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The light microscopeis capableof extendingour
ability to "seedetail" by 1000times,so that objects
as small as 0.1 micrometer pm! or 100 nanometers

2 X NA

2 = wavelength of light used
NA = numerical aperture

nm! can be seen.The transmissionelectronmicroscopeextendsthis viewing capability to objectsas

Under normal viewing conditions, resolution is
increasedby decreasingthe wavelengthof the light

small as 0.5 nm in diameter,,enabling us to seeob-

source. For example, if you use a green filter that

jects that are ~th

permits a wavelengthof 500 nm to passthrough a
microscopelens having a numerical apertureof 1,
then the resolvingpower would be 500 nm/2 X 1

the size of thosethat can be

seen by the human eye. Without microscopes, our

understandingof the structureand function of cells
and tissueswould be severelylimited.
The ability of the microscope to reveal the structure of small objects, however, is not so much a

function of its ability to magnifyasits ability to distinguish detail. Merely magnifyingan object,without increasingthe amount of detail seenis of little

or 250 nm. This means that two objects that are 250
nm or farther apart would be seenasdistinct objects;
if closer than 250 nm, they would appear very fuzzy
or as one object.

If you useblue light, or a bluefilter that provides
light at a wavelengthof 400 nm and a lenshavinga

value to the observer. The ability to see detail is
called resolving power and depends on the wavelength A.!of light used and a value called the numer-

NA of 1, the resolving power would be equal to
400 nrn/2 X 1 or 200 nm. The two objects observed

ical aperture NA!, an important characteristicthat

getherand still be seenas separateobjects.
Knowing the significanceof the wavelengthof
light to the ability to distinguishdetail, you can appreciatethe role of electronmicroscopes
and micro-

determines how much light will enter the lens. In its
simplest form, resolving power, or resolution, may
be expressedby the formula

under these conditions

could be 50 nm closer to-
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EXERCISE 1

scopes utilizing ultraviolet light in elucidating the
structure and function relationships of cells and subcellular organelles.

A. PARTS OF A COMPOUND

MICROSCOPE

Your microscope may have all or most of the features described below. Referring to Fig. 1-1, locate
the following features of the microscope available in
your laboratory.

1. Ocular

TABLE 1-1
Calculation of total magnification for various ocular/objective
combinations.
Ocular

X Objective

= Total

magniTication

Lens

The ocularsare the lensesyou look through. If there
is only one ocular, you are using a monocularmicroscope; if there are two, it is a binocularmicroscope.
In many binocular microscopes, the oculars can be
adjusted to compensate for differences in distance
between your eyes interpupillary adjustment!.One
of the oculars may have a knurled adjustment
mechanism for moving it in and out to compensate
for focusing disabilities between each eye. Your instructor

The total magniffcationis calculated by multiplying the magnification of the ocular and objective
lenses on the microscope being used. In Table 1-1
calculate the total magnification for each ocular/objective combination on your microscope.

will

describe

how this is done.

Oculars

on

different microscopesmay have different magnifications. You may have to remove the ocular from its
holder to determine its magnification. What is the
magnification stamped on the housing of the oculars
on your microscope?

The ocular contains a seriesof several magnifying
lensesand may also include an ocularmicrometera
scale for measuring objects! and a pointer to point
out objects to your instructor or other students!.

Note:Objectivelensesare usuallynamedaccordingto their magnifying
power,as follows:
scanningpower4 X
low power10 X
highor highdry power43 X
oil immersion93 X

A second set of numbers, usually given as a decimal, representsthe numerical aperture for that lens;
the abbreviation NA may precede the number. In
Table 1-2 list the magnification and numerical aperture for each objective on your microscope.

TABLE 1-2
Numerical aperture and magnification for various objectives.
Magnification of objective

Numerical aperture NAI

2. Objective Lens
Attached to a rotating nosepiece, or turret, at the
baseof the body tube are a group of three or four objectives. Rotate the nosepiece and notice that a
"click" is heard as each objective comes into position.

The magnifying lensesof the objectives focus light
that comes from the specimen and passesit up the
body tube and through the oculars.
Each objective has numbers stamped on it. One of
these numbers identifies the magnification of the
objective e.g., 43 X!. What are the magnifications of
each of the objectives on your microscope?

3. Body Tube
Light travels from the objectives through a seriesof
magnifying lensesin the body tube to the ocular. In
some microscopes, the body tube is straight. In
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FIG. 1-1

Bausch
andLombbinocular
microscope
sectioned
to showpathway
of lightfrom
illuminatorthroughvariouslensesand prisms.

others,theocularsareheldat anangle,asin Fig.1-1,
andthebodytubecontainsa prismthat bendsthe
lightrayscomingthroughtheobjectives
sotheywill
be transmitted through the oculars.

With somecompound microscopes,looseninga

lockscrewallowsyouto rotatethebodytube 180.
What is the advantageof beingableto turn the body
tube?

4. Stage

The surfaceor platform on which the microscope
slide is placedis the stage.Note the opening stage

aperture!
in thecenterof thestage.On somemicro-

EXERCISE 1

scopes,the stagemay be stationary and have clips to
hold the slide in place. On other microscopes, the
stage can be moved and is therefore called a me-

chanical stage. Movement is controlled by two
knobs located on top, on the side, or on the bottom
of the stage.Note the horizontaland verticalscales
on the mechanical stage. What is the function of
these scales?

b. Condenser
The

condenser

consists

of a series

of lenses that

focus light onto the specimen. Movement of the
condenser is regulated by a knob at its side, or a
lever projecting from the condenser housing. By
properly adjusting the condenser you greatly improve your observation of the specimen.
Attached to the bottom of the condenser may be a
filter holder, which normally contains a blue filter.
Why would you use a blue filter, instead of a green
or red filter, when making microscopic observations? Indeed, why use a filter at all?

How are slides held in position on a mechanical
stage?

6. The Light Source

5. Substage
The area beneath the stageis the substageand may
be occupied by one, or both, of the following:
a. Diaphragm

The diaphragm regulatesthe amount of light passing
from the light source through the specimen and
through the lens system of the microscope. By properly adjusting the diaphragm you provide better
contrast with the surrounding medium, thus greatly
improving your image of the specimen. The diaphragm may be either
l. An annular type of diaphragm consisting of a
circular plate with holes of different diameters. This

plate is rotatedso that the variousholesmay be positionedin the light path to regulatethe amount of
light passingfrom the light sourcethroughthe object
under

Your microscope may have an attached mirror or a
built-in illuminator. If your microscope usesa mirror, one surface is usually concave and the other is
flat. The flat side of the mirror is normally used with
the scanning and low power objectives and the concave mirror with higher power objectives. The light
source for the mirror is usually a lamp. Natural light
may be used, but it is not preferred because the
light's intensity will vary greatly, depending on the
source of light in your laboratory.
In most compound microscopes, the illuminator
is built into the base of the microscope and controlled by an on/off switch. You can control the
amount of light entering the specimen by adjusting
the diaphragm. You can also control the light intensity by adjusting a transformer attached to the illuminator, whose knob can be turned to regulate the
voltage to the light bulb. Use low or medium transformer settings for most microscopic observations.
You will need a higher setting when using the oil
immersion lens. Why?

observation.

2. An iris type of diaphragm that consists of a
series of overlapping thin metal plates. A lever

projectingfrownthe sideof the diaphragmopensand
closestheseplates to regulatethe amount of light entering the microscope.
What type of diaphragm does your microscope
have?

7. Focusing
You can focus your microscope by using the coarse
and fine adjustment knobs that raise or lower either
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thebodytubeor thestage,
depending
on thetypeof
microscopeyou areusing.
With the low-powerobjectivein position, rotate

thecoarse
adjustment
knobonehalfturn clockwise.
Do the samewith the fine adjustmentknob. Based

uponyourobservations,
whyshouldyounotusethe
coarse
adjustment
knobfor focusingwhenthehigh-

a. Carry the microscopeupright usingboth
hands.

b. Placethe microscopeawayfrom the edgeof
the bench,particularlywhen not in use.

c. Movepowercordsout of the way,so that
youcan'ttrip on themandpull the microscopeor transformerdown.

powerobjective
or oil immersion
objective
is in
position?

2. To avoid breakinga coverslip and/or microscopeslideby an objective,
a. First locate the specimenusing the low-

power objective,and then switchto the
higher-powerobjectives.

b. Neverfocusthe high-power
objectivewith
the coarseadjustmentknob and never use
these lenseswhen examining thick specimens or whole mounts of specimens.

8. Eyeglassesand MicroscopeUsage

3. To avoid mechanicaldifficulties with various

Shouldyou wearyour eyeglasses
whenusinga mi-

croscope?
Theanswer
to thisquestion
isqualified.
If
youarenear-or farsighted,
you neednot wearyour

glasses
for microscopic
observations.
The adjustments made in focusingthe microscopewill com-

parts of a microscope,

a. Neverforce microscopepartsto work.

b. Whenchanging
thebulbin thebuilt-inilluminator,neverforceit, sinceit mightshatter in your fingers.

pensate
for theseeyeproblems.On the otherhand,
wearyour glasses
if you haveastigmatisma defect

c. Nevertry to dismantlethe microscope.

in theeye'srefractive
surface!,
sincethisproblem
is
not correctedby the lensesof the microscope.
In either case,when using a monocular micro-

scope,you shouldkeepboth eyesopen,despitea

tendency
to closeoneeye.Eyestrainwill develop
if

C. USING A COMPOUNDMICROSCOPE

youdo thisfor anylengthof time.
1. Focusing

B. PROPER USE OF MICROSCOPES

1. Cut out a lower caseletter e from a newspaper

or otherprintedpage.Cleana microscope
slideand
prepare
a "wetmount"of theletter,usingtheproce-

Beforeusingyourmicroscope,
thoroughlycleanthe
ocularsandobjectives
usinglenspaperin a circular dure describedin Fig. 1-2.Put the scanning X! or
motionto preventscratching.
Whenusingthe mi- low-power0X! objectivein positionand then
croscope,
keepeyelashes
from touchingthe ocular. placetheslideon thestagein its normalviewingpoOil from the lasheswill adhereto the ocular lenses

smearing
them.Whenusingsaltsolutionsor other
harshchemicals
to preparewetmounts,thoroughly
clean the ocularsand objectives,stage,and micro-

scopeslidesafteruseto preventdamage
to the mi-

sition.

2. Clean the oculars and objectivesusing lens
paper.

3. Turn on the illuminator and open the dia-

phragmfully. If thereis a condenser,
positionit as
Despiteits sturdyappearance
a microscope
is a high asit will go, so that the top lensof the condelicate,precisioninstrument.It shouldbehandled denser unit is level with the stage aperture.
carefullyand with commonsense.The following

croscope.

suggestions
will helpyouavoidsomecommon
mishapsthat occurwhen usinga microscope.
1. To avoid dropping a microscope,banging it

against
a laboratory
bench,
orhaving
theoculars
fall
out,

4. Center the specimen over the stageaperture.

5. Positionthe scanningobjective X! ascloseto
the slideaspossibleand then, while looking through

theoculars,usethecoarseadjustment
knobto back
off slowlyuntil the specimen
comesinto focus.

EXERCISE 1

A. Add a drop of water
to a slide.

B. Place the specimen
in the water.

C. Place the edge of a coverslip
on the slide so that it touches
the edge of the water.

D. Slowly lower the covershp
to prevent forming and
trapping air bubbles.

FIG. 1-2
Preparation of a wet mount slide.

6. Using the diaphragm and/or adjustment of
the transformer voltage!, readjust the light intensity
as necessaryand again center the specimen by moving the slide.

view, the plane of focus, the depth of focus, and the
contrast of the materials being examined.

7. Switch from the scanning lens to the lowpower objective 0 X!. Make certain the objective
"clicks" into position. If the specimen staysin focus,
your microscope is parfocal. You can sharpen the
focus by small adjustments of the fine adjustment

Hold the slide you made of the letter e so that the
letter is in a normal reading position. Then, place it
on the stage in the same position and examine it
with the low-power objective. What difference is
there, if any, in the way the image is oriented when
viewed through the oculars as compared to looking
at it directly with your eyes?

knob.

If your microscope is not in focus after changing
objectives, you may have to use the coarse adjustment knob followed by thefine adj ustment knob. But
remember, do not do this with the high-power or oil
immersion objectivesin position. Ask your instructor
for help if you have difhculty focusing your microscope.

a. Orientation of the Image

While looking through the microscope, attempt to
make the image move to the right. In which direction did you have to move the slide?

Recenter the specimen,adjust the diaphragm, and
adjust the position of the condenser to increase the
contrast of the specimen.
8. Switch to the high-power objective 3 X! and
adjust the focus using the fine adjustment knob.

Try to move the image up away from you!. Which
way did you have to move the slide?

These are the procedures usually used when examining a wet mount or a commercially prepared
microscope slide. Always make your preparation
using clean microscope slides. Always proceed from
the lowest-power to the highest-power objectives,
making minor corrections in focus and light as necessary.Learn to "fine tune" your microscope.

In what direction do you have to move the letter to
make the image move right then up?

2. The Microscopic Image
The image you view in the microscope is affected by
several factors: the orientation of the image, total
magnification, the size and brightness of the field of

There will be times when you will want to show
someone something of interest in the field of view.
One way to do this is to describe its approximate location by referring to the field of view as a clock.
Thus, you could tell them to "look at three o' clock,"

or "look just off center toward nine o' clock," and so
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forth. Alternately,somemicroscopeshavewhat ap-

pearsto bea thinblackline cuttingacross
thefield.
Thisis a pointer
thathasbeenaddedto theocularof
yourmicroscope
soyoucanpointout something
by
movingthe objectunderobservation
to the endof
the pointer,

If you know the diameterof the field for each
magnification,
youcanusethisinformationto estimatethe sizeof objectyou areexamining.To deter-

b. Brightness
oftheFieldofViewandWbrking
Distance mine the diameter of the field, place a transparent

millimeter rule on the stage,focus on the rule, and
Examineyour slide starting with the lowest-power measure the diameter of the field for the scanning
objectiveand progressing
to the highest-power
ob- and low-powerobjectives.It will be very difficult to
jective.Describe
anychanges
in thebrightness
of the measurethe high-powerand oil immersion fields,
field when you changeobjectives.
but youcangeta goodapproximation
usingthefollowing formula, where
D=
D=

In Fig. 1-3shadein the appropriatecirclesto corre-

diameter of the field at a lower magnification
diameter of the field at the higher magnification

X~ = magnificationof the lowerpowerobjective

spondwith anychangein brightness
you observed.
lens
Whenthe objecton your slideis in focusfor each X= magnificationof the higherpowerobjective
objective,the workingdistance
betweenthe slide
lens
and the objectivelens decreases
as the objective
magnification
increases.
Of whatvalueis suchinfor- Thus
mation to you?

DH

0.46 mm

0.13 mm

DL,X XI.

or

XH

10 x

43 x

93x

X~

25 mm

5 mm

Working ~
distance~

D>ameter of f>eld

0
mm

mm

Brightness of field

0
RG. 1-3

Relationships
between
workingdistance,
diameter,
andbrightness
of field.

mm
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Insert the appropriate values in the formula and
determine the diameters of the high power and oil
immersion objective fields of your microscope.
Record your data in Fig. 1-3.

image at plane
of focus
Specimen
on slide

c. Depth of Focus

Just like the human eye, the lenses of your microscope provide a limited depth of focus.This means
that only part of the object will be in sharp focus,
while areasabove and below that part will be slightly
out of focus or not in focus at all.

To become familiar with the concept of depth of
focus, take your metric rule and, pointing it lengthwise away from you, hold it about 30 cm 2 inches!
in front of you and about 7.5 cm inches! below
your eyes. Looking down the length of the rule,
focus your eyeson the 10-cm mark. When this mark
is sharply in focus, what numbers above and below
the 10-cm mark

are also in focus? What

FIG. 1-4
Determining thr~imensional
sectioning.

image through "optical"

then is the

depth of focus for your eyes?

In practice, you will find that as magnification increases,the depth of focus decreases.You will have
to learn to constantly use the fine adjustment knob
when the higher power objective is in position. This
will help you to determine something about the
three-dimensional shapesof the objects under observation.
To visualize

three-dimensional

form

and the con-

cept of depth of focus, place a small strand of your
hair and a white and a yellow thread across each
other on a microscope slide. Add a drop of water
and a coverslip. Using the scanning objective X!,
focus where the strands

of hair intersect

and deter-

mine the depth of focus at this magnification.
Change to the low-power objective 0 X!. Describeany changesin the depth of focus.

At this higher magnification, it is difficult but not
impossible to determine three-dimensional form.
You can do this by building a series of optical sections in your mind as you focus through the specimen. Fig. 1-4 demonstrates how this is done.
Try to determine the three-dimensional structure
of your preparation at high power by making and visualizing a seriesof optical sections. Begin by focusing on the surface of the top thread and working
through to the lower surface of the bottoin thread or
hair.
d. Contrast

Even with sufficient magnification and resolution,
you can only visualize an object under a microscope
if there is sufficient contrast between the object and
its surroundings or between the various parts of the
object.
Cells or subcellular structures may contain naturally occurring pigments e.g., chlorophyll in chloroplasts, hemoglobin in red blood cells! that provide
contrast

Switch to the high-power objective 3 X! and describe any changesin the depth of focus.

and

make

these

structures

visible.

Fre-

quently, however, cells and parts of cells are highly
translucent. One way to improve contrast is to use
dyes or stains that bind to or are taken up by various
subcellular structures and thus absorb enough light
to provide the necessary contrast. In addition to
staining, or in combination with it, you can improve
image contrast by regulating the opening of the diaphragm. This deflectsthe light rays from edgesof the
diaphragm and causesthem to enter the specimen at
an angle. Such scattering of light makes the specimen look darker, since some of the light takes longer
to reach the eyes.
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C.Gentlylowera coverslip
to preventtrappingair bubbles.

Examinewith your microscope.Add morewaterto the edge
of the coverslipwith an eyedropperif the slide begins

todry.

FIG.
1-5
Stainingills to improveimagecontrast.

Followingthe instructions
in Fig. 1-5A-C,examine cellsobtainedfrom the inner epitheliallining of

yourcheek.Try to determine
something
of their
structureby adjustingthe diaphragmandthe condenser.Add a dropof methylene
blue stainto the

edgeof thecoverslip
anddrawit underasshownin
Figure1-5D,E. Describeany changesin contrast,or
visibility of the structures,in the cell.

EXERCISE 1

10

Stage

0 20

40

60

80 1

Ocular micrometer with u
formly spaced lines

Space = 0.01 mm

0.1 mm

Stage micrometer with unifo
ines at standard known inervals

FIG. 1-6
Using an ocular micrometer to determine the size of microscopic objects.

e. Measurement of MicroscopicSpecimens

Recall that you earlier determined the diameter of
the field of view of the various objective lenses on
your microscope and, comparing the size of the
specimen with the diameter, you obtained a rough
estimate of the size of the object.
A more precise method involves using an ocular
micrometer,a small glass disc on which uniformly
spaced lines of unknown distance are etched. The
ocular

micrometer

is inserted

into the ocular

of the

microscope and then calibrated against a stagemicrometer, which has uniformly spaced lines of
known distances Fig. 1-6!. To calibrate the ocular
micrometer use the following procedure:
1. If you were to observe the stage micrometer
without the ocular micrometer in place, it would appear as shown in Fig. 1-6B. If you were to observe

the stagemicrometer with the ocular micrometer in
place, it would appear as shown in Fig. 1-6C.
2. Turn the ocular in the body tube until the lines
of the ocular micrometer are parallel with those of
the stage micrometer. Match the lines at the left
edgesof the two micrometers by moving the stage
micrometer Fig. 1-6D!.
3. Calculate

the actual

distance

in micrometers

pm! between the lines of the ocular micrometer by
observing how many spacesof the stagemicrometer
are included within a given number of spaceson the
ocular micrometer. Since the smallest space on the
stagemicrometer equals 0.01 millimeter mm!, you
can calibrate the ocular micrometer using the following:
10 spaceson ocular micrometer
= X spaces on stage micrometer.
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FIG. 1-7

Partsof a stereoscopicdissecting!microscope.

Sincethe smallestspaceon a stagemicrometer=
0.01 mm, then

10spaceson the "ocular"
= X spaceson the "stage"X 0.01 mm

tion used.Eachtime the objectiveor ocularlensis
changed,
theocularmicrometer
will haveto berecalibrated.

D. USE AND CARE OF THE STEREOSCOPIC

and

DISSECTING!MICROSCOPE

1 spaceon the "ocular"

X spaceson the "stage"X 0.01mm
10

Example:If 10spaceson the "ocular" = 6 spaceson
the "stage" then
1 ocular space

6 X0.01 mm

Of course,the numerical value obtained holds

onlyfor the specificobjectiveocularlenscombina-

The stereoscopicdissectingmicroscopeshown in
Fig. 1-7 hastwo distinct advantages
over the com-

poundmicroscope:
I! it enables
youto examineobjectsthat aretoo largeor too thick to be seenwith
the highermagnifications
of the compoundmicroscopeand! it givesyou a three-dimensional
view
of the specimen.

The stereoscopicmicroscopeis often usedwhen
dissectingspecimens.The light sourcemay be reflected from an illuminator above the specimen or,

EXERCISE 1
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on some microscopes,transmitted through the specimen from a mirror below the stage. The choice of
the light sourcedependsupon whether the specimen
is transparent or opaque.

Using your dissectingmicroscope,examineyour
fingers or some other opaque object. Adjust the oculars for interpupillary distance and focus as pre-

viously for the compound microscope Part A-l!.
Changethe magnificationusing the magnification

Excesswater under the coverslip can be soakedup

by carefullyplacinga pieceof papertowelingto the
edgeof the coverslip.However,if your preparation
begins to dry out while under observation, add one
drop of water at the edge of the coverslip.
Under low power and with reduced light, survey

the drop of pond water.Identify as many of the organismsasyou can.Carefullystudytheir differences
in structure and their method of movement. Figs.

knob on the top of the body tube. On other stereo-

1-8, 1-9, 1-10,and 1-11 should help you identify

scopicmicroscopes,the magnificationis varied by
switchingocular lenses,as with the compoundmi-

what you see.
Prepare additional wet mounts by taking samples
from different parts of the jar of pond water. Do not
be too hasty in discarding a slide becauseyou don' t

croscope. How does the movement of the image
compare to that of the compound microscope Part
C-2 of this exercise!?

find any microorganisms;
a systematicsurveyof the
preparation is often necessaryto locate the organisms. Why do the organisms oAen accumulate at the
edge of the coverslip?

How do you adjust the brightness of the field?
To identify the smaller organisms, you may have

to usethe high-powerobjective.When your work is
completed,clean and dry any slidesand coverslips
used. Wipe the lenses of the microscope with lens
paper, clean the stage,and return the microscope to
Examine the previously prepared slide of the crossed
threads or hair. First use reflected light from the
mirror, then use transmitted light from a lamp. Describeany advantageof one type of lighting over the

the cabinet.

other.
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Stylonychi a

Actinophrys

Acti nosphaeri um

Diff lugia

Amoeba

Paramecium

Vorticella

Euplotes

RQ. 1-8
Protozoans commonly found in pond water.
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Euastrum
Ciosteri um
Diatoma

Pinnuiaria

Cyclotella
Navicuia

Eugiena

Chroococcus
FIG. 1-9
Unicellularalgae commonly found in pond water.
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Rotifers

Daphnia

Daphnis

Macrothrix

Diaptomus

Cyc/ops
Copepods

Cladocerans

FIG. 1-10
Invertebrates commonly found in pond water.
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Spirogyra

Osciiiatoria

Pandorina

Pediastrum

Hydrodictyon

Cladophora
RG. 1-11

Multicellularalgaeand cyanobacteria
commonlyfound in pondwater.

Zygnema

Scen edesmus

Anabaena

IX. Glossaryof SelectedTerms
ablation Extirpation, removal or otherwise damagingthe eye in somemanner to promote
maturation.

Arfemia

Brine shrimp.

aseptic Sterile.
axenic Free from other living organisms.

bacteria One-celledorganismsthat canbe seenonly with a microscope.Comparedto protozoansthey are of lesscomplexorganizationand are much smallerin size.

broodstock Largeranimalsthataresourcedandexpected
to produceoffspringin thematuration facility.

carboy Glassbottle.
cysts Eggsof Artemiathat are in a dormant stage.
decapsulation Removalof the thick outer layer on Artemiacysts.
disinfection

Reductionof bacterialnumbersto "safe"or "acceptable"level.

exoskeleton Shell of the shrimp.

grooves Therearenumerousgroovesona shrimp.Someareusedasanaidin identifyingthe
species.Examples:
1! The "thumbnail" grooveson the last abdominal segmentof tropical Atlantic brown
shrimp distinguish them from similar white shrimp;

2! Thelengthof therostralgrooveis shorterin P. monodon
thanin P. semisulcatus
and
canbe usedasone way to distinguishthe two similar species.Otherdistinguishing
characteristics can be seen in Figure 18.

hemacytometer Deviceusedfor counting algaecells.
hemolymph Blood.

Hensen-Stemple
pipet Pipetusedto takeanobjectivewatersample.
hepatopancreas Digestivegland.
larvae Plural of larva and the stagein the development of a shrimp's life cycle between
the egg and the juvenile.

maturation Theactof maturing;in thiscaseeggdevelopment,
matingandthenspawning.
media

Plural of medium and in this case refers to saltwater and nutrients or food added to

promotepropergrowtheitherof algae,larvae,etc.
molt

For shrimp, sheddingof the exoskeleton.
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nauplii Pluralof naupliusandthefirst of threemajorlarvalstages.
It is a non-feeding
stageandis thebeststageto transporttheanimalsuntil theyreachthepostlarval
stage.
penaeid Thefamily,superfamily
andan infraorderof shrimpdistinguished
from the
carideanshrimp by the shapeof the secondsegmentof the abdomen.The sidesof the

penaeidshrimpshell knownasthepleura!overlapeachsegment
thatis behindit. In the
carideanshrimpthepleurumof thesecondsegmentoverlapsboththefirst segmentandthe
third, makingthe secondsegmentlook very large.Thereare109speciesof penaeidshrimp

listedby theFoodandAgriculture
Organization
of theUnitedNationsF.A.O.!.
petasma Male shrimp reproductivestructure.

prawn According
toDoreandFrimodt987!,differentpeopleusethisnameto meanandto
apply to quite different species.
U.K.= larger than shrimp.

U.S.= restaurants
useit to meanlargeshrimpand otherplacesmeansmallshrimpor
freshwater shrimp.

Norway= producerspromotethe northernshrimpPandalus
asa prawn,andthe
"Dublin Bay prawn" is evenused to describeNephrops,which is a langoustineor
Norway lobster.

The Oxford Dictionary definesprawn as "larger than shrimp" whereasWebster's
Dictionarydescribesit as "a small,ediblecrustacean
of the shrimpfamily."
SouthAfrica = largeranimals= prawns;smalleranimals= shrimp.

F.A.O.attempted
to introducea clear-cut
distinctionasearlyas1967.At theWorld
Conference
on the biologyand cultureof shrimpsandprawnsheld in MexicoCity, it

wasagreedthattheterm"prawn"wasto bereserved
for freshwater
creatures
only,
while their marine/brackish water relatives were to be called "shrimps." Unfortu-

nately,despiteall of theireffortstheconfusion
continues.
Theonly pointon which
everyone
cansurelyagreeis thattheuseof "prawn"in theEnglishlanguage
is confusing andunclear,andshouldbeavoided.

protozoeaNewworldtermforzoeaor thesecond
majorlarvalstageof penaeid
shrimp.
racewayA smallpondor tankwhichis usuallyrectangular
witha center
divideror circular tank with a water flow that "races" around the tank.

rostrum Thepointedprow thatextendsfromtheheadof mostshrimp.
setae Hair-likestructuresthat appearto branchoff of appendages
or legs.
sourcing Obtaininganimalstobeusedfor broodstock.

spore A smallcellthatcandevelopintoa newindividual.
spp.or sp. Pluralandsingularabbreviations
for species,
respectively.
sterilization

Total inactivation of all microbial life.

thelycum Femaleshrimpreproductivestructure.

X. Acknowledgments
In addition to thoseacknowledgedin the introduction, we would also like to thank Drs.
David Aldrich, Bart Bacaand Robert Stickney for their reviews of the laboratory manual;
Javier Duenosfor the algaeroom photograph; the CartographicsLab for their figure work;

Dr. RobertBrick for providing figures;and BrianStonefor providing the shrimp for the
cover

illustration.

XI. Selected References

Chamberlain,G., et al., ed., 1985.TexasShrimp Farming Manual. TexasAgricultural Extension Service,Corpus Christi.

Enright,C., 1984.Determinationof the RelativeValueof Phytoplanktonfor Feedingthe
Juvenile Oyster, Osfreaedulis.Doctoral dissertation, Halifax, Canada.
Fox,J., 1983.IntensiveAlgal Culture Techniques.CRC Handbook of Mariculture, Vol. I, pp
15-42. CRC Press, Inc., Boca Raton.

Fox,J., 1987.PenaeidShrimp Culture in Indonesia.Unpublishedmanuscript.
Hamilton, R., 1979. Sterilization. Handbook of Phycological Methods. Cambridge University Press, Cambridge.

Leger,P., 1983.The Use and Nutritional Value of Artemiaas a FoodSource.Oceanogr.Mar.
Biol. Ann. Rev.,Vol. 24,pp 521-623.AberdeenUniversity Press.
Liao, I., 1984. A Brief Review on the Larval Rearing Techniques of Penaeid Prawns.

TungkangMarine Laboratory,Pingtung.
Primavera, J., 1985.Broodstockof Sugpo,Penaeusmomodoe
Fabricius.SoutheastAsian
FisheriesDev. Center, Tigbauan.
Treece,G.D., 1985.Larval RearingTechnology,sect.III, pp. 43-64,TexasShrimp Fanning
Manual. TexasAgricultural ExtensionService,Corpus Christi.
Treece,G. and N. Wohlschlag,1987.RaisingFood Organismsfor Intensive Larval Culture.
Manual on Red Drum Aquaculture,sect.III pp. 6-22,TexasAgricultural ExtensionService, Corpus Christi.

Tseng,W.,1987.ShrimpMariculture,
A Practical
Manual.ChienChengPublisher,Republic
of China.

Yang,W., 1975.A Manual for Large-TankCulture of PenaeidShrimp to the Postlarval
Stages.Universityof Miami SeaGrantProgram,Miami.

95

