change = continually during the year.”

Althoagh. mechanical or other cell disruption

an Sectron) Because of the normal sea-,-'

<ondition indicating water quality -

may not mcrease the recovery of prgment from”’

v- . s

o

i
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S SR "' PERIPHYTON *
‘every sample routrne grrndr‘ng erl srgmﬁoantly tremely sensrtrve to photodecomposrtron and.

increase (10° percent or more) the average re-  lose émore than 50 percent of their’ opfical .
covery of chlorophyll*from’ samples collet:ted ,,,actrv ty if exposed to dirégt suﬂlrght for only S, ;.
_over a period of several. months. Where glass “ mrnqxes Therefore, samples placed in acetone in
slides are used as substrates, place the 1ndrv1dual ythe field ~must be, protected froj more than
slides bearing. the periphyton d1rectly ifi separate morny ntary exposure to dire
small bottles (containing 100 ;ml) of .acetorie s‘noul ‘}3& placed. im edra
when removed from. the simpler. <Slmrla;ly,_. Samples not placed in”acetone in the' fiel

should be iced until processed K Samples -aye -
Rlace periphyton removed from. other: artrl“Cral 3 ot to . ‘% processed: on the day ‘chllected, ho

~or natural substrates-in the field immediately*in ever, théy should be frozen and held at'- 20°C

~a

_* 90 percent aqucous acetorie. (Samples shoiild be = * For the chlorophyll analysrs, see-the Plankton
macerated, however, when.retuined to the lab. )y’ Section. . ‘ S -
Acetone soluttons’ of chJorophyll are e\x- oo e . ' ‘ :
40 BrBErOGRAPHY L e

’
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10 INTRODUCTION } T Sludge deposits, especnally “those undergoing

T rapld decomposition, usually are too unstable or
toxic to permit the growtli of rooted plarits.

The rampanf. gtﬁwth of some macrophytes has
caused cancern over reeent*yk_ears (Holm et al.
1969). Millions of dollars are spent each year in-
controlling macrophytes that . interfere’ with
irrigation operation, navigation, and related ' -
recreational uses. Mechanical cutting, applica-

" tion of herbicides, and habitat alteration are the
primary control methods. Mackenthun and
Ingram (1967) and Mackenmun}%% have re-

Macrophytes are all aquatic plants possessing : a
multi-cellular structure with cells differentiated
into specialized tissues. Included are the mosses,
liverworts, ‘and flowering- plants. Their sizes
range from the near microscopic watermeal t6.
massive cypress trees. The most commonly dealt
with forms are the herbaceous water plants.

Macrophyton may be conveniently divided
into three majongrowth types:

. Floating. These plants have true leaves and
* roots and- float on the water surface (duckweed,
watermeal, water hyacinth).

Submerged. These plants are anchored to the
substratum by roots and may be entirely sub-
mersed or have floating leaves and aerial repro-
ductive structures (water milfoil, eel grass, pond- ~ Waters. -
weeds, bladderwort). ‘ "Aquatic macr phytes are a natura componept N

.  Emersed. These plants are rooted in shallow Of most aquatig ecosystems, and are present in

water and- some species occur along moist shore ~ those areas syltable for macrophyte growth,.
lines. The two major groups are: ' unless the “habitat is altered Furthermore, the

" Floating leafed plant t d wat " proper proportions ofmacrophytes are ecologi-
Opting oafed plants (water lilies an water Zly desirable (Wison, 1939: Hotehkigs, 1941;

Plants with upright shoots (cattalls sedges : Penfounq, 1956; oyd, 1971). Boyd (1970,
woody shrubs, rice and trees. 1971) introduced concepts of macrophyte

The use of macrophytes in water quality Mafagement opposed to the current idea of
.invesfigations has been sorely neglected. cradicating aquatic macrophytes from many °

Kolkwitz and Marsson ¢1908) used some species aquatic ecosystems. Much additional research is
in' their saprobic system of water quality classifi- needed on the role of macrophytes in- aquatlc

cation, but they are rarely mentioned in most €cosystems,

- literature. A number of pollutants have dramatic- The objective of an investigation dictates the
effects on macrophyte growth: nature and methodology of sampling macro-

Turbidity restricting light pcnetratlon can phytes. Critical- factors are the time available,;
'prevent the.growth of submerged weeds. how critical the ipformation is, expertise avail-

Nutrients can stimulate 0verproduct10n of able, duration of the. study, and characteristics

macrophytes  in numbers sufficient to create  ©f the waterway.
nmsances or can stimulate excessive plankton Techmques are few, and the investigator’s best

" growths "that effect an increase in turbidities, asset is his . capability for innovating sound
thus eliminating macrophyte growths. SR procedures ‘ -
Herbtc:dal compounds if present at sublethal
concentratlons can st»rrnulate excessive growths 2 0 SAMPLE COLLECTION AND ANALYSIS
or they can, at hlghcr concentratlons destroy Collecting representative gencra from the
plant growths. , acrophyton community is genera]ly not diffi- .
Organic or inorganic nutrients, or both, can  cult'because of their large size and littoral habi- - -
support periphytic algal and slime growths tats. Macrophytes may be.readily identified to
sufficient to smother and thus dustroy sub- -""g’ener{a and some to species in the field, or they
mersed forms. 4nay be dried in a plant press and mounted for

- . <

viewed and summarized control tethniques.

~ Yount and Crossman (1970) 4nd Boyd (1970)
discussed schemes for using macrophytes to re-
move nutrients from effluents and natural

‘e
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further identification. Small dehcate species
may be preserved in buff ed 4 percent formalin
solution. Some of the ghore useful taxonomic
works for identification are 'Muenscher‘ (1944),
Eyles 2nd Robertson (1944), Fassett (1960) and
Winterringer and Lopinot (1966). ’

2.1 Qualitative Sampling

Qualitative sampling includes visual observa-
tion and collection of representative types from
the study area. Report the extent of growth as
dense when coverage is continuous, moderate
when growths are common, and sparse when the
-growth is rarely encountered. The crop of plants

may be comprised of just one genus or may be a -

mixture; if a mixture, estimate the percentage of
individual types.. “-..7 0~

Sampling gear is varied and the choice of tools
usually depends on water depth. In shallow
water, a garden rake or similar device is very

effectrve for collecting macrophytes. In deeper:

water, employ grabs, such as the Ekman, to
collect submersed types.. In recent years, scuba
~ diving has gained popularity with many investi-
gators in extensive plant surveys. Phillips (1959)
provides detailed information on quahtatrve
samplmg N ok

. 2 2 Quantifative Sampling _

Quantltatrve sampling. for
usually tb determine th& ext
- growth or weight of growth per unit of area: The
study = objectives determine whether measure-
mends will involve a single species or several.

Before beginning a quantitative investigation,
‘develop: a.statistical design to assist in deter-
mining the best sampling procedure, sampling

area size, and number®of samples. Often proce-

acrophy-tes is
t or rate of’

. .
- .
o
. .
/) |
[

" dures adapted from terrestrial plant surveys are

" applicable in the. aquatic environment.

.burn, et al.,

N

frame By hand or by using.

The
following references will be helpful in adopting a .
suitable ‘technique: Penfound, 1956; Westlake,
1966; Boyd, 1969; Forsberg, - 1959, 1960;
Edwards and Owens, 1960; Jervis, 1969; Black-
68.

Standmg crop. Sampling should be limited to
small defined subareas (quadrates) with conspic-
uouss borders. Use a square framework with the -
poles anchored. on the bottom and floating line
for the sides.- Collect thePplants from within the -
long-handled garden

rake. Forsberg (1959) has described other

~methods such as laymg out long, narrow

transects. .

Obtain the wet weight of material after. the -
plants have drained for a standard peried of"
time, determined by the investigator. Dry the
samples (or subsamples for large species) fior 24
hours at 105°C and reweigh. Calculate thg dry
weight of végetation per unit area.

Planimeter accurate maps to determine the
total area of investigation. If additional boat or
air reconnaissance (using photographs) is done
to determine type and extent of coverage, data
co,llected from the subareas can then be ex- -
panded for the total study area. Boyd (1969)
describes a technique for obtaining surface -
coverdge by maci'ophytes in a small body of
water. -

Productivity. Estlmate standing crops at pré-
determined. intery Is to relate growth rates to’

- pollution, such as hutrlent stimulation, retarda-

tion, or toxicity from. heavy metals and thermal "~
effects. Wetzel (1964) -and Davies (1970)
describe a more accurate method with the use of
a carbon-14 procedure to estimate daily produc-
tivity rates of macrophytes. :

.
L7 K as
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1.0 INTRODUCTION -
The aquatic macromvertebrates, as drscussed

"in this section, are animals that are large enough .

to be seen by.the unaided eye and can bé
retained by a U..S. Standard No. 30 sieve (28
meshes per inch, 0.595-mm openings) and live at
Jeast part of their life cycles within er upon
.available substrates ina body of water or water
" transport system.
Any .available substrate may provide suitable

habitat \rlraludlng bottgm sediments, submergeJ
‘logs, debris, pilings, .pipes, . conduits,” vascular.

aquatic plants, filamentous algae, etc. .. r
The.major taxenomic grou ps included in fresh

“Water.are the insects, anrielids, molluscs, flat-

_wor_ms, roundworms, and® crustaceans.- The
major groups in sakt water are the molluscs,
annelids, - crustaceans, coelenterates, . porrfera
and bryozoans. :

Benthic macrornvertebrates cah be defmed by
‘location and size but ot by position in the

trophic¢ structure since-they -occupy virtually all’
levels. They may be omnivords, caraivares, or -
_ herbivores; and in-a well-balanced "system, all.

three types will likely -be present. They include
deposit ‘and detritus feeders,
scavengers, grazers, and predators.
Species | preZent, distifbution, and abundance
of aquatic macrornvertebpartes may be subject to
wide seasonal van&‘tmns Thus, when conductmg
comparative studies, the investigator must be
quite careful {6 avoid the confounding effec,ts of

these- seasonal changes. Seasonal, varratroné are -

particularly .important- .in- fresh-water ' habitats
-dominated by aquatic ‘insects h<®ing several lrfe
stages, not all of which are aquatic. L

The 'macroinvertebrates arc lmportant
-memb%rs of the food web, and their well-being is
reflectéd’in the well-being of the higher forms
.such as fish: Many invertebrates, sueh as the
marine and frosh-water:shellfish, are important
commerual and recreational species. Some, such

MACROINVERTEBRATES:

: approaches quantitative and qualltatrv

parasrtes, .

\\studres should be based’ upon ¢

}.

(

A communrty of macrornvertebrates 1n an

© _aquatic ecosystem is very sensitive to stress, arrd

thus its characteristics serve as a useful tool for .
detectirig environmental perturbations resulting

from introduced contaminants- Because of-the -
- limited mobility of benthic-organisms and their
relatively long Jife span, their characteristics are

a function of dOndltrons during the recent past,
including reactions to infrequently discharged
wastes that would be "difffcult to detect by
periodic chemical sampling:

Also,
“brologrcal magnrﬁcanon and relat1vely long-
term retention’ of - contaminants” By benthic
organisms, contaminants such as pesticides,

. radioactive materia]s, and metals, are only
peribdically dischat¥ed or whic are~present at’
undetectable levely in-the water, may be

detected by chemical analyses of selected com-
ponents of the macrginvertebrate fauna.
In pollution-origffited studies: of macrornverte-
brate communities, there are basicall}y two
that
may be -utilized singly or- in combifation.
Because of the basic nature of this decision, the
section of this manual relqmg to sampling
methods and data evaluation of macrornverte-
brates ‘is: arranged on the .basis of whej

"quantltatrve or qualitative apbroach is used

Ideally, the design of" macroinvertebr
dy goalej
objectives; however, the ideal mu frequently
be tempered by the realifies -of avarlab);e
resources, time limitations imposed on the

study, ‘and the characteristics of the habitat=to

be studied. To- aid in. selectrng the -most "
-advabtageous sampling method, $ample sites,.
~and (data ®valuation, the reader of ‘this sectron

should ‘be familiar with- the ~material in the
““Introduction” ot; this manual,
those postions outlining and-discussing requirex

ments- of -the various types of field studiesin”..

“as Masquitos; black fh,es biting midges; and Whrch an Vinvestigdfor may become 1nvolved

*Asiatic clams are of considerable publlc\health
significance or are simple pests;and many forms
)are lme{tant for dlgestrng organic materlal and

rccyclrng nutrients.

-

* available to investigatoxs of the Jbenthic co
_ml(mty, partrfular:ly,to

To supplement the material corftaine l
manual, a number of- ba(c‘: references should be

oscr\eng,aged in wafer

L . ) »

bgcause of the’ phenomenon of

partreularly 3

)

-

o
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~ section on biometrics, sample

-~

' BIOLOGICALMETHODS ° . .- .

'
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pollution stud1es These include - Standard

Kittrell (29) <Hynes (26), and Buchanan and
SomIﬁers 9).

| 2.0 SELECTION OF SAMPLE SITES

. As discussed and. defined more fully in the

selected systematrcally or by vario s randormza-
tion procedures. : .

2.1 Systematic Sampling .

/7 Unless;the data are to be utilized for quantltat
%ve evaluations, some type of systematlc.’
mpling ‘is- generally employed for syneptics"

SUrveys “and r/econnalssance studles Line
transects established at discrete intorvals. across a
river or stream’and sampled at quarter points or
more frequent mtervals are a form of systematlc ‘
samplmg and serve as an excellent means of

' dehmrtmg ‘and mapping - thé habjtat types. In

lakes, reservoirs, and estuaries, transects iay be
established along the short or-long- ax15 or rhay

{radiate out from a pollution source. If a random

- effects of changes\

' 1nvest1gator, uénng

, form of sample site- selecti

start point is used for selecting sampling sites
along the. transects, the data may be amenable to

. Metheds '(2), Welch (57), Mackenthun (37), °

tes may be

'macromvertebrate c0mmun1tle§ are so closely‘

related to physical factors such as substrate
type, current velocity, depth, and salinity, a

design ysing simple random sampling is seldom
meaningful. Therefore, the investigator should

* stratify the habitat on the basis of known ,

physical habitat d1fferences and collect samples,
by the random grid. techmthe w1th1n each

- habitat type.

As alluded to above, and regardless of thé
method of sample site .selection, the biologist
must consider. and accoung. for those natural

environmental variations that may affect-.the
" distribution of organisms.

Am0ng the more
important natural environmental.. variables in
fresh-water habitats are substrate type, ¢urrent
velocity, -and depth. In estuaries; the salinity

. gradient is an additional vanable that must be

accounted for. * s -

2. 3 Measurement of Abrotlc Factors

. . g .

231 Substrate e “ : 5

Substrate is one of the most important factors
controlling the characteristics of the cdmmunity -
of aquatic macroinvertebrates found at a given_

‘location in a body of water (49). Over a period

quantitative évaluation (see Biometrics Section)™> of time, the natural substrates may be greatly

ed, however, the c0nfound1-ng
.-physical characterrstrcs of
the envrronment:al g the transect must be fully )
recognized and-agfounted for. » :
| " ‘?fhs}&temahe sarnpllng, the
vartety of ge;ar, consc’iously'
selegts and intensively samples all recognlzable
habitat types. As: previously: entlonE’d this
ls’yﬂseful for

As will be dj

synoptic surveys .and for conrparatlve studles .

where. qualltatlve comparlsons are bemg made

\

2.2 Random Sampling —_— ..

. For' conducting quantltatrve studles, where-a .

measure of precision must be obtained, somé
type -of randomrzatro{r -procgdurg:, must” be-,

Ly e .
employed ‘ih-selecting samplm - l‘_esﬁThls selec-
tion may be carried*out on the Whk

1670 of the.area

_under . study (simple: random samplmg) or the

randomization procedure may be conducted
independently on sclected strata (stratified
random 3ampllng) Because the charactenstncs of

- clues on

altered by the discharge of particulate mifferal or
organic gratt%r?and the location and expanse of -
various substrate'*types (silt, sand, gravel, etc.) °
‘may change becguse of normal variations ine .
fydrolggi¢: factors such as current velocity and .
“stream flow. The- biologist, therefore, must.be
cognlzaqt of changes :in the nature and-
properties -of the substrate which may provide .
;.lge quality and quantlty’of pollutants -
and consider factors which affect the normal
distribution of the benthic fauna.

- Where the pollutant hag a dirgat effect on the
characteristics of the substrat “the effects of
‘changes in water quality may be inseparable
from the effects.of changes in the substrate. In
cases where substrate deterioration has occurred,
faunal effects may be so obvious that extensive

. samplmg may not be, réquir€d, and special atten-

tion should be given ,to the physmal and/or .
chemical characterization of the deposits.

In nductlng synoptic surveys or other types
ofjﬁzalnta ve studies and taking into account
\ : t
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s of available sampling devices favor of the more productive areas of “dep'osi-: .
tion” on the inside of bends or in the vicinity of -

available® sgbstrates If these qualitative samples -obstructions.- Just the gpposite situation-may
are to bé:tsed for . .determining -the’ effects of occur in.many of the swiftly-flowing upland

_ pollutants wheré the pollutant does not have a  streams, where most of the:effort may be .

- direct affect on the substraf€, the investigator  devoted to sampling the productive rubble and
must bear in mind that only the fauna from sites  gravel riffle areas instead of the pools.
-having similaf substrates (in terms of organic Because  of the importance of substrate (in

‘content, partrole s

detritus) will. provrde valid data for comparlson

For quantitative studies,” it is sometrmes

interest” of economy and
efficiency and within the limitations of the avail- .

“able gear, to sample primarily at sites having
substrates which normally support the mo'st
abundant and varied, fauna, and devotg a minj-
mum effort to tbosb 'substrates supporting little'
or no life. For instanice, in many large, swiftly-
. flowing rivers of the-Midwest-ahd Southeast, the o
areas of “scour” with a substrate of.shifting sand

.or.hardpan may be almost devoid of macroinver- -

tebrates; sampling effort may be reduced thefe in : only slight modrfrcatron 1 )

~ . - e ' s . .. . . B :

, necessary in the

i .
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' TABLE 1, CATEGORIES FOR FIELD EVALUATION OF SOIL Crrékxcrgkr_srrcs#/

1ze

vegetatwe cover, and terms of both organic content and particle size)
in macroinvertebrate studies, it is suggested. that\

sufficient samples be collegted to conduct the
lfollowmg minimal analyses and evaluatrons

forms, the- mineral and orgamc “fnatter -
content of the stream .laké, or eéstuary-.
bottom at each’ sample site on a percentage

' Table 1 may not apply universally, they-

v . -

v : )

Type

°
K

4.0

e In the-field, classify and record ‘on suitable

basis with the use of the categories shown -~
in Table 1. Although the categories given in .

1d be applicable to most sltuatrons with

- Inorganic Components

- Br:ld rock or solid rock
Boulders -

. Rubble
Gravel’ |,
Sand
silt
Clay -
" Marl

-

' Organic Components
Détritus_
Fibrous peat
Pulpy peat

Muck

. T . . N X i i A N - . .
' Size or chardcteristic . * s .

- I : ) “ . - . v -
- o b "y s - PR
. " ‘ .o . %
. A . A N -

22256 mm (10 in.) in diameter ) N . RN
64°t0 256 mm (2% to lOin)in diameter - ‘? ‘ ) ‘ o

2 to’64 mm ( 1/17 to 2% in.) in diameter ' . . .
0. 06 to 2.0 mm in diameter; gnhy texture when rubbcd bLtWCLn fingers. : »
0.004 t0 0. 06 mm in diame .

<0.004 :mm m diameter; s Dth k fcelmg whcn rubbed between fingers

Calcium carbonate; usually gray; O ten conmms fragments of mollusc shells or C7mrzr cffervesccs :

freely wrth hydrochloric acid : .

et . «

Acc&mu]atcd wod, sticks, and othcr'undccayed coarse plant rmtujmls o
Pdrtfnlly decomposed plant remains; parts of plants réadily distinguishable . g .
Ver

to brown; varigs greatly .in conmtcnce oftenl!ﬁ.lﬂ},.&ﬁml uid- L
o P
_ Black, ﬁ_}_fr—wrdcd orgafiic mattcr complctely dccompo ed | N O T I

*Modificd from Roelofs, E. W

Lansing, Mich. S

. 1944, Wdtur soils in relation to lake productmty Tech: ljull 19% Arg:r Exp Sta., Statc Collc&, .

finely- drv1dcd plant rcmams parts of plants not drstmgurshablc vzmes m cplor from}zrccn"

&
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. : ‘

° In the laboratory, evaluate the morgamc
components by conducting a wet and dry
. particle size analys1s on one or mqre
samples and- preferably on replicate samples
“from each sampling site with. the use of
standard sieves and following the modified ™
Wentworth classification shown in Table 2

- Detailed procedures for sediment analysis"
are found in IBP handbook No. 16.* :

. o - .
samplmg sites for both quahtatrve and quantlta- .
tive studles depth must be measured and inclpd-

..ed4s an 1ndependent varlable in the study design.

2.3.3 Current veloctty ) .
‘Current: velomty affects the distribution’ of

‘: organisms ,in lotic environments and along’ the

windswept shores of’ lefitic enwronments,hboth

* directly (because of differing species require-

: P . »" ' J me#lts),and- indiréctly (sorting of. bottom
: : %ﬂz b sediments). Therefofé, 1t-is of critical
* TABLE 2. SOIYPARTICLE SIZE" “jmportance “that. velocity* be considered when .

o

CLASSIFICATION* .

sampling sites are selected, and when data are

- analyzed. -Only sitég with comparable velomty -

" Name . Farticle size U.S. standard sieve _should: bg compared. At the actual time - of-

N (mm) — ‘series ., + sampling, determine: velocity at.eachsample site _
) g“’l‘;‘l‘)’l‘;‘ ?4_?52656 : by using a suitable current measuring device.
* Coarse gravel ' 32-64 PR A * ' \The TSK flow meter listed. in the appendix is
Medium gravel = 832 - R suitable if modified by ‘the addition of a

: g:)“; g::av:ri -3:2_2 e ;(5) *,stabilizing fm and’ propeller lock\ «.

Médium sand . | 0.25-0.5 " . 120 - n 2
Finesaid =~ ' 0.1250.25 -~ -230 . @ Af depths greater .than 3 feet use t_he
:iffy fine sand 8&6)333 (1)225 Centrifuge (750 rpm, 3 mm)I + two-point method (1); take readlngs at 0.2°
Clay <0.0039 Evaporate and weigh residue and 0. 8 of the depth below the surface. The

~ available, »
;tJackson M. L. 1956. Soil chenucal analys:s Univ. Wrsconsm R

‘*Modified from Wentworth (58); sce Cummins, K. A: 196,
- An evaluation of $ome techniques for the collection and analysis
of benthié¢ samples with special emphasxs on lotic waters. Amer.

" Midl.'Nat. 67:477-504. . .

*- 't Standard sieves wnth 8-mm dmmeter opemngs are commonly

Press, Madrson

-
, . LN

ro

o Deterrmne the orgamc confent by drylng :

and ashlng a mpresentatlve sample of the
,sediments; use the . methods- outhned in the

Planktqg,Secn? W’x ]
232 Depth - , :
Depth 1nd1rectly affects the drstnbutlon of

¥

.. aquatic macrblnvertebrates as a, Tesult of its
. 1nﬂuence on the avallab111ty of. hght —er plant

- growth, .on water te)nperature, on the zonation
of bottom- deposits, on: the water chemistry
.(particularly oxygen); and phototactlc responses
of" organisms. In. regafd *to the selectlon of

-",*Holme, N. A,, Z’\d A’ D Maclnt’yre 1971. Mcthods.ﬁ)& the
stud of* marine benthas International onlogrca] Prégram, Davis
Cor pa,ny,, Phrlalielphra 346pp. - .

L iR ¢

#ampllng tlme and.location.. /’ a

S average ‘of these two observations is taken '
as the mean velomty S :

® At depths less than 3- feet, the 0.6- depth .
method(1) is used; take readlngs at 0 6. of -

. the depth below the surface .

o ® Where, artificial substrate samp rs.are bemg

utlhzed ‘take the reading dlrec y ups ream
of the sampler and at the same depth ? ’

3

-,‘*.v' . AN i . ,"‘
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I - S

Salinity is an 'mportant factor in m‘ann& and

~estuarlne envirghments. @T&\sal;mty of sea witer

is' approxim ely 35 parts per thousand; salmlty
of ; fresh  Water is .generally a few parts per -
million., In &3 arles,“where sea-water and fresh
water meet, “there may be’ wide uctuatlons of
salinity with tides and river disch . This area’,

‘may. be inhabited)to-some extent by both fresh:
. and salt.wate

rms, but the number of species -
is usually less than that that oc urs«under fmore -
stable condltlons of salinity (33): Since move-
ment,. as well as general locagion 'of many
species, is govemed by t1des( /nd salinity, these
miust - be‘ taken  into’ .accoun ;

-1
i

oy




. Bec'ai.i‘se_u of the extrem ,Spatlal and temporal .
fluctuations of salinity i stuar1e §imphs
 insfrumental mgthods of measyrgment are more‘

_ deslrable_ than slower, more 1‘ec1se chermcal _
' inettiods (38): . e
" - Widetrange, temperature ompensated consr

ductrvrty sahr;omete,rs are recommended for-’
determlmng both horizontal and vertlcal sallmty
proﬁ}es at lugh-slack and low-slack tide levels i in
the ar’ea of estuary or reach of rlver be1ng

. ;‘--.stuqu:.{f_ e

IRV N . SRR o

‘3’ 1 QIMNTITA,ﬁVE -
3 1 1' ‘Defmtzons and purpose B .’

A{though;the data may be eval‘t\iateg» in vanous\
ways, & quantltatlve method essentnally mvolves
an es‘ﬁamatlon of the ‘numbers or biomass
(stan,dmg crop) of the various® com(nents of
the macronnvertebrate commumty pet unit area
" in all’ or @ portlon of the zavaﬁadbleo habitats
.«'(mcludmg art%;n‘ally ‘introduced habrtats}nn the
™~ ersystcm beig studied, and-proyidésinforma-
‘ tx\on on the species composition, richfiess of
spemes ‘and distribution of mhnvnduals among the
spécxes U 4
o B R o
31”2»5 Requtrements‘. - . »' e
O‘btam quantntatl ive estimates by usmg dev1ces
-that sample #a_unit area or.volumie of-habitat,".".
such as'a Surber square—foot sampler “which in -
‘use’ presumaibly collects«:aﬂl orgamsms enclosed
‘'within the frame’ of. the sampler, ‘of n artificial -
substrate. sampler havnng«a fnxed volume or
. exposmg a fixed amountof, surface o

In the stud'y of macromvertebrate popula-
trons, the samphng precision “is. affetted by a
number of factors, including? size, werght and
constructlon g’)f the sampling dev@rce the type of
substrate and the dnstrrbutnon ofr organlsms in-
-arid on- .the, substrate For example it i§ expected
that the esnmates of standnng crop drawn from ay

. series Bf samples will be, more precise (have a
lowet o-oeffncnent of varn&tnon) S;hen \the
commumty consnsts o[a few specnes By resen\ed
' O S

. s i
T (CIY IR L
. . ;

e

rapld Y -

e d1scussed

'MACROINVERTEBRATE SAMBLING -

by a’ large number of 1nd1v1duals, éS'enly d1str1--
buted in “the substrate. Conversely, a large coef-,
ficxpnt) of"vanatnon would be *expected if “the ‘
. fauna c0nsnsts of a large number of § specnes with
.a-patchy. dnsmbutnon of tnd;vujuals Tor tham
‘the” same level of precigion’ at a ‘given level of .
probablhty, a larger number of rephcates would
be reqmred‘m the latter case j‘,hag; in the ,former
In general ‘the’ smaller ‘the surface area

- o - !

' encompassed by asamplmg device, the larger the

number cof samples mequlred to obtam a des1red
leVel of . prec1s1on " Thus§, prec1s1oQl
1ncreased 'by .collecting larger samples, or. by
increasing the nun}bers of saniples collected:

*-An objectrve, quant1tat1ve approach neces-
s1tates that'a measure of the preefsion of the
estimates’ be obtained — - thus, replicate sampllng
‘i each habltat or stratum selected for study i is
-an absolute requgrrément For measurement of ~
prec181on"° three rephcates are -an absolute

minjmum. (A series of single samples taken at’
_ discrete points along a transe,ct do'not reprgsent'_ ‘

>1('ephcate samples. of benthéc orgam&\s unless it '
1

*kan be demonstrated that the physi character— :
istics of~the hab1tat *do: not _change along the

_transect) A .

lt is preferable,. if data are avallable (or can -
‘be ‘obtained by recbnnalssartce or ‘explbratory
studres), to determine the number of replicates
on theVb is pf the. desired level of ] pl'eelSlQII as
the Bnometncs Sectnon T
. ) - ] . N : _:;
31 3 Advantages T

In' addntlon to prov1d1ng ‘the séme data
obtamed from 4. qualltatﬁve stud‘y, the’ standlpg

crop data generated by a quantltatlve study pro-

':- ‘vide a means of companng thes productlvity of;

dnfferent environments; and 'if a/measure “of
turnover. is avaﬂable the actual oductlon can
~b&com uted PR » S

_'pThe use of quant1tat1ve sampling dev1 &s in
arefully chosen .habitats . is recorhme ed.

differences.in experttse of the sample collector.

“The’ data frbm pr?erly deslgned quant1tat1v;
stud1es are amenab to the use of;ample‘ but
ISEa NS

. : e . . L) b e
» 0 R N {

.can be .

o
¢
.

.‘_"‘."ﬁ' '42_‘ - , . . f.' T
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°
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S
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because they reduce sampling bias resulting from . o



»

" powerful stiitistid‘:rl tools that aid in maintaining

. consuming..

_ available habitat types

» !

/
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" BIOLOGICAL METHOPS
. : ks

PR

“the objeetlvrty of the data_evaluation process.
The measures of precrsron and probabrlrty ate-
ments that can be attached to quantrtatrVe data,
reduce the possrbrlrtres of bias in the data’ valu—
atién process and make the results of. different
investigators more readily comparable.

The advantages, then of quantltatlve n‘ethods
are: \ i

: condu_ctrng comparatrve studies’ of the'
enthos, a major pitfall is the confounding

the differences in physical habitat

 different stations being studied. This
-danger i§ particularly inherent in qualitative
-studies: when an attempt is made ‘to systemati-
representative specimens, of all

X ( ; »cally collect / ;
o . . \—\\dpecies present at the sampling statihs or
- ® They provide a measure of productivity. " eaches of river being compared. Unfortunately,

® The. investigator can measure. precision of |
estimates and attach probability statements,
thus proVrdlng, objective comparisons.
® The data-of different: 1nvest1;,ators may be
" compared. -
< v
.'1’.1.4_ Li,mt'tutiohs

Presently, no sampling devices e adequate to
sample all types of-habitat;so ‘when quantitative.
" devices are used, 'only selected portlons of the
envrronment may be sampled.’ “

: Sampling precision is- frequentlx_‘so low that
proabrtrve numbers of réplicate sar‘nples may be
req®red to obtain ‘meadingful estlm‘htes Sample
processrng -and analy‘sw\ are slow and time-
In some, €ases, ‘therefore time limj-
tations plziced on a sfﬁ‘d.ycgmy proh1b1t the use
of quarititative teehmques ‘

. .
L M N N
. ,

& T

321 Defmmons and purpose+

‘The objeetrw of qualrtatrvevstudres is todeter-
-mine the presence -or absence of forms having
. «Varying -degrees of tolerance to contaminants
and to _obtain 1nformat§n on ‘“richness of
spec1es ' Sdmples are obtdthed with the use of a

e”Vapety of colleetmg metfods and gear,

Z{ of which are not a blé to quantitation

unit-area basis. Wh ducting qualrtatrve

"3 2 Qualltat1ve~

studres, an attempt is usually made to colleet all .

species present by exhaustive samplmg ln, all

4 ° AR i : ! .

Jﬂ.\Z 2 Requtrements ST I
Reeognrzrng and locating, vmous ty‘bes “of
“habitats’ where qualrtatrve.samples ‘can ‘be

effort has beeik

“individual

' suibstratel

differences in habitat unrelated to- the effects of
introduced contaminants may render such com-
parisons. meaningless. Minimize this pitfall by
careﬂ}ﬂ}fy recording, in the field, the habitats
from" which specimens are collected  and then
basrng,comparrsons only on stations with' like
habitafs in .w the same amount of collectlng
xpended ;

3.2.3 Ad van,tages

Beeause of wide latitude in collecting tech-
niques, the types of habitat that can be sampled
are relatively unrestricted. A¥ uming taxonomic
expertise is available, the processing of*qualita-
tive samples is often considerably faster *than.

 that required for quantitative samples. >

324 Limitations

Cotlecting techniques are subjective and:
depenrd on the- skill and experience of the
who makes  the field collections.
Therefore, results of one investigator are
difficulf to compare ‘with those oftanother.

discussed elsewhere; the drift of organisms
info
qalitative data .and render eomparrsons

he sample area may bias the evaluatlon of «

n}’Namngless . :
o informatjon on standlng crop or produc- -~

Jtlon can‘l_)e .generz_lted from a-qualitative study.
3.3! Devices - . o ot

e

331 Grabs i o

arg’ devices desqgned to penetrate the
y virtue of their own weight and
leverage, jnd have spring- or gravity-activated..
closing nifcignisms. In shallow watérs, some of
these devices n‘(ay be rigged on po}es or rods and

collectedJ and ! selectrn;, su1table collectlng, physwally pushed, into the substrate to a -
e v R N . " . N o
;2 : ‘ s ? 6 (@} [} i 4 ! O .
. il L , . :
< : " 4
» Coa | v L
: « ® “ « X

-~



' MACROINVERTEBRATE GRABS /

predctermined depth. Grabs with spring- maxinium depth ‘of‘pene'tration‘ before closure., .
activated closing. devices include the Ekman, In soft substrates, for which this grab is best
Shipek\ and Smith-MclIntyre; gravity- elosmg~ suited, the p.enetratlon is quite deep and the
grabs incNyde the Petersen,* Ponar, and Orange 1 angular leure of the spring-loaded jaws has
Pecl: Excellent descriptions of these devices are . .very litlle effect on the volume of sample
'guven in Standard Methods (2) and Welch (57).- collected. In essence this means that if the depth
}Grabs are- uscful for sampling at all depths in - of penetration is 15 cm, the organisms lying at *
‘-vlakes, estuaries, and rivers in substrates rangmg~ that depth have the same opportunity to be
.. from soft muds through gravel, .. sampled as those lymg near the surfaces
"In addition to the previously discussed - In clam-shell type grabs, such as the Petelsen
problems related to the patchy distribution of  Ponar, Shipek, and Smith-MclIntyre, the original
organisms in nature, the number and kinds of . penetration is often quite shaflow: because of
organisrgs eolleeted by a particular grab may be | ‘the sharp angle of “bite” upon closure, the area. . -

affected by: ~ ' f} : * .~ enclosed by the jaws decreases at incrdasing
S : ) L .depths of substrate penetration. Therefore,
‘@ 'dcpth of penstration - - /" / within the enclosed atea, organisms found at
® angle of closure - greater depths do not have an £qual opportunity
" @ completeness of closure of the jaws and loss | to be sampled as in the case’of the Ekman grab
of sample material during retrieval and other 'sampling ‘methods described in' the
® crcation of a “shock” wave and consequent  next section. This¥problem is particularly true of -
~ “‘wash-out” of near- surfa;:e organisms the Shipek sampler — the jaws do not penetrate
"® stability of sampler/ at’ the " high-flow  the substrate before closure and, in- proflle the
i vdocntles often eneountemd in rivers. sample is: essentlally one-half of a cylinder.

: Probahly one of the most frus)\tmg aspects
Depth ofpenetratlon lSdVCTY serious problem  <of sanpling macroinvertebrates “with ~various

“and dcpends on the weight of sampler as  types of grabs télates to the prob]em of incom-
opposed to the particle size an;}/jdez,ree of plete closure of the,jaws: Any object — such as”

- compaction of the bottom s sdiments. The,  clumps of vegetation, woody debris, and gravel
Ekman grab’ is light in weight. dgd most useful . — that cannot be sheared by the closing action -
for sumpling soft, fincly ndvided. substrates’  of the jaws often .prevents complete closure. In

) eomposed of varying proportions of fine sand,  the order of_theif decreasing ability to shear -
clay, silt, ‘pulpy peat, and muck. For clay - obstructmg materlals the=common grabs may be.
hardpan ‘uld coarse substrates, sueh as coarse  ranked: Shipek, Smith- Mclntyre Orange Peel -
sands and gravels, the heavier grabs such as the  Ponar, Petersen, and Ekman. If -the Ekman is
oringe peel’or. clam shell types (Ponar, Petersen - filled, to_within more than 5 cm of the top,
Smith- Mb[nfyfb) are morg, satisfactoryis there ‘may be loss of substrafe material on_
AU.Xllldf" weights may be added: to aid penctras Shretrieval (16), An adva.ntage of the' Ekman grab’
tion of the substrate.apd to add stabmty in  js that the surface. of ‘the sediment gan b8 -

heavy currents and rough WdtCl’S S -~ examintd upon retrieval, and only those samples
Because of differences in the depth. of pene-‘ in which the sedlment surface is Undlsturbed :
tration and the angle of bttc > upormn cIosUre * .should be retained. . Qg.w- P
* daty from the different grabs are not compar- All grabs and corers produce ¥ “shock” wave

able. The. f;km‘m essentially 9“%'05,05 a square, - g they descend. Thxs d1sturbance can affect the |
- which’ is equal in arca from the surface to . efficiéncy of a sampler by causing an. oftwird - _

: ‘l orest Modnfuahon of the Pgtu’wn g,mh ducnbuﬂh Welch: wash (b]OW OUt) of flocculent materlals near. {hb T
(57) - . mud — water 41nter& :that. may- result.

. 4
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BlQLOGICAL METHODS " *

%

%1(1.(:(1&1& samplmg, t near-surface org,amsms
su¢h as phantom: -thidge larvae, and .some
chironomid midges. The shock swave of" the

i‘ . N . oo

Ekman grab is minimized by the use of hinged,

trwly opening top flaps. The Ponar grab is a
‘moditied Petersen With side
screen on the ‘top. The screen a
pass and undoubtedly reduces
however, divers have observe
‘this device (16)." 0
rgﬁrab coflected samples provide a - very
precise Lbl‘lm']tb of the numbers of individuals
Cand numbors of "taxa of aquatfc macroinverte-

ws water to
shocl; wave;

brates, A’ summary of data frbm various sources

shows that the 'mean uodﬁcxent of variation (C)

for numburs of individuals collected by Ponar,.

Petersén, and Ekman grabs was 46, 48, and 50
percent, respectively (Tablg 3). In most of the
studies on which the galuulatlons»m Table 3 are

based, shq level of l'&.pll(,dtlon ranged from three

to. six samples. EStlmdtIOI}S of number of taxa
are more precise; for Ponar, Petersen, and’
Ekian grabs, the mean calculated C was 28, 36,
and 46 percent respectively (Table 3). -

A v
v

e

TABLE 3. MEAN AND MODAL VALUES FOR COEP FICIENTS OF VARIATION*” B

curtains and a |

blow-out with ’

On ‘the basis of~the calculations in Table ‘4,
there appear to be no consistent differences in’
the precisicn of estimates collected by Ekman,

Ponar, and Petersen ‘grabs in mud. or sand sub-
“3trates. The poor closure ability of the Ekman in

Coarse substrafes such as gravel i$ demonstrated
- by the large C values for the Eknnn-as compargd

with values for the Petersen aTPomr in graveI
substrates. D

Another way of demonstratmg the rehablllty
of: grab samplc estimates of macrobenthos
standmg crop is to calculate, at a given proba-_
bility level,. the range of valugg around the
sample mean in whi the true mean should lie
if a.given number of rephcate samples were
Lolleoted From the data shown in Table 3 for

- the Petersen, Ponar, and’Ekman grabs in various

-

types of substrate, coefficients of variation near

50 percent for numbers of individuals and 35
percent for numbers of taxa should be expected- -
with 3 to 6 replicates. ‘With the use of these

.. expected values, thé true mean for nambers of

individuals and, number of taxa of niacroinverte-,

L@

(EXPRESSED ‘AS PERCENTAGE) FOR NUMBERS OF INDIVIDUALS AND NUMBERS
. OF TAXA OF MACROINVERTEBRATES COLLECTED BY VARIOUS DEVICES _

¥

l S;lmpling Individuals , Taxa . I o

’ deviee Mean Modet., Mean Mode} Rcmarks@ . .

. Rock-tilled © .32 2130 . ZQ ST 1120 22 sets of samples with 4-6 icps. per set (52) and
barbeque . Rl 2 sets of sumplcs having 15 and 16 reps. ('13).. LI
basket
Ponas 46 41-50 | ¢ 28 11-20 12 s tsofsdmplcsthh 3-12 reps..per seg(16, 31).

<
" Petersen 48 | 5160 = 36 21-30 21 sets of samples with 3 6 reps. per s I, 51‘}4\
: 53 ' e : 54).. .
Ekman C 50 41-50 46 .| - 3140 27 sets orsamplcs\:ynh 312 reps. per 5et(&, 16, 3},
. P : 45.53). p
.',,q " Surber . y 50 41-50 ’ 60 sets of samplcs havmg 6 reps. per set (20)
. C oryr. B ! 50 . . ) 7 sets of samples having 10 reps. per set (8), )
B StOVLplpL ' C 56 -, 31 40 38 21-30, 32 sets of samples having'3-4 reps. per set‘f(53). E,:
"(ogtﬁcncntof variation = (s.mndard deviatiogex lOO)/mcnn E o Lol T N S
v " tlrequenty distribution based on 107 mu:.mcnts . - P o b
" tOhLthLtcs only. . . - v
g , ) I'r;"'r ‘é" . = ) e - -
n v g C i . 408 »
; * . v ST T s e “‘*’(‘l [ . —. . . z .
4 [ A Y M , __;,\\_.: .
Ce T | _ v e v -

R . : A n

,'Brates should lie ayithin plus or minus 36 percent |



- Surber square-foot sampler (2,

Q'

Y

and 25 percent, respectrvely, of the 'sample mean

*  MACROINVERTEBRATE SIEVING A

CORING DEVICES

-

: When using a sisving-type device for quantrta-

at a 95 percent probability level; if _JO replrcates »' tive estrmates rehabllity may be affected by

were collected. (See Blometrlcs-Sectlon )
Precision would, of course, be mcreased if
additional samples_ were- collected, or if the
sampling method were-more precise.
" Since ‘the assumiptions negessary - for t'he
statistical-calculations shown in Tables
are not likely met in the data of. di ferent
‘investigators collected from’ different habrtats,.
the above calculations only providéssa gross
approxrmatlon of- the: precrsron to be expected.
They do, however, serve to emphasize the very

. imprecise nature of grab sample dath and the ~
© resultant~need for careful stratrﬁca.tron of  the.

type of the habitat sampled and sample replr-
cation. - . V . ‘
- d a 1
" TABLE 4. MEAN COEFFI'CIENTS OF
VARIATION (EXPRESSED AS PERCENTAGEY
FOR NUMBERS OF INDIVIDUALS AND

“ NUMBERS OE"TAXA OF MACROJNVERTE-

BRATES COLLECTED IN DIFFERENT
SUBSTRATES BY GRAB-TYPE DEVICES

AND A CORER" DEVICE* S
' L ' -~ Substrate ‘ ‘
Sampling Mud Sand Gravel

) Ind, <] Taxa | Ind. | Taxa | Ind. | Taxa .
~Ekman_ [ 49 [.40 41 | 21 106, [ 74
Pctcl'.sc.h 41 L\\29 1 50 4 49.3, 20
Ponar -, 46 . 25 38 33 . ].-48 19
L :
~ CorerT 50 :

ﬂ.,«leulated from data in re}&nuu(i& 16 31 45,53, 54).
j{;thouhaetcs only

2 -« .
o >
v . .

&

3.3.2 Sieving devices - - -~ -
For quantitative. sampling,

commonly used sieving devrce This device can
be used only,.i in floying water having depths not
greater than 18 inches and preferably less than
12 inches. s commonly used for sampling the
rubble and “gravel riffles of small streams and
may be used’in pools where the water depth is
knot too gre:

and 4,

“the “well-known .

57) is the most -

’

® adequacy of seating of the frame on the

substrate ~ . v

. e backWash resulting. from resistance: of the
.net to water.flow — at high vélocity of flow
this'may be significant

® care used in recovering the organisms from
the substrate materials

0. deﬁth to which the-substrate 1s$vorked

‘® drift of organisms from areas upstream of

the samplesrte e “

To reduce the possrbrlrty o£ bias: ‘resulting
from up disturbance of the substrate
always stand on' the-downstream s1de of a; vmg ‘

- _device and’ takge replicates in- an upstr*
lateral direction. Never start in- tlie upstream

_portion of a. pool or riffle.and work in a
stream direction. ¢
The precision of estimates of standmg cropy
of macrobenthos obtained with Surber-type
s1ev1ng ‘devices Vries widely and depends on a

own-

@humber of factors 1ncludmg the uniformity of .

"substrate and distribution of organisms "therein,

“the care used .in ¢Ollecting samples, and level of = -

sample rephcatlon A A
< For a large series of Surber samples from
southeastern U. S. trout streams, the coefficient :
of variation - (C) ranged from Il percent to

greater ‘than 100 percent (Table 3). The mean

~value of C was near 50 percent, and mote than

one-half of the C valués fell between 30 and 50
percent. These values are sigifilar to the. 20 to 50
percent reported by~ Allen {l) and for those
dlscussed above for grab sample‘ data. ©

¢4 ’

3.3.3 Cormg devices X %
Includéd in this categg%y;g;?e smgle- ‘and’
multiple-head coring devices,s¥bular inverting .
devices, and open- endedstoveprpe-type devices.
Coring devices are* descrrbed in Standard

7

Methods (2) and. Welch (57). Corers can be used -

aat .various depths in any - substrate thaf s

- sufficiently. .compacted so that “the sample is
" retained; howe\?er,
. sampling

they are - ‘best suited: for
the "gelatively - homogeneous soft
sedrqaents of the\ deéper portions .of . lakes’
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Becailse of the small area sampled,:'d;rta from
coring decvices are likely ..to provide very

imprecise cstimates of the standing crop ofx

macrobenthos. As the data in Table 3 illustrate,

the variability in numbers of oligochaetes (a-

dominant eomponent -the fauna studied)
collected in corers is gfmilar to that for grab-type
devices; however, tife corer data were calculated
' times a$ many replicate
samples and were collected from a relatively

homog,eneous substrate. " . a

Such addrtronal replrcatlon wrtli'\ corers. .is

feasible because of the small amount’ of material

pef -'sample that “must bevhar\dled in the *

laboratory.. Multiple-head corers: have heen- used

“in an attempt to reduce the field samplmg éffort
that .

w3

- described

.

ust be- expended to’ collect large series; of
core samples 19). - ' “ :

The- l)endy inverting sampler (57) is a hxghly
efficient coring-type device’ used for samplmgfdt

depths to 2 or 3 meters in nonvegetate‘dlsub-“

strates fanging from soft muds through’ coarse

well as those li

. widely use

Y
y oo

problems relatir_lg, to depth of sediment perretra- ‘

tion, ehang,es,'m cross-sectional area with depth
of” penctration, und escapement of organisms are
circumvented by stovepipe samplers, they are
recommended  for quantitative sampling in all
shallow water benthic habitats. They-probably
représent the only quantitative device suitable
for sampling shallow-water habitats containing

stands of rooted vascular plants and will collgtt
organisms inhabiting the vegetative substrates as_ -

ing in sediments. The coef-

ticients of variatio

for the stovepipe samples in -

Table 3 are comparable to the coefticients for ’

»grab - .samplés, althoug,h the- stovepipe sampl'es

were collected in heavily vegetated and conse- g

mdﬁrgle -plate sampler (23) and
baskﬁ,t‘fsampler (21) have been

réck- hll Al
-“modified b numerous workers (17, 40) and are

for mvestrgatmg the macroinverte-

sand. Because of -the small surface area safopled, brate cOmumty Both samplers may be

data obtained by,thrs sampler suffer’ from the
same lack of precision (51) as the coring devices
ve. Since the pe‘r sample processmg
time is rediiced, as with the derers, large’series of

‘replicates can be eollected The Dcmdy sar@ler
is highly recommended for use in habrtats for
which itis suitable. - \4 ST

- 60

Stoveplpe type devices mclude the” Wilding *

.sampler (2, 57) and any tubular materiagl.sich as -
"17-cm-.

to 75 cm sections of tandard

“diameter stovepipe (51) or 75)¢m sectrons of

30-cm-diameter aluminum irri atron pipe fitted
with handles. An use, the rrrrga iop-pi
mercial- stovepipe -is manually’ orced jnito th

substrate; after whicly' the: co Ained vegetatrr)n
and ' coarse subfstrate materrals are re’mo‘ved by
hand;The remainifig. mah,rrals ‘are, rep'eatedly

ip¢ or com- -

suspended from a sufface float or may be
derﬂcd for use in shallow streams by placmg
them on a rod that-is driven into the stream
bottom ot anchored in a piece of concrete (?%

t

A multrple plate sz}rmpler sumlar ‘to f
described by Fullner (17), except with circular

- s
‘_ plates and spacers is recommended for- use by
. EPA biologists. This sampler is constructed of -

0.3-cm temperedfhardboard cwt into 7.5-cm

,-diameter circular . plates sand’ 2.5-cm  circula, -

spaC\:rs A total of*14 plates and 24 spacers are

-required for each sampler. The hardboard plates

6743

.and- spacers are placed on a Y-inch (0.

spaces, and two
the plates. This
Sampler" has an" effectrve surface area (excluting

strrred into ‘suspension; srem eg wrth a<long: "'the boit) of 0.13 square meter and convewently

handled dipper, and poured through a wooden-
{ramed floatmg sitve,  Becduse- ofthe laborrous

" and’ repetitive Process of stirring, dipping, and

srevm\ large volumes ofwmaterral the collectron
of a sainple oﬂen requireg,20 to 30 mmu’tes

- The use of stoveprpe samplers is hmrted to
_standrrg: or slowly movin

waters havmg a
ma\uumm\) (lepth ot less tan 60 cm, Smce

"'.

fits into a wide-meuth glass pr plastic jar foyr
shrpment and storage. Caution should be
exercised in the reuse of samplers that may have
been subjected to contamination by toxrcants
orls etc.. ‘o .

eyebolt so that there are eight single spaces, one -

d,O spage, two triple
-]
ﬁu 36 spaces between.

»

v‘\

# The’ rock. basl}et sampler is a hlghly effectiver -

“d.eVlceﬂﬁq,r studyin®-. the macroinvertebrate

community: A‘%l,rndncal chromeplated basket

- ﬂu ,"“
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(2) or comparable enclosure filled w1th 30, Sto

8-cm-diameter rocks or rock-like material is .

recommended for use by EPA biologists.

To ‘reduce the number of organisms that

escape when the samplers are retrieved, the

‘multiple-plate-sampler and the rock-filled basket.

" sampler should be enclosed by a dip net con-
structed. of 30-mesh or finer grit boltjng cloth. -

<

3

Artificial substrate samplers, to a great extent, *

depend on chance colonization by drifting or
swxmmrng organisms;-and, thus, the time of
exposure may be critical to. the develgpment of

a relatjvely abundant_and diverse community of
organisms. Adequate ‘data are currently unavail-,

able to determing the optimum exposure period,
which is likely to differ in different bodies of

water and at different times of the year.” Until

more data become available, adoption of a

" 6-week exposure period (2) is provisionally

'l

recomnfended as standard. If study time limita-
tions reduce this :period, the .data must_be
evaluated with caution and, in no case, should
data be,- compared from samplers exposed . for
dltfegentfhme penods (43).

In. deeper waters, artificial substrate samplers - -

should be’suspended from floats-and should be

well up in the photic zone so thdt: penphytlc :

. ‘growths can develop ,and provrde\ ‘food fof

grazing forms of macrornl/ertebrates ‘Unless the .

watér is exceptionally turbid, a  1,2-meter
(4—foot) depth is recommended as sts d If
.the water is less than 2.5 maters deeﬁ the

* sampler should be suspended from a float half-

EY

-~ way between the water surface and the stream
bed , . -

In ,some sltuatrons,
methods are the

envrronment to-support a drverse\zssembla of
macrornvertebrate organrsms Advantages of the

_ method are,,,, S .

0 The c0nfoundmg effects ofsubstrate d1ffer~
ences are reduced.

e A higher, level of . precision. is obtamed than
1’ other sampling devices (Table 3)
Quantitatively comparable data can- be
" obtgined in environments from whrér it is
virtually 1mpo§s1ble toYobtain, sample§ with
convejrtronal devrces ‘ .

M

3.3.5 Drtft nets | o~ -

MACROINVERTEBRATE ARTIFICIAL SUBSTKATES AND DRIFT NETS

{ . )

N Savmples usually contain negligible amounts
- of extraneous material, permittirig quick
" laboratory processing. '

.

Limifations of artificial substrate samplers are:”

N he need fo&a long exposure period makes -

the samplers nsuited for short-term survey
- studies.
Samplers and floats are sometimes dlfflcult
e, aﬁh‘ﬁor in- place- and may present a
navigation hazard.. - ¥, -
.Samplers are vulnerable to vandallsm and
are often lost.
Sampfers prov1de no ’measure of the
condition of the natural substrate at a
statiorl or of the effect of pallution on that
substrate, including settled solids. i
Samplers only record the community that
develops durrng the sampling period, thus
- reducing the value of the collected fauna as
indicagors of prior conditions.

Two other objections oftén made to the use
of artificial substrate samplers are that they are
setective to certain types of fauna and the data

. obtained do not provide a valid measure of the
productivity of a partrcular environment. The -

validity of the latter objection depends on study
objectives and may be of minor consequence in

many pollution-oriented studies. The selectrvrty'
. of artificial substrate samplers is a trival ‘objec-

tion, since all currently available devices are
selective. The selectivity of conventional
sampling devices other than artificial substrates
is directed toward those organisms that inhabit
the types of substrate or substrates for which a

partrcular type of sampler is des;gned
. TN
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Nets having a 1-5 by 30‘cm upstream openrugg

recommended for small,

“and . baggength of . 1.3 m (No. 40 mésh .

nethng) a swrft

~ streams. In lafge; deep rivers with a current of

hE

1 4

i

~ approximately: 03 meters ~per second (mps)n
nets having ¥ of 0.093. m? aré reoom-{* . -
mended (2). ARY e nets in flowing water’ '~‘
(current not less tHah 0.015 mps) for fromi | to .
24~ houts, dependmg on the densrty of bottom )
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fauna and hydrologic ‘conditions. Place the top
of the nets just below the surface of the water to
_permit “calculation of the flow through the nets '
and to lessen.-the chance for collection of
floatingderrestrial insécts. Do not permit the
nets tof¥#ch bottom. In large rivers, maximum
catches are obtained 0.3 .to 0.6 meter above the
bottom in the shoreline zone at depths notl
- exceeding 3 meters
Drift nets” are ‘useful for collectingg macro-
invertebrates that migrate or are dislodged from.
the substrate; they are particularly. well-suited
for__synoptic surveys because they are light-
weight and easily transported. Thousands of
organisms - including larvae of stoneflies,
.mayflies, caddlsfhes, and midges’ and other
Diptera, may be coMected in a. sampllng, period _
=~f only a few hours. Maximum drift" intensrty
occurs between $unset and midnight (55). Elliot
(14) presents an excellent synopsis of drift net
methodologx S

3’ 3.6 Photograph y :?

'The use of photography is ma1nly limited to
" enviropments that have *suitably clear water and
are inhabited by sessile animals and rooted
plants Many estuarine habitats, such as those -
' containing corals, sponges, and attached -algal
forms, fall in this category, and can be photo-!:
graphed before, during, and after the introduc-
tion of stress. The technique has been used with
success in south Florida to evaluate changes
‘brought aboht by the 1ntroduct10n of heated
*effluents.
- The . teghnique for honzontal underwater‘
* phdtos-using scuba gear involves blacrng a photo-
graphically identifiable marker in the habifat to ~

~ "be photographed and- an additional nearby -

" marker on which the camera is placed each time
a photograph is taken. By this means, identical

.areas” can be photographed repeat,pdly ovef a

penod of time to evaluate "on-sit€ chamges in ~
_ sessile forms at."both affected and control .
" stations. Vertical, overhead photos may @so be

;-._taken under surta’ble cond1t10ns *e J

Py
€ -
k!

-

" 337 Qualztatwe devzces
"The 1nvest1gator has an . unlrmrted t:horce of
gaear fof collectlng quahtat:ve samples Any of

[ .
» ., .,.r.‘,

. post-hole . diggers. Collég

40 SAMPLEPROCESSING
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- of the individual

8

. the quantitative devices discussed prwror‘lsly, plus.
- hand-held ‘ screens; dip nets, rakes; tongsapost

‘hole dlgggrs, bare hands, and forceps can be
used. For deep-water collecting, somg of the
c0nventlonal grabs described earlier are normally

Jequired. In water less than 2 meters deep, a

variety of gear may be used for sampljfig. the
sediments including long-handled dip nets and
ions. from vascular
plants and filamentous. algae may be made with
a dip net, common garden raKe, potato fork, or
oyster tongs Collections from floating debris
and rocks ‘may be made by hand, using forceps:
to catch the smaller.organisms.

. In shallow streams, short sections of common

”wu{dow sereen may be fastened bet&en two -
i} ﬁ"bles and held ¥ place at right anglg

to the
water flow to collect organisms dislodged from

" upstream materials that have been agitated.

4.1 Sieving CONU
Samples collected with- grabs,,tubﬁgar devrces .

and artificial ssubstrates contain var amounts >
of finely divided materials such as completely -
decomposed organic materlal silts; clays, and -
fine sand. To reduce sample volume and
expedite sample processing in the aboratory,
these fines should be removed by passing the
sample through a U. S./Standard No. 30 sieve.

" Sieves may range from commercially . con-

structed models to,-homemade sieves framed
\glth wood or metal. Floatmg sieves with
wooden frames reduce, the danger of acc;dental .
loss of both sieve and sample when workmg over
the side of a boat in deeper waters. A good sieve <,
- tontains no cracks or crev1ces in whrch small

" organisms can become lodged.

* If at all possible, sigving should be done in the / -
field immediately after sample dollectron and -
-‘while the captured organisms ., are -alive.”Once
- preserved; many organrsms become quite fraglle

" ang if subjected to sieying will be broken up and

“a.

lost*or rendered unidentifiable.. .
Sumngr may b 4 accomplished, by one of -
several ‘techiniques tZ?Qpendlng»upor-r‘t‘he refere'nce
iologist. Il one technique, the
~1rectly.-int'o_ a sieve,and the # -

sample is place %
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sieve 1s then partially submerged in water and

" oagitated until all fine materials have passed

through. The sieve'is agitated preferably in a tub
of water.

A variation of this techmque is to place the .

-original sample in a bucket or tub, add screened
- water, stir, and pour the slurry through a U .S
Standard No. 30 sieve. Only a moderate amount
of agitation is then required to.complétely clean
the sample. Since this method réquires consider--
ably less effort, most brologlsts probably prefer
it v

Inlboth’ of the abave methods, remove all the

large pieces -of debris and rocks from samples
collected clean carefuly,’and discard before the

le is stirred or agitated. A

e artificial substrate samplers are placed in -
a -bucket or tub of screened water and are
disSmantled. Each individual piece of sitbstrate

material ‘is shaken and then cleaned gently under

water with a soft brush {a soft gra

brush is excellent) examined v1su7lly, and lai

aside.’ The water in the bucket of tub is then.

poured through a U. S4Standard No. 30 sieve to

remove the fines. 3 o

u'. RY

4.2 Preservation’ .
-Fill' sample containers no more than one-half-
Il of sample material (exclusive of the preserv-

ative). Supplemental sample containers are used

for samples with 'large volumes of material.

Obtain ample numbBers-and kinds of sample |

containers before the collgction trip: all'ow two
“or three 1-liter contzuners er grab sample, a.
- 1-liter container for most artificial substrate -
: samples, and 16<dram screw-cap vrals for miscel-
“laneous collections.’

Preferve_the sample’in 70 percent ethanol. A
» 70 percent’ ethanol solution is approxrmated by
ﬁllmg the ; one-half full bottle, containing the
sample and a‘ mall amount of rinse water, with
95 percent efhanol ﬁ:Do not use formalm

J L . .
4 3‘ Lab hng A
. Mdke & ple Jabels of. water—res1stant paper <

' and place inside the sample container. Write all
' informatibn on the label with oft-lead pencil. -

Where tHe - volume of sample is $0_gregt. that
*several contarners are ne,eded zledrtronal
. (it;?'_ b ) ‘_1 '
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mACROINVl:RTEBRATE SAMPLE PROCESSING

external labels with the 16g number and
notations such as 1 of 2, 2 of 2, are helpful for
identifying sample containers in the laboratory.

Minimum information required on the sample
label is a sample identification (log) number.
The log number identifies the sample in a bound
ledger where .the name .of. water body, station
number date, sampling device: usedf.name of
sample collector, substrate charaéﬂenstrcs,
depth, and other envrronmental_,lnformatron are

placed

4.4 Sorting and Subsampling -
- For_ quantitative studies, sort and pick all
.samples by hand in the laboratory using a. low-
-power scanning lens. To pick organrsms
efficiently and accurately,. add. only' very small
amounts of detritus (no more- ‘than a heaping
tablesp00n full) to standard-srzed (25 X440 X 5

enatnetpans™ filled _approximately

.one-thrrd full of water, Small i rns s and worms

.wrll float free of most debns when. ethanol-
" -preserved samples are transferred to the watel'
filled pan. ,

Analysis time for samples contarnmg -

excessively. large numbers of organisms can be’

: 'substantrally reduced i’f the samples are sub-

'divided bgfore sortrn e sample is thoroughly
mixed and distributed ‘evenly over the bottom of
a shallow tray A divider, delineating one-quarter
sectrons, is placed in a.tray, and two opposite
°quarters are sorted. The’ two remammg quarters
~are comblned and..stored for future reference or
drscarded (57). The aliquot to.be sorted must be °
‘'no- smaller than one-quarter of the original
sample; otherwrse considerable’ efror may result
- in estimating the ¢stal numbers_of ollgochaetes

. -or other organisms that tend to'clump. The same

procedure- may be fol'lowed' for rndrvrdual
taxonomic groups, such as m1dges and worms
that may bé present in large humbers. =~ =~ *-

-Numerous techpiques other han hand-pieking -

have been proposed ‘to recover organrsms from’

, tions, st efect icity for unpreserved f@mples
inthe fi bukbling air through sample in a
) 1}be etc. The efficacy ot el techmques is

facted both by the charactensh S of the sub—‘

the sample, inclugling sugar-solutions, salt-solu-~ _
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g techhnique, orF combmation of teclniques, will -
" completely ‘sort out or make mgre readrly
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discérnible all types of orgafnsms from all types
of substrate material. In the end, the total
sample must be examined. If tech )@r,ms are
routinely cOnductmg ‘the * picking operatlon
these techniques may lead to overconfidence
and careless examination of the remainder of the
sample. If used with proper care, such aids are

not.objectionable; however, they are not recom:

mended as.standard techniques.

As orgdnisms -are picked from the debris, they
be serted into major categories (i.e.,
inséct orders, molluscs, worms, etc.) and placed

into vials containing 70 percent ethanol. All vials

from a sample should be labeled internally with
the picker’s name and the lot number and kept

"as a unit in a suitable - container until the

organisms are identifieds and enumerated, and

the data, -are recorded on the bench sheets. A"

typical laboratory bench sheet for fresh water
samp}es‘ls shown in the Appendrx

4.5 ldentification'

.The _taxonomic level to which:animals are .
~ identified} depends on the needs, experience, and’.
--available { resources.
. level to which identifications are. carried in each

However,

major g,roup should he constant throughout a

" - given study. The accuracy of identification will

depend greatly on the availability of taxonomic
litefature. - A laboratory library of basic
taxonom#c references is essential. Many of the
basic ‘references that should be available in a
benthos laboratory are listed at the end of the
chapter. . ‘ . .

For comparatrw purposes and qualrty control

_‘checks, store identified specimens in a reference

collection.” Most 1dentrﬁcatrons to order and

famrly can be madé” under a stereo§copic
" microscope (up to 50X magmﬁcatron) Identifi-
- cation to gends and species often requires a com-

“phase ontrast (10,

pound microscope, preferably equrpped with

. Nomarskl {interference phase) optrcs.v )

T

_necessary.to mount the entire. orgamsm or parts;

To make species 1dent1f1catrons it is often
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" mounting medmm Ry be p

the taxonomic

and 100X obJectrveQ o

' of the aquarlum (41) to provul; current‘

T

thereof on glass shdes for examma‘tron at hlgh
magmtrcatron Smatil whole
thereof may be slide- mountéd directly, from
water or 70.percent. ethario] presetyative if CMC'.
mounting media is used.: Label the slides
immediately with the sample log number and
the name of the structure: mounted.  Euparol
ferable tg CMC -
. for mounts to-be kept in a reference collectron §)
Place specimens to be mounted in ‘Euparol in
95 percent ethanol before mounting.

To. clear op que trssue heat (do not borl) ina .-~

small crucible (5-ml capacity) containing 5 fo 10

percent: KOH solution . (by weight) until" it--=

becomes transparent The tissue can be checked
periodically urider a stereoscopic microscope to
determine if"it is sufficiently cleared. Then trans- Y
. fer the tissue stepwise to distilled, water and 9%
percent ethanol for 1 minute each and mount
with -CMC ‘or Euparol. Several different
structures can be heated simultaneously, but do

“not reuse the KOH solutron

The above methods work well for clearing and
mounting' midges, partstof caddisflies, mayflres,
stoneflies, other  insects, crustaceans,
molluscs; however, worms, leeches, and turbel-
larians require more specialized treatment before °
meunting (10, 47). - : et

Larval ins&\c(;ts often co the maJorrty of
macroinverfebrates ‘cgfffected in artificial
substrate samplers and tom samples. In
_certain cases, identifications are- facilitated if .

-+ exuviae, pupae, and adults are available. Collect

exuviae of insects with drift nets or by skimming

. the water’s surface with'a small dip net near the

shore. Obtain adults with sweep nets anektent
_traps in the freld or rear larvae to maturity in the
laboratory < ;

A .The life history stages of an msect can be
positively associated only if specimens are reared
individually. Rear small larvae mdmdually in 6-

.to 12-dram vials half filled with stream water
and aerated with the use, of a fine-drawn glass, .

tubing. Mass’ rearing- can .be carried out. by
placmg the larvae with. stroks and rocks irr an
aerated aquarium. Use,a “magnetic stirrersinside

¢ ~ g 7 .
.‘ ' - =y R (O

insects or parts -,

and
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Macromverte,brat% biomass :(welght of

. organjsms per unit, area) is a useful quantitative

estimation- of standing crop. To determine wet |

s .welghts soak the ~organisms in distilled water for

0’minutes, cenmfuge for 1 minute at 140 gin
wire_ mesh copes, and weigh to the nearést 0:1

. mg, Wet weight, however, is not recommended

as a useful. parameter unless, by a determination
of suitable conversion factors, it can be equated
to dry wenght :

-To obtain dry ‘weight, oven dry the orgamsms )
to a constant weight at 105°C for-4- hours™pr. e

vacuumdry-at. 105°C for 15 to 30 Minirtesvat

1/2 atmospheze: Cool to room temperature in a .

desncaator and weigh.” Freeze drying (-55°C, 10
to 30 microns pressure) hag advantages over oven

~ drying because the orgarlisms remain intact for

further identification-and reference, preservatives
are not needed and cooling the material in

" desiccators after drying is not required. The

main dlsadvantage of freeze drying is the fength |

-of time (usually 24 hours) requlred for drymg to

a constant wgight.

To completely incinerate the organic material,
hour. Cool the ash to:
ambient temperaturc in a desicca r and weigh.
Expsess the biomass as‘ash-free dfy weight.

.

: 5 0 DATA EVALUAT[ON

Quantltatlve Data

' R4 KR

5.1.1 Reporting units .
Data feom quantitative samples may be used to

‘obtain: .

° total . stdndmg, erop of 1nd1v1duals, or
biomass, or both Per unit area or- unit
voliime or sample unit, and :

° numbers ‘ot biomass, or both. of individual
. taxa per unit area or unit volume or sample
‘unit.

Data from' quantitative samples may also be
«'eviluated in -the same. manner as dlscussed for
qualitative samples in part_$. 2

For purposes of eomparnson und- to provnde
data useful for- determmmg prguctton‘

‘~',:’ .o . K
. ” L]
- : -4 .
- o .
g - L :
(O I

" standing crop,

)

t

v

4

MACROlNVLRTE

' ‘\- d“-

r‘) a ,"/4’(“..' ’ o . \. Vo
umform com/entnov*mtlst 'be QStab lbl’*wd fbr the

'Lﬂ)‘

" -units -of -data’ reported. 17or this PUTPOSE, hPA

blolognsts should agdhere to the ollowmg umts

MR P AN N '

. ® Data from devwes samplm a_ unit -area of
bottom will bé ‘reported in’ grams “dr

wenght or ash-free dry weight’ per squa’y

meter (gm/m?), or numbers of individuals

‘per square meter, or both, ¥ '

® Data from multiplate - samplers will be_

f the plates in grams dry weight or ash-frec

e’

-“square nieter, or both.

Be reported as grams dry weight or numbers
ndi lduals per sampler or both.n . :

5.1.2 Standin crop and tuxonomic compos:-
v tl()n

Standm
munity fare highly se

0b and numbers of taxa i
twe to- envirp

degom-
entaf

. perturbitions resulting#Itom the introduction of
These parameters, particuiarly -
may vary considerably in

contaminants.

unpolluted habitats, where they may range- from

LS

% reported in terms of thg.total surface area .
Ty.weight or numbers of |nd1vndual-s per

"Data from rock-filled basket samplers will

-

the typically high standing crop of littoral zones

of glacial lakes to the sparse fauna of torrential

* soft-water .streams. Thus, it is impértant that
«omparisons. are made ori%y between truly com-

parable " énvironments. Typical responses of

standing crop -or, taxa to various tymes of. stress-_'j

are: o -
B
- v Cg r
T - \
: Standing crop - N
Stress ] (numbers or NuTﬂ‘;‘:}' of
' Y biomass) .
. T — N C
Toxic substance . ..., ... Reduced, ..., W« Reduce®
Severe temperature ’ N .
© alterations .,.......... Variable .. .. ... - . Rgsluu.
Silt ..., educe ......... .. Reduce
Inorganic nutrients . . ... lnprcase ............ Variable —
. & . e * oftenno -
. detect-
¢ .able
change
~  Organic nutrients SN . L
(high 02 demand) ...... Increase . 4. .~ .. ... Reduce -
" Sludge dcpostts : : L °
" (non-toxic) ......f. ... Increase ..., .. . ... Reduce
. B )
9 \ . t . ) "_ ‘ o
ot o Ty .
- @ it,i T . yo -
. 4I: f\ ‘47 H %‘, .

°
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-+ Organic_nutrients, ‘and §lu_dg&ef;dqu‘§@§§3#gx‘é* fresr, numerical abundange, there will bé relatively
\'quently ;s v

B N B SRS
f‘mgmcxc{xtln.amﬂoos X a0 ‘ R E BT ;ﬁ'_ :

. . T . N Lo . i
4 . i [N A b N A . . . K . . ®©

PN L.

sociated. Fhe responses-sho n-are b"y “few bpecies with™ léf’g’e ~numbgrs—of-jndividuals——
% no meang simple or fiked and may vary depend-" ~arid large numbers ‘of ispecies represented by,

ing on a number.of, faét%rs In'cltidiq%f’-- only "a -few individuals. Many forms of stress
o 1t L t}' : ' st ..., tend to reduce divessity. by making the environ-
®a qo.mp’i'nation of stresses,é@ti'ng together.or ; ment unsuitable. for some species.or by ‘giving
.- in opr{ositiOnz S .= . other species a competitive advantage.
e indirect effects, such as for example the The investigator must be.aw that there are

“\destruction of highly productive vegetative’. “naturally. occurring extreme vironments -in
ssubstrate. by temperature alterations, sludge  which -the - diversify - of - macroinvertebrate -
_.deposits, turbidity ,“chemical .weed control,  communities may ‘be oWy as for 'examplé the

"® the physical charactgristics of the stressed _profundal fauna of A 'déép'-‘iake or the-black .

.., environment, ﬂurticular_ly in relation to sub-  fly-dominated communities of the high gradient,
strate and current velocity: R "bed fock section of a torrential stream. Fufther--

-~

*m 7

T s more, because colonization is  by. chance,

may be presented in simple tabular formg Or _ community; for this reason, diversity - indices

Data on standing crop and numbers of taxa  diversity may be highty variable in a successional. -~
& ZO . .
pictorially \with- bar and line graphs# pie  calculated from the fauna of artificial substrate

~ diagrams, and istograms. Whatever the method . samplers must be evaluated with caution: These -
of presentation, the number of replicates and  confounding factors can be reduced by gompar- .

- amenable to simple but.. powerful = statistical

. the _evaluatjve . process.. For "thi§$f purpose,
" biologists:

tite sampling variability. must be shown in the  ing diversity in similar habitats-and by exposing -
tables or graphs. Samypling variability may be - artificial substrate samplers long enough for a
shown as a range of Vvalues or as a ca lated . relatively stabte, climax community to develop.
standard devidation, “as  discussed 'in the " Vg s - S—i '
Biometrics Section of this manual.” .o . Indices, such é's«I—q-’ TogN nd m_where' '

Data on standing crop and number of taxa are S = ndiiber of taxa and N = total number of

- e . . e ;ind'ividuals', are merely additional means of sum- .
tgchn!_qugs. of‘eVal_uﬂatlon._ l_Jnder grossly Stressed marizing data on total numbers and total taxa in
sltﬁ}mons, such anglyses. may be unnecessary; P - ) L :
Lo -, a” single numerical form far. evaluati

however, in some cases, the effects oy environ- LE They add Vv di o+
mental perturbations may be so subtle in co: sammarization. They add no new imension
arison with sampling Variation th ’ the methods of data presentation, and .analy
goms : " are aPhelgm] o S A discussed above and, in additiorl are highly.
P : p  TIeCess influenced by sample siz¢. .Sample size in this

context relates to the total number of o§anisms

" - . [
rpaged “in studies of macroinverte-

- brates should ‘familiarize themselves with the - - collect‘ed (anluncontroll_ablcjt \(arlable most
L . i . : croinverteprate sampling), not to thd area or
simple> statistical tools discussed - in the - L R
. . . . _ v&lurpe -of "habitat sampled. Do not use such
Biometrics Section of this manual. , el - ot . . . .
EERA ‘ ! indices for summarizing arid evaluating data-on-—

513 Diversiiy’ . R .. . aquatic macroinvertebrate cgmmunities. ..

s,

. Diversity . indices are. an. additional tool for _d,_There fare two : components {of species,
- ; “diversity: e

measuring the “quality of the environment and L o, . . b
the effect of induced stress on the structure of a i '

~

‘community of macroinvertebrates. Their use is " ®richness of species . * o
based on\gh_e generally observed phenomenon - ® distributjen of individuals among. the
that reldatively undisturbed an_ironmeh ospecies. - L v - ' 3o
support communities having large fumbérs of S st SO
'species with no individual speci\es' present in It - is’ immediately obvious ‘that the second -

. overwhelmirig abundance. If the gpecies, in such componeitt ad¢ds a new dimension- that was not

a community .are ranked on-the basis ‘0% their , considered, in ‘the methods for evaluating data
. L YO AR ) YOI ' S . . :

, N . ) e “‘;‘. ‘-.' - . —J. . ] “ »
N . AR I S e e
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s o . : el .
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} k YISt -MACROINVERTEBRATE SPECIES DIVERSITY |

S\ drwgssed abOve The dlstrlbutron oT-rndrvrﬁuals :‘L, o NJog10 N = 227 0795 (frOm Table 5)
_.\) among the -specres -may” be -readily- presentedvrtb S Zojlogy, nj =139 ]391

trequency dlstrlbutron tables or graphs; but for . _"3.321928

any apprecrab]e m.tmber of samples such -~ o 169 (222 0795 - ]39 1391)

}nethods of presentation are so v’olummous that N N 0 g‘jQ476 X 82, 9404 L

they are virtually nmpossrblg: to COmbare and v =2 .

.interpret.s PR ) - T

I®ices of - -diversity based on mfgrmatlon_ g"g\an d1versrty, d, as calcu[ate
: tileory, as originally prOposed by Margalef (39) - th by richness o of species’. -"'w "the d1strrbue
and stbsequently utilized by numerous workers,: . tion of individudls .among the specres a.nd may
mclude\both components ofispecies diversity 4s  Tange fromi zero to'3:321928 Jog N-* E
enumerated above. Additionally, a measure ‘of To evaluate the componen tlof diversity due to
the component of diversity dye to the distribu- -the. .distribution of individuals among the.
e - tion of mdrv:duals among the species can readity , SPeCies, compare the _calculated d with a
“be extrdcted from- the overall index. For * hypothetical maximum dbased on an arbitrarily

purposés_of, uniformity,. thé Shannon- Weaver = selected distribution. The measyre of*
function - is\ provisionilly reeommended .for  redundancy proposed by ‘Margalef-(39) is-based.
calculating meandiversily d. on'-the ratio between . d ind a hypothe"tlca]
. The machine formuf presented by Lloyd maximim computed as though ail speciés were .
Zar and Karr (34) is: Y equally *abundant. In nature, equality of species.
.. Is quite unlikely, .so Lloyd and Ghelardi (33)°
' oL proposed the term “equrtabrhtk” and compared-,
*N (Nlog,o N E n, log10 n,) d with a maximum- based on' the distributin-
. Yo _ obtained from MacArthur’s (36). broken- st}
b ) ’ * model. The MacArthur model results in a distri
- where .C = 3.321928 (eor‘sverts base 10 log to . bution -quite. quently observed in nature —7 '
* base 2 [bits}): N = total number of, individuaks; one with a few'relatively abundant species anfl
~and nj = total number of mdlvrduals in the 1th‘ 'mcreasmg numbers Qf species represented b
‘speues When their tables (reproduced in Table .only a few. mdrvrdua]s, «Sample .data are not’
S) ‘are used, thé calculations® are simple” and - _expected to conform to the- ‘MacArthur model,
_ '.str‘u},htt_orward.- as . shown ~by the following . since it is only being” used.as a’ yardstrck agamst
 example: , S A which the»dlstnbutron of abundances is’ bemg
: o compared. Lloyd and Ghelardi (33) ‘devised a
Y ' " -~ table: for detefmijning equrtablhty by comparingy .

ld-

Number af individuals nj log,, nj

: SN . _the number of species (s) in the sample. with the .
_n efld‘] taxa ('n'{'s).‘ i Lg,rom Table 5) . xnumber of speciés’ expected. (s) from a com-
R L. 4l 66.1241 ©'munitythat conforms to the MacArthur mddel,
' S 34949 . I the table (reproduced as Table 6 of this
18 - ©22.5949 1. Secfion), the pr0posed measUr,e: of equrtabrhty
: N R 1.4314 L. dst ) . X
D S Y .0000, ] . ( ' . Ca
. 2z ' 29,5333 N A ) _s7
. 0000 | o STS Lo
. 2 ... 6021 e ' S R
o 12 . 129502 L where s = number of taxa ‘m the sample gand s’
o 4 -, < 24082 . . the. tabulated Value.- ,For thé  example given
T(\)ta'll 109 . 139. 1391 above (wrthout 1nterpolat10n in the tabﬂe) e
. UL .= " .‘.\.1 - o o i . L
_' “Total number-of taxa. s- lO .o o ’._;3‘: J‘f‘ ‘e 5.8 _ 0.8. L
Totzd number ot mdrvrduals N = 109 A o “. S 0 e .
. o, . ) .b' »g‘\ .‘ . Lt Gi (";1_ P R _.". c . . 3
L . : N2 : .
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F,Zlhtablhty “e,

from 0 to 1, except in the unusual situation
- where. the d1stnbut10n .in the -sample is more
equitdble than the ‘distribution resulting from
.. the MacArthur model- Such an eventuality -will
“result. ‘i values‘ of ¢ greater than"l; and"this
occasionally occurs ip samples containing only a

.« few cimens with several taxa represented
The%nate of d and & improves with'increased _
samplessize and samples containing less than ‘

- 100 specimens should be evaluated Wlth cautlon

1f atall. ¢ i N
~ When lehm (59) evaluated values calculated.

- from data that numerous authors’ had collected

‘from a variety of polluted and ungplluted o Comparatiyé’ ot conirol station “misthodse
- compare the(, quahtatlve characteristics -of ‘the .

_ waters, he found that in unpolluted watets d Was.

., generally between 3 and 4; whereas i’ polluted
-witer, d was generally less than 1. However,

- colfected data’ftom southeastern U. S waters by
ERA blologlsts has shown that where dégrada--
" tion is.at slight to moderate Tevels, d Jacks the

sensitivi#is: to demonstrate differences, Equit-
abili the contrary,-has been fourid to be-
very .sén¥ftive to e¢ven. slight levels of degrada-

. tion. Equrtabrhty levels below 0. 5 have not been "

~ encountered in southeastern streams known to

be unaf fected by oxygen-demandlng Wastes, and
~in such’streams, agenerauy ranges
and 0. 8 Even slight levels. of - de n have
been found to reduce equ1tabfl1ty below 9.5 and »
- generally to a range of 0 0to0.3.. :

Agency blologlsts are encouraged to calculate

both mean dlvermty d and equ1tab111ty e.for -

samples collected, inr ‘the course of macromverte-
“ _brate studres (Ifc the mean and range of.values
found by different_ samphng meth‘ods and under -
varymg levels argi types, of pollutlon are
reported to thie 1olqg1cal Methods Branch

these ‘data will be included in tabular fol-m inv

“future rev1slons of this Sectlon )

52 Q’iralitative Data |

N ‘.‘ -,

ed, qualltatlve data Tresult

estlmate -of muimeric _ance\or biomass
+ He calciilated. The ou put consrsts of
taxa collected in .the’ various habltats of the

envnronment pemg stud1ed The numerous

-~ ' ,,‘“- K
S AL - St
. o . L ‘
) - N

a -

-as calculated may range « schemes advanced for th,e analysrs of" quaht’éta

. data may be grouped i in two catego ies”e. )
) 512 & Ihdlc or-or,gamsm sche . _7."“: f

ta a'a e o

.« The classﬁ'lcatlon

h a,manner that no :

list of :

’1.8‘ :

For th1s technique, md1v1dual
classified- on the -basis. of thejigetole
intolerance to - various ‘levels “of " p
‘wastes (4, 5,40, 42, 48): Taxa are casslﬁ
ccor to them sen§3
rent~ Jenvrronments ad~ etermined by fiel

studles ‘Beck (6)° reduced data based on the ‘

presence or absence of mdlcator organisms to |a
simple numerical form for ease in presentatlo R

522 ReTerence statzon methods ..

. fauna in - cléan water . habitats with those:
fauna in" habitats’ subject 1o stress. Patrick (46) -

" compared stations’ ?:\the ‘basis -of richness pf.

speC1es and Wurtz used mdlcator orgams S
~in compa:rmg st'atlons Y]
If adequate backgrounvd data are available to
lan’ expenenced mvestlgafor both of these. tech-
giques can prove qulte
the purgose of demoristrating the effects|of

uﬁﬁl—partlcularly or- .

or. absence in dif- ~ '

gross to moderate orgafnc contammatlon on the -

mac‘romvertebrate community. To ‘detect’

tween 06"’, subtle changes i’ the macromvertebrate cbm- §
" munity, collect quartitative, data on numbers ol\/“’

biomass of organisms. Data on the’ presence of .
tolerant and intolerant taXa and richness . of

. species may.be effectlvﬁy summanzed for evgtsx

atlori ‘and:-presentation ‘by means of linie gra
* bar graphs, pie diagrams, mstograms, or plctoral
diagrams (27). :

‘o

by various authors of repre"“‘\/

sentative: macromvertebrates accox:dmgﬁg*l;tl,r/
tolerance of organic 3stes is presented in A

7. In most cases, the tax0nonuc~ no’menclature

used in the table 1s-th“’at of the. ongmal avtthors, €, \

.The _pollutional class1ﬁcatlons of the: authors R

“were” arbltranly placed” in three eategonés —‘k‘«

D

;olerant fa.cultatlve ahd mtolerant — defmed asi¥

follows R N s

P . _.,-05

... Tolerarlt
with ‘grosg. organio gon
generall . able o
anaeroblc c0nd1t10ns\

= v

a ‘o A4
G"" ~ N3
,
VIV SRR
: R
# o LR
- "

isms 'fre'qr'leqtly associa-ted“ .
mina_tion_ and: are *
" thriving. under’”

i

L.
~°

&=

.
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‘”‘ oo T oE 0 MAGROINVERTEBRATE INDICATOR ORGANISMS
e e . | 4 e . _
- ® Facultatlve Organlsms 9avmg a wnde ra(r:ge . absent because of thé" dlscharge o-f toxnc "
.~ of tolérance and- frequently . are agsociated - .Substancesor, waste heat. - .
I 28 wn}‘t moderate levels of organic contarruna; ‘® Because evaluat}ons are based on the mere s
K * tion. o TREEPAEEC o presence ‘ot absence or org isfs, d single -

vy ‘w-o Intolerant GEgamsms thqt -are not'-found % . 3pecimen’ has.as much welght -asia large

s ,ass’Oclated ‘with' evén® modcr@te“levels of- - population. Therefore;, data forThe orngxnal,
™ .organjc cont mmant .and are, genle ?_;.: ::_ i glassification and from ﬁeld studles may be

e : m*olerant ~of 'even moderate reductlons in - ¥ .biassed by the. dnft of ovgamsms lnto the

dlssolved oxygen LT, w0 0 MO ¢ study area. ‘Q

+

L ® The presence -or absehée ofa pamcular taxa
S When \gvalgatlng quahtat;ve déta inr terms of " - may depend Jpore. on characterlstlcs of the ©
ay(r,maier-les\such -as that, contained -in Table 7, the - . env1ronment such’as velocity and subs;rdte

Q

o &:stlga or shoujd keep . 1n ‘mirid the: pltfalls " .than-on the level of degrqdatlon
ptioned’ edrho‘r as well as th foﬂow:ng ST “wastes. Thls ‘affects-both fhe orif§}
""."' . y - s 0 " ment of the." taxa* in  the c}
@& Since. tolerdnt specles may be found in both . scheme afftl’its’ presence “ini stuidy
%" cléan artd degradedfhablt.ats a sjmple retord. . @ T,echmque 1s totally subjectivé "a
& of tieir Wresén or; aﬁsené‘é is of no. 51gn1ﬁ- g dependént upon ‘the Sklli -and gxpgrience of*..:
¥ . ‘cance.. Therg éme, “the- Jndlcator organ;,sm, y . thé individual Who makes the,figld collee-,
: (i technlqﬁe baf provnde posmve \eifldence ) S tlons<Therefore resuifs -of one inveltigator ..
T ‘bnly“'one Ol dltuon clean uéater—and this - .~ are dlff“cult; 'to ‘compare "with thoge’, of: *
00l y tf »iaxa olasslﬁed as . 1ntolcrant -reu . . another, ~paPt1Ctﬂarly where data are sum- .
N i ld.. ™ “marized in an Jndex sucti as ‘that proposed” |
' " by Beck (6)
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C38 1 467927\ . . ¢ 176 6.8596 o 480, '8.3009 -
« 39 4.7157 .S, .18 6.8758 . . 490 .17 83305 7.
’)40 4.7513+ : 180 6.8918 _ _ ,,5,00 - '8.3596: .
Car o amer ™ 182\ = 69076 o V550~ 84968
42 4. 82()( . 1847 69233 600 6220
43 4.8537 ) 186/ "~ 6.9388 . 650" . 8.7373"
44 4.8856 ' 188 7 6.9541%. 700 8.8440
T45° - 49173 190 ‘__6_9693 , : 7500 . 8.9434 -
46 . 4.9483 2 192 7 698437 T oy ,.800 -, - Tub363
47 4.9787 .194 -16.'999‘2} g : 850 " 9.1236 -
48 . ’5:0084 1967 . -7.01391 D 900 9.2060
49 50375 ) & 198 (k%m_!- Co 950, - 9.2839
50.  5.0661 ‘ 100, "6.051Q . ' 200 -7 788290 -, 7 1000 - 9:3578
#*The dath in this table arc repPoduced, with permission ~om fléydar%hchrdi: Reference 33. / - :
I 1 ) . - - S e o .
¢ - . C o ' L L . L
/{ ¥ . . ~ o F- TR
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. TABLE7. CLASSIFICATION BY VARIOUS AUTHORS OF THE TOLERANCE OF'-

VARIOUS MACROINVERTEBRATE TAXA TO DECOMPOSABLE ORGANIC WASTES
’ . TOLERANF (T), FACULT ATIVE (F), AND, lNTOLERANT O

Macroinvertgbrate s T L FTL i {| Macroinvertebrate - T | F 1.
. Poriferas . c g ’ Prosopora ,~ ’ J
. - Demospongiae - e , Lumbriculidac : s 60
b M()nuxonidu . ]llru(hnLJ . ¢ .
Spongillidac L 42+ Rhymhobdclhdu '
Sponglllafraglhs- S .| 48 * || - Glossiphoniidae i )
Bryozoa A . Glossiphonia complanata - 48
Ectoprocta " Helobdella stagnalis <t 48,42°
. Phylactolacmata 7 A - M. nepheloidea ‘ 48 |
s Plumateliidae: - - oy . . i qucobdclla monnfera 60 .
Plumatella repens - . : 'S{j{; P rugosa - " [ a8 ]
P. pringeps var. inucosa ’ 48, | - |} Placobdel . 42 2
P.p.var. mucosa spongzosa o |a8 ‘Piscicolidac ‘<,
- . P. p. var. fruticosa |} ) D48 | Piscicola penctata : 60
P. polymorpha var. rt’pem - 48 ||  Gnafhobdellida -
v (nxtgtdhd.u , : . .~ Hirudidae -
“ Cristatella micedo . 151 : " Macrobdella’ 28
T Lophop()dldac y T v o 1 Pharyngobdcllida
= o siLophopedella carteri Py | 42 Brpobdellidac . )
w77 Pectinatella magmfua N ‘4'8,.4% . Erpobdella punctata e 48
“Endoprocta. B o ’ "*Dina parva 48
v - Urnatellidae . ’ N D. microstoma 48 -4
o Urnatella gracilis .- 4842/, Dina > : 42,
(‘ymnolumata"- . , - o ) Mooreobdella microstoma#« 4 :
. Ctenostomgata + S o ‘Hydracarina .5
Pulud;ull\iduc ' S . [-Acthropoda "
- laludicel ehrt’nberm o ) a8 Crustageea - .
COCanthatﬁ o ONG Y P . l\opodd v ' :\ o
"Mydrozoa. - ot T ) N . Ascllidac . . . o
: Hydroida.- ~ ¥ o 7. " - Asellus m!grmcdms 48 B
-20 0L CHydridae BN e Asellus . 60 42 5.4
Lo 7. Hydra 42 Lirceus , 2
: %, <+ T Clavidae - ' _ L /\mphlp()dd 4
- Cordylophora Iacusms < 42 Tulitridac BN ’ -
T’IJtylklmmthu q - <ol e Hyallcla azteca 5.3,
Turbcll.m.l - AR X A ‘ - L 4.4
T Tricladida' [, . V\ H. knickerbockeri 2 48
Pldn‘lru\.u v - ;’,' . Gammaridac .
{\ Plinaria - ‘ . 48 Gammarus - (I ' ,\\ . 42
. Nematoda 42 - .Crangonyx pscudograciﬂs 0 42"
4 Ngmatomorpha e e - Decapoda - -
f(‘.or’di&du AR ' Palacinonidae ™ : ‘
., Gordiidac . - ¥ 48 |” Palaemonetespaludovus T 5,3,

.. Annclidd . ] P . 4
Oligochacta ' v 5.4 48 N . 4 ex:l:pcs .48 }
“Plesiopora ’ ( . Astacidae * : .

Naididace ; - | 48 | »  Cambarus striatus 25 ‘
Nais ) . P - 42 - C-: fodiens . 1 : .
. Dero : , 48 . C. bartoni bartoni \ : R B
Ophidonais 60. | - _ -C. b. cavatus : ’ . 1
Stylaria . BN 5 I C. tonasaugaensis a 1
Tubkificidac « e C. asperimanus 7 : 1
3! hlfex‘tuhifet ’ s 4842 | €. latimanus . ' 5 1 .
Tubiftx . 48,18, / ; C.acuminatus + ) ‘ -
. Limnodrilus hoffmemen 48,34 : C. hiwassensis S 1
. L. clapurcdiaius | - 48 - C. extraneus ‘ ( : 1
 Limnodrilus * 48,18,60 ~ C. diogeries diogenes M1
Branchiura sowerbyi 42 - C. cryptodytest - 1
"Numbux refer to references Lnumcratcd in the ﬂcruturc»“ ~ ’ '
section immediately following thn table. e Y & .
+Albinistic - Lol
. - t ok n
. ' '? : ¢ ‘
. 1 0% Q .
L o
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it . T)I\B LE7. ggontmued)
: > : ~ + . . ! 2
. ‘Macroinvencp‘faw - . : T &‘ R Mncroinvcncbn;ntg : S T -F 1
C. floridanus - o e, ‘:' Psilotanypus bellus 42.
. " C. earolinys . 1 }'“ . Tanypus stellatus . 44,12 118,60| " 5
N CClongulus longirostris: . T RN T. carinatus’ | a2
o Procambarus rapeyi . _ . / 1 + T. punctipennis ' . o 44,12
- P acutusacutus . - N - Tanypus L . 44,12
i <P paeninsulanus T -1 Psectrotanypus dyari 44,12 | 48
S SR spictlifer - . ‘- S L Psectrotanypus . ’ . 44
. Pwersumus - 7 . . IR 1 . Larsia lurida e
J. 1 . P pubescens e : - T A Clinotanypus caliginasus ‘ ‘44,12
ey :
R P.ditosternu e 1 Clinoanypus .| | : 4
Tt Poenoplostrnum . i, ’ I . Orthocladius obumbratus ' : 60
P. angystatus ,' AR 1 * Orthocladius o . 5,48 | 60,42,
"~ P.seminolae: - , 1 . . ) v . T . 44,12
’ P truculenril.'si ot 1. . Nanocladius - - 442
%, * P advenaf . 1y ¢ Psectroclgdius niger 42}
o, P pygmaeusi ¢ 1 P. julia /. : 42 )
R P: pubischelde R ‘ 1 Psectréeladius ‘ 4,44
© P barbatus - . : 1 - Metriocnemus lundbecki - ) )4
.. ¢ P_howellge - T 1 Cricotopus bicinctus ' 3.4,
” . P troglodytes . Ie ‘ _ 44,12
P. epicyrtus L 1) C. bicinctus group o 42
P. falax - ) Sl |, C. exilis . ‘ 441 12
P. chacei o . R . C. exilis group : : 42
P. lunzi S L 401 - C trifasciatus 44 | 12
. Orconectes. propmquus S Ve 42 | C. trifasciatus group . 42 .
- . O.rusticus -~ . 42 -+ - C. politus - . 44,12
. 0. Juvenilis o . ' 1 - C. tricinctus _ 44 12
O. erichyonianus - . 1 C. absurdus ) - i 118,44,
Faxonella cl)peam D 1 . . . 12
Insecta . .- : o . gricotopus 44
Diptera ) ' o . 4 Corynoneura taris 4
Chironomidac | ) \ o C. scutellata . . 44,12
Pentaneura inculta 60 | 3.4 . Corynoneura . i 5,42,
P.carneosz ' - - 60,44 60,12 : 12
. . P. flavifrons . s Thienemanniella xena 4,42
)4 mdanops N . 44,12 Thienemanniella 4,44
P.americana - o . 44,12 Trichocladius robacki ' . 34
Pentaneurg - - - 4244 Brillia par 4
Ablabesmyia janta . . 3.4, Daaresa nivoriunda : 18,42/
.t ol . T 42 ’ - . ' 4
' A.americana ©, - > ) 4860 | 5 Diarmnesa ‘ 0
v A. illinoense ’ 12 44 ' Prodiamesa olivacea L 12
A 'mdllo_chi . ,y : 1 42 4 Chironomus attenuatus group ) 5.4, . 44
" A. ornata S 4 . o 42,12
. A. aspera . 4 C. riparius 18,44,
A. peleensiss’ Y . 4 12
A. auriensis ' : I el 4 C. riparius group B 42
"A. rhamphe ' 42, C. tentans 12
Ablabesmypia - 42 C. tentans-plumosus . 60 o
" Proclat®us culiciformis - 60 [44,12 C. plumosus 48,18, 48,12
* . HRdenticulatus- . - 42 60
~ Procladius : 12 | 4,44, C. plumosus group : - 42
! Y . . 12 C. carus 4
Labrundiriia floridana . : 4 C. crassicaudatus -4 ,
L. pilosella : 42 C. stigmaterus s 4
L. virescens , . - 4 C. flavus > 60
Guttipelopia - i 42 C. equisitus = i : 60
Conchapelopia ' 42 . . C. fulvipilus - 4 h
Coelotanypus scapularis 42 C. anthracinus _ J2
C. concinnus - 42 |4860.| 44 C. paganus . 12
. . ; 44,12 C. staegeri ) 12
INot usually inhabitant of open.water; are burrowers ) ) '
© 27
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7~ “TABLE 7. (Contin(ded) _,
Macroi 7 ) P , ) :
acroinvertebrate T F 1 Mncromv\rtebmtc . T I |
Chironomus s }.60 * Claotanytdrsus ‘ 42
Kiefferullus dux 4 | 44,12 M:cra};sccmz dives .60 12
Cryptochironomus fulvus 34 44,12 M. deflecta _ 42
. C. fulvus group . 42 M. nigripula 44,12
» % C digitatus 48 12 Caloplectra gregarius 5 ;,
. C. sp. B (Joh) ] % . Calopsectra + —~_ 44,12
C. blarina | 42 112 - Slempelllnajoharlnserxl 44 12
C: psittacinus T 60 Culicidac 4 .
C. nais . 42 - Culex pipiens 18,44 )
Cryptochironomus 5 . Anopheles puncnpenms . 44.
. Chaetolabis atroviridis 12 Chaoboridae . ’ - “
C. ochreatus : 12 Chaoborus punctipennis  * 60,42 | 44
-+ Endochironomus nigricans 442 {44,12{| «+ Ceratopogonidae : 54 |- 42
- Stenochironomus maeateei 42,44 Palpomyia tibialis . - 60
S. hilaris 3.4 Palpomyia - . N ' 44,60
Stictochironomus devmctus 4,12 ‘Bezzia glabra f 44
S. varius . 44 Sulobezzuz antenalis Iy 44
Xenochironomus xenolabis 42. ulidae o -4 42
X. rogersi . . 42 | ula caloptera 44
X. scopula 44,12 T. abdominalis ~ «* . 44
Pseudochironomus r:chardson ' 44,12 Pseudolimnophila lute:penn is - 44
Pseudochironemus 12 Hexatoma, 44
Parachironomus abortivus group 42 Eriocera ! 60
P. pectinatellae 42 Psychodidac 4 .
Cryptotendipes emorsus 42 : Psychoda alternata . 44
Microtendipes pedellus ’ 44,120 - P. schizura : - 44
Microtendipes 12 Psychoda ) \‘ 142 :
Pagatendipes albimanus 44,12 Telmarfoscopus albipunctatus 60 .
Tribelos jucundus 12 Telmatoscopus - 44
T. fuscicornis 42 Simulidac * T 42| 44 | 54
Harnischia collator . 42 - Simulium vittatum 1844
H. tenuicaudata A4 S. venustrum . 44
Phaenopsectra , N 42 Simulium 3
y Dicrotendipes modestus 42 " Prosimulium johannseni . 44
~ot . D. neomodestus 44 14212 Cnephia pecuarum 44’
D. nervosus 42 12° Stratiomyiidac 4 -
D. incurvus 42 Stratiomys discalis 44 |7
D. fumidus . 42,12 §. meigeni 44 17 .
_ Glyptotendipes semlls 42 Odontomyia cincta ) 44
" G. paripes . 4 . 12 Tabanidac ' 4 I
" G. meridionalis 42 Tabanus atratus - 18°] 44
G. lobiferus V. . 48,4, / /\ 4,12 T. stygius 44
- 42 ’ T. benedictus 44
G..barbipes 42 T. giganteus . . 44
G. amplus B 2 T. lincola : 44 |
Glyptotendipes 12 T. variegatus : 44
Polypedilum halterale . 42 12 Tabanus 44
P. fallax 5,44, 4 Syrphidac 4
- 12 . S)irphus americanus 44
P. scalaenum 4 42 , Eristalis bastardi 18,44
P. illinoense 3.4, 44,12 E. aénaus 44
42,44 E. brousi 44
P. tritum 42 Eristalis 44 1 .
P. simulans ‘42 |~12 Empididac 42
P. nubeculosum 12 ‘Ephydridac
P. vibex 44 Brachydeutera argentata. 44 .
Polypedilum 4844 12 Anthomyiidac 42
Tanytarsus neoflavellus 44,12 18 Lepidoptera
T. gracilentus 12 Pyralididac . 5.4
&' T. dissimilis . 42 Trichoptera
Rheotanytarsus exiguus 5 3.4 Hydropsychidac-
Rheotanytarsus 42 - ‘Hydropsyche orris 42
r / . N
’ 28 -
s r
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TABLE 7. (Continued)
/ Al
Macroinvertebrate \} F I lMacroinvertebrate T F+ 1
H. bifida group / 42 4Caenidae :
H. simulans 42 Caenis diminuta 4 : .
H. frisoni Yloa2 Caenis » 42 | 48
H. incommoda 48 (5,34 Tricorythidae 42
Hydropsyche 54 ‘Siphlonuridae .
. Cheumatopsyche 5,18, Isonychia . - 42
,\, = - 34, Plecoptera 54
h o 42 Peilidae v
Macronemum carolina 53,4 Perlesta placida .18 3
Macronemym ¢ 42 - Acroneuria abnormcs 42
Potamyia flava 42 A. arida 42,
Psychomyiidae Nemouridae .
Psychomyia 42" Taeniopteryx.nivalis 42
Neureclipsis Lrepu:euhn:' 42 Allocapnia wwpana 18 |+
’ L s Polycentropus 42 {548, Perlodidae ' v
- 4 Isoperla bilineata 42.
Cyrnellus fraternus 42 Neuroptera *
* Oxyethira . 54 Sisyridae . o
Rhyacophilidac Climacia areolaris 42
. Rhyacophila 48 Megalopteza :
Hydroptilidae Corydalidae
Hydroptila waube:uma 42 Corydalis cornutus 42 5,34
Hydroptila 5,34 Sialidae .
Ochrotrichia 1 42 Sial{s infumata ’ 48
"Agraylea 42 Sial 42
Leptoceridae ™ : 48 Odonata
s Leptocella 54 | 42”7 Calopterygidae |
Athripsodes - 42 Hetaerina titia 4.
. Oecetis 54| Agrionidae )
Philopotamidae i, x drgia apicalis 42
Chlmal"a perigua - v 4, A..translata 42
. Chimarra | 5.4 Argia 3 . . 5,4
Brachycentridae Ischnura verticalis . 48 42
Brachycentrus 4 Enallagma antennatum 42 |
Molannidae - : 48 E. signatum ’ 42 48
Ephemictoptera : Acshnidae -
Heptagen ijglac . R Anax junius .48
. Stenoneima integrum 32,42 o - Gomphidae
3 S rubromaculatum : 32 Gomphus pallidus 5,34 .
S. fuscum 32 G. plagiatus * ‘ 38
- S pulchellum . 32 Y G. externus Py * 48
S.\ares 32 G. spiniceps * 42
'S. scitulum 42 G. vastus . 42
S. femoratum 1842 32 Gomphus . .\~ - 54,
‘o S. terminatum 7 42 Progomphus 5,4
S. interpunctaturp ( 32,42 * Drofmogomphus - 42
, .S..i. ohioense 32 Erpetogomphus ‘42
S. i. canadense . ' 32 Libellulidae e
S. i. heterotarsale 32 Libellula lydia’ 18
S. exiguum 5,34 - Neurocgrdulia moesta 42
S. smithae 5,3,4 Plathemis /-"' 42
Srproximum 3 . Macromia 5,42 4
- 8. tripunctatum’ 32 Hemiptera 4 I
Stenonema 3 32 Corixidae . 42
. Hexageniidae , Corixa . 18
\«  Hexagenia limbata 42 |y Hesperocorixa- ; 18
* H. bilineata "60 | 48 Al Gemidae .
Pentagenia vittgera ’4’2/ _ Gerris 18 .
Bactidae . * Belostomatidae !
Baetis vagans 42 Belostoma 18,3
Callibaetis ﬂondanu: Hydrometridae
, Callibaetis 8 Hydrometra martini 3
-7 N > ~ ’
29 v
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c _TABLE-7. (Continued)
. Macroinvertebrate T | “F <[ I [Macroinvertcbrate T F I
Coleo 4 P. gyrina 28
Em’ga 3 s . P. acuta - 28 28.
4 Stenelmis aénata : 18,50 P. fontinalis 28 28
S. sexlineata 42,50 | 18 P. anatina 28
S. decorata 50 P. halei 28
* ' Dubiraphia 42,50 P. cubensis 28
. Promoresia ) . 50 P. pumilia 3
/ Optioservus 50 o _Physa : . 5,4
/. acronychus glabratus 50 Aplexa hypnorum 28 | 28
. nacyronyx variegatus 50 Lymnaeidae : :
Microcylloepus pusillus . 50 Lymngea ovata - 28 .
« Gonielmis dietrichi s0°F L. peregra’ 4 : 28
Hydrophilidae : : L. caperata ] R 28
Berosus 42 , L. humilis 28
... Tropisternus natator 18 L. obrussa : 28 e
) " T lateralis 3 L. polustris’ : 28 | 28
T. dorsalis = 48 " L. auricularia 28.
Dytiscidae L. stagnalis 28 28
Laccophilus maculosus 18 L. 5. appressa , 28
+ Gyrinidae : N Lymnaea ‘ 4142
Gyrinus floridanys ’ i -3 Pseudosuccinea columella 2871
Dineutus americanus 18« Galba catascopium’ 28 |- »
, Dineutus " 42 Fossaria modicella 28
Mollusca ' s " Planorbidae . N "
. Gastropoda ‘ . : Planorbis carinatus’ .28
Mesogastropoda P. trivobvis 28
Valvatidae . P. panus 28,
'Valvata tricarinata - 28 48,28 P. corneus’ ' 28 | 28
‘ V. piscinalis 28 “P. marginatus - - - | 28
Sl V. bicarinata 48 Planorbis ' 1 28
V. b. var. normalis 48 Segmenting armigera . 28
Viviparidae . Helisoma anceps 28
»  Vivaparus contectoides, : 48 H* trivolvis ] 28
V. subpurpurea . ’ 48 Helisoma 3.4 :
' Campeloma integrum ‘ 28 Gyraulus arcticus 28
C. rufum . S| 28 Gyraulus [l 28
C. contectus .| 28 Ancylidae - .
C. fasciatus 28 " Ancylus lacustris - 28 | 28
C. decisum | 28 A fluviatilis 28 28 -
*  C subsolidum 48,28 Fergitsia fukca 28 .
Campeloma 60 F. te y 28 |
. Lioplax subcarinatus : 48 . B rularis 28
’ - Pleuroceridae 3y . " Ferrissia 5341 42
Pleurocera acuta 48,28 Bivalvia ’
© P elevatum . 28 ‘ Eulamellibranchia
P. e. lewisi ’ 28 ‘ Margaritiferidae = - '
Pleurocera 28 Margaritifera,margaritifera 28
¥ Goniobasis livescens’ ' | 48,28 Unionidae , X
© G virginica .28 Unio complanata o 28
Goniobasis 28 | 54 U. gibbosus . o 28 28 :
Anculosa 28 |- U. batavus »‘ ! Tl 28 .
Bulimidae ' U. pictorum 28
- Bulimus tentaculatus <28 : U. tumidus . 28 *
' Amnicola emarginata - 48 Lampsilis luteola ~ . .28
A. limosa - 48 i L. alata i 28
Somatogyrus subglobosys v 48- L. anadontoides / 28
Basommatophora d . -~ L.gracilis- . - .- » 48
Physidae . A4 L.parvus * ». - A 48
‘Physa integra 18,281 28 Lampsilis = .| 48,42
P_ heterostropha - 28 28 , Quadrula pustulosa 28,42
. 7T

§ Except riffle bcetlesy 4
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~+ TABLE7. (Continued)
R - § . . . . PR ) &
Macroinvertebrate T | ~F— | 1 [|Macroinvertebrate ) T | ¥ 1
'Q. undulata . " 28 | . S. s.var, lilycashense ~ * 48
Q. rubiginosa _ ® 28 . S. sulcatum + 4 28
D Q. lachrymosa ’ 28 ' S. stamineum 48,28 -
Y . Q. pliat 28 } S. moenanum’ 28 28
Truncilla donaciformis 48 , S vivicolum 28 28
T. elegans S 48 S. solidulum ‘ 28
Tritigonia tuberculata o 28 Sphaerium . 42
Symphynota costata T 28 ¢ *Musculium securis - 28
« , Strophitus edentulus _ 28 . .M. transversum | - 48,28 | 28
" Anodonta grandis 28,42 . M. truncatum 48 28
A. jmbecillis 48,28 .\ Musculium 60
A. mutabilis ’ 21 Pisidium abditum . 28 .
Alasmodonta costata 28 P. fossannum 28
Proptera alata 42 - P. pauperculum crys,ralense L - 48 28
Léptodea fragilis o |42 P. amnicum s ; 28| 28
Amblema undulata 28 ] - P."caserranum e s
Lasmigona complanata 28 | P. compressum - N 48 28 e
Obliquaria reflexa L : 60 P. fallax 28 :
Heterodonta . P.-henslorvanim 28,
Corbiculidae . AN J- P. idahoensis. 28 P
- Corbicula manilensis Sy 42 . P. complanatum . 48,28 48,28
eSphaeriidae e 54 :P. subtruncatum .28 .
- Sphaenum notatum v 28, Pisidium- - L 48
- 8. corneum i : 28 Dresisseniidae . : :
S. rhomboideum . . 28 Mytilopsis ‘Ieucophaeatus & |
S. striatinum - .28 . Mactridac - - . o
S. s. var. corpulentum ' . 48 . Rangia cuneata 2871 .
v : ) b4 ' . o . - .
. B ) L )
‘ @k
. \ ‘ o - ) ; '
/""_1.
: a7 ;
» ‘. I //
- '
. °. s » N
i
N Y .
o - -
s ~ . , ~ (
O i
/ "(
L2 l/
) -
l o . - Oy 0 , ':"".‘-
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1 0 INTRODUCTION

Jo the public, the condltlon of the fishery is
l}e ‘most meaningful index of water quality.
~ Flsh occupy the upper levels of the aquatic food
"+ web and are directly and indirectly affected by

chemlcal and physical changes in the environ-

"ment. Water quality conditions that significantiy
affect the lower levels of the food web will
affect the abunddnce, species composition, and
condition of the fish population. In.some cases,
however, the fish ar¢ more sensitive to the pol-
“#utant(s) than are the lower animals and plants;
they may be adversely affected even when the
“lower levels of the food web _are relatively
unharmed.
Many species of fish have stringent dissolyed

.'oxygen and temperature requirements and are

intolerant of chemical dnd physical contami-
nants resulting from agricultural, indus 15 and
mining operations. The discharge of erate
amounts of degradable organic wast¥§ may in-
crease the nutrient levels in the habitat and
result in an increase in the standing crop of fish.
-This mcrease however, usually occurs in only
one or a few species and results in an imBalance
in the p0pulat10n The effects of toxic wastes
may range from the elimination of all fish to a
.slight reduction in reproductive = capacity,

growth, or resistance to disease and paragltlsm'
Massive and complete fish kills are dramatic:

signs ,of abrupt, adverse, changes in environ-
mental\condmons Fish, however, can repopulate
an -area’ rapidly if the habitat is not destroyed,
and the cause of the kill may be difficult to
detect by examination of .the fish community
after it has recovered from the effects of the
pollutant Chronic poltution, on the other hand,
is more selective in its effects and exerts 1ts in-
fluence. over a long period of tlme and causes
. retognizablg changes in the spec1es composltlon
‘and relatlrl(cbundance of the fish.
The ptincipal “characteristics of .interest in
field studies of fish populations include: (1)
. species present, (2) relative and absolute abun-
dance of each species, (3) size dlstnbutlon (4)
growth rate, (5) condition, (6) success of-repro-
duction, (7).incidence of disease and parasitism,

-_vironmental problems; e.g.

and (8) 'palatability. Observations of fish
behavior can also be valuable in detecting en-
- ventilatioh rates,
position in the current, and erratic movemnient.
Fish may als§pbe collected. for use in laboratory
bioassays, for ¥gsue analyses to measure the con-
centrations of nitals and pesticides, and for .
histopathologic examination. : .
Fisheries data have some serious limitations.
Even if the species composition of the fish in a
specific area were known before and after the
discharge of pollutants, the real significance of
changes in the catch could not be properly
interpreted unless the life  histories of the
affected species were understood, especially the
spawning, seasonal migration, temperature
gradient -and stream-flpow responses, diurnal
movements, habitat -preferences, and activity
patterns. Without this knowledge, fish presence
or absence cannot, be correlated with water
quality. Of courxke any existing data on the .
water quality requirements of fish would be of
- great value in interpreting field data. "
Fisheries data have.-been.found useful in en-
forcement cases and in long-term water quality
monitoring (Tébo, 1965). Fishery surveys are
costly, however, and a careful and exhapustive
“search should be conducted for existing informa-
tion on the fisherles of the area in-question -
before initiating a field study. State and Federal
fishery agencies and universities are potential
_sources of information which, if available, may
save time and expense. Most states requxre a col-
lecting perrmt and the state fishery agency must
usually be contacted before fish can be taken in -

" a field study. If data are not available and a figld,

study. must be conducted other Federal and
State agencies will often join the survey and
pool their resources because they have an
interest in the data and have found that a joint
effort.is more economical and efficient.

20 SAMPLE COLLECTION

.

2.1 General Considerations

Fish can be collected actively or passwely X

Active 'sampling methods -include the -use of

seines, trawls, electrofishing, chemicals, and
) ¥
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_hook and line. Passive methods involve entangle-
ment (gill nets and *trammel nets) and catrap-

X

. .
Pissive LOllLLthll methods are very -selective
“and do not bbtain repregentative samplcs of the

ment (hoop nets, traps, etc’) devices. The ghtef_ total population. Active methods/are less sclec-

limitations in obtaining qualitative and quantita-
tive data on a fish population arc gear sckutivity
. and the mobility and rapid recruitment of the
fish. Gear sclectivity refers to the greater success
of a particular type of gear in collecting certain
species, or sizes of fish, or both. All sampling
- pear is sclective to some extent. Two factors that
affect gear selectivity arc: (1) the habitat or
portion of.habitat (niches) sampled and (2) the
actual-efficiency of the gear. A further probﬂm
is that the cfficiency of gear for a particular
species in one arca docs not necessarily apply to
the same species in another arca. Even if non-
selective gear could be developed, the problem
of adequately samplipg. an arca is difficult
because of” the ‘nonrandom distribution of fish
populations. Co '

Temporal changes. ifi the relative dbundz;gz of

__are generally preferred.

tive and more cffitient, but usually require more

equipment and manpower. Although the choice

of methgd depends on the objectives of the
- particular fishery investigation, actlve methodsl
2.2 Active Sampling Techniques .

r

2 2. 1) Semcs

A haul scine is.essentially a strip ‘of strong
tting hung between a stout cork or float line at
the top and a strong, heavily-weighted lead line

- at the bottom (Figure 1). The wings of the net

a single specics ¢an be assessed under a giyCn set .
of conditions if that species is readily taken with

a particular kind of gear, but the data.are not
likely to reflect the true abundance of the
species occurring in nature. .

-

4 ‘ Figure 1.

»1

1

~ ) * .
The common haul seine. (FFrom Dumont and Sundstroms 1961.)
Dy < ) ;

¢

2
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arc often of -larger mesh: than the middle
portion, and the wings may taper so that they
are shallower on the ends. The center portion of

-the net may be formed into a%ag to aid in con-
fining the fish. At the ends o

' _the wings, the
cork and lead lincs are often fastened to a short_
stout pole or brail. The hauling lines are then
attached to the top and bottom of the brall by a
short bridle.




.

depth of the water to be sampled.

s

Decpwater scining usually requires a boat.
Onc end of one of the hauling lines is anchored
on shore and the boat pays out the line until it
reaches the end. The boat then changes direction
and lays out the net parallel to the beach. When
all of the net is m the water, the boat brings the
end of the second hauling line ashore. The net is
then beached rapidly. .

The straight scines (without bags), such as the
common-schse minnow | seings, can usually be
handled quite casily by two people. The method
of paying out. the seinc and bringing it in is
similar to the haul scine, except the straight
scine is generally used in shallow water where
onc member of the party can wadc ottshore
wtth lincs.

Bu&, and “straight scines vary consndcrubly in
dimensions and mesh size. The length varics

from 3 to 70 meters, and mesh size and net

width vary with the size of the fish and the

Nylon scines are recommended becin

treated with a fungicide to prevent dec y.
Seining is not cffective in deep water because

the fish can escape over the floats and under the

lcad line. Nor is it cffective in arcas that have
snags and sunken dcebris. Although the results
arc expressed as number of fish captured. per

unit arca scined, quantitative seining is very -

difficult. The method is more uscful in deter-

mining ‘the varicty rather than the number-of - -

fiShinhubiting the water..
2.2.2. Trawls -.

Trawls-are specialized submarine scines uscd
in large, open-water areas of reservoirs, lakus

large rivers, estuarics, and in the occans. They

may ‘be of -cotisiderable size and arc towed by
boats at speeds sufficient to overtake and en-
close the fish. Three basic types are: (l) Ehu
bcam trawl used to capture bottom ftish. (Flgure

s , (2) the otter trawl used to ciptufc near-
bottom and bottom fish (Figure 3), and (3).the

) mld water trawl used to collect schoolm&, tlsh at

Ctrawls ‘have vanes or

~various dgpths.

.The' buam trawls have a rigid opening and are
difficult to operate from a small boat. Otter
“otter boards,”

\' ‘.1

se of the
case' of maintenance. Cotton scines sifould be

whichare ’

3
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attached to the forward end of each wing and
are used to keep the mouth of the net open
‘while it is being towed. The otter boards are’
approximately rectangular and usually made of
wood, with steel strapping. The lower edge is -
shod with a stecl runner to protect the wood
when the otter slides along the bottom. The
lcading edge of the otter. is rounded near the
bottom to aid in ndmg over obstructions. ~_.

The towmg- bridle or warp:is attached to the.

“board by four heavy chains or short heavy metal

rods. The two forward rods are shorter so that,

- when towed, the ‘board sheers to the outside and -
down. Thus, the two otters sheer in”oppositg.-
‘dircctions and keep the mouth of the trawl open

and on the bottom. Floats or corks along the.
headrope keep the net from sagging, and the
weights on the lead-line keep the net on the
bottom. The cntrapped fish are funneled back
into the bag of the trawl (cod end).

A popular small trawl consists of a 16- to
20-foot (5- to 6-m) headrope, semiballoon
modified Shnmp (otter) trawl with 3/4-inch (1.9
¢m) bar mesh in the wings and cod end. A 1/4-
incli*(0.6 cm) bar mesh liner may pe installed in
the cod end if smaller fish are desired. This small
trawl uscs otter boards, the dimensions of which,
in inches, are approximately 24 to 30 {61 to
76 cm) X 12 to 18(36/mo46 cm) X 3/4to 1-1/4
inches (0.9 to 3.2 cm), and the trawl can be
operated out of a mediuni-sized boat.

The mldwd&_:r trawl resembles an otter trawl,
with modified boards and vanes for controlling
the trawling depth’ Such trawls are cumbersome
for freshwater and inshore areas.

Trawling data are usually expressed in welght
of catch per unit of tlme

The use of trawls requnres experienced person-
ncl. Boats deploying large trawls must be
cquipped with power winchés and large motors.

~Also, trawls can not be used effectivély if the

bottom. is lrregular or harbors snags or other
debris. Trawls are best used to gain information
on a particular species of tish "ratkler than to esti- -
mate thé overall fish population. See Rounscfell

and Everhart '(1953), Massman, Ladd and

McCutcheon (1952) "and Trent (1967) for .
further information on trawls.

- v
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Fig.ure 2. The beam trawl. (Fr
o

Dumant and Sundstrom, 196 1)

. Figure 3. The otter trawl. (From Dumont and Sundstrom, 1961.)
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2 2.3 Electrojzshmg

_Electrofishing is a samplmg method in which
" alternating (AC) or direct (DC) electrical current
is applied to water that has a resistance different
from that of fish. The differencgin the resist-
ance of the water and the fish to pulsating DC
stimulates the swimming muscles for short
periods of time, causing the fish to orient
towards and be attracted to the positive elec-
trode. An electrical field of sufficient potential
to immobilize the fish is present near the posi-
tive electrode.

The electrofishirg umt may cons1st of a
110-volt, 60-cycle, heavy-duty generator, an

‘electrical control “section consisting of a
- modificd,
~ pulsator, and electrodes. The e\lcctrical control

commercially-sold, variable-voltage
section permits the selection of any AC voltage
between 50 to 700 and any DC voltage between
25 to 350 and permits control of the size of the
electrical field required . by various types of
water. The alternating currént’serves as a stand-

-~ by for the. direct current and is used in cases of
.extremely low water resistance. '

Decisions on the use of AC, DC, pulsed DC, or
alternate polarity forms of electricity and the
selection of the- electrode shape,
spacing, amount of voltage, and proper €quip-
ment depend on the resistance, temperature, and

‘total dissolved solids of the water. Light-weight.
.conductivity meters are recommended for field

use. Lennon-(1959) provides a comprehensive

table and describes the system or combination

of systems that worked best for him.

Rollefson (1958, 1961) thoroughly tested andv
. evaluated AC, DC, and pulsating DC, and dis-

cusseq basic electrofishing principles, wave
forms, voltage — current relationships, electrode
types and designs, and differences between AC

and DC and their effects in hard and soft waters.’

He concluded that pulsating DC was best in

‘terms of power economy and fishing ability
" when correctly used. Haskell and Adelman

"(1955) found that slowly pulsating DC worked
best in leading \tlsh to the anode. Pratt (1951)

also found the DC shocker to be more effcctlve '

than the AC shocker. -,

Fisher, €1950) found that brackish water re-
quires much more power” (amps) than freshs

electrode .
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. water, even though the voltage drops may be »

identical. Seehorn (1968) recommended the yse
of an electrolyte (salt blocks) when sampling in
some soft waters to produce a large enough field
with the electric; shocker. © Frankenberger
(196(&1 Larimore, Duriam and Bennett (1950)
and tta "and Meyers (1961) have excellent
papers on boat shockers. Frankenberger and
Latta and Meyers used a - DC shocker and Lari*-
more et al. an AC shocker. Stubbs
used DC or pulsed DC, and@s his (aluminuj
boat wired as the negative pole. In his paper, he

also shows the design and gives safety pre- _

cautions that emphasize the use%: treadle
switch or ‘“deadman- switch” in cas¢®a worker
falls overboard.

Backpack shockers that are, quite useful for

small, wadeable streams have been described by

Blair (1958) and McCrimmon and Berst (1963),

~as has a backpack shocker for use by one man

(Seehorn,
grams:for wiring and parfs needed. .

There are descriptions of electric trawls (AC)
(Haskell, Geduliz, and ‘Sholk, 1955, and Loeg,
1955); electric seines (Funk, 1947; Holton,
1954; and Larimore, 1961); and a fly-rod elec-
trofishing device employing alternating polarlty
current (Lennon :1961).

The user must decide which destg,n is most
adaptable to his p)lcular needs. . Before
deciding which design”to use, the biologist
should -carefully feview the literature. The crew
should wear rubber boots and e'lectrlclan S gloves
and adhere strictly to safety précautions. -~

Night sampL‘
effective than- day samplmg Break® sampling .
efforts into -time units so that umt effort data

~are avallable for. comparlson purposes. _

2.2 4 Chemzcal fishing )

Chemlcals ‘used in flSh samplmg lnclude
rotenone, toxaphene, cresol copper sulfate and -
sodium eyanide. Rotenone has generally been
the most acceptable because of its high degrad- .
dblllty, freedom from such problems as precipi-
tation (as with copper sulfate) and persistant
toxicity (as with toxaphene); and relative safety
for the user, S ) .

Rotenone, obtained from the derris root "
(Deguelia elliptica, East Indies) and cupe root-

1968) Most of these papers glve d1a- .

g was found to be much’ more o
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‘(Lonchocarpus nicour, South America), has
been used extensively i fisheries work through-.
out the United Statesiand Carada since 1934
(Krumholz, 1948). Although toxic to man and .
warm-blooded animals (132 mg/kg)," rotenone -
has not been cons‘ade’red hazardous in the con-
" centrations used for fish eradication (0.025 to
0.050 ppm active ingredient). (Hooper, 1960),
and has bcen employed in waters used for
“ bathing-and in some instances in drlnkmg water
supplies (Cohen et al., 1960, 1961). Adding acti-
vated j carbon not only effectively removes
. rotenone, but it also removes the solvents,
- odors; and emulsifigss present in all comiercial
rotenone formulatron

Rotenone obtame as an emulsron eontarnmg
approxrmately 5 percent active ingredient, is-
- recommended because of tlfe case of handling. It

' _is a relatively fist-acting tokicant. In most cases,
the fish will die within 1 fo 2 jagurs after expo-
sure. Rotenone decomposes rapidly in most
lakes and ponds -and is QUu,kly dispersed in
streams. At summer water temperatures,
toxicity lasts 24 hours or less. Detoxrﬁcatnon is

.. brought about by five principal’ factors: dis-

- solved oxygen light, alkalinity, heat, and turbid-
ity. Of these, light a‘?ld oxygen.are the most im-
‘portant, t”actors :

Although the toxicity threshold for rotenone
ditfers slighly amorig fish species, it has not becen
. _w’idely uscd -as a selective toxicant. It has, how-
- ever, been used at a con ntration of 0.1 ppm of
- the 5 percent emulsxon o co‘n}r/@l the glzzard
: ‘shad (Bowers, 1955)u S

Chemical samplmg is usually employed on a
spot basis, €.g. a short reach of river or an em-
. bayment of a lake. A concentrationof 0.5 ppm
active ingredient will provide good recovery of *
most species df fish in acidic or.slightly alkaline -
waters. If bullheads and carp are suspected of
being present however, a concentration of 0.7
ppm active ingredient is recommended. If the
water is turbid and strongly alkaline, and resist-
anj species (i.c., carp amt| bullheads) are present,
us¢ 1-2 ppm, To -obtain da rapid kill, local con-
centrations of 2 ppm can be used; however, cau-
" tion is advxs.ed because rotenong dispersed into
peripheral water areas may kill ﬁsl:ras long gs the
concentratron is above 0 1 ppm.

;_3'_' T 6
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A very efficient method of applying emulsion

products is to pump<the emulsion from a drum
niounted in the bottorn of a boat. The emulsion

is suctioned by a venturi pump (Amundsga Qoat .-

bailer) clamped on the outWDard motér. The
flow can be metefed by a valve at the drum hose
connection, This method gives good dispersion
of the chemical and greater boat handling safety,
since the heavy drum can be mounted in the
bottom of a boat rather than’ above the gun-
wales, as required for gravity flow. ya- 44

Spra ying equipment needed ‘to apply. a
rotenone emulsion efficiently varies according to
the size of the job. For small areas of not more
than a few acres, a portable harid pump ordinar-

“ily used for-garden spraying or fire fighting is

sufficient. The same size pump is also ideal for
sampling the population of 4 small area.
A power-8riven pump is recommended for a

"large -scale or long-term sampling program. A

detailed description of spraying equipment can
be found in Mackenthun and Ingram (1967).

liters per minute. Generally speakmg,
P. engine is adequate.

The power application of rotenone emulsives
requires a pressure nozzle, or a sprdy boom, or

than 2

-both, and sufficient plumbing and hose to con-

nect with the pump. The suction, line of the

+ pump should be split by a “Y” to attach two

intake lines. Ore -line is #sed to supply the
toxicant~from the drum, and the other line, to
supply water from the lake or embayment. The
valves are adjusted so the water and toxicant are
drawn into the pumpmg system in the deslred
proportion-and mixed.

In sampling a stream select a 30- to 100,
meter reach depending on the depth and, width
of the stream; measure the depth of the section
selectetl, calculate the area, and determine the

The cz:?z)l(nty of the pump need not be greater ..
0

amount of chemital required. Block off the area.

upstream and downstream with seines. To
detoxify the areg’downstream from the rote-

: none, use potas um permanganate Care must

be exercised, however, because potassium

‘ permanganate is toxic to fish at about 3 ppm.

2.2.5. Hook and line -

Fish. collection by hook’ and line can be as
simple as usmg a hand-held rod or trollmg baited

o
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hooks or other lures, or it may take the form of

long_tret linés or set lines with many baited

-hooks. Generally speaking, the hook and line

‘method is not. acceptable for conducting a

fishery survey, because it is too highly selective -
in the size and species captured and the-catch

-per -unit -of effort is too low.gflthough it can
only be used as asupporfing technique, it may
be the best method to obtain a few adult speci:
mens for heavy metal analysis, etc., where
sampling wrth.otherr,gear is impossible.

2.3 Passive Sampling Techniques - = .

2.3.1 Entanglement éets ' 5
Gill and trammel tets are used. extensively to
sample fish populations“iaestuaries lakes, reser-

voirs, and larger rivers
A gill net is usually set as an upright fence of

N

netting and has_a uniform meshy size. Fish-
attempt to swim th ough the net anj are caught
in the mesh (Figure #). Because the/size of the

mesh determines the - species ang-size of the fish

"to be caught?gill netsare considered selective.

The most versatile type is an expenmental gill
net cons1st1ng of five different mesh size sec-
trons Glll nets can be set at the surface, in mid-
gter or at the bottom and they can be
erated as“stati or movable gear. Gill nets
-made  of multlfrlament or monofilament nylon
are recommended. Multifilament nets cost less

" and are easicr to use, but monofilament: nets

" generally capture more fish.“The floats and leads

usually supphed with the nets can cause net en-

tanglement. To reduce this problem, replace the
individual floats with a float line made with a
core of- expanded foam and use a lead-core
leadline .instead of individual lead weights.

The trammel net (Figure 5) has a layer of
large mesh netting on each sidc of looscly-hung,
smaller gill netting. Small fish are captured in
the ®ill' netting and’ large fish are captur¢d in a

_“bag” of the gillknetting that is formed as the

-

.
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Stationary gill and tramme{’ 11er are fished at
right angles to suspected fish movements.and at
any depth from the surface to the bottom. They
may be held in.place by poles or anchors. The
anchoring, method must hold the net in position
against any unexpected water movements such
as, runoff, tides, or seiches.-
~ Drifting gill or trammc¢l nets are ‘also, set and
fished the same as stationary gear, except that
they -aré not held in placé but are allowed to
drift with the currénts. This method requires
constant surveillance when fishing. They are
generally set for a short period of timé, and if
currents are too great, statlonary gear is used

The use of' gill nets in the estuaries ‘may
present special ‘problems,
should be given to tidal currents, predation, and
optimum fishing time, and to anchors; floats,
and line. :

The gunnels of any boat used in a net ﬁshmg’

operation should be frec ofnve\ts\(ﬂ:ats ‘etc.,on -

which the net can ‘catch.

o

2.3.2 Entrapwment devices '

~

and consideration

With entrapmént devices, the fish enter an en- *
closed area (which may be baited) through a -

series of “one or more funnels and cannot escape.
"% The hoop netiand trap net are the most corh-

mon types of entrapment devices used in fishery

surveys. These traps are small enough to be de-~

ployed from a small open boat and are relatively

simple to set.

enouglh to cover the nets, or to a depth upat,p 4
meters.” , :

The hoop net (Flgure 6) is cd\{ructed by
covering hoops or frames with netting. It has
one or more internal funnels and does not have

~wings or a lead. The first two sections can be
. made square to prevént the net from rollmg in

" the currents.

smaller-mesh gill netting is pushed through an

opening in the larger-mesh netting. Trammel
nets arc not used as extensively as are gill nets

~in sampling fish. .
Resylts for both nets are expressed as the

numbe} or weight of fish tal\en per length of net

per day

The fyke net (Figure 7) is a hoop net with

- wings, or a lead, or both attached to the first:

frame. The second and third frames can each
fiold funnel throats, which prevent fish fronr

“escaping as they ernter each sectypon. The oppoi

site (closed) end of the net may be tied with a
slip ‘cord to facilitate fish removal.

a

They - are held in  place with,
anchors or poles and are used in water deep.

L%
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. Hoop nets are fished in rivers and other waters
where . fish move in predrctable directions,
whereas the fykg net”is uséd when fish move-
ment is more random such as in lakes, impound-
ments, and estuaries. Hoop and fyke hets can be
'obtained with hoops from 2 to 6 feet (0.6 to 1.8
meters) in diameter, but any net over 4 feet (1.2

meters) in diameter is too large to be used ina

fishery survey.

Trap néts use the same- pnncrple as hoop nets
for capturing fish, but their construction is more
complex. Floats and weights instead of hoops
give the net its shape. The devices are expensive,
'reqmre considerable experience, and are fished
in waters deep enough to cover them.

One of the most simple types is the minnow

-trap, usually rnade of wire mesh or glass, with a
. single inverted funnel. The bait is suspended ina ..

porous bag. A modification’ of this_type-is the
slat trap; this employs long wooden slats in a
cylindrical trap, and when baited with cheese
bait, cottonseed cake, etc., it is used, very suc-
‘cessfully in samglmg catﬁsh in large rivers
(Figure 8).

Most fish can be sampled by setting trap and
“hoop nets of varying mesh sizes.in a variety:of |

o

" isopropyl alcohol.

‘habitdfs. Hoo and trap nets are made of cotton-

or nylon, but nets made of nylon have a longer
life and are-lighter when. wet. Protect cotton -
nets fromy decay by treatment Catch is;recorded
as numbeérs or weight per. 3mt of effort, usually.
fish pern t day

3.0 SAMPLE PRESERVATION

Preserve fish in the field in 10 percent forma-
lin. Add-3 grams borax and 50 ml glycerin per
lithedof formalin. Specimens larger than 7.5 cm
should be slit-on the side at least one-third of.

. the, léfgth of the lwdy cavity to permit the
- preservative to bathe the internal*ergans. Slit the

fishy oh the right side, because the left side ‘is™
generally used for measurements, scale samphng,

and photographic records. -

Fixation may take from a few hours with _
small speciméns to a week or more with large o
forms. After fixation, the fish may be washed in
running water or by several changes of water for
at least 24 hours and placed in 40 percent
‘One change of alcohol is
necessary to-remove the last traces of formalin,
Thereafter, they may be permanently preserved
in the 40 percent isopropyl alcohol.

Y
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4.1 Data Reoordmg

The sample records should mclude collectron
numberf‘name of water body; date, localrty, and
v‘other pertinent information associated with the
" sample. Make adequate field notes for each, col-
_ lection. 'Wrif® with water-proof ink and paper to
ensure a permanent record. Place the label inside

"the container :with the specimens and have the

label bear the same number or designation as the
field notes, including the locality, date, and col-
lector’s name. Place a numbered tag on the out-
side of the container to make it easier to find a

particular collection. Place any detailed observa-

“tions about a collection on the fietd data sheet.

Record fishery catch data in standard units such
"as number or weight per area or unit of effort.
Use tlie metric system ‘for length and ,werght
measurements.

4.2 - Identification  ~ -

Proper identification of fishes to species is im-
portant in analysis of the data for-water quality
interpretation."A list of regional and national
references for fish identification is located at the

end of this chapter. Assistance in confirming

questionable identification is avarlable from
State, Federal and university ﬁshery scientists.

4.3 Age Growth and Conditiont

Ghanges in water qualrty can be deteeted by -.

. of fishes. Basic
the age and growth

; ! -studymg the growth 1a
methods used to deter
" of fish’ mclude. P -

e Study of fi length-freduencles, and
® Study of sea nal ring formations in hard
bony parts such as scales and bones

The lengt/h-frequency method of age deter-

mipation depends on the fact that fish size varies .

with, age. When the number of fish per length
interval 1;/ plotted on graph paper, peaks gen-
erally appear- for each age group. This method

works best for young fish.

‘The séasonal ring-formation method depends -

on_the ffact that fish are cold-blooded animals
.and the rates of their body protesses are affected

\ -

&~
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by the temperature of the water in which they

-live. Growth-is rapid during the warm season and "

. slows greatly or stops in wintef. This-seasonal
change in growth rate of fishes is often reflected . -
"in zones or bands (annual rings) in hard bony
structures, such as scales, ‘otoliths (ear stone),
and vertebrae. The scales of fish may indicate

exposure to adverse conditions such as injury, . .

poor food supply, drsease, and possrbly water
quality.

- Note the general well bemg of the fish — do
they appeg/ emaciated? diseased from fungus?
have open”sores, ulcers, or fin rot? parasitized?

Check the gill condition, also. Healthy fish will = -

be active when handled, reasonably plump,*and

. not diseased. Dissect a few specimens and check
the internal organs for disease or parasites. The
stomachs can be checked at thrs time to deter-
mine 1&e fish are actlver feedrng

© 5.0 SPECIAL TECHN IQUES

5.1 Flesh Tamtmg

Sublethal congcentratrons of chemrcals such as
phenols, benzene, oil, and 2,4-D, are often re- .

sponsible for imparting an unpleasant taste to - '

fish flesh, even when present in very low concen-
trations. Flesh tainting is nearly as detrimental
to thé fisheries as a complete kill. -

A method has. been developed (Thomas, j"'

1969) in which untainted fish are placed in cages
‘upstfeam and. downstream from suspected waste

/sourées ‘This procedure will successfully relate‘
the unacceptable flavor: produced in native ﬁsh':‘.’ '

if exposed to a particular waste source. A

To ensure uniform taste.quality before expo—"’
sure, all fish are held in pollution-free water for

a 10-day period. After this period, a minimum -

of three fish are cleaned and frozen with dry ice

as-control fish. Test fish are K transferred to

the test sites, and a minimum of ¥iree ﬁsh are’
placed in each portable cage. The cages are sus-

pended at a depth of 0.6 meter or 48 to .96

hours. : ,

After exposure, the fish are dressed frozen on’
dry ice, and stored to 0°F until tested. The con-

trol and e')fed samples are shipped to a fish-

/ tastlng panel, such as-is available' at the food

science and chnology departments in many of

og :
'L) R . A
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_sulting from organrc pollution.

s h
2 N

"t'he\rnajor universities, and treated as\follqws: (@
The fish are washed, wrapped'in aluminum foil,

placeq on slotted, brorler-type pans; and cooked
in-a gas gven at 400°F for -23 to ‘45 minutes

) dependrng on the size of the fish. (b) Each

sample is boned and the flesh is flaked and
mixed to ensure a.uniform sample. '(c) The

. samples are served in coded cups to -judges.

Known and coded references or control samples

. are included irr each test. The judges score the
_ flavor and desirability of each sample ona poﬁ?t

scale. The tasting agéncy will establish a point
on the scalc deslgnated as the acceptable and
desrrable level. }

5.2 Fish Kill lnvestigaﬁons '

 Fish mortalities result from a variety of

"cﬁuses, some natural and some man-induced.
(Natural fish kills are caused by phenomena such

[

result of a heated water discharge, will often

‘result in fish kills. Long periods of very warm

dry weather may raise water temperatures above
lethal levels for partrcular species. A wind-
1nduced seiche may be’ hazardoys to certain ~
temperature=sensitive, deep-lake, cold-water fish,’

or fish of shallow coastal waters. . f\'\ms' o
D1sease -a dense infestation of parasi or

natural death of weakened fish at spawning time
must always be suspected as contributory

| factors in fish mortalities.

as-acute temperature change, storms, ice and»
snow cover, decomposition of natural organic

materials, salinity changes, spawning mortali-
ties, and bacterial, parasitic, and viral epidemics.
Man-induced fish kills may bE?attributed to
municipal_or industrial wastes\agricult'ural
activities, and water manlpulatrons ~ ter kills
occur in northern areas where ice o1 }b&l.]%zv_
lakes and ponds becomes -covered with snow,
and the resulting opaqueness stops photo-
synthesis. "The algae and vascular plants die
because of insufficient light, and their decompo-

‘sition results i in oxygen depletion. Oxygen deple-

tion and extreme’ ‘pH varratlon can be caused

hrghe_r plants' during summer months-in very
warm weather. Kills resultin ,.frogl such causes
are often associated with aseties of cloudy days
that follow a period of hot, dry, surnny.days.
Occasionally " fish may_ 'be killed by toxins
released from. certain species of living or de-
caying algae that reached high populafion

. _also by theé respiration or decay of algae and"

Explosions, abrupt water level ﬂuctuatrons,

bumcages, extreme turbidity .or siltation, dis- -

sharges of toxic chemicals, certain insecticides,

algicides, and herbicides may eac‘h cause ﬁsh

kills. -
R cent 1nvest1gat10ns in Tennessee have

shown that the leakng of smali: amounts of very .
toxic chemicals from spent pest1c1de-Conta1n1ng"{'
-piers and diving raftsin

barrels used as floats f
lakes and reservous can produce extens1ve fish
kills. . .

Fish die of old -age, but the number so. af-
flicted at any one time is usually small.

All possrble speed must be exercised in con-..

ducting-the initial phases of any fish kill investi-
gation’ because fish disintegrate rapidly -in hot
-weather and the cause of-death-may disappear or
become unidentifiable within minutes. Success

#n solving a fish kill problem is usually related to
- the speed with which investigators can arrive

the scené after a fish kﬂl begins. The speed

through the training: gf qualified- personnel who
will repott 1mmed1ately the locatipn of observed
kills, the time that ‘the kill was first-observed,

--the general kinds-of organisms affected, an esti-

mate of the number of dead fish invelved, and
any unusual phenomena associated with the kill.
Because there is always.the possibility of legal

-Hability assgciated 'with a fish “kill, lawyers,

densities because’ of ‘the increased fertrhty\,ea ‘

s

Temperature ch}mges, erther natural or the

C e
L

. ’ J

judges, and juries may scrutinize the investiga-
tion report. The investigation, therefore, must

be made with _great care.
et X ‘
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i
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response in' the initial, 1nvest1gat10n is enhanced"
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© " BIOASSAY

B : - . T
10 GENERAL COﬁDERATIONS - ‘® The 48 and 96- hour LC50 values are
1 ' presently important for determining com-
: The term BIOASSAY _includes any test in - pliance with water quality standards as
which organisms are used to detect or measure established by ‘various pollution control
‘the presence or effect of one or.more substances . authorities. Short-term threshold . infor-
or condrtrons The organism responses measured mation- can Be derived by -reporting LC50 -
in these tesfs include: mortality, -growth rate,, values at ‘24-hour intervals to dejponstrate
~ standing crop (biomass), reproduction, stimu- = .  the shape of the toxicity curve. L
Jation ‘or Ainhibition | of‘*‘metabolrc or ‘enzyme .
systems, changes in behavior, histopathology; ° Reports of LC50’s should state the method
and. flesh tainting (in shellfish and fish: The '  of ¢alculation used and the statlstlcal con- -
“ultimate purpose' of bioassays is to predict the ﬁdence limits when poss1ble e
response of native populations of aquatic organ- ) ' '
isms to specific changes within the natural ® Rubber or plastic materials shouId be used
environment. Whenever possible, therefore testse in bioassay equipment only after consider-
should be carried out with species that are native ation has been given to the possibility of
(indigenous) to the receiving water used as the the leaching of substances such as plas-
'diluent for the broassay Bioassays are important q ticizers or sorption of toxicants. i
because in most cases the success of a water o
pollution control ‘program must be judged in~ ® Test ;materials should be admmrstew;ed in
terms of the effects of water quality on the con- such a way that their physical and c¢hemical
+ dition of the mdrgenous communities ofaquatrc : behavror approximates that 'in natural
organisms. . Also, in many cases, bioassays are " systems. '

* more sensitive than chemical analyses

Two general kmds of bloassays are . recog-
nized:

- Biological tests can be conducted in any kind

of water with proper pr tions, and although

_ S, , - _ most tests hayve been €onducted in freshwater,
. ® laboratory tests conducted to determine the  the same general principles apply :to brackish
effectsof a substance on a species; more or  and %alt waters. The literature contains a great
less arbitrary conditions are employed; *  many formulations for artificiat seawater. Of
® in situ. tests conducted ‘to determine the - the}e&,ua modification. of the Kester et al. (1967)
effects of a specific. natural environment; . formulation (EaRoche et al., 1970; Zaroogian et
the test organisms are held in ‘‘containers”  al,, 1969) seems to support the greatest variety
through which the water circulates freely.  of marine organisms. When metal-containing
L M wastes are to be bioassayed, omitting EDTA and
controlling trace metals, as described by Davey

~ et al. (1970), is recommended. -. - {

.

a

The al principles and methods of con- -

S Mano o e s ooty UAe  sandard toxiant and o parale fres
and Waste Water, l&MlQﬂ) . i1y a’ standard medium is recorrrmended tQ help
apply to fmost bioassays, and the described  4S\¢ss variations due to experimental technique

- methods can be used with many types of aquati the condition of the organisms. Such tests

arg also useful in distinguishing effects due to an

organisms with only, slight modification.

e following 'are' suggested improvements to tered Character of the effluent from changes
the methods given in Standard Methods, 13th  in the sensitivity of the organism, or from
edrtron (APHA, 1971). v /a ges in the quality of the receiving water. /

o F , N B




BIOLOGICAL METHODS

. o . _
When making waste management decisions, it
isrimportant to consider and tentat1Vely define

the pérsistence of a pollutant. Materials that -

have half lives less than 48 hours can be termed
,as rapidly decaying compounds; those: with half
‘lives greater than 48 hours, but. less than 6
months, as slowly - decaying; and those com-

pounds in natural waters with “half lives longer-
~ than 6 months, as long-lived persrstent materials.

, Bio: assays can be conducted over almost any
*  intefval of time, but the test duration must be
propriate to the life stage or life cycle of the

.»7~ test organisms and the objectives of the investi-

" ‘gation. The purpose of short-term tests, such as

acute mortality tests, is to determine toxicant

" concentrations lethal to a given fraction (usually
50 percent) of the organisms during a short
period of their life cycle. Acute mortality tests
with fish generally last about 4-to 7 days. Most
toxicants, however, cause adverse effects at
levels below those that cause mortality. To meet
this need, long-term (chronic) tests are designed
to expose test organisms to the toxicant over
their entire life cycle and measure-the effects of
. "the toxicant on survival, growth, and reproduc-
tion. Sometimes only a portion of the life cycle
“is tested, such as studies, involving growth or

emergence of aquatic insects® With fish, such -

tests usually last for 30, 60, or 90 days and are
~often termed subacute -

Laboratory broassays may be conducted on a
.“statrc” or “continuous flow’’ basis. The specrﬁc
‘needs of the investigator and available test facil-

ities determine which technrqueshould be used.

. The advantages and applications ch have
been descnbed in ‘Standard: Methods, "(APHA,

. _1971) and. by the’ Natlonal ‘Technical Advisory.
Committee (1968).‘; Generally, the: continuous- .

., flow techmque"should be ‘used where possible.
Apparatus advantageous for conductrng flow-
through. tests includes diluters: (Mount and
Warner, 1965’ Mount and Brungs, 1967), valve
controlling systems (Jackson and Brungs, 1966)
and chemical metering pumps (Symons, 1963).

The biological effects of many industrial
wastes are best evaluated in the field; trans-
porting large volumes of industrial wastes to a
laboratory for bioassay purposes can be i imprac-

tical. Testing facilities are best located at the site '

- main tain-continuous survelllance with the u

of the waste ‘discharge. A bioassay :trailer
(Zillich, 1969) has proven useful for this pur-
pose. In situ bioassay procedures are also a good:
method for deﬁnmg the impact to aquatic life
‘below the source of industrial waste discharges
(Basch 1971).

Biomonitoring, a special apphcatron of biolo-
gical tests, is the use of organisms.to provide
information about a surface water, effluent, or
mixtures, ‘thereof on a periodic or continuing,
basrs Fdf the best results biomonitoring sl‘g)euld‘

of
indigenous species in a flow-through system
under conditions that approxrmate the natufal
environment.

2.0 PHYTOPLANKTON -- AQLGAL ASSAY

The Algal Assay Procedure: Bottle Test was .
published by the Natignal Eutrophication Re-.
search Program (USEPA, 1971) after 2 years of

" intensive evaluatjon, during which excellent

agreement of the data was obtained among the 8
participating laboratories. This test is the only
algal bioassay that has undergone sufficient eval-
uation and refinement to be considered reliable.
The following material represents only a brfdf -
outline -of the test. For more explicit detarls, see
the references.

2.1 Prmcrple . .

An algal assay is baSed on|the prrncrple that
‘growth is limited by the nutrient that is present
in shortest supply \Grth fespect to the needs of
the organism. The test can be used to- 1dent1fy

" algal growth-limiting nutrients, to de ermine

biologically thHe availability of algal, growth-
limiting nutrients, to quantify the ‘biological
response (algal growth response) to changes in.
concentratron\)of algal growt‘h-hmrtrng nutri-
ents,-and to determine whether or not various
compounds‘xor water samples are toxic or 1nh1b-
itory to algae. ,

2.2 Planning Algal Assays.

The specific experimental design of each algal
assay is dictated by the particular problem to be
solved. All pertinent ecological factofs must. be
considered in planning a given ‘assay to ensure
that valjd° results and” conclusions are obtained.

4
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"Water quahty may vary greatly wrth time and
locatldn in lakes, impoundments and streams. If

-meaningful data are to be obtained, therefore,
the.sampling program must take these vanatlons. -

into account.
2.3 Apparatus and Test'Conditions
2.3.1 Glassware

. o s.
Use good—quaﬁty borosili’é'ate glassware. When

-studing. trace nutrients, use special glassware
such as Vycor or .polycarbonate: containers.”
_Although~container size ‘is not critical, the sur-
face to volume. ratios are critical .because of

ppssible carbon limitation. The recommendéd
sample volumes for use in ‘Erlenmeyer flasks are:
40 ml in a\125% ml flask; 60 ml in 2250 ml flask;
and 100 mk in a 500 ml flask. Use culture

inverted beakers to permit good gas exchange
and prevent contdmination.

238 Illumination

After moculatlon incubate. the flasks at 24 +
2°C under cool-white fluorescent lighting: 200
ft-c (2152 lux) % 10 percent for blue-green algae
and diatom test species, and 400 ft-c (4304 lux)
+ 10 percent for green algae test species. Meas-
ure the light mtensrty adjacent to the flask at
the liquid level.”

233 pH

- To ensure the
maintain the p
below 8.5 by using «{he sample “olumes men-
tioned above and shaking the cultures-at 100
oscillations per -minute. In samplés containing
high concentrations of nutrients, such as highly-
productive surfate waters or domestic waste
effluents, it may be necessary to bubble air or an

I_Rrallablhty of carbon. dlox1de

air/carbon dioxide mixture through the culture

to mamtam the pH below 8.5.

»

2.4 Sample Preparatnon

v

closures._such_as loose-fitting aluminum  foil or -

of the incubating ‘cultures

Two altefnate methods of sample preparation
are recommended, depending upon the type of -

informatioq to be obtained from the sample:

-~

® membrane filtration (0. 45 pore dlameter)
remove the mdxgenous algae by ﬁltratlon if

.3

T - o
Al N .

ALGAL ASSAY

. \ab -
you wish to determme the growth response

| to growth-kmltmg nutrients which have not.
" been 'taken up by filterable organism3, or if

you wish.to predict the effect of adding . °

nutrients to a test water at a specific time.
autoclaving — autoclave samples if you wish
to determine the amount of algal biomass
that can be grovz\;rom all nutriéfts in the
water,¢-including ‘those in the plankton.
-Autoclaving solubilizes the nutrients in the

indigenous filterable organisms and releases

. them for use by the test organisms.

~ b

2.5 . Inoculum

The algal test species may be one of. those
recommended in the Bottle Test or another that
has been obtained in unialgal culture. Grow the
test species in a culture medium that minimizes
the intracellular carryover of nutrients in the
test species when transfe_rreﬁ from the stock
culture to the test water (Table 1.) When taken
from the stock culture, centrifuge the teS8t cells
and discard the . supernatant. Resuspend the
sedimented .cells in an appropriate volume of

_glass-distilled water containing 15 mg_sodium
bicarbonate per liter and recentrifuge. Decant:

the superna . resuspend the algae in fresh
bicarbonate/solution, and use as_the inoculum.

The amount of igoculum‘depends upon the algal -
. The following initial cell con- '

test species us
centratlonsar re.,ommended

Test orgamsn} : .
Selenastrum capricornutum .o - 1000/ml
Anabaena flos-aquae 50000/ml
Microcystis aeruginosa 50000/mt

Prepare test flasks in tx_1phcate

{

2.6 Growth _Resp'oqse Measuremerl'ts

The method used to determine growth re-

sponse , during incubation depends on the
‘equipment available: ~Cells may be counted with
a microscope, -using a h acytometer or a
Palmer-Maloney or Sedgwick-Rafter plankton
counting chamber. The amount of algal biomas$
may be determined_by measuring the optical

Initial cell count/ml '

{
\

!

4

density 9f the. culfure at 600 -750 nrfn with a '

colorimeter or spectrophotome er. The amount

of chlorophyll contained in the algae may be

)
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XA TABLE 1.

STOCK CULTURE ;AND_ CONTROL NUTRIENT MEDIUM

/‘ R - MACROELEMENTS:
3 - ‘Compound - concenm:{;n - Element e cofcl:::::ttion
» furnished
\ (mg/1) ._(mg/) '
\ NaNO, 25.500 N 4.200 -
K,HPO; \ 1.044 P 0186 :
, : , K 68 ‘
\ MgCl, 5.700 Mg 1Ms6
., : MgSO4-7H,0 14.700 Mg - , 1450
I ‘ . S " 19
. CaCly-2H,0 4410 : Ca €1.203 <
. NaHCO, © 15.000 Na . 11.004 .

(f the medlum is to be filtered, add the following trace-element-uomEDTA solution from a single ;

combination stock solution after filtration. With no filtration, K21;1P04 should be addéd last to avoid
iron precnpltatlpn Stock solutlons of md1v1dual salts may be made up in 1000 x’s final concentration

or less.) . N
- MICROELEMENTS: -
) L ) - g/ - - (ug/n w
N H3BO; © 185.64 B S 33
MnCly 264.27 " Mn . /0 114 23 _'
. ~ ZnCl 32.70 ¢ . Zn ' 15 *
* CoCly, 0.78 Co., 035,
CuClp > 0.009 G, ,0.003
Nagz MoO4-2H,0 : 7.26 Mo, 7 2.88
. FeCl 96 Fe £33 7
: Na; EDTA-2H,0 . 333 B .
s . ’ - ‘ ,
. .

measured either directly (in vivo) by fluoro-

averaging the umax of the individual flasks. The

metry or after extraction by fluorometry or specifig growth rate, ,is defined by: . .
spectrophotometry. If available, an electronic L '
particle counter will -provide an accurate and p = nXa/X1) e
N rapid ceunt of the cells. All methods used for R ; Tttt
determining the algal biomiass should be related ' 'where . T
to a dry weight measurement (mg/l)-determined In © =logto the base ‘e’
gravimetrically. (See the Plankton Section of the X, = biomass concentratlon at the end of thie
manual. for analytlcal details.) L - ~selected time interval. r
~ ' X, = biomass concentration at the begmnmg
2.7 _Data Evaluation - 1\, of the selected time interval
Two parameters {are used to describe the . t; - t, = elapsed time (days) betWeen selected
\growth ofa test aIga max1mum specific growth . *determinations of biomass
rate and maximum standing crop The maximum Because .the max1mum specific growth ‘rate
specific geowth rate (#max) for an individual  (umax) occurs during the logarithmic’ phase of
| flask 'is the. largest specific growth rate (u) growth (usually between day 3 and day 5), the
\' occurring at any timé during mcubatlon The  biomass must be measured at least daily- durmg

 #max for a set of replicates is determined by -

«
>

-

4

_ the first 5 days of incubation.
B - 4 .
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. The maximum standing crop-in any. flask is
defined as the maximum algal biomass achieved
dyring incubation. For practical purposes, the
- maximum standing crop is assumed to have been

achieved when the rate of ‘increase in.biomass’

has declined to less than 5 percent per day.

2 8 Additions (Spikes) )

The quantlty of cells produced. in a given
medium is limited by the nutrient present in the
lowest relative quantity with respect to the
needs of the organism.
llmrtrng substance were added to the test flasks,
cell prdductlon would increase "until this addi-
tional supply was depleted or until some other
substance became 'limiting ‘to- the organism.
Adding substances other than ‘the limiting sub=
stance would not increase algal growth. Nutrient
additions may be made singly or in combination,
and the growth response can be compared with
that of unspiked controls to identify those sub-
stances that, Jmnt growth rate or cell production.

In all instances, the volume of a spike should

If a quantity of the-

*inhibitory to"algal growth. In this t

be as small as possible. The concentration of -

- spikes Will vary and'must be matched to the

waters being tested. When selecting the spike
concentration, keep in mind that (1) the con-
centration should be kept small to-minimize
* alterations of. the sample, but at the same time,
be sufficiently. large to yield -a potentially

measureable#response and (2) ‘the concentration .

should be related to the fertlllty of the sample.

2.9 Data Analysrs and Interpretatlon

Present the results 'of spiking assays together

th the results from two types of.Teference
samples: the assay reference medium and un-
spiked samples of the water under consrderatlon
Prefegably, the entire growth curves should be
presented for each of the two types of réference
samples.. Present the results of individual assays
in the form of the maximum specific growth
rate (with time of occurrence) and maximum
standing crop (with time at which it was
- reached), both with the conﬁdence interval
indicated.
. “Growth rate lrmltlng nutrlents can be dgter-
"mined by spiking a number of replicatg ﬂasks
with single nutrients, determining the maximum

‘standing crop o

_standar

ALGAL ASSAY

specific growth rate .for each flask, and com-
paring the averages by a Students’ t-test or other
appropriate statistical tests. - - '

Data analysis for multiple nutrient spiking-can
be performed -by “analysis of - variance, calcu-

-lations. In multiple nutrient spiking, accounting

for the possible interaction between different
nutri¢nts is important and can readily be done
by factorial analysis. The same methods de-

scribed above can be used tp de'termlne the -

nutr1ent11m1t1ng growth of the maximum

2,10 Assays to Determine Toxicity -
As previously pointed out, the assay may be

pounds or water samples .are either toxic or

“used to determine whetlier-or:not various.com-"

the sub- .

stance to be: tested for toxicity is added to’ the -

standard alga} culture medium in varying con-
centrations, tht algal test species is ‘added; and
either the maximum standing crop or maximuni
specific growth rate (or both) determined. These
are then ,compared to those obtained in the
“culture medium without the additions
(controls). The LC50, or that concentration at

~which either 50% of the maximum standing crop

or maximum specific- growth rate is obtained, as
compared with the .controls, is then calculated:

3.0 PERIPHYTON
Uniform methods for conducting b'ioassayg

‘with_ periphyton We not been developed, and

their . environmertal requirements and tox-.

icology are still relatively unknown. Many of the

common species have not been successfully
cultured, and the broassays that have been
carried out with the algae and other micro-
organisms: occurring in tlfis communlty were.

algicides, fungicides, and other control agents.
kinds of tests can be conducted w1th
periphyton: static and continuous flow.

731 Static

.Becausethe technlques currently employed in
‘the. Algal Assa Procedure Bottle Te{st (USEPA,
1971) haye been more rigorously fested than

.. any procedure prev1ously used for perlphyton,

5
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this method is recommended for static bloassays . 'a paddle wheel. Duplicate chambers shonld
with the periphyton. - '~ be provided for each condltlon ‘tested
_ e . - ' (Figures 1 and 2).
3. 21\;!50"“"“0“5 Flow . ® Current velocity — 30 cm/sec:
y peripiiyton grow well only in flowmg . ‘® Temperature — 20°C
water and can be studied only in situ or in arti- ® Light — 400 fc, ~cool-white (dayhght)
ficial streams (Whitford, 1960; Whitford et al., fluorescent lamps
1964). The following procedure, which is similar - @, Culture medium — Optlonal '
to the method described by Mcintire et al a. Algal-Assay-Medium (Table 1). -
(1964), is tentatively recommended at this time. .b. Natural surface water supply - =~ .
Lo ) P . Where direct flow-through is not _pro-
® Test Chamber -— Twin, inter-connected vided,. the -water exchange rate shiould -
S channels, each approximately 4~ X4” X. ~ensure a complete change at least six
. 367, with t\\/ mches of water circulated by . t1mes daily. - :
WATER SOURGE o )
. ] em WATER SUPPLY o
. ,FLOWMETER . CONTROL VALVE-
\ ' )
. ‘3 ' L
- T ’
, ‘ N E 2.5¢n~ 1.D. RUBBER '
~ : J . TUBING ‘ PN
alz S J
| >
3| SCREW i
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- Figure 2, Dragram of photo
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nthesis- respuahon chambcr, showing the chamber wrth rts circulating and ex- - h )

change water systéms, the water Jackct iy temperatux@q?lmol the nutrient and gas‘concentratron control system,

and the hght source._ .
-4
a .

® Test orgamsm(s) - Optlona‘l ﬁlamentous

ML
.

blue-green or green algae of ‘djatoms.
a. Unialgal culture No standard “test

‘organisms are available’ o

. b. Periphytony, communlty — Use “seed” of .

periphyton - from ‘the water aesource for
which the data are being developed

The culture (or
communlty) -should be allowed. to develop
in the test chambers foy a minimum of two
' weeks before 1ntroduc1ng the . test condr-
tien. . . s

_0 Maintaining test condltLons — Chemicals are

added to the watgr supply -prior to flow
1nto the test chamber. Temperature COntrol
may ‘be maintained by placing thermostat-
“ically controlled ‘heating (or cooling)
‘elemen 5 in the channel. - - .

plain glass ‘slides should be,pl‘aced on the
bottom f.each channel T

v

"®.Substrife — A minimum of eight 1. X 3”

~

.
1

’
“ .,

Y

RN -

e “Toxicity —
e efﬂuent is exprggsed as the LCSO whith is

S
-

.
b ) ce . \

.

@ Test duratlon — Two/weeks
® Evaluation
“condition are evaluated at the end of the

The effects of- the test

test period by companng the biomass and

~community structure in the test chambers

with that of the: control .chambers. (See;
Perlphyton Sectron for metflodology )3

a. Blomass — Use four of the eight slrdes,
analyze individually. | .
. (1) Clilorophyll a (mg/m‘ .
! (2) Organlc matter (Ash-free welght
g/m?). -

: b: Cell count and 1dent1ﬁcatlon - ll(lse four

~ pooled slides.
(1) Cell densrty (cells/mm )
. (2) Speciés proportional'count .

(3) Community . drverslty (Dlvemty‘

" Index) . .
The tox1c1ty~ of a chermcal or

8
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‘6.1 General

BIOLOGICAL METHODS o : \\ ‘

the concentration of toxicant resulgﬂ\/;, ina and in the rcport of the National Technical
. 50% reduction in the biomass or ¢éll count. Advisory Committee (1968): Sprague (1969,
Community diversity is not affected in the 1970) has recently revieweéd many of the prob- .
'same manner as +biomass and cell. counts,. lems and the terminology assocnatcd with ﬁ,sh

“

and would yield a much different value.  toxicity-tests.
* ' : J ~ Chronic tests are becoming  increasingly
4.0 MACROINVERTEBRATES > . important as sublethal adverse effects of more

+ In general, most of the qonsidefations covered gf::lit m‘:trcprtcostlnct az%ecnt:rsoirlxli.(c: ég;:rll)?o;;:; tzlsgtnllsﬁ;
b i ) e -
e}" alSltandard MthOd.S (APHA’ 1971). apply relatively sophisticated research procedure and

qually well to macroinvertebrate tests in fresh entails large allocations of mahpower time, and

~and marine waters. Recent refinements in acute expense. Important contributions in this area
and chronic methodology for - ic i >
: gy for -aquatic insccts, include those by Mount and Stephan (1969),

amphipods, mussels, and Daphnia have been -
described by Gaufin (1971), Bell and-Ncbeker f’l‘;;‘f; (1969), Eaton (1970), and McKim et ak

(1969), Arthur and Leonard (1970), Dimick and .
Bréese (1965), Woelke (1967), and Blcsmger and Two prfoc;:dugcs for ch;)omc toxicity te?ts
Christensen (1971), respectnvely using the fathead minnow, 1m_ephalgs promelas
Rafinesque,- and the brook trout, Salvelinus
’ &Y fontinales (Mitchell), developed by the-staff of
5.0 'FIS_H° i \o~———_the National Water Quality Laboratory, U.S.
The general principles and methqds for gcute  Envirghmental Protection. Agency, Duluth,
and chronic laboratory fish toxicity testdare  Minn., are presented following the references i
preseptgd in Standard Mcthods”™APHA, 1971)  this section. r
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RECOMMENDED BIOASSAY PROCEDURES
UALITY LABORATORY

0 NATIONAL WATER
. DULUTH

)
Recommended Bioassay -Procedures are_ estab-

lished by the approval of both the Committee
on Aquatic Bioassays andthe Director of the

National Water Quality Laboratory. The main )

reasons. for estabhshmg them are: (1) to permit
direct .comparison of test results, (2) to en-
courage the use of the best procedures available,
and «(3) to encourage uniformity. These proce-
duges should be used by National Water Quality
La oratoryf personnel whenever pbssible, unless
" there is a good, reason for using some other
procedure.

Recommended Bioassay Procedures con51der the :

basic elements that are.believed to be important
in obtaining reljgble and reproducible results in

)

we

INNESOTA

. < : &
laboratory bioassays. An attempt has been made
to adopt the best acceptable procedures.based
on current evidence and opinion; although it is
recognized that alternative procedures may be

«adequ te. Improvementsgn the procedures are -
bemg onsidered and te'sted, and revisions will
-be- made when necessary. Comments and
suggestions are encouraged.

N

Director, National Water Quality Lab (NWQL) -

Commiftee on Aquatic BioassaysNWQL
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1 0 PHYSICAL SYSTEM
11 Dllutéx%

1967) should be.employed for all long-term
exposures, Check the operation of the diluter ~

toxicant concentrations. A minimum of *five

toxicant concentrations and ope contro} should

be uvsed for each test with a dilution factor of,
not leﬁéthanr 0.30. An automatlcally triggered
emergeqCy aeration and alarm system must be
installed to alert staff in case of diluter, teihpera-
ture control or water supply failure.

1.2 Toxicant Mixing_

A container to promote mixing of toxicant
bearing and w-cell water should be used between
diluter and tanks for .each concentration.
Separate delivery tubes should run from this

Fathead Minnow Piriephales promelas. \
. Rafinesque Chronic Tests - T
o ' April, 1971 : :
(Revised Jqnuary, 1972)

Proportlonal diluters (Mount and- Brungs,-

" daily, either directly ot through measurement of °

and divided - to form two separate larval
chambers with separate standpipes, or
separate 1/2 sq. ft. tanks nrgy be used. Test
water is' to be _supplied by deln{ery tubes
from the mixing cells described in Step 2
above.

\
. Test water depth in tanks and’ chambers for

both a and b above should be 6 inches.
1.4 Flow Rate

The flow rate to each chamber (larval or -

'adult) should be equal to 6 to ‘10 tank

container to each dl{pllcate tank. Check at least

once every month to see that the intended

.amounts of water are going to each dupllcate

tank or chamber.

1.3 Tanl{

Two arrangements of test tanks (glass, or
stainless steel w1th glass ends) can be utilized:

a. Dupllcate spawning tanks measuring 1 X 1
X 3 ft. long with a one $q. ft. portion at
one end screened off and divided in half for
.the progeny. Test water is to be delivered
separately "to t
chambers of each tank, with about one-

e

volumes/24 hr.

1.5 Aeration

Total dissolved oxygen levels should never be
allowed to drop below 60% of saturation, and
flow rates must(be. increased if oxygen levels do
drop below 60%. As a first alternative, flow rates
can be increased above those specified in 1.4.
Only aerate (with oil free air) if testing a non-
volatile toxic agent, and then as a last resort to
maintain dissolved oxygen at 60% of saturation.

N

1.6 Cleaning ‘
All adult tanks, and larvae tanks and chambers

after larvae swim-up, must be siphoned a mini-

. mum of 2 times weekly and brushed or scraped

larval ‘and spawning

third the water volume going to the former

chamber as to the latter

b. Duplicate spawning tanks measuring | X 1
X 2 ft.
" progény tank for each spawn}ﬁg tank. The
larval tank for each. spawning tank should

long .with a separate duplicate

when algal or fungus growth becomes excessrve

[

1,7 Spawmng Substrate

Use Spawning substrates made from: inverted
.cement and asbestos halved, 3-inch ID drain tile,
.or the equivalent, each of these bemg 3 1nches
long. .

1 .8 "Egg Cup .
Egg incubation cups ‘are made from either

3

" 3-inch sections of 2-inch OD (1 1/2-inch ID)

be a mmlmum of 1 cu. ft. dlmen51onally 4

A

15.

-polyethylene water hose or 4-0z., 2-inch -OD"
round glass. jars with the bottoms cut off. One
end of the jar or hpse sections is covered .with

1
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stainless steel orkylon screen (with a_minimum
of 40 meshes perinch). Cups are oscillated in

' the test waterx lmea'ns of a rocker arm appara- '

_tus driven by a 2 T.p:m. electric motor (Mount;
: 1968). The verticdl-travel distance of the cups
... should be I to 1 1/2 ipChes.

S
% 1.9 - kight :
T L . .
%ﬁv"!&l’hp_ lights .used should simulate sunlight as
????I(Op‘t’ima FS)' 2 and wide spec_trum_Grow-lu;(?
».»", fluorescent tubes has proved satisfactory at the
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~»1.10 Photoperiod S .
» ~ The photoperiods to be used (Appendix A)
" $imulate the dawn to dusk times of Evansville,
Indiana. Adjustments in day-length are to bg -
,\“maﬂe on the first and fifteenth day of eve
_Evansville test month. The table is‘arranged so
. -that adjustments need be made only ih. the dusk
times. Regardless of the actual date that.the
- experiment is started, the Evansville fest photo-
_period sliould be adjusted so that the mean or
estimated hatching date of the fish-used to start
the experiment' corresponds fo the Evansville
test day-length for December first. Also, the
dawn and dusk times listed in the table need not
correspond 'tol the actual timey where the experi-
ment is bemg conducted: Mo illustrate these
‘points, an experiment sfarted with 5-day-old
. larvae in Duluth, Minnesofay on August, 28
(actual date), would require Use of a December 5
Evansville test photoperiod, dnd the lights could
go on anytime on ‘that day jyst so long as they
remained on for 10 hours aryd 45 minutes. Ten
days later (Sept. 7 actual djte, Dec. 15 Evans-

__ville test date) the day-lengthh would be chagged

*« 3gylvania, Inc., New Yok, N. Y,

to 10 hours and 30 minutes/ Gradual changes in
light intensity at dawn. and dusk (Drutnmond
and Dawson, 1970), if desired, should be in-

cluded within the day-lghgths showh, and should
not last for more thaf 1/2 hour from full on to-
. \

full of f and vice versA.

ames does not constitute endorsement.
2Dul'o-,Tt:st,'lnc.. Hammond, Ind. '

& neatrly as possible. A combination of Duro-Test _

Eubber, sh

qjimounts 0o

T

-

4
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'1.11 Temperature

Temperature should not deviate instanta-

‘neously from 25°C by more than 2°C and
*should not' remain outstide the range of 24 to
hours at a time. Temper-

26°C for more than
ature should be recordéd continuously.

! L A :
1.12 Disturbance:

- Adults and larvae should be shielded from
Hdisturbances ‘such as people continually walking
past the chambers, or from extraneous lights
that might alter the intended photoperiod.

.

1.13 Construction Materials

Constrﬁction materials which contact " the
diluent water should not contain leachable sub-
stances and.should not sorb significant amounts
of substances from the water. Stainless steel is
probably the preferred construction material.
Glass absorhs some trace Organics significantly.

fillers, addifives, stabilizers, plasticizers, etc.,
should not be used. Teflon, nylon, and their
equivalents should not contain leachable
materials and should not sorb significant
most substances. Unplasticized poly-
ethylene polypropylene should not contain
leachable substances, but may sorb yery signifi-

}cant amounts of trace organic compounds.

1.14 Water

The Water used should be from a- well or
spring if at all possible, or alternatively from a
surface water source. Onlyas a last resort should
water from a chlorinated municipal water supply
be used. If it is thought that the water supply
could . be conceivably contaminated with fish
pathogens, the water should be passed through
an ultraviolet or similar sterilizer immediately
before it enters the test system. L

2.0 {BIOLOGICAL SYSTEM

the I\I:J[Eational Water ®Quality Laboratory in

Minnesota or the Fish Toxicology

VA

o>

d not bd used. Plastic containing .

ossible, use "stocf(s of fathead .minnows .



"Laboratory in Newtown

starting fishr- showl ntain a mixture of
approximately -equal number of eggs or larvae
from at least three different females Set aside
enough eggs or larvae at the start of the test to

supply an adequate num&r ‘of fish for the acute
mortality bioassays used in determ1n1ng appli-

‘catlon factors

22 Beginmg Test

-

[d

In beglnnlng the test, d1str1bute 40 to 50 eggs
or I-to 5-day-old larvae per duplicate tank using
a stratified random assignment (see 4.3). All
acute ‘mortality tests should be conducted when
the fish are 2 to 3 months old. If .eggsor I-to
5-day-dld larvae are not available, ﬁsh"up to 30
days of age may be used to start the test.
between ,20 and 60 days old are use ,» the:
exposure should be designated a partial chronic

, test, Extra test animals may be added at the

beginning so that fish can be removed periodi-
cally for spemal examinations (see 2 12.) or for
residue ahalysis:(see 3.4).

f'

2.3 Food

Feed the fidh a frozen trout food (e.g., Oregon
Moist). A minimum of once daily, fish should be
fed ad libitum the largest pellet they will take.

'D1ets should be supplemented weekly with live

or frozen-live food (eg., Daphnia, chopped

earthworms, fresh or frozen brine shrimp, etc.).
Larvae should be fed a fine trout starter a
minimum of 2 times daily, ad libitum; one
feeding each day of live young zooplankton
from mixed cultures of small copepods, rotifers,
and protozoans is highly recommended. Live
food is especially important when larvae are just
beginning to feed, or about 8 to 10,days after
egg -deposition. Each batch of food should be
ch&ked for pesticides (including DDT, TDE,

dieldrin, lindane, methoxychlor, endrin, aldrin, '
BHC, chlordane, toxaphene, 2,4-D, and PCBs),
and the kinds* and amounts should be reported ,

to the pro_|ect ofﬁcer or recorded. .

_21{ Disease ‘ - '

andle disease ‘outbreaks according to their
nature, with all tanks receiving the same treat-
ment ‘whether there/seems to be sick fish i all

v oL ) K
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of them or not. The frequency of treatment
should be held to a minimum. -

-
e

2.5 Measuring Fish
Measure total, lengths of all startlng fish at 30

~and 60 days by the photographic method used -

by McKim and Benoit’ (1971). Larvae or juve-
niles are transférred to a glass box containing 1

~inch of test water. Fish sl}ould be movéd to and

from this box in a water-filled container, rather
than B¥hetting them The glass box is placed on
a translucent millimeter grid over a fluorescent
light platform to “provide background illumi-
nation. Photos aré'then taken of the fish over
-the millimeter grid and gre enlarged into 8 by 10
inch prints. The length of each fish is sub-
sequently determined by comparing it to the
grid. Keep lengths of discarded fish separate
from those of fish that are.to be kgpt. a
2.6 Thmmng ’

When the starting fish are sixty(+ 1 or 2) days
~old, 1mpart1ally reduce the number of surviving-
fish in each tank to 15. Obviously injured or
crippled individuals may be discarded before the
selection so long as the number is not reduced
below 15; be sure to record the number of
deformed fish discarded from each tank. As a
last resort in obtaining 15 fish per tank, 1 or 2
fish may be selected for transfer from one

- duplicate to'the other. Place five spawning tiles
- in each duplicate tank, separated fairly widely to

reduce interactions between male fish guarding
them.-One should also b€ able to look under
tiles from the end of the. tanks. Durlng the
spawning period, sexually maturing males must
be remaved at weekly intervals so there are no
more than four per tank. An effort should be
made not to remove‘those males having well
established territories under tiles where _recent
spawnings have occurred. 52

'2'.7 : l§novmg Eggs _ .
Remdve- eggs” from spawnlng tiles startlng at
12:00 noon Evansvﬂle test time (Appendlx A)

edch day.. As 1nd1cated in Step 1.10, the test
time need fhot correspOnd to the actual time

“where the test is being conducted. Eggs are’

loosened from the spawnlng tiles and at the.

AN
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same time separated from one another by lightly
placing a finger on the egg mass and moving it in

-a circular pattern with increasing pressure ‘until

the eggs begin to roll. The groups of eggs should
then beél washed into separate, appropriately
marked containers and subsequently handled

- (counted, seldcted for incubation, or' discarded)

as soon as possible after all eggs have been re-
moved and the spawning tiles put back into the
tést tanks. :All egg batches must be checked

.2.9 Progeny Transfer

-

* Additional important iﬁﬁormation on hatch-
ability: and larval survival is to be gained by.

“transferring control eggs immediately, after

spawning to concentrations where spawning is

. reduced or absent, or to where an affect is seen

on, survival of eggs oy/larvae, and by transferring

"eggs from these concentrations to the control

. tanks. One larval chamber in, or corresponding.

initially for different stages of development. If it -
is determined that there is more than one .

~ distinct stage of development present, then each

stage ‘must be considered as one spawning and
handled separately as described in Step 2,8.

” '
oAy
pe

2.8 Egg lnc@?ation and Larval Selection

Impartially select SO unbroken “eggs from
spawnings of 50 eggs or more and place them in
an egg incubator cup for determining viability
and hatchability. Count the remaining eggs and
discard * them,” Viability and hatchability deter-

. minations must be made on each spawning (>49

in- each duplicate tarik equals the, number of.

from every third spawning (>>49 eggs) and none
of those obtained on weekends need be set up to
determine hatchability; however, weekend
spawns must still be removed from tiles and the
eggs counted. If unforeseen problems are -encoun*

. females in that tank. Subsequently, only eggs .

_survival exposures in

to, each adult tank should always be reserved for:
eggs produced in that tank. B
2.10- Larval Exposure _
From early spdwnings in each duplicate tank,
use the larvae hatched in the egg incubator.cups
(Step 2.8. above) for 30 or 60 day growth and -
' e larval chambers. Plan
ahead in setting up eggs, for hatchability so that
a new group of larvae is ready to be tested for
30 or 60 days as soon as possible dfter the
previously tested group comes out of the larval
chambers. Record mortalities, and measure total
lengths of larvaeat-30 and, if they are kept, 60.

~ eggs) until the number of spawnings (>49 eggs)d@mgdays posthatch. At the time the larval test is

terminated they should also be weighed. No fish
(larvae, juveniles, or adults) should be fed within

24 hr’s. of when they are to be weighed.

tered in determining egg (viability and hatch- -

ability, additional spawnings shoul}d be sampled
before. switching to the setting up of eggs from
évery’glirq spawning. Every day, record the live
and ‘dead eggs in the incubator cups, remove the

“dead ones, and clean the cup screens. Total

pumbers of eggs- accounted for should always

.add up to within two of 50 or the entire; batch is

th be discarded. When laivae begin to hatch,

- generally“after 4 to 6 days, they should not be

handled againMor removed trom the egg-cups
until 411 have hatched. Then, if enough are still

immediately to a larval test chamber. Thosé

. ‘individuals selected out to bring: the” number
* kept to 40 should be chosen impartially. Entire

2.11 Parental Termination B
Parental fish testing should be terminated

.when, during the receding day-length photo-
period, a one week period passes in which no

spawning occurs in any of the tanks. Measure
total lengths and weights of parental fish; check

- sex, and condition of gonad’s. The gonads of
" most parental fish will have ‘begun to regress

from the spawning condition, and thus the dif-
fererices between the sexes will bé less distinct
now than previously. Males and femnales that are
réadily distinguishable from one another because .
of their external characteristics should be .

':sglécted initially for: de)sermining how . to

: : - differentiate
- alive, 40 of these are eligible to be transferred

egg-cup-groups not used for survival and growth -

- studies should be counted and discarded-

®

between testes and ovaties. One of -
the more obvious €xterhal characteristics of
females that have spawned is an extended, trans-
parent anal canal (urogenital papilla). The
gonads of both sexes will be located just ventral :
to the kidneys. The ovaries of the females at this

" time will appear transparent, but perhaps. €on-
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‘taining’ some yellow pigment, coarsely granular,

and largerethan testes. The testes of males will
appear as slender, slightly milky, -and very finely.

granular strands. Flsh must not be frozen before
making these examlnatlons

2.12 Special Examrnatrons

- /« Fisk and.eggs obtained from the test should
be considered . for physiological, biochemical,
histological @nd other examinations which may
indicate certain toxicant-related effects;
213 Necessary Data " .
Data that must. be reported for each tank ofa
chronic test are:

Number and individual total length of
norfal and deformed fish at 30 and 60
days; total length, weight and number of

a.

either sex,both normal and deformed, at

end of test.
. Mortality during the test.
. Number of spawns and eges.
. Hatchability.
. Fry survival, growth, and deformities.

o Qa0 o

3.0 CHEMICAL SYSTEM

3.1 Preparing a Stock Solution

If a toxicant cannot- -be introduced into the

-

FATHEAD MINNOW BIOASSAY

[ _ o
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they have been proven to be necessary in the

actual test system. The suggested surfactant 1s

p-tert- -octylphenoxynonaethoxy-ethanol °(p-1,

3, 3-tetramethylbutylphenoxynonaethbxy-

ethanol, OPE, ) (Triton X-100, a product of

the Rohm and Haas Company, or equivalent).
"The use of solvents, surfactants, or other

additives should be, avoided wheneger possible.

. If an additive is necessary, reagent grade or
better should be wused. The amount of an

‘test wateiyas is, a stock solution should be pre-

» .pared by dissolving the toxicant in water or an

Acetone has been the- most
butt d1methylforman1de

organic solvent.
widely used solvent,

(DMF) and triethylene glycol may_be preferred -

in many cases. If none of these solvents are
acceptable, other water-miscible olvents such as
methanol, ethanol, 1sopropancj acetonitrile,

. dimethylacetamide- (DMAC), 2éthoxyethanor,,

glyme (dimethylether of ethylerié gl col,

diglyme (dimethyl ether of diethylene ycol)

and propylene glycol: should be coniidered.
However, dimethyl sulfoxide (DMSO)
not be used if at all possible because of its
" biological properties.

. Problems of rate of solubilization or solublllty
limit should be solved by mechanical means if at

all "possible. Solvents, or as'a last resort, sur- -

factants, can be used for this purpose. only after

1

19

rresults

additive used should be kept to a m1n1mum but
the calculated- concertra'tion - of a solvent to

{

which any test' organisms are exposed must A
never exceed one one-thousandth of the 96-hr. -

LCS0 for test species under the test conditions
and must never exceed one gram-.per liter of
water. The -calculated concentration of sur-
factant or other additive to which any test
organisms are exposed must never exceed one-

twentieth of the concentration of /the toxicant .
- and must never exceed one-tenth gram per liter

‘of water. If any additive is used, two sets of

controls rhust be used, one exposed. to no addi-
tives and one exposed to the highest level of
additives to which any other organisms in the

test are exposed

3. 2 l\'}t:asurement of Toxicant Concen?atron '

As a minimum, the concentration of toxicant
must be measured in one tank at_each toxicant

concentration every week for each set of dupli- -

cate tanks, alternating tanks ach concen-
tration from week to week. Water samplesk

“should be taken about midway between the top
and bottom and the sides of the tank and should

not include any surface scum cr matenal stirred™

up from the bottom or sides of “the tank...

Equivolume - daily grab samples can be corm

,..'

posited for a week if it has been shown that the

the analysis are not affected by storage
sample.

nough grouped grab samples should be
analyzed ' periodically throughout the test to
determine whether or not the concentration of-
tox1cant i$ reasonably constant from day to day
in one tank and from one tank to its duplicate,
If not, enough samples must be analyzed
weekly throughout the test to show -the var1—
ability of the toxicant concentration. .

l ' ‘
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3 3 Measurement of Other Vaﬂables
Temperature miist be recordedkeontlnuously

(see 1.11.). 7 .

Dissolved oxygen must be measured in the
tanks daily, at least five days a week on an alter-

__nating basis, s0 that each tank is analyzed once
‘each ‘week. HoweVer

if the toxicant or an
additive causes a depression in dissolved oxygen,

the toxicant concentration with the lowest dis-

solved oxygen concentration must be analyzed

- daily 1rhadqu.10n to the above requirement.

-

A control and one test concentration must be
analyzed weekly for pH, alkalinity, hardngss,

ucidity, and conductance,or more often, if
. necessary, to show the variability in the test*

water. However, if any of these characteristics

. are affected by the toxicant, the tanks must be

analyzed for that characteristic daily, at least
five days a week, on an alternating basis so that
each tank is analyzed once every other week.”

At a minimum, the test water must be ana-

lyzed at the beginnfng and near the middle of

the test for calcium, magnesium, sodium, po-
tassium, ehloride, sulfate, total solids, and total
dissolved solids.’

-

34 Residue Analysis

When‘ possible and deemed necessary, mature
fish, and possibly eggs, larvae, and juveniles,
obtained from the test, should be analyzed for

" toxicant residues. For fish, .muscle should be

analyzed, and gill, blood, brain, liver, bone,
kidney, GI tract, gonad, and skin should be con-
sidered for analysis. Analyses of whole organ-
isms may be done in addition to, but should not -
be done in .place of, analyses of 1nd1v1dual
tissues, especially muscle. R

_3.5 Methods - R .

When they” will provide the desired infor-
mation with acceptable precision and accuracy,

-methods described in Methods for Chemical

Analysns of Water and Wastes (EPA, 1971)
should be used unless there is another method

-which requires much less fime and can provide

the desired information with the same or better
precision and accuracy. At a minimum, accuracy

_ should be measured using the method of known

additions for all analytncal ‘methods for tox-

‘4 2 Distribution of Tanks

' 5.0 MISCELLANEOUS .

icants. If available, ieferencesamples should be

'analyzed pernodncally for each analytical

method.

9

L

4.0 ' STATISTICS

4. 1“ Duphmtes

“ Use . true duplncates for each level of toxic
agent, i.e., no water connectlons between dupli-

cate tanks / .

The tanks should be assigned to locations by
stratified random assignment (random assign-
ment of one tank for each level of toxic agent in
a row fouowed by random assignment of the
second tank for. each level of.toxic agent in.
another or.an extension of the same row).

P

4.3 Distribytion of Test Organisms -«

““The test organism 6uld-be assigned toytanks
by stratified rando ass1gnment (random assign-
ment of one test orgamsm to each tank, random
assignment of a sec0nd test organism to each
tank etc) : : ‘ o

V- %
5.1, 1 - Additional Information - '

All routine bioassay flovy through methods
not covered in this procedure (e;g., physical and .
chemical determinations, handlige of fish) .
should be followed as described Standard
‘Methods for the Examination of Water and
Wastewater, (American Public Health Assocr—
ation, 1971), or information requested’ from
appropriate persons at Duluth or Newtown

5. 2 Ackn owledgments

-These procedures for the fathead minnow
were compiled by John Eaton for the Commit-
tee on Aquatic - Bioassays. “The participating
members of this committee are: Robert Andrew,’
John Arthur, Duane .Benoit, Gerald Bouck,
William Brungs, Gary Chapman, John Eaton,
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| FATHEAD MINNOW BIOASSAY
ey o ' ~ Appendix A ."& S
S L . Test (Evasville, Indiana) hotqperlod . o,
For Fathead Minnow hromc N
Dawn to Dusk. X : (\ 5
-+ Time Date Day-length (hour,and minute)
S 6:00-4:45) DEC. 1 .10:45)« . .
S 6:00-4:30) 15 ,10:30) C @ '
Lo = o . ) K . 1 Tl . -
6:00-4:30) JAN. 1 10:30) SR B S
. 6:00-4:45) - 15 10:45) : S o
~ ’ ) “ y » ) . ) - . °
6:00-5:15) FEB.- 1 11:15) 5-month pre-spawning . i
6:00 - 5:45) , .15 11:45) growth period .
: 6:00-6:15) = MAR. 1 12: 15 7 ..
. 6:00,- 7:00) 15 13 00) ‘
| ‘ | o o y o .
- , 6:00-7:30) APR.. 1 13: 30) e ‘ . g
6:00-8:15) 15+14:15) - o
6:00-8:45) MAY | 14:45) -
6:00-9:15) 15 15:15). _ . .
Lot L . RS T
6:00-9:30) 'JUNE 1 15:30) o
6:00-9:45) . 15 15 45)- 4-month spawnm
Y . ) period _
6:00-9:45) JULY 1 15_ 45)
6:00-.9:30)1" - 15 15:30) ;
, - o) . Co
6:00-9:00) AUG. 1 15:000 - - o : BN
6{00-8:30) 15 14:30) Y A
6:00-8:00) SEPT. 1 14:00) “. = ,wj., L
© 6:00 - 7:30) 15 13:30) " L
6:00-6:45) OCT. I 12:45) post,spawnmlg penod -
. 6:00-6:15) 15° 12:15) W
.6:00-5:30) NOV. ‘1 11:30). - i . :
6:00 - 5:00) 15 11:00) PR ceoe ™
H .ﬂ“’_\ ‘
; o _
< . - (Y

~
13
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Brodk T rout Salvqlmus foa tmales
. (Mitchill) Partla{ ‘Chronic Tests

‘ (Revnsed Jan aryb,l972),

V
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1.0 PHYSICAL SYSTEM

1.1 Dlluter

O Proportmnal diluters (Mount and Brungs'
1967) should be employed. for all -long-term
"i-f exposures. .Check the operation of the dlluter
.daily, either directly or through the. measure-
“'ment of toxngant concelitrations. A minimum of
five toxicant concentratlons and "ong¢ control.
‘should be used” for:éach test with 4.dilution
& factor of not less than 0.30. An automatically’ -
© triggered emergengy aération and -alarm system-
_must be installed to alert staff:in case of diluter,

, temperature control or water supply fallure N

i

.
a
-

.

12 ToxncqntMuung

‘F .
.,”~ - A container -to prémote .njixing of to.chant-
; bearing and w-cell water shou be used’between

~t111uter and tanks for egtch- concentration.

x’.

: volumes/ 24 hrt

.-

N

r'.- -
/

1671

w

l

} V‘l

. -

149Flow Rate .

‘Flow. rates for each duphcate spawmné tank
. and *growth. chamber should be' 6-1% tank

it i

l.

-

l 5' Aeratron R i
‘Brook trout' tanks’ and growth chambers must

[N -

vbe aerated with oil freé air unless there are no

\{ 6 Cleanmg

flow hmltatlons and '60% of saturation can be -

X maintained. Total dissolved’ oxygen levels should

never be allowed to drop below 60% of satu-"
“fation., .

.. P=N]
" .
'

4

«
.

,All tanks and. chambers must be slphoned
dmly and brushed at, least once per week. When *
spawnmg cdmmences gravel baskets must be re-
moved aar‘}d ‘cleaned daily. -

“«
P

'\7 Spawmng Substrates b

“Separate delivery tubes sh uld run from this -

1 container to' each duplicate tank. Check. to see:

- that. the same amount of water goes to duphcate
# tanks and that' the toxrcant COncentratlon,ls the
\same in-both. -

1.3 Tank ,g

3 Each duppcate spawmng ‘tank (preferably,
: stalnless steel) should. measure 1.3 X 3 X1 ft.
. ‘widé with a water depth of I’ foot and alevin-
Juvemle growth chambers (glass*or stainless steel .
-with glass tlZottom) 7 X IS X S in. wide 'with a
Water depth of* 5 inches. Growth chambers_can -
’ be supplied fest water by .eith g separate delivery
S tubes from.{ ‘the, mixing cells descnbed in Step 2

r o
as

R

oy,

v

AR

“Use two spawnmg substrates: per dupllcate

“made of plastic or stainless stéel which measure
- at least.6 X 10 X 12 in. with 2 inchiesof .25 to * -

JO inch stream gravel coveririg the bottom and |,
20 mesh stainless 'steel or nylon screen attiched
to the .ends for c1rculat10n of water.' ',°*

1;8 EggCup . )

Egg 1ncubat10‘n cups- are made from 4oz
2—mch OD round glass jars with the boftoms. cut~
off and replaced with stamfess steel or nylon o _

>

TAEY

~

", screen (40 meshes per. mch)f Cups are oscﬂlated f'

in, the test water" 'by means-of a rocker arm

. apparatus drjven by a-2r p m. electrvlq mot’or "

" above or from test- water delivered from’ the -~

,«rmxm,g ceu to each duplicate $pawning:tank. In.
the second chdice, test water must always flow

' through growth -chambers’ before entering the _

. spawning tank. Each growth chamber should: be

- designed so that the test water can be dramed—

-down to ‘1 inch and’-the “chamber transferred |
over a fluorescetnt hght box for photographmg
;the ﬁsh (see 2. 10) .

J
&

. nearly as possible. -A combination of Duro-Tes,t E

‘fluorescent tubes hag proved satlsfactoi’

2519

.
., B >

(Mount; 1968)
L9 Lxght , g
. The lights: used should- sﬁ‘hujate sunl?ght as

- &

o

(Optimd. FS)'/Z and. wide spectrum . Gro-lux?
y\at t

- NWQL. o
1Mention of trade names does not constltutc endorsement 'h

2Duro-Test, Inc., Hammond, Ind,
3Sylvama Inc., Ncw York, N. Y -

g",' - e s
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BIOIDGICAL METHODS o

~

1.10 Photoperiod

The photoperiods to be used (Appendix A)
{?mulate the dawn to dusk times of Evansville,
- Indiana. Evansville dates must correspond to
ctual dates in order to avoid putting natural
" reproductive cycles out of phase.. Adjustments in

photoperiod are to be made ‘on the first and -

fifteenth of every Evansville test month. The
table is arranged so that adjustments need be
made only in the dusk times. The dawn and

dusk times listed in the table (Evansville test
time) need not.correspond to the actual test’
times where the test is being conducted. To.

* -illustrate this Roint*f a test started on March first
would requirg:' the use of the photoperiod for
Evansville test .8%te March first; and the lights

could go on any, time on that day just so long as

they Temained on for twelve hours and fifteen

minutes. Fifteen days later. the photoperiod

J. be changed.to thirtcerr hours. Gradual
. ChAB®PS.4n light intensity “uf dawn and dusk
Prizainnion ‘f‘d_:g,\wion'fa‘?ﬂ 70): maysst in-
“st}d‘wﬁu the.” photopériods shown. and
“sheuld nof last for more than 1/2 hour from full
on t‘o/tgll,gff and vugvuwl..

111 Tempveratuié’% T

Utilize. the attached temperature regime (sce

Appendix B). Temperitures should not deviate
instantancously from the specified test tempera-

ture. by niore than 2°C and should not rematn -

outside the specitied temperature +1°C for more
than 48 hours at a time. .

1.12 Disturbance i

Spawning tanks and growth chambers must be
coveréd with a screen to -confine the fish - and
concealed in such a way that the tish ‘wilt not be

disturbed by persons continually walking past .

the system. Tanks and chambers must also be
shielded from extrancous light which can affect
the intended.photoperiod or damage light-senst
tive eggs and alevins. S .

=

1.13 Construction Materials

Construction materials  which contgct  the.

dituent water should not contain teachable sub-

stancey and should not sorb significant amoungs .

of substances from the water. Stainless stecl is

LY

probably, the preferred construction material.
Glass absorbs some trace organics significantly.
Rubber should not be used. Plastic containing
fillers, additives, stabilizers. plasticizers, etc.,
should not be used. Teflon, nylon, and -their |
equivalents should not contain leachable
materials and should not sorb significant’
amounts of most substancés. Unplasticized pol-
yethylene and polypropylene should not contain
leachable substances. but may sorb very signifi-
cant amounts of trace organic compounds.

- 1.14 Water - . -
“The water used should be.from a well o “

spring if at all possible, or alternatively from a
“surface water source. Only as a last resort should »
water from a chlorinute7d municipal water supply
be used. If it is thought that the water supply
could be conceivably \ﬁsntaminuted with fish™
pathogehs. the water shbuld” be passed through*
an ultraviolet *or similar jsterilizer immediately
before it en't'ergzthe testsystem.” ‘

2.0 BIO}OGIC‘AL SYSTEM f

2.1 Test Animals - -

Yearling fish should be collected no later than
Marth I' and acclimated in the laboratory fotes@
temperature and water quality for at least one
meunth_betore the test is initiateeb. Suitability of
fish fér testing should be judged on the basis of-

7

~ acceptance of food. apparent lack of diseases,

“and 2% or less mortality during acclimation with

no: mortalit\y? two wegks prior to test. Set as’ide
~enough fish to supply an adequate number for
short-term bioassay cxposuLes 'us_e:d'i’n deter- <

: Mning;(ﬁbljcation factors. '«

2.2 Beginning Test - .~ = 5
© Begin exposure no later than -April | by dis-
tributing 12 acclimated yearling brook trout per
‘duplicate using a stratificd random assigngneni
(se¢ 4.3). This allows about a four-month

- exposure to the toxicant before the onset of

sccondary or rapid growth phadc of the gonads.
Extra test animals may besadded at the begin-
Aing so that fish can be removed periodically for
special examinations (see 2.13), sor for residue
~analysis (see 3.4). ' -
ot

YA *
20 o . . C o~
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2.3 Food

‘time,

BROOK TROUT BIOASSAY

2 4

so the fish are not dlsturbed during the

- Use a good -frmﬁ trout food (e.g., oregOngg,r mommg)

Moist), Fish’ sheuld
will take a minimum of two times daily. The
amount should
feeding schedule
) should .be fed tréut starter a minimum of five
.. times daily. Each batch of prepared food should
be checked for pesticides (including DDT, TDE,
dieldrin, endrin, aldrin, "BHC, chlordane, toxa-
phene, 2.4-D, and PCBs), .and the kinds and
amounts should be .seported to - the _project
‘ ofﬁcer or recorded.

'2 4 Dlseasé/

; Handle dlSCdSL outbreaks aeeordmg to their
nature with all tanks reeervmg, the same treat-
ment whether there seems to be sick fish in all

of them\or not. The frequency of treatment.

should be held to a minimum.

2.5 MeasurmgFrsh A

Record mortahtres,,darly, and smeasure fish -

directly” at initiation of tést, ufter; thréee months
and at thinning (see 2.6) (total lengta .and
weight). Fish stould not be fed 24 hours before
weighing ‘and lightly dnesthetized with MS-222

"'to facilitate measurmg (lOO mg MS—222/11ter
water).

2.6 ~Thinning .
When secondary sexuil ehdmeterrstles are.well

developed (approximately two weeks prior to -

expected spawning), sepatate males, females and
undeveloped fish in-each-duplicate and ran-

domly reduce sexually mature fish (see 4.4) to °

the desired number of.2 males and 4 females.
and discard  undevetopeéd fish after exami-

- nation. Place two Sp%\vnm;, substrates (described \
“earlier) in"cach diiplicate. Record the number of

mature, immatare, deformed and injured males -
and females in cach tank and the number from

© each category discarded. Measure total- length ’
wand weight of all ‘fish-in each cattgory -before-

‘any are,discarded and note which ones were dis-
carded. ‘ :

2.7 Removing Eggs ~ .
Remove cggs from the retld at a fixed time

eaeh day (pl'&.fcl’lblvﬁbl' 1:00 p.m. lvrmsvrllr 'Tb? is plau,(l on a transluw’nt mi

1{\ ? . .
27 L - . }

e
L

fed the largest pellet.they

e based on a reliable hatchery -
Alevins and early juveniles - .

.absent, or to where

2.8 Egg Incubation and Vrablllty

Impartially select 50 eggs from the first eight
spawsings of. 5O eggs or more in cach duplicate
and place them in an egg incubator cup for
hatch. The remaining eggs from the first eight
spawnings . (>>50 eggs) and all subsequent eggs
from spawnings should be counted and placed in
separate egg incubator cups for determining
viability (formatlon of neural keél after 11-12
“days at 9°C). The number of dead eggs.from
each spawh removed from the nest should be
recorded and discarded. Never pla} more than
250 eggs in one egg incubator Cup. All eggs
incubated for - viability are discarded after 12
days. Discarded eggs can be used .for residue
analysis and physrologrgzl measurements of
toxrcant-related effects . -

.

29 Progeny Transfer ’
Additional important information on hatch-

ability and alevin survival can be gained by trans- .
ferring control eggs immediately after spawning-

to concentrations where spawning is reduced or
! affect’is seen on survival
of eggs or alevin, affd by {g ansfernng’eggs from
these concentrations to' the'control tanks. Two
growth chambers for each gupiicate spawning
tank should always ‘be reserved for eggs pro-
du“'eﬁ’”n thattank. » :

2 10 Hatch and AlevrnThrnmng . e

. Remove dead eggs daily from tlﬁ*‘ﬁ”fchabrhty v
' eups described in Step 2.8 above, When hatching

commences, record the number hatched daily in

. each cup. Upon completion of hatch in any cup,

rdndomly (see 4.4) select 25 alevins from thet
cup. Dead. or deformed hlevins must not be in-
tluded in the - randor?seleenon but ‘should “be
counted as being dead or deermed upon hatch.
Mecasure total lengths of the 25 selected and
discarded alevins. Total lengths are measured by
the photographic method used by McKim- and
Benoit (1971). The fish are trﬁnsferred to a glass
box containing 1 inch of tes water. They sho1d
be moved to and from this box ina water: .}

container, rather than by netting them. The glass
eter grid

\.\ i

T
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BIOLOGICAL M'_ETHODS ~

over a fluorescent light box which provides
background illumination.- Photos are then taken
of the fish over the millimeter grid and are
“enlarged into '8.X 10 inch prints—The length of
“each~fish is sibsequently determmed by, cong-
paring it to the grid. Keep lengths of - dJscarded
“alevins separate from those which are kept. Place
the 25 select:% alevins back into the incubator
«Cup and pres

" weights.

211 Alevin-JuVenile Exposure

[

Randomly (see 4.4) select from the incuba-
“tion cups two groups of 25 alevins each. per
duplicate for 90-day growth and survival expo-
sures in the growth chambers. Hatching from
one spawn may be spread out over.a 3-to 6-day
period; therefore, the median-hatch date should
be.used to estab the 90-day growth and sur-
, vival penod for zac® of the two group of alevins.
"I it is determined that the median-hatch dates
“for the five groups per duplicate will be more

than three weekshpart, then the two grodps of

25 alevins must be selected from those which are
less than three weeks old. The remaining groups
*in the duplicate which do not hatch during. the
three-week period are used only for hatchability
results and then photographed for lengths and
+ preserved for initial weights. In order to equalize
the effects of the incubation cups on growth, all
groups selected for the 90-day exposure must’
remain in the incubation cups three weeks
before they are released\ into the growth
mbers. Each of the two groups selected per
ddplicate must be kept separate during/the
98day period. Record 'mortalities daily, along
total lengths 30 and 60 days post-hatch,and
4otal length and weight at 90 days post-hatch.
Alevins and early juveniles should not be fed 24
hours before weighing. Total lengths are meas-

~ured by transferring the growth chambers de-’

scribed earlier to a translucent millimeter grid
over a fluorescent light bex for photographing as
descried in* Step 2.10 above. Survival and
growth studies should be terminated after three
months. Terminated fish can be, used for tissue
residue gnalysis and physiological measurements
of toxicaht-related effects. '

e the discarded ones for initial -

Y

212 Parental Termmatlon

All parental ﬁsh should be termmated whenrav
three- week period passes in which no spawning -
occurs in any of the spawning tanks. Record
mortality and weigh and measure total length of.
parental fish, check sex and condition of‘gonads
(e.g., reabsorption, degree of maturation, spent
ovaries, etc.) (see 3.4).

s

2.13 Special Examinatiogs

Fish .and eggs obtained from the - test should
be considered for physiological, blochermcal
and -histological investigations which may
indicate certain toxicant-related effects.

2,14 Negcessary Data

Data that must be reported for each tank of a
chronic test are: ) - -
a. Number and individual weights and total

lengths of normal, deformed, and injured

- nfature and immature males and females at
initiation of test, three months after test
commences, at thmmng and at the endof
. test. . .
b. Mortality durmg the test.

c. Number of spawns and eggs. A #nean:
incubation time should be calculated using:"

date of spawning and the median-hatch-

I5i dates. :

d. Hatchability.
e. Fry survival, growth and deformities:

. . \
3.0 CHEMICAL SYSTEM ‘ S

3.1 Preparing a Stock Solution

If a toxicant cannot be introduced into the 7.

test water as is, a stock solution should be -pre-
pared by dissolving the toxicant in water-or an
organic solvent. Acetone has been the most
widely . uséd solvent, but dimethylformanide
(DMF) and triethyleric glycol may be preferred
in many cases. If. none pf these solvents gre
acceptable, other water-miiscible solvents such as
methanol, ethanol, isopropanol, acetonitrile,

dimethylacetamide - (DMAC), 2-ethoxyethanol,

glyme (dimcthylether of cthylene glycol)

diglyme (dimethyl cther of dluthylene g]ycol)4

- . i
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e
- and prop‘yle =lycol should, be consldered
(However dimethyl sulfoxide (DMSO) should
not be used if at all pos! 1ble because ofits
biological properties. :
Problems of rate of solubllrzatlon or solubility.
limit should be solved' by mechanical means if at
all possible. Solvents, or as a last resort, sur-
factants,.can be used for this purpose only after
they have been proven to be necessary in the
actual test system. The suggested surfactant is
p-tert-octylphenoxynonaethoxyethanol (p-1, I,

3, 3-tetrLamethylbutylphenoxynonaethoxy- ,

ethanol, \OPE, ) (Triton X-100, a product ‘of
the Rohm and Haas Company, or equivalent).’
The use. of solverts, surfactants, or other
additives should be avoided whenever possible.
If an additive is necessary, reagent grade or
better should be used. The amount of an
- additive used should be kept to a minimum, but
the calculated concentration of a solvent to
which any test organisms. are exposed must
never exceed one one-thousandth of the 96-hr.
LC50 for test species-under the test conditions.
. and must .never exceed one gram per liter of
water.

organisms are exposed must never exceed one-
twentieth of the concentration of the toxicant
and must never exceed one -tenth gram per liter
. of water. If ahy additive'is used, two sets of
controls must’'be used, one exposed to no
additives and one expbsed to the highest level of
additives to which any other organisms in the
. test are exposed.

me

’ 3.2 Measurement of Toxicant Coricentration
As a minimum,the concentration_of toxicant
must be measured in one tank at each toxicant

concentration every~ week for each set of

duplicate tanks, alternating tanks at each con-
centration from week to week. Water samples
. should be taken about midway between the top
and bottom and the sides of the tank and should
not incélude any surface scum or material stirr€d
“sup from the bottom or sides of the tank.
Equivolume daily grab samples can be com-
posited for a week if it has been shown that the
results of the analysis are not dffeeted by storage
..of the sample.

.

The' calculated concentration of sur- -
factant or other additive to which any test

‘acidity, and cOnducgance, or more often,

‘Enough grouped grab  samples should be
analyzed periodically: throughout the test to
determine whéther or ‘not the concentation of
~toxicant is reasonably constant from.dayto day -

.'in one ‘tank and from one tark to its- _duplicate.

If riot, enough' sampleis must be analyzed weekly
Jthroughout the test to show: the 'variability’ of

the toxicant concentratron TR

RS
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3.3 Measurement of Other i/aria,blés

Temperature must be recorded continuously
(see 1.11). A

Dissolved oxygen must be mea/sﬁed in the
tanks, daily at least five days a,

once each week. However, if the toxicant or an
additive causes a depression in dissolved oxygen,
the toxicant concentration with the lowest dls-
solved axygen concentration must be analyzed
daily in addition to the'above requirement.

A control and one test concentration must be
analyzed weekly for pH,, alkalinity, hardness;

necessary, to show the variability in.the test
water. However, if any of these characteristics
are affgcted by the toxicant, the tanks must be
analyzed for that characteristic daily, at least
five days a week, on an alternating basis, so that
each tank 1 analyzed once every other week,

- At a minimum,’ the  test water must be

_ eek on an -
alterndting basis, .so that each tank is analyzed

if .

analyzed at the beginning and near the middle of )

- the chronic test for calcium, magnesium,

sodium, potassium, chloride, sulfate, conduct-
ance, total solid, and total dissolved sohds

‘

3.4 Residue Analysis

¢

When possible and deemedt necessary, mature
fish, .and; posgrbly eggs, larvae, and juveniles,
obtamed*&"rom the test, should be analyzed for
toxicant ‘residues. For fish, muscle should be

'analyzed) and gill, blood, brain, liver,’ bone,

kidney,, Gl tract, gonad, and skin should be

considered for analysis. Analyses of~whole
organisms may be done in addition to, but
should not be done in place of, analyses of
individual tissues, cspecmlly muscle

1 en
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* mation with acceptable

<

. Analysis of Wate;r/zﬂd Wiastes (EPA,

.40 STAI:ISTICS S

. ’
. 4.1

3.5 Methods o

¢ desired infor-
'cxsxon and accuracy,
methods described in M thods” for Chemical
} 1971)
should be used unlgés there is another method
_which requires muth less time and ¢an provide
the desired information with the same or better
precision and accuracy. At'a minimum, accuracy

When they will p

should be measured using the method of known -
- additions

for all analytical methods for
toxicants. If available, reference samplés should
be analyzed periodically- for each analytical
method 4

AJ

Duplicates

Use true duplicates for each level of the toxic

agent, i.e., no water connections between dupli- -

cate tanks.

42 Distribution of Tanks s

The" tanks should be assigned to locations by

stratified random assignment (random assign-

* ment of one tank for each level of the toxic
agent in a row, followed by random- dSSlgnment ’

of the second tank for each levé&of the toxic

agent in another or an extension of the same.

row).

6.0 REFERENCES

v

4.3 Distribution of Test Organisms

The test organisms should be assigned to tanks
by stratified random assignment (random assign-
ment of one test organism to each tank, random
assignment of a second test orgamsm to each
tank, etc.). o . .

4.4 Selectlon"andf Thinrﬁng Test Organisms

At time of selection or ‘thinning of test
orgamsx‘ns the choice must be tandom (random

as defined statistically). -;,

50 MISCELLANEOUS' o ,

5 1 Addltlonal Information \

All routine bioassay ﬂow—througfl methods
not covered in this procedure (e.g., physical and
chemical determinations, handling of fish)
should be followed as described in Standard
Methods for the Examination of Water and

Wastewater (American Public Health Associ-

ation, 1971). ° ‘
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Appendle
Test (Evansville, Indiana) Photoperlod .
For Brook Trout Partial Chronic - ' T
- Dawn to Dusk . ) '
' : Time - Date Day—length (hour and rmnute)
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‘1_4 . x . ) . - . . - Al N ) *
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: 600 8: 15)' 15 14215)
, ) :
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Lo L : ) /
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. . o ’. . ) ©
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1 " —— A ;
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1.5 Plankton and Pefiphyton Pigment and Biomass .
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1.6° Macroinvertebrates '
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2.0 @QUI MENT AND SUPPLIES o o

This sutlon contains aﬁ abbrcvmtcd list ot -equipment and supplua used for the collection and
analysis of’ biological samples. The companies and addresses are listed dlphabetncally at the end of the

the U. S I:nvnroruncntal Protutmn Agency.

N

.~ table. Mention of commiercial sources, or productsin tlm swtnon dous not c.onstntute endorscment by

AL

-

[ e .
. , “ltem . . Source* | Cat. No. Unit Cc‘;\slt) (rl°9§73)
. 2.1 Plankton :md'Periphyt'on - o ¥
e - Sampling u/u? ;wld equipment ' . * : _
Water \.mlplcr “alpha, bolllc nonmetallic, transparent, 6 liter A 30) 1160TT § 150.00.
Plankton \m)pluotl.nkc Bumpus. 12 inch, with No. 10 and No. 20 mt £ (30) 37 400.00
Plankton mwmp net, No. 204173 mesh/inch)y gz i~ (30) - 41.00
Plankton net with bucket, Wisconsin style. N No..20 net (173 'mcsh/mch) ) (30) . : - I™ 9200
Subm.mnc ph(ilmnctu with deck cell () - 7 - 500.00
Laboratory equipment e N - . ,
Balsnce. analyUeal, 1007m capacity, accuracy 0.1 mg. ) . <0 - 1,000.00
Balance, Harvard Trip. double beam, (10 balance loaded Lcnlmug,c tubc\) , & 50.00
(Lnlru‘up citnical: Centricone, 8-plage ' : 100.00
Centrituge. 1EC, model UV, Rdng,;r{nud s . . 850.00
-Centrifuge hegd. leLL‘ 100 " . . g 50.00
Centrituge shieldd, Lll[)\ - ' s . .8 -30.00
‘Centrifuge trunnion rings R o - 8 20.00
Centrifuge tubes. plain, round bolwm pulypropylcnc 100 mJ : M 16+ 9.00
-Blood CeH Caleulator (counter), 8-Key (24) - | 2944-B50 | ':llO'OO
~Fluorometer, Turner 111 or equivalent, Lqulppcd with: ¢ » . (25) ' ° . 2,099.00
Red-sensitive photonultiplicr tnbe No. "R-136 8 - .
Turner No. 110-843 blue lamp, T-5 L RS BN ’
Turner No. 110-856. lamp adaptor for T-5 lamp - . . ‘
_Turner No. 110-005. S'tun(‘lu'rd sample holder o ‘
, Turner No. 110- . High-Sensitivity sumplu%lu N ! .
Turner No. 110-871, flow-through cuvette
Cdrning filter No. (8-5-60 (excitation) - O B
Corning filter No. CS-2-64 (cmission) L -
Disposable vials for fluorometer, 12 X 75 mm, 5 mi, Kahn type ’ .
Hot-platef Thermoly ne 11P-A 19158, thermostatically controlled (to dry > . v
diatoms on cover glasses), 115 volts, 750 watts. - ) N - 30.00 -
Hot- pl.:lC‘ _Chromalox, 2307 volts, 2000.watt, AC, three hcut (to incincrutc . o
diatom’ preparation on cover glasses). R s 30.00"
Miggoscope. and accessories (Americal Optical, Series 10T Trinocular Mluosmr 1 ‘ ,
\iequlvalunl) . o . * 1,500700
In-base illuminator and transformer. . . ‘ : i ' &
Trinocular body. - b
.Graduated mechanical stage:: ™ RO . - ’ .
Quadruple nose piece.” ) %vfy / -
N.A. 1.25.condenser. ' T “ . ¥
Condenser mount. R ‘, ) i -
* Objective. 4X. Achromatic. B \ O ) (
Objective, 10X, Achromatic, N v u oy
" Objegtive. 20X, Achronmnu@.md‘m{ must have Workmg,dmmncc grealer than R R M %
. ] mm tor Sedgwick-Rafter counts. . . ' T &
Obj&!lvc 45X; Achromatic. C e L ’ \ AN o
.-Objc;.lwc 100X, Acllmnwm e " o et
Wide‘field eyepicees, 10X, . ‘ o : A i -
*Sce list of suppliers-at the end of this table. . o ,“ “ -1 :
- RO vos [ 7 R , - ‘,, 8
» o, . 3 0 . o
- ' : ‘ ) 4 1“"1<'O ¢ "/; )
. . -a e » . . - - PR .
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- . Itgm - . Source Cat. No. Unit Approx.
. A : R . . Cost (1973)
Light meter . ' 29) Model 756 100.00
Muffle furnace, 1635 Temco Thcrmolync 240 volts, ! . 180.00
Temperature control for muﬂ'lehfumacc Amphtrol Proportioning Contmllu
0-2400°F, for 240 volt furnace- (n.commcnded for use with Tunw 1635).4 i “ +230.00 - |
Oven, Thermozone, forced draft, double walled,ghree shclves 230°C. - B I > '350.00°
Pipetting machine,automatic, Lirge, BBL. (for dlSpenSln[, prcscrvahvc) . (24) 7750-M10 320.00.
*Spcctrophotometer, double-beam, rcoordmg, rcsolunon 2 or bcttcr at ) - .
663 nm; Coleman-124 or equivalent. ; '
W.nhcr mechanical, g,l.nsswarc vanable specd Southcrn C;oss Modcl 300-B-2, . _'é A Y
Complctc 1 = 330.00
\ b Supplies . ' ' -
Cubitainer, 1 qt (approx L liter) * (8) v ldoz. | - 7.00 °
ubitainer shipping carton, 1 qt - @Y I “1 doz. 4,00
~ Bttles, pill, squarc, DURAGLAS, 3oun¢.c lor pcnphyton samples. Do’ ot use . L .
daps supplicd with bottles, ' o S “ofas | clearglass | %:grosst ' 8.00
- = ‘ ) amber glass | Y2 gross |* 15.00
C.;ps Polyml black, ﬁlzc 18, G CM.L thrc.sd No. 400. Usc on Dumglas bottles v - ah )
above, (16) - i gross’ 111?}
Crucibles, Coors, Jhigh form, poroelgm size 1, (.ap.mty 30 mi (24) 3319-B55 |Case (36) . 25.00"
Crucibie sovers for above, Size G, . «(24) 3319-D47 {Case (72) ¥ 20,00~
Desiccator, alumninum, with shelf ' 24y 3747-C10 22.00 -
Mcrthxolatc powder No. 20 (Tlumcroml N.I¥ ) . kb (13) : | Yaounce . 2.00
., e - -0 v 1 ounce 7.00 :
e T ’ . . . N 1 pound .; 95.00 ¥
Metal plate, 5, X 10 X l/8{nchcs,“stecl (to transfer cover glasses between ‘ o ' ‘
- hqt-plates). - . . N .o . N .
' Micrometer, cye- piece, whipple - ~ ff,"éj_’ . ue 18700 .
Micrometer, stage (American Optlcal) . - R I ¢ 1)) o 400 32700
£ Moynting medjum, HYRAX P ] ! ’-»'., €)) ) 1 ounce | 10.00
* .Pipettes, dlsposablt. Pasteur type, 5-3/4 inches (23), P5205-2 | 2% pross © B.00 &
Sedgwick-Rafter CountmgChambcr, as pn.scnbcd by “St.md.xrd Mcthods for thc - .
examination of ‘Water and Wastes,” ) K . (30) 1801 oy 9.00 -
@muc grinder, glass, Du.xlr completc . (12) size C . 10.00
. Vial§, Qpticlear, Owens-lllinois, 3. drams, snap t.aps for diatom prt.pamtlun - (21) - f - -SK-3 vl Gross R 1100
. g . i
2.2 Macrojinvertebrat { v ."’5 - v i,
Boat, flat bottém, 14-16 teet, Arkansas vaclcr or Boston Whaler with winch 2 - [ : e
and davit, sratch-block meter wheel, and trailer, I8 hp Outboard motor, Life ; . ' Lo ,
jaukots, other accessories /,g 4 J an . 3,000.00 \
" Cybs fasténing tools: (20) " .
Xibie clamps, 1/8 inch g . . ’ o * 3.00 .
Nicro-press Sleeves, 1/8inch ~ » . : , / - 6.00 .
Nicro-press tool, 1/8 inch : T .32.0Q
" Wire cutter, Felco ' 7. 7.00
Wire thimbles,’1/8 inch - i . v 2.00
Cable, 1/8,inch, galvanized steel - ' . '89.00
Large capacity, metal wash tubs ™ - R N " ] . -3.00
. Cote sampler, K. B., multlplc and gravny corers "L (30). 24'00‘ - i -} 225.00
.-Hardboard multiplate sampler - | co I B 7.50
Trawl net .. ¥ S . . (30$) R I 10000~ -
“Drift net, stream T T o N (30)« 15~ v 1800 0
‘Grabs P T ’ o : : "
Ponar oL ) (30) 1725 1 20000 .
Ekman, 6 X 6 inch ~ © ~ - - NN J96B. 1 78.00
Petersen, 100 square inch .- o . (30) 50" 1- +f 7 200.00
Weights for Petersen . ‘ e PR ED)! 51 ! pair * 25.00 '
. \%’z % . N . ’ - . Lot ) % »\“ . .
- . " /3% ) @ ” / —. L . 8 \ ™ ke g .(}\ ' \' »
. N 3 P .. . N - W
N b L N
A . ) . ‘.;‘ .. / i S.s .

\)‘ ) . - B ’ ; . s
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. . ltein Source | Cat.No. - | Unit C,oAs‘t’?rl%’fm)
Basket, Bar-B-Q, (RB-75) Tumbler . o (22) i 12 25.00
Sicve, US standard No. 30 (0.595Mm opening) and others as needed 126) V73250 L | 1 each 10.00

" #Flow meter, TSK, (propeller tyge) (10) 313 T.S. 200.00 -
Flow meter, electromagnetic flwo-axis - (15) | 2,600.00
Mounting media, CMC-9AF < I 6) 4 cunce 2.00
Mounting ‘media, CMC-S . ' I < (6) B 4 ounce 2:00
Low-temp bash St ' ’ 1 (31) 94370 1 500.00 -
Water pump, ep_qg_y-encapsuhtt.d submersible and o‘pene’nr ’ (14) 1A-MD 2 . 50.00
Sounding equipment and specialized gear ot (7.9,11) e
Lasge, constant temperature holding tanks with 1/3 hp water chiller, ‘tharcoal 5). MT-700 , -1 l 540.00

““PolyethPlene botties, dark bottles, tubing "'A, ' o v ag |7
+ Cahn electrobajance : A ol oen DIL | 1 .| 1,000.00
Poreelain balls for baskets (2-inch dmmetcr)’ ' AR PR - N unlapped pound -, 030
" Porcelain multiplates . P e : - " ~t ot {4 150
Counter, gifferential, 9 unit, Clay- Ad.nms . LR - B 412 -4 A /) 105.00
‘Counter, hand tally o T . {7 3297- ) 11.00-

, Magnifier, Dazor 2X, floating, with illuminater and bage, | - - 8Ty &B(S A 95 i © -50.00
Microscope, compound trinocular, equipped for bright-ficld antl. ph.mc mluoscopy 1€ P ' i
with 10X and 15X wide-ficld oculars, 4,0 X, 10X, 20X, 45)%;,&111&1 1,00)( bnght- ' ~j‘ﬂ' o : -

~ ficld objectives,.and 45X and 160X phase obJCCtlvcs o R “ 2,000.00
Stercosmpxc dissecting Microscope . L L 1,000.00

¥ Tessovar photomacrographic Zoom System . N - 49-65-01 1 1,779.00

-« Camera body, 35 mm Zeiss Contarex, for Tt.ssov.u . 132) . 10-2611 1 600.00
Stirrer, m.xgmtu o Wy - . (©) 375AA4514 R 42.50
Aquaru (of various sizes) ‘ ) v o (6) )

Aquatic dip nets m c 4 - . oL (©® : C
Microscope Slides and Cover shps St.mdnrd square, ]5 mm e e RN 6) 320A %0 .| 10 gross 31.00
- * LT, R ~ | 320a2f0. |1 ounce| . . 3.50°%F
Vials, spccimen glass,’ 1 dram, 15 mm X 45 mm —— w) ;| 315A57 “ 10gsoss | . 78.00
" Pgiri dish, ruled grid, 150 mm X 15 mm ’ MR (2): [315AA4094 | 12. - 2007
Freeze dryerwith fredZing shelf -+ S (28) .{ 10-800 1~ +4,000.00
i (19 . | > 5831 I 300.00

]
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Sources of equlpment and supplies for planktOn periphyton, and macromvertebrates

5. Frigid Unilg, Inc.

6. General Biological Inc,

.9, Hydro

10. lnter Ocean, Inc.
(=]

l

i. _Coleman Instruments
"42 Madison St. .
Maywood, IL 60153

2. Corning Glass Works
11470 Merchandise Mart
Chicago, IL 60654

3. Custom Research and Devclopment Company, Inc.

" Mt. Vernon Rd., Route 1, Box 1586 .
Auburn CA 95603 )

s

4...Fen'o Corporauon X _"r.
P. O. Box 20 - : -
East Liverpool, OH 43920

© 3214 3ylvama Ave.
Toledo, OH-. 43613 ¢

8200 S. Hoy
Chica,

{ Ave. . _ o
60620

«7.-G-M’ ufactunng & Instrument Company
2417 Thixd Ave. o
New Yor,k\ NY 10451 :

8. Hedwfm Corporatnon . » -
1209 E. Lincolnway .
Laporte, IN 46350

dum ;o
11777 Sorrento Vhlley Rd.: Iy
San Diego, CA m921..1 .

3446 Kurtz St. =~ + - coL T
;San Diego, CA*92110 . . R

5
IL Kaht Scr«.ntlflc Instruments. -

<~ P, O{ Box 1166

+
4
.

_6.'
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El Cajon, CA 92022 . . ..v '@t%&&).

12 KontesGlassCompany »
’Vmeljnd NJ 08360 ‘: : o .

13 Eli-Lilly Company" . . S
307 E. McCarty St. ' g
_ lsxdunapohs IN 46206 - o

14. March Mapufactunng Company v
Glenview, 1L 60025 - ~

15. Marsh- McBuncy,lﬁc I
2281 Lewis Ave, i - Vi

-

Rockville, MD20851 . . \

16 Matheson Scientific ERY \ .
‘1850 Greenleaf Ave, = .
Elk Grove Village, IL 60007 ° :

5

17.
18.

19.

20.

21.

22.

“23.

24,

25.

- _P.O.Box 1035
_+Toledo, OH 43666

. Carl Zeiss, Inc.

i\ .

a

A}

MonArk Boat Company
Monticellp, AK 71655 .

Nalge Corpomtnon .
Rochester, NY 14602 -

NationabAppliance Com y

- P. O. Box 23008
Portland, OR 97223

Natnonal Telephone Supply Company
3100 Superior
Cleveland‘iﬂH

Owens-llhno_ls '

114

“

©

Paramont Wire, Inc.
1035 Westminster Ave.
‘Alhambra, CA 91803

Scientific Products
1210 Leon Place
Eva'nston,,l_L 60201

Arthur H. Thomas Company
Vine Street at Third
P.O.Box 779 , .,
Philadelphia, PA 19105

G. K. Turner, Assoc.

- 2524 Pulgas Ave. )
_Palo Alto, CA 94303

. W.S. Tyler Company

Mentor, OH 44060

. Ve;ltron Instrument Corporation
-7500 Jefferson St.

Paramont, CA 90723

. Virtis Company-- .

Gardines, NY 12525 :
. Wcst(fgﬂiﬁﬂments, Inc. .

614 Frelinghuysen Ave,
Newark, NJ 07114 #

. Wﬂdhfe Supply Company

301 Cass St.
Saginaw M1 48602

Wilkens-Anderson Com pany;

4525 W. Division St. ]
Chicago, IL 60651 s <

444 Fifth Ave.-. L
New York, NY 10018 * -
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Sources of information on fishery sampling equrpment . ‘ "‘

American Association for the Advancement of Science. Annunlgurde to screntrfrc instruments (Published in Science).

American Society f ernology and~0ceanography. 1964, Sources of limnological nr‘d oceanographic apparatus and suppligs. Specral
Publ. No. 1. lﬁ Xii. <y
Oceanology Inti
Sinha, E. Z., and C. L. Kuehhe 1963./ Bibliography on oceanographic instruments. 1. General. . Waves, currents, and of
eophysrml parameters. Meteorol Geoastrophys Abst. Amer Meterol. Soc. 14:1242-1298; 1589 1637.

onal Ymrbqok/Du‘cctory > E zﬁ
er”

U.S. Fish and Wildlife Sgrvrce 1959, Partial list of mauufacturcrs of frshmg gear and accessories and vessel empment Fishery Leaflet

. 195,27 pp. o - p
: S v -
Water Pollution Control Federation Yearbook.: : . P . . ] ;
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.7 Units 'of Weight and' Measure o

R . ?';Internatiqnal‘(Metric).and U.S. Customary’
B T erenotnr . At :
S ae e 7 Lk g::gsholm R AT I

et -

needed weights and measures conversion tables—conversions between the U. 8, ’,
Customary System and International (Metric) System. A secondary purpose is* , .
to present a brief historical outline of thé International (Metric) System— >
following it from its country of origin, France, through its progress in the h ' ,
United States. ' ' ' T

The primary_purpoée of this publication is go;mal'(e av_ailabie the most oft,e‘f\ “\ = oL

2

oo & . . .

o : < Key Words: thvemion' tables; Inter'na“ ) System (SI), Metric Syateﬁf, : . *

- BN U. S. Customary_Systeim, W and ‘measures, weights and -
o : . mehsires’ abbreviations;: weights tand” measures systems, weights R4

: o L . . - IR . M
oL 1 i : ST _ and measures @initg>- " 7
e S - R

& oy .
“Two sy§temé. of weights and measures exist side by side in the United-States todey,
: .with roughly equal but separate legislative sanction: the' U. 8. Customary Syst:,em' and the
v - ' International (Metric) System. Throughout U. S. history, thé Customary System’ (inherited
o from, but now different from, the British Imperial System) has been, as its name implieg, &
* customarily used; a plethord of Federal and State legislation has give;&,{tﬁ;ﬁo'ugh implicg,.
tion, standing as our primary weights and measures system. ‘Howeve¥, the Metric Systém .
(incorporated in the scientists’ new SI or Systéme International d’Unités) is the only sys- S
* tem-that has ever reieived specific legislative sanction by Congress. The “Law of 1866""
reads:. CoL - : R SR
) It shall be lawful throughout the United States of America to employ the ¢
9 . weights and measures of the metric system; and no contract or dealing, or pleading
' * in any court, shall be deemed invalid or liable to objection because the weights-or
\‘Q .. measures expressed or referred to theréip are weights or measures ®f the metric

system!.. :

A

~ Over t'he’.last,f:lQ()'f?ezifs, the Metric System has ﬁee_n _s_loih,_ét,gzidi_l)'_{ increasipggk’_ use in
the Utdited States and, today, is of importance nearly equal to theJ&q‘tomary System.

s . The International Syét.ém *

* For up~to-date information on the international metric system,..
see current edition of The International System of Units D, - =
Editors: Chester Page and Paul Vigoureux (NBS Special Publication ,
: 330). For sale by .Superintendent o6f Documents, U.S. Government -
Lo . Printing Office, Washington, D.C. 20402. -Price’g0 cents. For =
’ "NBS pblicy on the usdge of SI, see NBS Technical. News Bulletin

SR Vol. 55 No. 1, pp. 18-20, January 1971. s
. ) . . , i . . - R K
. . ' ) ! ’ \
. : . . Tt , . . '
Bt '._lActTZBTluly 18886 (14 Stat. 339)—An Act to authorise t!le_une.ohhe _M‘et'ric Sy'st'@m of Weights and Fesaures. .
- o oL S g R ) ’
’:- b ¥ i 9 ! . ¢ - 1
) s . 7 . S 1 C n v V
« . s . D
. ’ (N " G I . . , ) o
Py - . s M y




Six umnave been adopted to serve as the ba.sé for the Internatlonal System

‘ ._meter ¥ i
" S -kllogram
s Time oL et e secon ‘
| \ ot Sl L L ampere + Y
N Themyd}mamrc remperature__ IR Leteieioae Tt e'kelvin o
,’: - .- Light mtensrty-:'v,_-.__-_'_ ........ {.ﬁ ....... ‘------'.-:---,,_--_r-candela :
S ~Some of the other mare f’requentfy» used units of the SI and their symbols and where
. appllcable, their denvatrons are listed below .
-7 "~ SUPPLEMENTARY UNITS R
. Quantity -~ UL T Unigt 3 Symbot  [-Derivation -
~ ’ - ' ' B ' Ve
Plane angle . | . radian - : . rad
-~ Solid "angle . N | steradian I I .
. ~ 3 0
(. __ DERIVED UNITS
o Y’A k ’ I S

- ~Area E =+ | square meter . lm2 7, Yo

. Volume = - © % . | cubic meter \ | m? ,/

Frequency , | hertz ' Hz (s™)

~ Density ', . kilogram’ per cubic ineter kg/m* |
‘Velocity ' meter per second - . “mi/s : L
Angular veloeity = ° ' radian_pet. second oo fﬁd/g - -
Acceleration - .' . . | meter per secord squared .. | m/s?

Angular acceleration " | radian per second squared ~ | rad/s? -
Force' - _ : | newton - : N (kg -m/s?)
Pressure .= 7 _ | newton per square meter 4| N/m?2 . ) :
Kinem}tic viscosity ) + | 'square meter per second -~ ' | m%/s

Dynamic viscosity newton-second per sovnremeter| N-s/m?  * :
Work, energy, quantlty of heat‘ ]oule J : (N-m)
Power o | watt _ . W (J/8)
Electric ch ge/\" ) cottlomb fcC. (A-s) ,

Vo{tage, Ppotential difference, | volt . = S , V. (W/A)

t electromot‘ ef@rc& ""; : : : ] oo
Electric field streng’ch _ | volt per meter : 'f%; V/m

* Electric resistance . " | ohm ' L2 | (V/A)
Electric capacitance -* | farad - - e - 4 F (A -8/V)
Magnetic flux . - s weber : . . Wb .| (V-8)
Inductance : S .hen'ry : H - A(V-s/A)

" Magnetjc flux density Do | tesla _ : T ! Wb/ m’)
Macrnnhn ﬁn]r‘ efrnno‘fh omr_?!-e pﬂ!‘ ".".ete!‘ o ‘AAI/‘m ’
Magnetomotlve,{orce ' ‘ampere - . | AL
Flux of light ™~ 4 | lumen - s S m e T (ed-st)

" Luminance . . candela per square meter - | cd/m? L
'Illummatlon B : lux ] i L - Ix . | (Im/m?)

- *® Recent (1971) addltlon of. the mole as the unit for-amount of
-substance brlngs the total to se e%unlts. See asterls}ced foot=

_ note on’ page l. .- ‘ L o

.

-
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e u ST ' Deﬁni.tions e ".“. L " A
- . - ' - q v
n its Ol‘lglnal conceptlon the me@r\sas the fundamental umt of the Metrlc System, )
‘and all units of length and capacity were tQ be derived directly from the meter which was -
intended to be equal ‘to-one ten-millionth jof the earth’s quadrant. Furthermore, it was
- origihally planned that th'e/lumt of mass, the kilogram, should be identical - w1,th the mass of o
.a cubic decimeter of wqﬁ!r at its maximym de’hsxty The unlts ofJength and maxss are now '_-.'"“J
deﬁned lndependently of these conceptlons Lo . % a
5 t R
In October 1960 the Eleventh ‘General (Internatlohal) Conference on W@ts qnd '\
Measures redefined the meter as equal to 1 650 763.73 wavelengths of the orange—red radia ‘
- tion.in vacuum .of krypton 86 correspondm‘g to the unperturbed» transxtlgn between the : B,

,' '. ‘ .‘p,. : - ' .
The kllogram is mdependently deﬁned as the mass of a. partlcular platmum-mdlum
standard the Internatioml Prototype’ Kilogram, whi¢h is kept at the Interna,txonal Bureau T,

of Welghts and Measures in Sé\?res, France R e
The liter has been deﬁne‘d since October: 1964, as belng equal to a cubxc decxmeter

lThe nteter is thus a: ‘unit on whlcléls based all. %etnc standards and measurements of ‘length

. commodltles onl_\,

‘. R ’ -
E s . ’ G . . . > .-
R & e e \ %
S _ ‘ - ]_QO T o - o
SO . . - . ) R R Lo . L - ' Ve 1
- N“"'_ .f J a . . : ‘ " - e . _'Iﬂ_,'-:‘ N s
e K ) - . ’ . R :
" .o . . ~ . . - - , o

area, and, volume [ < . .

T L SR
v - , L ﬂDeﬁnitions'of‘Un,its..,_ e s s
S - SRR Dol e P e
! T R N Length o év_*_. ,,/’4 L {7
. = . o _“ ~e o1 :
A meter is a umt of length equal- to I 650 763.73 wavelen\ths m avacuum of the orange- C
d rad1atlon of krypton §6. ] ’ R B . , .-
y w2 ’. ",: : .. S S v
A yard is a unit of length equal to 0. 914 4 meter R “ & A
. oo . I A

A kzlogram 1s4; unlt of ss equal to the miss of the lnte‘l'national Prototype Kilogram. '

An" avmrdupozs pound is a umt of mass equal to 0. 453 092 37 lulogram, Ca-
. ) w : Capaclty, or Volume N i) . ~: : ‘\‘ »
e . ' . ‘ "‘a. B - K e :
_A cubzc meter is Aa umt of VOlume equal to a cube the edges of ‘whlch are 1 meter. '+ -
A lgter is a unit of volime equal to, a cubic: declmeter . "._

A culgc yard is a unit of volume equal toa: cube the edges of whlch are I yard \\/

A gallon if a umt of volume equal t0.281 cublc lnches It is userl for measurmg hquxds

. o . .
] S N,

'Oﬂly o . e -i’l"”:'- . o : _)“ PRI SR

A bushel is a unit of volume equal to 2 1,30 42 cublc m(‘hes It is used for measurl.ng dry b L

' L L S L PR . : L PR . % .
-~ g L R . e . . 5 . . ,'
aea - St SR ¢

o -.:_--._ . o ot . 8 ) L
. . . "

e ’ o LA

, Wer: is 2, umf of area cqual to the area of a square the, sides’ of wh\lch are lf R
meter. _ . . , ;',. o .""" ‘.g,. ..
A square yard is a unit of area equal to the area of a square the s1des of\whlch are 1 yard,
NN . “ .. i . o . . -
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e Spemng and Symbels for Umts L e
'..'\, . Sl . ;

'; The- spelhng of the names- o?‘umts asvadopbed by t.hc Natnonal Bureau of Sta.ndar;ds v

. is that given in the list be16w The ‘spelling -of the. Mmetric umits. is, in “accordance with that, -
-1 giver in the Jaw’ of July g8, 1868, lepf?hzmg the Metric System in the United States. e
. " - % . Following the name of each unit in the listbelow is given the symbol that the Bureau .
’\;','.. “has gdept,ed A&tentlon is. partl(-ularly called to the: “folléwing principles: Lo B
AR No periodis used- w1th 8y mbon for’ umts Whenever ‘bx}" fo; mch might befconfused. C
@nk’f’he preposition “§H4, 4inch’” should be spelled out. » .
*2. The exponents * “"" and ‘53” aré used to sngmfy “sqqare and “CUblC, reSpectlvely, IR
mstead of the. symbols (‘Sq’* or. ‘&‘Cl},’; which: areé; h&yeverf g’equénﬂy -used .in bechmcal' o "
s lxt‘eratUré Tor the U. 8. Custon;ary anits. v . e Lo
& The sam‘e symbol is used for both smgula!r and pluraf U T @ N
PRI ’\'.; Lo ."‘ IR . R
DR VL PR AN T S Some vats and Their Symbols B T N
: GES 1 v‘.- .lq_“ el e P . . , L S ' '
-.-i,f“_ < o ~ . . T e BEEEN
., Un ’ Symbol |- Umﬂt ot Unit .7 " - Symbol. {
_acre- g ! fathom "~. ° " |- millimeter . '& " m T
. Bre. "y - foot = "minim °© %", %' . minim /,- o
‘b&!\rel , : .furlong ’ . ounce: oz - .
‘board foot ) gaﬂnq upce, vonrdbpol! "oz avdp, P
bushel 4 LR .grain i - ounce,bﬂ ’ g 0z ! T
1_'.,_ - I . < R B S
T cardp ot ram L A S~ ounce, troy‘ . Codhtrt A
Cels s*degree % ‘hectage ' . . | peck - o -+ peck - o
centdre ‘ - hectogram . : . pennywelght* v odwt 2
- centigram %, “hectoliter .. “1.pint, liqind-. & . 4 -qu pt e e
centl ter; Ml hectometer l/ pound : -0 . .
9 P ‘. .'v,; . R o
'centlmefer g | " hog 5head . " . hhd pound avolrdupom lb a.vdp .
-chaify 4, hund:edwelg,ht Coewt L ,pound, troy oA Ibtr
» - cubic’ qgntlmeter inghR SRS | W quart Imquld - . lig qt,
: cublc de et.eY‘ Intema;lonw Lo s T ©. (wod (Y
_ eter,, , : Nalménl LB ssecon&u R
ERS B R k&lvm . square cenglmet,err. ©em? o ‘ h
t e rgcubic hectométer “rhme kilogram™ " « Square-teciméter dmt vE
“'cubi¢ inch T - cinde co kxlo ter . - b 'square dekaineter, . “dam? R
_ cubic kilometer skilométer- -« "square foot”
L ~ clﬁ)lc mcter TR e qquarq h'cctometer LR
i pubw rmle '." square inchi
" cubic mllhmegé . .8quare lulometelj
..z ¢ cubic yard . ) " square meltér
o dgcl am ." oy . dg7e 0 9 m.lcrogmm . square mi
decx tqr o dl glcromcb. squdre mxlhmeter
; SNy T e L
decxméter ‘;; AR am e N mlcrollter o ( -1 a_quar;iyard e A . .
',a ekagra . e D %3 <] stere . - ) stere? N
- edek m R daf" " ,mxle o s mis A |#ton’ lomg> ¢ longtpn o '_'_. S
R dekameter %, - e + | ‘milligram, . ;5 e mg™ e oton, metric o A S
° dram, avoirdupois”’ ‘. ‘_avdp 5 Jnl”_!ljltﬁl"u SRS | IR tor;ashort T qhont toxﬁs‘ .
. e W e T Lo o, Ve R B T .o "yg. - ". ‘
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Units of Measuremerit—Conversion Factors*" a

1
Units of ‘Length

) A
. - " To C,;mvert from / . ’Ijn'Conw-.ft from E I
o Centlmeters T r Meters-  + N
To . o Multiply by To . ' " Multiply by
Inches. .. ...ooowoe ... ... 0393 700 & Inches* _......... el 39.370 08
Feet. . . ... 0.032 RO8 40 Feet. ..___._. ./; ........... 3.280 840
andn____.{(@_.'_”_:._M_-- 0.010 936 13 | Yoards. .. ... A 1.093 613
Meters. .. _Vi®_ \_._,':'l_: 0.01 | Miles_...__. e 0.000 621 37
co . Millimeters. . . .._._._. 9__ 1 000
’ o Centimeters..._...._...._. 100
rY p : , Kilometers___._______.____ » 0.001
o
’ // ‘ . . To Convert from
0 ; . Feet |
To Convert from o To, ’ Multiply by
. Inches ) ,
To . © Multiply by Inches. .o 12 .
— —— Yards____..___. e 0.333 333 3
Feet. _._.. pooonome-m---2y. . 0,083 333 33 Miles......oool ool 0.000 189 39
Yards. ... .. ...... 0.027 ’777 78 Centimeters_____._____..___.._ 30.48
Centimeters...___..._.._._ “.: 2.54 .| Meters..__: e e -0.304 8
Meters. ... .. _. §o---- e 0 .025 4 Kilometers__ ... ... _._._.. 0.000 304 8

* All boldface figures are exact; the others generally are given to sever‘ éigniﬁ_cnnt figures.'

In using conversi¥h factors, it is possible to perform division as well as the multiplication process shown
here. Division may be particularly advantageous where more than the significant figures published here are
‘required. Division may be performed in lieu of multiplication by using the reciprocal of any indicated mul- )
tiplier jvisor. For example, to convert from centimeters to inches by division, refer to the table headed
“To Corert from Inches’ and use the factor listed at ‘‘centimeters’” (£2.54) as divisor.

To Convert from To Convert from
Yards Miles
To Mul/t,iply by To Multiply by
. . . -

Tnches____._ ...l ... 3/ Inches...._. ..o - ... 63 360
Feet ... ___ . _______l_._... 3 Feet . . . ._.......°%_..., 5280
Miles_ . . i 0.000 568 18 Yards o oo 1760
Centimeters___ . _......_....... - 91.44 Centimeters_...._._...... . 160 934.4
Meters_ ... _._... s 0914 4 Meters. - .ooooeooreaaaan. 1 609.344

N > Kilometers_._ .. .. _....... 1.609 344

e -
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' . \ ) -~ .
P Units of Mass — = .
. To Cotwveyt from S N - To Convert from ~ ~ R
. Grams' ’ ) Kilograme .
o . o : .
I Multiply b}{ To l\jultlply by
Graina.._._..._....._..__. 15.432 30 | Grains. " ¢ ... - 15 432.36
Avoirdupois Drams. .. _____ 0.564 383 4 Avoirdupois Dmma_, T 564.383 4
,f Avonrdupons Ounces__-_ .. ._ 10.035 273 9 Avoirdupois Qunoes. .- _.._ 35.273 96
Troy Ounces .............. 0.032 150 75’ Troy Qunces. /.. _._ . ___._. 32.150 75
W, v . Troy Pounds__.._._... ... 2.679 220
Troy,‘Pounda..__'.- _________ 0.002. 679, 23 Avoirdupois Pounds._.____ 1 2.204 623
‘Avoirdupois Pounda ...... e 10.002 204 62 ‘ '
Milligrams______ " ____ J._ 1 000 Grams_...____ Coeeereogto_ 1000 ‘
Kilograms . e 0.001 Short Hundrcdwelghm ______ . 0.022 046 23
Short Tons_.__._._.______. 0.001 102 31
: Long Tona_ . .. _..._..____. 0.000 984 2
. To Convert from Metric Tons__.._.___..___. 0.001
", Metric Tons v
To - - "Multiply by . .
Avoirdupois Pounds_....__._ 2 204.623
Short Hundredweights_._____ 22.046 23 -
Short Tons_..x ... ..._._.. 1.102 31173
Long Tons___ ... ___._._____. 0,984 208 5
Kilograms_ . __._.._._.___.. 1 000 .
] : s
To Convert from  * - . To Convert from
" Grains ( R Avoirdupois Ounces
To ‘Multifly by To . . Multiply by
Avoirdupois Drams. _____. 0.036 571 43 Graing .o oeee e 437.5
Avoirdupois Qunces. ... . . 0.002 285 71 Aveirdupois Drama___.. 16
1 Troy Ounces. .. _. S 0.002 083 33 Troy Ounces. .......... 0.911 4
Troy Pounds_.._,...2..._ 0.000 173 61 Troy Pounds_.______. . 0075854 86
Avoirdupois Pounds.._..._. 0.000 142 86 Avoirdupois Pounds.___.. 0.062 5
Milligrams. . ________._.___ 64.798 91 Grama. .. e oo 28,349 523 125
Grams____________..____. 0.064 798 91 Kilograms. __ ___ S 0.028 349 523 125
Kilograms_.____.________. 0.000 064 798 91 — =
7 > To Convert from” T
. To Convert frora ’ Short Hundredwelghts .
?{olrdupols Pounds To ) Mult'ply by
To Multiply by -
: 7 Avoirdupois Pounds_._...__. 100
Graing. ... __...._.. 7 000 . Short Tens.._______. ——— 0.05
Avoirdupois Drams.... 256 b Long Tons. . - oo 0.044 642 86
Avoirdupojs Ounces . __ 16 - Kilograms_____. e ,--- 45.359 237
Troy Ounces. ._.._..._ 14.583 33 Metric Tons ________________ 0.045 359 237
*Troy Pounds._._._.__. "1.215 278 !
Grams._.._.._._....._. 453:592 37 ' / - -
» .
Kilograms. .__._.______ 0.453 592 37 ‘
Short Hundredwelghta.‘ ~0.01 ]
Short Tons_______..._. 0.000 5 oo
Long Tons. .. . ....... 0.000 446 428 6 { _
Metric Tons_.......... 0.000 453 592 37 e
‘ ’ -4




‘ " To Convert from . Te, Convert from
Short Tons : 4 - Long Tons
To . LB Multiply by To Multiply by.
Avoirdupois Pounds......_. 2 000 _ Avoirdupois Qunces._._ 35 840
Short Hundredweights______ 20 Avoirdupois Pounds.... 2 240
Long Tons . ......._.._... & 0.892 857 1 Short Hundredweighta__ ? .4 -
. -Kilograms___s.____.__..__. 907.184 74 - Short Tona......... - 12
Metric Tons_.._.________.__ 0.907 184 74 Kilograma___.._._.___.. 1 016.046 908 8
,o . : MetricTons._._s......"  1.016 046 908'8
» ’ }
To Convert from v A
o Troy Outices, v S To Convert from
To " Multiply by Troy Pounds .
- : To Multiply by
‘ Graing._... ... .. ... 480 '
- & | Avoirdupois Drams______..__ 17.554 29 Graina__ - _leooo.ooo__.... 5 760
_Avoirdupois Qunces_. . ___._.. 1.097 143 Avoirdupois Drams_____._.._ 210.851 4
. Troy Pounds__T________.___. 0.083 333 3 Avoitdupois Ounces...____.. ;o 13.1685 71
v . Avoirdupois Pounds_.___.____ 0.068 571 43 Troy Ounces. .. ___z_._.__._ 12
s ' Grams. .. ... 31.103 476 8 Avoirdupois Pounds. _.....__ 10822 857 1
— - —u Grams.. .. ... ... —ee-e- 373241 721 6
, . . -
Units of Capacity, or Volume, Liquid-Measure
RN A
To Convert from / To Convert from
¥ . Mulliliters \ Liters
To L L Multiply by | [To ’ - Muitiply by
Minims.____._._ ( . _'“.,_v ...... .. 16.230 73 Liquid Qunces_..__.....__. 33.814 02
Liquid OQunces____,._____ e - 0033 814°02 | "} Gills- ..o . 8,453 506
Gills. ... ... 0.008 453 5 Liquid Pinta__.._..__. ———em ;2113 876
Liquid Pints. _ _______ P 0.002 113 4 Liquid Quarts_____________ 1.056 688 :
[ L ’ . N iGallons ___________________ 0.264 172 05
) quund Quart.s- . _Lr- . I\'_ S 0001}}056 7 \'- R R :‘r‘
Gallons_:_.._.._ ..._:3I_.. 0.000 264 17 Cubic Inches.______ : - 61.023 74
. Cubic Inches__ ., ... feao --- 0061 023 74 "Cubic Feet_.__.___.__....._ 0.035 314 67
e Liters._ -~ _____ K'f ) 0.001 Milliliters__..________.___. 1 000
TN - Cubic Meters_____._.._.___ 0.001
X A Cubic Yards_ ____.________ 0.001 307 95
To Convert from
Cubic Meters ., .
N To . Multip{}:\'by To Convert from X
: : . Minims -
Gallons_______.___._....... - 264,172 05 To Multiply by
Cubic Inches. . ___.._._.... 4 ¥ . —
Cubic Feet....._...o...___ 35.314 67 "*| Liquid Ounces.._____ - __._.... 0002 083 33
Liters_ - . ooy Gills...... [ IO 0.000 520 83
Cubic Yards_ .. ______.__ - 1.307 950 6 CubicInches____.____________. 0.003.759 77
. M Milliliters. . _ . e e o - 0.08% 611 52
L~ ¥
‘- .Va--r “ -’ .
o . ! ‘
‘ to v . °
—‘\_\/. . - -,
o : 195
° - v °
oo N N
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To Convert from To Convert from ‘

P — Gllfs 5 Liquid Pints
To ~ Multiply by . To Multiply by - - *

AY 4 '
- ) T -
Minims. _________:. ... 1 920 Minims.____. [ 7 680.

. Liquid Ounces_______ . 4 'Q‘:‘lquld Ouneea . ___._..... 16 -
ldiQUid Pints_ . ____.__. 0.25 ' s ... C 4 . I
Liquid Quarts_________ . 0.128 Liquid Quarts....__...._2 - 0.5
Gallon? _______________ : 0.031 25 Gallons._.__.._.p - ___.. 0.125
N v * 3
Cubie Inches. ... ... 721875 Cubic Inchen..{ ________ 28.875 e
Cubie Feet.._.._____ .. 0.004 177 517\ Cubie éet. oo 0.016 710 07
Milliliters__..__. __ e 118.294 118 25 Milliliters___..__.__._.__. 473.176 473 .
Liters. .. ... _.._... 018 294 uis 28 | | Liters._..._._......._[. _0.473 176 473

= ‘ b t
- - .
. To Convert from : -, 1
. - Liquid Ounces . To Convert from :
To o ©* " Multiply by Cubig Feet . )
- To ' ) Multiply by - *
Minims____ ... __._._. 480 L .
Gills. - - ooememeeee e 0.25 Liquid Ounces_ 7 5508 5 {
Liquid Pints. ... 0.062 5 Gills.oooeooo 430.376 6 L -
| Liquid Quarts..___. 8 ... 003125 Liquid Pints—...._... 7 59.844 18
“Gallons._._ ... . _.____. 0.007 812 8 Liquid Quarts.____. - 29.922 08 N
' » Gallons. ... N... % 7480 519 k
Cubic Inches_ .. _._.._.._.... 1804 687 5 A
Cubic Feet----_-__ ___________ 0.001 044 38 Cubie Inches____.___. ‘1728 ~
Milliliters__ .. PR 29.573 53 * Liters_.___.._._.._... 28416 846 592
Liters_ __ ... ________.__.._ 0.029 5;]3 53 Cubie Meters__.___... 0.028 316 846 592‘
‘ Cubie Yards___...__. 0.037 037 04 '
To Convert from / —
Cublc Inches A To Convert from
To Multiply by Cublc Yards
- To " Multiply by
Minims..__._.___._____ 265.974 0 :
Liquid Ounces__ "> ____. ~70.554:112 6 Gallons_______.____. 201.974 0 -
ills .. 0.138 528 1 Cublc Inches___..__. 46 656
Liquid Pints_.._...._._. 0.034 632.03 “ | Cubie Feet___.__..___ 27 .
Liquid Quarts____.._.__ 0.017 316 02 Liters. .. __...____. 764.554 857 984
Gallons. ... _.__._.__. 0.004 329 0 Cuﬂic Meters......_- 0.764 534 857 984

e Cubic Feet__.___..._._. ~ 0.000 578\ ( ,
Milliliters........__.__. 16.387 064 ‘ . .
Liters______. R, " 0.016 387 064 : S

| Cubie Meters_._____._..- 0.000 016 387 064 ' . . .
Cublc Yards_.__l._..._. 0.000 021 43 :
s | .

S



'0’ \/4 . . . o v
3 . . . ) " -‘ X . vu
- ' . o i N .
{ “ To Convert-from . . \ To gronvert from
RN quul(’ Ouat;{an . . P , ( allony .
N * { To ~ Multiply by - To ' Multiply by
) tulliply by . hiply by
Minims. _..___._.__. a--- 15.360 Minima_______.._._. 61 440
Liquid Ounces....___._.._. .32, JLiquid Ounces.... _. 128 o
Gillse ... 4 8 Gills. ... 2 S
.| Liquid Pinta..___.____~ 2 Liquid Pinta....___.. 8) )
Gallons........o0._._____ 0.25 Liquiid Quarts.~. . ___ e,
) Cubic Inches. . ¥_.___ 231 bt
"Cubic Inches. . ___.___. ‘- 57.73 ; ‘ .
Cubic Feet__________.... 0.033 420 14 - Cubic Feet____.__. .. 0.183 680 6
o Milliliters.___ ... ___._._._ 946.352 946 - 'Millili'tfcx’s___:_‘__-‘f___ 3 785.411 784
B Liters.._._.__....._. G-~ 0-946 352946 | Liters’). . ___.___ 3.785 411 784
'\ PR | Cubic Meters______.. 0.003 785 411 784
v ‘ Cubic Yards.___.___. 0.00 113
a . : ar - 0.004,981 13
e £ 5 : - Lo : h
. o ' : _ . .
T, Units of Capacity, or VO]U'&?{PTY Measure o
: e 0 vl
< = - ) ' R 1] i - —
. To Convert from - . . J/) - To Convert from oLt
. g " N
o Liters  , - “Dekal . .
. To Multiply by To - . “Multiply by .
' “'Dry Pints._....____ % ... '1.816 166 Dry Pints. ... e eaennns ﬁmn*eﬁh‘
Dry Quarts. _. __a =77 0.908 '0%98 Dry Quarts________.____..1__ 0080 829,8
Pecks..........7 ... 0.113 514 4 Pecks_ .. 1% . ... 1135 104
Bushels__..___ N . 0.028 377 59 Bushels______ ... .0.283,775 9
Dekaliters.._.___._...___. /.. or Cubic Inches. ... N -otoo-- . 610237 4°
¢ . - / Cubic Feet, 0.353 146° 7
/ - Liters___<Z__> B U .
e N - , .
) , To Convert from . . v o
ol Cuble Meters . {v N q v
To H / .~ Muiltiplyby | N To Convert f}qq. _ A
o . L e Dry Pints .
S| Pecks. oo 113.510 4 “To | \I\'iultiply by
| Bushels......_.. ___.._s . ll._ 2837759 | - e : —
oL = . | Dry Quartg ::-éé ........... 0-\g
. - Pecks_._. . & .9 0.062.5
: Bushels._...f._._.__ eeeeoio. 0.015°625
\ Cubic Inches. ... .......___. 33.600 312 5
R . IR Cubic Feet. ___._.____.___._. 0.019 444 63
S .| Litersg .ol 0.550 610 47
J - Dekalifers.. .., .............. 0.055 061 05
v - ! ‘ ~ . - A
7 / . i
. . < \,’ ;, ’ .
- “) T : .
<y o - .
A Y !
‘ : 7. ) .
“ 2 i ) ? /\ % \ . . 7
) - » 4 \::.' : *
;T 192
. < . .. . «
’ m t ( o b » ) )
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To Convert from To Convert from
Dry Quarts . Pecks
To : ‘ Multiply by To , Multiply by
Dry Pints_..._.__..._.._.._._ 2 Dry Pints. ... ... ... __ 16-
Pecks . ... 0.125 Dry,Quarts. ... e 8
Bushels_.__.. .. _.____.__._ 0.031 25 Bushels. ... 7TTreea o 0.25
CubicInches _____._..______. 67.200 625 Cubic Inches_.___. ___. . 7.605
Cubic Feet__...__..___... ’_\ 0.038 889 25 Cubic Feet ._._._____ SR 0.311 114
Liters..______._....._.__L.) 1101221 .
Dekaliters___._ el 0.110 122 1 Liters. _______._._.._.___..] 8.809 767 5
: . : Dekaliters_..____..__.___._:_  0.880 976 75
Cubic Meters____._______._._ 0.008 809 77
! Cubic Yards. _._......______ 0.011 522 74
.u . .
; : -
To Convert from e To Convert from Ky
L Bushels ] o 9u1‘)lc Inches
To . Multiply by To s Ve Multiply by
e J r
Dry Pints.......ooccoo... 64 Dry Pints......_......._.__. 0.020 761.6
Dry Quarts_ . _.___. eeeeeo 32 Dry Quarts. . ________._____.. 0.014 880 8
P&ks . . 4 Pecks_ .. i . ____._. 0.001 860 10
Cubic'Inches._._____..__.__ 2 150.42 Bushels.._ .. . ___ ... .. __ 0.000 465 025
Cubic Feet ______.___._____ 1.244 456 ‘
N ‘\4\ . 4
Liters. _.____ e ~35.239 07 <
Dekaliters__.I___ s ._._. 3.523 907 SI‘ Convert from &}\l‘ .
Cubic Meters____. Ceo™N-- 0.035 239 07 ubic Yards }
Cubic Yards. ____...___._ = 0.046 090 96 To Multiply by
. . ' ) 1
N Pecks_ __ . ______.__: LS " 86.784 91
~| Bushels. o ... {-- 21.696 227
Tp Convert from L .
. ‘Tubic Feet .
To .o . Multiply by - ¢
. " .
[4
Dry Pint,s______,_-_...-;--.-.W?S 09
Dry Quarts_____.__________.__ 251714 05 , ) . L.
Pecks. .. __. 3.214 256 ° . T ———
Bughels__.___ R 0.803 56395 | ° Y‘ .
. s
0 K
! ‘ '
. -7 \
.- ) - 4
- N,
1 a D)
. - T v, C
A ' /’\ , " : '

.

NS
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L. oo . Units of Area
- . l A B
- pr———
N To Convert from *  To Convert from
. S Square Centlmeters . o Square thers )
To M ultiply by To ) ) Multiply by
4
Square.Inches. .. _............ 0:155 000 3 - Square Inches__...._.7__ 1.550.003
Square Feet .. 7 .. ... ... '0.001 076 39 Square Feet_____.._____. 10.763 91
Square Yards,f.....-.- s 0.000 119 599 Square Yards...________. 1.195 990
Square Meters__.___._._.. ... 0.000 1 {" Acres_ .. oo .. 0.000 247 105 [~
- Square Centimeters__._.. 10 000
Hectares...~........_.. 0,000 1
" . .
» To Convert from [
Hectares
To , . Multiply by To Convert from -
- , Square Inches '
Square Feet_..___.._._... 107 639.1 To ) _- Multiply by
Square Yards.._,....,-_. 11 959.90 . — -
Acres._.. .. ___._.._._.. 2,471 054 Square Feet 2. _.... ..\ ___.. 0.006 944 44
Square Milea_._____...__ 0.003 861 02 Square Yards. ... _._..__.___ 0.000 771 605
Square Meters_____._.._. 10 000 quare Centimeters.__..._._.. 6.451 6 ,
: u&uare Meters ... .._.._. 0.000 645 16
X SN ]
A N
To Copvert from . -— — b . To Convert from
Square Feet : DR Square "Yards
To " Multiply by To S " Multiply by
T N D - - — — | =
Square Inches____.._______. 44 : SquaréIl’lbheﬂ;:._'-;;-:'11229—67"'3: o
Square Yards_______.__.__ --- Y0111 1111 Square Feet” . . _. ,\:9
Acres__.... N A 0.000 022957, Acres_____.._._:.._ - 0.000 208 611 6
Square Centimeters......... 929.030 4 | Square Miles.__." . 0.000 000 322 830 6
Square Metors...__.._...... " 0.092 903 04 Square Centimeters_ 8 31.273 6 e ]
: L J7 | Squdre Meters__._. S 0.836 127 36 .
'f . Hectares.._...__... 0.000 083 612 736"
. T 9 v
‘. " To Convert from ™ k -7 b
S ' Acres cd < - .
To © " Muitiply. by . To Convert from M
: — . .. Square Miles . -
Square Feet___...... 13 560 .. To : - Multiply by
Square Yards._..._... 480, " ”
Square Miles__ ._.__._. ' 0.001 562 5 Square Feet__..._ .. 27878 400
Square Meters__.._... 4 046.856'422 4 Square Yards.____ > 3 097 600
Hectares. ... .__._.. ©0.404 685 642 24 Acres__,___a..__.. 640 ,
/ - > Square Meters. ... 2 589 988.110 336 .
. © #~| Hectares. .\ ... 258.998 811 033 6
. ’ - 4
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) . Special Tables ¥ .
Length—Inches and Millimeters—Equivalents of Decimal and - ¢
Binaey Fractions of an Inch in Millimeters .
, From 1/64'to | Inch -
< r . ' . . 4 -
L ; U Decimals I B . Decimals
*|34's | 8ths | 16ths | 32ds{ B4ths | Milli- of Inch |}4's |3{'s | 8ths | 16ths | 32ds | 64ths Milh’~\, of -
o : meters an inch |* ] meters an inch
~ , . I K - i N
- 1 | = 0.397 0.01562? N ly A o | 38 | =13.007 851500
1 2 | = .704| 03125 |/ T. P/ 17 | 34 | =13.404 | 53125
B | = 1.101 | .046875 . 35 1| =13.801 | ' .546875
1 | 2 4 | = 1,588 | .0625 9 | 18 | 36 | =14.288 | .5625
. (.
’ : 5 | = 1.984 | .078125 v . 37 | =\4:684 | .578125
31 6 | =238 4190 | 38 | =15.081 | .50375
7 | = 2718 39 | =15.478 | .609375
1] 2.| 4 g| = :3.175 100 L20 | 40 | =15.875 | -.625
. .
\ 9 | = 3.572 -| 41 | =16.272 | .640625
5 | 10 | =-3.969 21 | 42 | =16.660 | .85625
: 11 | = 4.366 i 43 | =17.066 | .671875
34 6| 12 = 4.7?/ 11 | 22 44 | =1704g2 | 6875
- 13 | = 5.150 | 1 D g5 | =17.850 .703125
ol 7] 14 ] = 5.55 23 | 46. | =18.256 | - .71875 N
~ 1 INI5 | = 5.953 : 4% | =18.653 | .734375
1| 2| 4" 8 |- | =6.350 12 |24 | 48 | =19:050 [ .75°
N ] ' N -
A0 1717 | =647 49 | =19.447| .765625 :
9 | 18 | = 7.144 25 | 50 | =19.844 | .78125 o
Lo 19 | = 7.541 51 |q=20.241| .706875 ./
5 |10 | 20 | = 7.938 13 | 26 | 52 |na=x20.638 | .8125 )
i . & /
© .| 21 | = 8.334| .328125 53 | =21.034 | .828125
11 | 22 | = 8.731 | .34375 ) 27 | 54 | =21.431 | .84375
23 9.128 | .359375 55 | =21.828 | .859375 /
3| 6 (12 | 24 (;‘9.525 .3750 7| 4 | 256 | =225 875 !
25 | = 9.9227| .300625 | " |- § 57 | =22.622 | 800625
13 | 26 | =10.319 [~.40625 | <] . 20 | 58 | =23.019 | 90625 .
a” | 27 | m10.716 | 421875 ) | - > , « -| 59 | =23.416 | 021875 -
7 {14 | 28 (=1 i2| 4375 | |, |/ .| 15| 30 {80 | =23.812 | .9375
= . o . \ ’~J . //, By
20 | =11.500 |- ~.45§5 ’ 61 .| =24.200 | /953125
15 | 30| =11%006 | ..46875 | - - 31 | 82 | =24.606 | /.06875
31 | =12.303 | .484375 | ¥ . , 83 | =25.003 | .984375
2| 4| 8 {16 | 32 | =12.700| .5 1f2|4|8 | 186 32| 64 | =25.400/] 1.000,
- //
. ’ . - ‘y ///
L . ~ ~ /0
/7 [ R i ///
- i /. ;
' N ) / -
' - . .
N / &
n- /’J
- /o
/ /
A /.
’ N w / . A [}
r ‘ b . / A
. W 1o -« ) Y
b RS ,._)‘_



Basic relation: International Nautical Mile = l_.852,k|i

N

4

oy

'

Lehgth—!ntematlonal Nautical Miles and Kifome’ter's‘

ometf}'z

I

~

\ P X < \\ ’
., ™ . . N ’ .
Int. nautical N Int. nautical : o "Int. nautical | Int. nautical
. ! Amllee Kilbmeters miles Kilometers Kilometers " miles Kibmeters 'A/m'lea.
- . - , . . I L ﬁ
e 0 ) T 50 .92.600 | . 0 L y 26.9978 .
1 M 04.452 1. 0.5400 , 1" - 1 27.5378
"2 2 96,302 2 1.0799 2 - 28,0778
.3 3 98.156 3 - 'L 1.6199 . 3 28.6177
. 4 4 100.008 4 £ 2.1598 4 .| 20.1577
. : N ) ' . v b
5 5 "+ 101..860 5, 2.6998 5. 29.6976
8 ) 103.712 8 3.2307 |T™—>6 —| 30.2376
7 ) 7 105.564 7 3.7797 7 30.7775,
. 8 8 107.416" 8 4.3197 ‘8 "81.3175
. 9 9 109.268 -9 4,8596 RE 31.8575 .
. . ) / . L . ‘, - - A ] ot - .
ax 10 60 111.120 0 5.3906 (> 60 32.3974.
: 1 112.972 “1 5.9395 ﬁ\ ¢ L 32.9374
2 2 114.824, 2 8.4795 _ 2 ©33.4773
3 116.676 3 7.0194 | 3 34.0173
-4 4 118.528 4 7.5594 4> . 34.5572
5 5 120.380 5 e 94 5 35.0072
& g - 6 122.232 6% 8.6393 6 *35.6371
A A 124.084 7 9.1793 -7 36.1771
© 8 ¢ 125.936° 8 9.7192 8 | 36.7171
€9 9 127.788 o 10.2592 9 37.257
20 70 129.640 20 107991 70 37.7970
1 1 131.492 1 , 11.3391 - 1 | 38.3369
2 : 2 133.344 <2 11.8790 2 (| 38.8760
3 3, 135.196 3 12.4190 3 o 3%.4168
4 4" 137.048 4 12.9590 4 39,9568
. [
25 T 5 . 138.900 5 13.4989 5 40.4958
s 6 140.752 6 14.0389 6 41.0%67 -
/\\7 7 142.604 7 14.5788 7% 41,8767
8 8 144.456 *-8 ' 15. 1188\ 8 /42.1166
9 9 146.308 .9 15.6587 9 / 428566
- - : 1 r /
- . 3 80 " 148.160 30 - 16.1987 80 . |/ ,43.1965
1 1 150.012 1 116.7387 | 17 i/ 783.7365
2 2 | 151.864 2 17.2786 2 11,2765
3 3 153.716 3 17.8186 - ™ 3 j| [adis164
4 4 155.568 4 18.3585 4[| /453564 j
- i ’ - o
s .5 5 157.420 5 - 18,8985+ 5 45‘.8963/ .
8 6 169.272 6 © 19.4384 6 '/ 46.4363;
7 . M 161.124 7 19.9784 7.0 .| . 46.9762 -
— 8 A 70.376 162.976 -8 20.5184 8 / 147.5162
9 72.228 9 "164.828 | _ 9. 21.0583, 9/ 48.0562
. - ‘fJ . . ] . - Il '.
40 74.0 90 - .| 166.680 40 21.5983 90/ 48. 5961
s1 75.933 1 168.532 1 22.1382 1 49. 1361
2 77.784 2 170.384 2 22.6782 2 49,6760
3 79.636 23 ', 172.236 .3 23.2181‘\ j /3 50/2160
4 4 81.488 ‘4 174.088 4 23.7581 50.7559
.5 83.340 5 175.910 5 *T | 24.%081° 51.2959
& 85.192 fic 177.792 6 - 24.8380 / - _51.8359
\7 87.044 v 7 179. 7 25.3780 k ; . 752.3758
3 88.896 '8 181.496 8 25.9179 : - §2.9158
v 9 90.748 . 9 1834348 o 26. 4579. - 53.4557
14% : 185.200 ~\ *53.9957 ¢
o ooy 0
hd . l - ~ 1 & A %U.S. GOVERVEAT PRINTING OFFYCE:- 1974 ¢ 167-561/5309 4 19
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