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Introduction 
Protozoa may be found m almost every aquauc hab
tta~ from cessptt to mountam stream from oarden 
birdbath 10 1M Amazon Natural commurulles typiC
ally con tam dozens of spec~es, and tlus diverSity IS 
retamed when collecllOns are made m large tars 
and returned to the laboratory. The ncl\ness IS ex
pre:'red as a spectaCU]ar array of body forms. re
Dectmg the wtde range of ruches occupied The 
number of spectes, the number of mdiVlduals wllhm 
each species, and the typeS of spectes can all pro
Vld~ valuable UlSigbts mto the< nature of the hab1tat 
from whtch a sample was talcen. for these reascns. 
protozoa can be a converuent source of material to 
Illustrate biOIOQlcal prmclples 

In recent years 11 has become clear thal desp1te 
theu small SIZe. the contnbullOn of protozoa to the 
metabolism of aquatic and tenestnal ecosystems 
can be very substantial Protozoa occupy a stglllfl· 
canl aomeumes donunant, JXliS!IIon among the con
sumers wtthm a commuruty Their 1mpor:tallCE. IS 
closely lmked With theu use of bactena as a source 
of food Progress m understandmg the role of par
tiCUlar protozoa and the nature of the transachons 
that occur among members of the ITIICfob~al com
mumues has been held back because there IS httle 
faJmhanty wtth the organiSfflS. 

Protozoan commumtJes are very dynanuc s1Iuc· 
tures wtth numl:lers of et•lls cbanglng rap1dly by 
cell d1V1SIOO. encystment or excystment The oMUC· 
ture oft he protozoan communsty qu1cldy responds to 
cbangmg phys1cal and che!Dlcal charactensucs of 
the envtronmenl suggestmg a potential use of the 
diverSity of protozoa and the occurrence of pa.r
llcular spec1es as Uldlcators of changes m ecosys· 
terns However. such suggestions should be fol
lov. fld With cauuon as there are maJOr dlfficulhP$ 
lllVulved 10 findmg the naht way to sample the hab
lta ts occupted by protozoa, and m accurately ICienh
fyl!lq spectes 

In order to understand or to use the protozoan 
commuruty (parucularly as an mdlcator of change) 
m teaching or research, tt IS necessary to be able to 
ICienufy mdivtdual protozoa Developmg fam1hanty 

What are protozoa? 

w1th the diversity ofanygroupoforganiSfllScan be a 
daunting task. In the case ol protozoa. there are few 
Enqllsh-lan9u<lge books offenng an aulhontauve 
und~>rstandmqofthegroup Many booksclalfrung to 
be autdes to the protozoa (see Btbllography, for a 
liSt of such books) often requrre knowledge of spe
cJal preservauon and/or S1auung techmques. or they 
rely on cocW'ied drawulQ:· of orgamsms. The latter 
may be sunable for spec1ahsts, who understand the 
way m wluch the mfonnatton bas been coded, but 
ruch drawmos add to 1M hurdles faced by be
Qlllners. Tlus Gwde rehPs heaVIly , n photoQraphs 
because they show protozoa as they would appear 
to an observe1 lookmo down a mtcroscope, and 
rnru:e the learnmg and recoqruuon processes a little 
more exact 

ThiS Guide deals only With protozoa from fresh· 
weter Sites. and the orqamsms Illustrated have been 
obtamed from dttches. small ponds. puddles, lakes. 
aquana and water-IIeatment plants The conunon 
and accesstble organiSfllS are emphaSized m pref
erence to rarer orgamsms or orqaniSfllS less hlcely 
to be collected (e g from open Jakes or from anoJUC 
habitats) As the book IS not oomprehellSlve, 
read"rs will fmd that some orgarusms are not mclu
ded here. for these. and for 1denttftcauon beyond 
genus. the U!tcr should maxe use cf the specl8hst 
literature ated m the Key and the BLbbography 

The terms fiee-IMno' protozoa and 'freshY.ater' 
have been rather freely mterpreted mcluded are a 
few orgarusrns that may bA found m soils. mosses 
and low-sahmty braclash water habitats. There IS 
oons!Cierable speaes overlap between com
muruues from these habttats and !rom more usual 
freshwater s1tes. Indeed, some spectes can be 
found 10 both manne and freshwater Sites. S01l pro
tozoa are of great 1mportance m cycling nu~nts. 
and should not be tgnored. Also mcluded are a 
couple of protozoa that are found hvmg attached to 
other organiSfllS EctosymblOtlts rarely hann thetr 
hosts. and are best reqarded as free·llVlD9 spec1es 
explottmg the1r hos'.s for attachment Thetr locallon 
llSUally secures a better supply o! food 

?r · ..oa canno1 be easily defined because they are diSIInqwshed from algae because they oblam energy 
diverse and au: often only dlstantly related to each and nutnents by heterotrophy, thi.lt IS. by taking an 
other They are untcellular eulcaryotes. Together complex orgamc molecules, etther m soluble fonn 
With the UlllO! llular algae and the slune moulds. they (osmotrophy) or as parUcles such as bactena. detntus 
make up the prOIJSIS. Protozoa have usually been or ther prou 1~ (phagotropby) Pro•oz.oa (1ll'st aru-
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mab') oet thN mrn& becaUie they 8lllllk>y the Sill1le 
type of f•'Odmo suateqy & ~nunala Heterotrophy 
oontrasts With photos:ynth(;>SIS, the use or radtant 
enerOY (sunlight). as a oour01· or enPrOY for mPta· 
boltsm (as m algae and plants) In uruceUular oroan· 
ISITlS, these two nutnllOnal strat~ are not mutually 
exolustve (as they are Ill mulhceUular plants and 
ommals) lndf'ed qwte a lalge number or fla9ellates 
are rmxotrophtc and can use both ~or nutntiOn 
many heterotrophic protozoa harbour photosyn· 
thetlcaUy active endosyrnb10nts 

ProiO:Ioa tncludt· clll'lOebotd. flagellated and eth· 
oted oroamsms that ue capable or heterotrophic 
nutntiOn, whether or not thAy also oontal!l chloro· 
plasts (see p 19. for tbe OOmpostllOn or protozoa) 
Some heterotrophic prollSI3 evolved before the 

ability to photosynthesize was acqwred. but otheu 
evolved from algal protiStS by loss of the11 chloro
plasts Not only has the protozoan state been 
achieved mdPpendPntly m dtlferent ilnes o1 evolu· 
11011. but thesP orQanL'IIllS oover an unmen81' area of 
evolutaonary temtory, measured m molecular 
terms, two prolozoa may have less 111 COlMXIIl than cb 
a plant and an arumal f'urthermore. oot aU pro10ma 
are equally equtpped to deal With the demands of 
hvmg Havmg appeared over the penod dUllllO 
which the elikaryonc cell was belllQ assembllld 
some have relanvety few Otgani'Ues at the1t dtsposa! 
whereas others have been very mvenuve m the de 
veloprnent and appllcallOn of organelles. One sbculd 
therefore be veJy wary or malanQ oencralu:allOns 
about thiS cltverse group 

Distinquisllingprotozoa trom offier m1crobes 
The nucrosoopte oommunuy 111Ciudes bactena and 
blue-green algae (both are prolcaryouc. havmg no 
nuclet or other discrete cellular organelles), algae 
(bolh mottl& and non· mottle, umceUular and multi 
cellular). sl1111e moulds, and so!Tif' smaU (multi 
C~~tlular) metazoa (espeoally rollfers. oastrotnchs, 
oopepods. flatwolll\'1 and nematodes). Typ1C31 repre
sentatives have been illustrated (FJQS 4-19) to ard Ill 
cltsunowshmg protoma from non protoma. 

In pnne~ple, dJShnOUJShlng protozoa from met 
1120a ts s1111ple: protozoa are StnQle-celled; metazoo 
are oompnsed of many cells In practiCe. It IS ex· 
tremely dilbcult to see the boundanes of cells Wtthm 
microsooptc metazoa, and other features may hove 
to be reil~ upon for poslbve tdl>nllbcallon. the exo 
slce!eton and )OUlted append.IQeS of smaU arthro 
pods {rJ9 231) allow them to be eaSily reoogmzlld, 
rollfers have a diStinctive mastax (Fig IS) behind 
the mouth, antenor Clha and a brked latl'. and the 
round. smooth surface of mcxrt nematodes (FIQ 18), 
tooether wtth their snrrness and their serpcnune 
motiOn, makes them easy to recoqn!ZI' Only a few 
Qn.'<lrotnchs (flq 16) and lilrdtOraC!es (Flq 19) ue 
likely to be found, and they are qutckly learned 

Equally Sll!lple on paper IS the dJSUnc:llon be-
tween protoma and prokaryotf'S The latter have no 
mtemal organeDP'I. il!ld are usually very much 
smaller than protozoa, With one dimenston n•trlc· 
ted to about lpm However. some protozoa nre 
wry lllly and some bactena are rather large and 
may have vanous mciUljiOns, so tdentificauon IS not 
always straightforward Most bactena have a 
aunple &hape (sph<>ncal IBUBO?e·shaped hehcal). 
and most, but not ~u are 119td Many are capable of 
sw1111mmQ or ghdinQ, but nonn have the lashmo 011ta 

or flaQeUa or elikaryotte SJTIQie Cf'lls. nor are thPy 
able to rorm pseudopodia 

Protozoa may be arnoebotd, flagellated or ctlt 
ated There IS no clear bound..iry between flagel 
Ia ted protozoa and fla9<'llated aJQae If defuuuonsof 
alqae and protozoa based on their respecttve nutn 
IlOna! strategies are accepted. thPn some oroamsms 
are both algae and protozoa SomE> pr011s1S that rely 
exclUSively on heterotrophy (te. are protoma) may 
be closely related to some spectes that reLy ex 
ctiiSlvcly on autotrophy (Le are algae) E:xception· 
ally. autotrophic and h<>terotrophlc spec:tPS may be 
so closely related that they are placed m the same 
genus. As no clear boundary can be drawn here, 
th.lS Guide IIICiudes some algal cells that may be a 
sowce or oon!uslon. or that aru closely related to 
protozoa 

ju.'ll as t!Y>re IS an uriCiear boundary between 
algae and oolourless ll<lQ"Ilates so there are prob 
lems 111 disl!nqutshlllQ between sltme moulds and 
amoebae Sllllle moulds are amoeboid organtsmS 
With two st.l<)uS m tho•11 life cycle that are not 
encountered 111 conventiOnal IIITIO'!bae They can 
ilrm Iaroe amoeboid masses, and they may produce o 
mass or spores (cysiS) that IS ltfted away from the sub
strate on a stalk. alloWillQ the spores to be released 
mto au or water currents to ard m the diSpersal of the 
orooniSITL The large amoebotd stages (plasmodta) 
are rarely obll!lrved. except when special growth 
l'llE!da are employed. and have not been iriCludlld 
here Shme moulds may hove umcellular (amoeboid 
or flageUaled (F'tg ~)) stages m theu hfe cycle, 
wluch rn.ay be rrustd•mtlfied ;u protozoa Some 
hypha! fwlQ1 al9o produce OageUated stages (ZOO· 
spores) wtuch may be miStaken for protozoa 



 

Equipment 
For effecbve protcnoologlcal work. Ill<> following bansen burner, lens ussue, a measunng eyeptece 
eqwpmenus essential. a compound !Dlcroscope, 2.6 and mtcrometer sbde, a filter apparatus (filter 
x 7 6 em Qlass sltdes Wlth coversl!ps. glass funneVcoffeP filter), plankton net Oess uan 20)un 
dropplJl9 (Pasteur) ptpettes and teats. small glass mesh). a can of compressed au wtth a nozzle, a coi
Petn diShes. collectmg Jars, son tiSSUes and filter lecuon of bottles and Jars. sohd watch glasses, 
paper (blotting paper). ldeaUy, the folloWIIlg eqwp- barley, wheat and/or nee grams. agar powder, 
ment should also be on hand a d!ssecnng (low- autoclave (pressure cooker), photograpluc tactltties 
power or bmocular) rmcroscope, an alcohol or and a ceotnfuge. 

Microscopes 

The chotce or rmcroscope IS 1mportant m the study 
of protozoa. m that a good chmce will allow you to 
see more, and to see u wtlh ease Microscopes W1lh 
bwlt-tn lllw:unators and blllOCIIlar eyep1eces are 
more convenient thau those Wlth separate light 
sources, and proto200logtSis also benefit greatly 
from phase contrast opUcs. The condenser should 
be eqwpped Wlth an IllS. An opuon for photography, 
such as a tnnocu1ar head Wlth a verucal tube to 
winch a carrara can be attached. IS des:trable 

The components reqwrmg the most cntical con
SideratiOn are objE!Ctlves. the best affordable should 
be used. NormaUy several ob)ecllves. will be needed 
and the maomficauons should range between x!O 
il!ld xlOO. 

Magmtymg power IS less tmportant than resolVUlQ 
power that e. 11 IS tar better to see details clearly 
than to have them appear large but blurred. If 
fmances are restncted, tt IS preferable to buy a 
!1m8Uer range (muumum or two, about xlO and x40) 
or good-quahty obJecbves than several of poor-

Ba::;1c care of microscopes 

Mlcroseopes are expenstve and dehcate, and the 
Qlass surfaces are most vulnerable to chrt and 
darnc>ge Both cause reductx:m til 1mage qualtty For 
example, mascara-laden eyelashes can damage 
the surfaces of eyeptecesl However, a properly 
rnamtamed rrucroscope can last for decades 

As far as possible. keep dust off rrucroscopes by 
protecung ~m With a plasuc bag or cover Do not 
leav" any open tubes uncovered (e.g. the eyep1ece 
lUbes) as dust will get ll'\Slde the rrucroscope Awnd 
Sldden changes til temperature, smce thts can lead 
10 condertsatK>n mstde the rmcroscope. Do not 
place a IDICro8COpe where 1t can be splashed With 
water or other chemicals Salt water should be re
moved qwckly iltt gels onto the rrucroscope As a 
general nb... aucroscopes should be kept m a dry 

qualtty Htgher-power obJectives are usually of the 
oil-unmerston type. Ideally, 11 the mtcroscope IS 
capable of phase conttast rrucroscopy phase ob
)eCbves should be bought m prPfPrence 10 thoce of 
the bnght field (normal) vartety. The eyepieces 
should have a maqrulicallon or between x8 and xl2 

A dtSSeCUng tmCroscope ts a lower -power rrucro
scope With greater depth of field than a compound 
:rucroscope. a longer worlang dJstance (between 
the lenses and the specimen), and usually With 
stereosccptC VISIOn It IS tdeally SUited tc huntmq 
around a sample before rnatenal or organtsmS are 
selected for observatiOn or culture. Ltghtmg on such 
tntcrOOOOpes may euher be from above (lOP llqhtuJ;j) 
or transmuted through the specunen The latter IS 
desuable when exartll1UI'Iq protozoa. With the light 
lDUTOe removed as far as passtbl<> from the 0=98JliSillS 
to mcrease contrast and to reduce the nsk ofheallng 
tne specunen. Good cllsse<:Ung rrucroscopes have 
bwlt-tlll!lummators. 

Compact fteld mtcroscopes are also avatlable. 

a:mosphere and at an even temperature. 
If possible avoid touching glass surfaces wtth any 

rr.atenal Most dll't will be m the form of dust, and 11 IS 

best cleaned off usmg oompressed au from can 
ISlets (such as can be bought at photograpluc 
agenctes). If surfaces have to be cleaned by WIPto9 
them (e.g to remove tntmerstOn otl). avotd usng any 
rnatenals that may contatn gn~ such as cheap paper 
nssues. Special lens tiSSUes are available (usually 
from photographers and opllClanS) for c.earung 
opttcal glass surfaces, but clean, soft cotton IS also 
very QOOd. 

Wbncaoon of lTIOVIII9 parts (stage mcvemen~ ob
jecllve turrel fOCUSill9 mechantsm. ms diaphragms) IS 

best left to experts 
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Basic mtcroscopy 

F'furulianzo yourself • • ...-.th the pnllCiplc components 
of the llliCfOSC" "" Tnese mclude the lloh: source, 
a:mdenser. s: oe cb)eC";ves. and eyeJ:Xeces 
• The Ugllt 110wce. ...l.-nosl aU modern ~ 
scopes haV4 bul.: .n lllum!natots. :yp~cally 
eqwpped vml c. c!Jfuser to g~ve even lllwrunanon. 
and a tC9Ulator to control the level of illummat10n 
~re IS no 'perfect level of illumtnatton ltght m~en
slly should be adJUSted for personal convemence 
More mtense ltghts tend to heat the spectmen bemg 
observed. and will lead to phystologacal distress 
and morphclog~cal dlstortlOn of cells. Mmrmal illum
mat;on. best aclueved by worlang tn a dimly t.t or 
dall<ened room. IS desuable 

Some rmcroscopes have rnc:ers lha't indtcate the 
relauve mtenSJ.:y of il1umulatlon In some. the upper 
extreme ss maii<ed (usually 111 ted) and if the tn·en
Sity remams a: this level for a long nme. lt wJll 
sbor1en the ltfe span of the bulb Some meters also 
!lave a marked zone m the mlddle or the range. 
wttlun which the best colour balance m photo
arapt-_ WI:! be achieved 
• The CODde:uer JSa leliSsystcm tlla' ixusesbght 
on•v ·to· D .cunen The cor.denser can be moved 
up , · J o::J •wn relanve to the stage. and on some 
mJCTosoepes a may also be JX)SS!ble to move 11 to the 
lell and the nght, and baclcwatd:l and forwards It 
may contam an ms. and may have removable or 
op'> · 1 components for c:Wferent contrast enhance
m• n· u ct.,,quP.s. 
• The stage usually has a cltp that ts pressed 
aQatn.it th• end of a sltde to hold It m place Addt
oonal cl·p.. that press onto the top of a slide are 
ennrt'l t. ,-. ~Ce.ssary 

• The olljec:tives are usually located on a rotanng 
run ·• •'10 w.J click mto plac(! If all the ob)eC!lVes 
baVf .. b. ·•n boughl from the same manufacturer. 
they should all focus at the same level. elimmattng 
the need to change the focus as you S\\1tch from one 
objactJve to another, and helpmg 10 prevent ac
Cidental damage :o SPecunens. or 10 the ob)eCOves 
themselves 

The highest-power ob)ecttves are usually of the 
otl-lmlllennon type. A drop of speaaltmmeiSlOn oil, 
wlllch should be obtained from the nucroscope 
manufacturer. ts placed on the co~rslip above the 
specuncn. and the ob)eCilve IS then rotated mto 
place so tllat '' t.:"rbes the otl 

To set a mtcroscope up lor baSic bnQtll field (no 
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contrnst enhancement.)rnJCToscopy the steps ate as 
follows: 

• F\nt ..,lec:t it low-power ob)e<:Uve (xlO or lower). 
1?\ilce the sbde (with coverslip) on the stage, swncb 
on the lamp, check that all m- (lamp h<w!Sing and 
condenser) ve 'lll'lde open, ilJid focus on the spect· 
men or on the edge or the sbde or the coverslip. 

• If there is an iris in the lamp housing, close n 
down; tf not, place an objec:t Wlth a dist:inc:t edge 
(e.g a ptece of paper) on the glilss surface of the 
l&mp hownng that is nearest the specunen. Looltinq 
down the microscope, a<ljusl the condenser until 
the edge of the iris or or the ptece or paper IS m 
focus. The cxmdenser is now focused to pro;ect 
bght OJUO the specimen. 

• If there IS a lamp iris, make sure that 1ts image is 
in the nuddle of the field of VJew. If this is not the 
case, then the condenser is projecting the light to 
one side of the objective rather than along its optical 
axiS. Checlc that the objecuve IS screwed in tightly 
and that 11 is chclced into liS proper position. If the 
bght IS sull d.irected to one SJde, the condenser may 
be mcorrectly fined, or you may haYe to adjust ns 
sid&-to-Slde or to-and-fro p +!lo.'CI 111 order to align 11 
along the opocal axis of the ob)eCOVe. There are 
usually twO knobs or screws for tlus purpose. Having 
centred the condenser, open the lamp iris. 

ThA ubove steps need only be repeated at the 
outset of each serton. The followmg steps should 
be camP.<! oUT every tune thf" cbJecttve IS cllanged 

• Remove one eyep1ece, aM. looking S!ralgllt 
down the rube, close the condenser Iris tf there is 
one. Open the iris unnl any change m its posino'l 
nellher enlarges the area belllO illuminated nor m
creases the amount or iDununaoon. Having closed 
the li1S stightly, replace the eyepiece- The micro
scope IS now ready for use. 

The tllununanon achieved by setllng up the mtc· 
roscopc m this way ts called bnght-field rmcro· 
soopy SpecuneliS wrth colour nnd great tnherent 
contrast can be seen clearly. but most protozoa wJll 
be almost unpossble 10 see. Consequently, some 
fcrrn or con:rast enhancement will be reQUired 



 

Contrast enhancement 

Contrary to the recommPndatlons of many boolcs on 
rrucroscopy, resoiVUlC;I power IS less 1111portam to 
protozoologlsls than IS VlSibwty '!be lack of opucal 
conlrast m many pro1ozoa means thai very bltle can 
be seen usmg normal bnghHteld mtcroscopy The 
phoiOQTaphs of PaJamecwm bwsana (F'tgS 349-358) 
tllustrate some of the techruques that may be em
ployed to ertbance contrast SpecJa! a• •: ones are 
reqwied for II'IOSt of these 

The sunplest way of enhancmg contrast IS 10 close 
the ans mthe condenser. or to lower the conc:k!nser 
so thalli IS below tts opumal poslllon (compare F'tgs 
349 & 350). Dark -ground effects (F'Ig 353) can also 
be achieved by adJusllng the IJghung so that hght IS 

Microscopical examination 

Normally preparauons are made on glass trucl'O· 
soope slides; a coverslip should always be used. as 
11 proJects the obJectiVes from contarrunauon and 
Improves unage quality 

a 6 x 7.6 em reusable glass slides are wtdely em· 
ployed They should be cleaned and pollshad With 
ussue before use Covershps are avaJiable m vanous 
Sl2es and tlucknesses. rang1ng from No 0 to No 2. 
wtuch are thm and ttuck respectJVely 'l'he au1hor 
recommends aa x aa mm (SqUare) or 3a x aa mm 
No I coversltps. Lllce slides. coversllps should be 
cleaned before use. WJ small glass fragments, or 
greasy films reduce unage qualtty. Covershps are 
cleaned by carefully diaWing !hem between folds 
or tiSSUe held between the lhumb and rorefmger 

Heat and oxygen-depleuon can cause cells to be
come monbund The lamp of a rrucrosoope tends to 
warm specunens. and cells may only remam 
heallhy for a few rrunu1es. Bnng10g samples from 
boches of waier mlo a laboratory can mvolve a 
I0-20"C temperature change, which IS enough to 
cause extens1ve physiological diStress Samples 
taken from orgarucally ennched sates (e g sewage 
treatment plants) and placed under a coverslip Will 
rapidly use up the available oxygen. and the com
muruty structure Will beglD to change Wlthm a few 
mmutes. Thus. rap1d processmg IS usually desuable 
1f you WISh to observe heallhy cells behavmg nor· 
mally 

It as usually more convementto add only a small 
drop of the sample tO the slide If It IS possible tO 
move the coversbp around freely. mere IS too much 
Owd. and protozoa wtll move not only m the lateral 
plane bul also m a vertical plane, rna1ang careful 
obGervanon almost IITlposstble 

The movements of pro1ozoa often cause prob-

dtrected lhrouqh the objeCt. but pam s to one side 
of the ob)ectlve Both techniques make specunens 
VISible, but they can only reveal a luruted amount of 
deiBll m an ob]ecl 

Phase contrast faCI!mes are wtdely avaJ!able 
Spectal ob)ecllves and a condenser are requrred If 
sta.rtmg from scratch. u JS probably more economt· 
cal to buy phase facWues at !he outset Phase con· 
trast IS a relauvely cost-effective way or geltlng 
good hl9h-<:ontras1 unages Nomarsla (dlllerenllal 
mterference) contrasl also reqwies specJa! ac· 
cessones, lhese are relauvely expei\Sive, but !he 
resulllngiiTIBges (F'Ig. 352) have grea1 clanty as well 
as good contrast 

Ia= Usually, acnve rnonbty IS a SI<Jil of dtsttess 
Typtcal causes rmght be presswe from a coverslip. 
overheaung, or depleuon of oxygen The cells move 
unUl !hey rand a more favourable sue. The use of 
n:urumalallummanon or gently blowang on a prepar· 
abon as you observe u onen 'calms' protozoa. Fillers 
that remove heat can be obtalrled from nucroscope 
supphers lf these devtces do not work. vanous nar· 
cotJzmg agents or VlSCOUS sloW1119 egents can be 
used. NarcoiJZlll9 agents mclude !he soluuons of 
heavy metaJ.s. such as ruckel or copper chlonde 
(used at a concentrauon of S-10 mMoVJ), while 
methyl cellulose can be used to IDCiease VISCOSity. 
Iodine or formalm Will JaJI protozoa All of lhese 
treatments may cause dtstoruon of one sort or an 
other. and asoneofthegreat pleesuresofwatctuog 
prOiozoa as to see !hem bebaVUlC;I naturally, all can 
be reqarded as unsansfactory 

An alternauve means of unmob!IIZ!ng acnve or
gamsms ts to use a small piece or tJSSUe paper to 
draw excess flutd from under the coversbp. The 
coverslip IS pulled down towards the slide. and pro
tozoa can then be trapped Such samples can be 
observed for about five mmules before cells be
come diStorted A small pipette and some fhnd 
sbouJd be kept bandy, as II may be necr=ry to add 
a small drop of llu!d to the edge of the coverslip to 
release me cell from tertnlllal compresstoll 

A few protozoa may go unnoticed because of 
then lll8cuvaty Amoebae, m particular, requrre a 
few mmutes to recover from the 1muma of bemg 
placed on a slide Other orC}1li'USITIS may be located 
an detn!US and will no1 become VIStble unul they 
have been 91ven suffiaeru ume to diSperse from aL 

Complete beQmners are adVISed to work wt.lh 
matenaJ that IS known to contain many pro1ozoa, for 
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example, natural samples that have been checked 
using a binocular rrucroscope, cultures from biolog
ita.l suppliers, sludge samples from IIeated sew
age, coverslips left for three days on mud collected 
when there was an orange or green patch on the 
surface, or water wl!h a soup-like collSIStency. With 
samples maintained in bottles in the laboratory, the 
Ouid m the rruddle section of the bottle will have 
relatiVely few orgarusms; most protozoa will be 
found near the sediment or assooated wtth the sur
face fi1nL This can be sampled by placing the nat 
side of a coverslip against it. 

Usmg one of the methods for enhanced contrast, 
and making sure that the microscope is focused on 
the sample (check the edge of the coverslip) at a 
low magnification (about x 10), scan the slide meth
odically to find protozoa. 

ln order to examine rare or specific types of pro
tozoa, 11 may be necessary to soften the gl~ of a 
Pasteur pipette m a burner, remove tt from the 

Recording protozoa 

Dame, and. with a smooth movemen~ draw it out to 
the thickness of a hair. Tlus pipette can then be 
broken to gtve an apertUre with a diameter 2-S 
times greater than that of the cell, and can be used 
to pick up individual cells with the rrummum amount 
of llwd wlule usmg a dtSSectiog microscope. Pro· 
toz.oa collected mdlvtdually or in small numbers 
bave the pecullar ability to disappear after bemg 
added to a slide: they may be killed as they are 
pulled into the pipette, adhere to the mner surface 
of the pipeue, be smashed as the coverslip is added, 
or move to the tlun film of flwd around the outside of 
the coverslip. Care and regular examination of the 
cells throughout the procedure are advisable if it is 
important that a particular species is observed 

Large protozoa may be crushed by coverslips, 
and should be protected by creatmg a chamber on 
the slide. Tlus lS achteved by placmg two shards of 
broken covershps on either Stde of a drop of Ouid 
and then laymg another coversllp across them 

It is strongly recommended that protozoa should not at a rrucrometer s!Jde wtth a scale (usually l mm) 
merely be observed, but also r.ecorded The most etched onto its surface, Measurements of the field of 
simple and often the best way of recording protozoa vtew have to be made for each objective. The SIZe of 
m a sample IS to make hne drawtngs. ThiS drreciS an orgarusm may then be esumated as a proporuon 
the eye to unportant features. The copying of of the field of vtew. Alternatively, a measuring 
drawings from books should be avotded, as many eyepiece may be used This contams a scale which 
are inaccurate and often contain information m a is m focus when observing the specimen. Micro
coded form meter grattcules are mserts whtch convert normal 

A ptcture of the organiSm should be built up, be- eyepieces mto measurmg eyepieces, and they can 
gmning wtth outline sketches and a measure of size be bought for most types of eyepieces. Measuring 
(see below), and including a number of typical pro· ·eyepieces have to be calibrated against a micro
files The locatiOn of the nucleus, mouth and con· meter slide. Tlus bas to be done for each obJective 
IIactile vacuoles, (ogether with the dens1ty, length, Organisms are measured as a number of ~yeptece 
wtdth and locabon of Dagella or ci.IJa, should then be units, and thts ts converted mto trucrons. Mulnp!Yin9 
added. Separatedrawmgsofdetailso(forexample, the magmficanon of the ob)ecttve and of the 
the behaviour of the contractile vacuole, the contents eyepiece does not g~ve the magrufication of the 
of food vacuoles, the patterns of locomouon, the ObJeCt being observed 
structure of the mouth, and the presence of extru- · Although drawmgs are best made m a firm plam 
somes. should also be prepared. Wntten notes are paper notebook, one opbon is to use large punch
often very useful. cards. The holes may be cut out according to a pre-

Drawings need to be accompamed by an estunate deterrruned code (e.g. to mdlcate the presence of 
of SIZe, which may be made 111 two ways. The first IS cilia, Oagella or pseudopodia. or to mdicate colour. 
to measure the diameter of the field of vtew (the habotats, etc.), and, by usmg a krutung ne€dle, all 
area that can be seen when looking down the previously made drawmgs wtth a parucular feature 
eyepoece) before makmg observauons. by lookmg can be selected and compared 
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Uninterpreted records 

'ill(> extent to wtuch enors of 1111erpretat10n of the 
protozoan rmm may oCCUI IS qwte remarkable 
Thus. urunterpreted records are lughly demrable 
and ought to be mcluded m professiOnal surveys 
Such records can be made by photography, cm6 or 
vtdoo. However, smce cme has been rendorod ob· 
scioto by advancmg vtdoo technology, 11 W!U not be 
diSCUSSed any further. U photography or VIdeo are 
to be used. IllS bMt to have a nucrosoope equtpped 
With separate pona to wtuch cameras may be 
at~tchBd the usual arranoememiS to have a nucro· 
scope With a tnnocular head Usually, the camera IS 
attached to the verucallube (F'Ig. A) 

Photomtcrography of protozoa requues a camera 
from whtch the lens can be rerooved, an adnptor 
that wlll allow attachment to a nucroacope, and a 
prOJectiOn eyeptece. Only tf the camera IS atldChed 
to a separate pon willn be J)OSSlble to make unlun· 
dered observatiOns of protozoa wlule photooraphs 
are bemg taken 

Cameras With a heavy shutter movement (focal 
plane shutters) wtll cause vtbrauon m the m•cro 
scope and movement of the Owd on the shde. Such 
movement IS greatly exaqgerated on the film plane 
because or the rnaqmficouon factor, and the ob1ect 
Will appear blurred or out or rocus. It may be noce: 
sary to suppon such cameras on a stand rather than 
attach them duectly to thP oucrosoope Cameras 
With d111phragm shutters are to be preferred 

Whereas photography of ftxed and stamed prep
arations IS strmghtforwerd, and any camera With 
automauc exposure control can be used, rust mov 
109 hvmg orgaru.srns can only be photographed sat· 
ISfactonly With an electroruc !lashgun There are 
many cameras on the market that can adjust ex· 
posure of sub)8CI.S tllWillnatod by electroniC flashes, 
but as yet rone IS avatlable spectftcaUy for mtcro 
scopes ror use m photomtcrography, domesuc 
cameras need to be roodthed. the flash tube must be 
placed m the tight path etther by dlSrnanthnq 11 from 
the electroruc llash gun nnclfixlno 11 man appropnate 
loc8t10n m the hqht PiJih or by redl.recuno the flash 
mto the Jtoht path or the miCiosoope Vl8 a muror 
system (rlQ A. Patterson. 1982). Vana110ns and II!l· 
provernents of such systems may be found m the 
pages of Microscopy (I he JOurnal of the Ouekett 
Mtcrosoopteal Club) or Ill MJkrokosmos (m Corman), 
both of which cater for the amateur nucroacoptat 

Wtthout an automallc llash exposure system. the 
exposure will dtlfer wttlh each magruficauon and 
With each 1ype or contrast enhancement system 

Obtammg tho correct expomae mvolves a senos of 
tnals wllh neutral dellSity (grey) !titers, such that the 
light IS auenuated to the appropnate mtensJty 

Photonucrographers should have baste photo· 
graphic slcills and access to a dilrlaoom Mtcro· 
scoptcaUy Vl~l.<i ob)'..'Ct:l have much poorer con· 
ll'8SI th.m conventiOnal subject!. and $peoa~ filma 
and developmo or pnnung techmques may be 
Deeded. Photography of ltvmo protozoa has a htqh 
film·wasteQe rate. as the organtlltl1ll move at m 
appropnatc moments or wllh unlctnd raptdlly The 
best black nnd while !tlms. for eXllmple. Kodak 
TechrucaJ Pun. are those that have very !ugh collll'8St. 
adjustable sellSIIIVlty. and an IDSIQrulicant gram. ror 
colour work, the author has used oonventlonal 
colour·reverS!ll (shde) ftlm $pPc111l photomtcro· 
qraphtc ftlms are ava!lablll, but they are dlfllcu!t to 
obtatn, expenstve, and offer maromaltmprovement 
over normal films I! an electromc naah IS ao be used, 
day!Jght colour ftlms are appropnate; Without a 
llash. a blue fllter or an artlftCI81 hoht film Will ~ 
needed 

Photographs are qtlen marred by dust W!thm the 
opllCal system The most comrron Sltes from wtuch 
II!lages or dust are projected onto the ptcrure are the 
glass surfaces between the obJectiVe and camera, 
and the ftont r~ce or the lamp housmg or the mtcro· 
scope. Dust should be removed wJth compressed 
au (see p.ll) Shghl unfoclWDQ or the condenser 
usually ellmlDates any II!\890S or dust lllSlde the 
lamp houstnq 

IS 
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Vtdeo microscopy 

V1d<!O nucroscopy IS an Ideal med!wn for teAchmo 
microscopy and protozoology, as many smaller or· 
garusms can be 1dentified from the11 !llOTements 
and the I/TiaQE!S recorded on VIdeo tape. VHS ldpes 
Q1ve poor-q.sabty results If ednecl but s-VHS 
BETACAM and U·MATIC formats are SUitable If 
ed1ung IS reqwred. The souncHracl<: can be useful 
for recorchnq verbal commems. 

II IS now as cheap to buy a colour camera as a 

black and w\ute one, and colour IS recommended 
Camcorders can be se1 to focus on mfuuty and 
sunply dJiected down the eyePtece, but the result IS 
far from sallSfaCIOT'f It IS preferable 10 use sur· 
velllance-sryle cameras wtthout a lens. w\uch are 
attacbed to the rmcnecope USinQ a speoal adaptor. 
Adaptors may be bought from llllCI'0800pe supp
bers. 

Where to find and how to collect protozoa 

Protozoa occur m trop\uc or encysted stdtos m VIrtu· 
ally any l<lnd of natural habitat wh1ch ts temporanly 
or permanently wet The numbers of act1ve trophiC 
md1VIduals wtll be deterrruned by the amount of 
food avallab~ and by the prevalence of preddtors. 
Many proto2Xl8 dJiectly or mdlfectly rely on dooay· 
lllQ orgaruc (vegetable) debns or on WllceUular 
aiQde for focd The nchest sources of pr0102D8 m 
natural hab1t11S are sues of luoh prodUCIIv ty. such 
as shallow ponds. or the borders of larger standlllQ 
bodieS of wa·er where leaves and other plant matter 
accumulate lJ1d where the sun penetrates m sui· 
f1e1ent strength to support algal growth. Any small 
body of water that has developed a srrono colour or 
a green mat of matenal (e1ther across the bottom or 
wuhm the v;ater) will probably prove to hilve an 
alqal bloom Protozoa are ofien present as con· 
sumers of these algae 

Very smaJ ponds and puddles are rarely par· 
uculatty gOOd sources because there may be a 
pauCity of rutnents. or because corumual drymo 
and reweUino creates very demandlllQ ex>nd!Uons 
m which oilly a few speoes can SUMve. Sutularly, 
Oowmo Wdters do not usually comam lllolllY pro
IOZICia However, proiOZICia may be round m and 
around IISSOCiated plaru ma1enal 

PYotvzoancommuruues are very clla.nl}eable and 
when coUec:mg transporung and mamwlllllQ sam· 
pies. care mJSt be taken to prevent severe chi.lilQeS 
m the comrnumtJes. If samples are kept Ul a cool 
place m the laboratory, a succession of different or · 
gamsms wlllappear over a penod of severe! weeks 
Collecuons should be made m relatively la1ge glass 
)81'S e~nd samples should contam some deltllliS, but 
sou and mud are best avoided Sufflctent orgamc 
maner to form a loose layer at the bouom of the 1ar 
should be Included. 

Most pondldltchllake samples Will bit ooUected 
from clean orgarucally ennched, or anonc sues; 
each type of sample bas to be haQd\ed cWfPrently If 
lho wales IIan the collecbon sue IS dee.n and acratud. 
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a large amoum or aJI should be enclosed With the 
sample to prevent 11 becorrung anoxJc. Samples 
from anoXIc sHes (they usually look black or smell 
stron9ly) should not be muced With clean-water 
samples. as the sulphides that are present will laJ 
the protozoa from aerated SJtea and the oxyoen WI] 
kill protozoa bVUJQ Jl anoXIc sues For tlus reasor.. 
one should also aVOid ITI1XI1lQ au With the sample 
Proi02Da from orgam:ally ennched Sites (e.g. polluted 
SJtes and sewage worlcs) usually need some 
oxygen, but as this can be very rapidly depleted b7 
bactenal degradation of orgamc matter, samples 
should be stored as a thm layerofOwd Wlthplenty~f 
au 

Open bodies of water are worth sampbng, ~· 
peoally tf they have a dJShncuve greemsh. obve or 
brown colour. as th:s may suooest a bloom of algal 
growth. However, samples from open waters have 
to be concentrated. thiS IS usually done m the Iabat· 
atory (see below), :>ut u can be done on sue. The 
most sunple way IS to pour the sample throUQb a 
coffee filter, shake 11 (before all the Owd hasoone) b 
resuspend collected ma1enal and up the con· 
centrated sample 11to a con1amer Many specJes 
die soon after belliQ concentrated. Samples may 
am be taken With a plankton ne~ Jdeally With a 
mesh SJZe or less than 20 l'fll If the net IS to retail 
protozoa. Such neu are expellSive. A slower but 
convement method IS to reverse filter a sample .1\ 
plastic or glass cybnder With a membrane (e q 
0. 451'f!l Nuclepore) filter or a 20 I'm (or finer) 
mesn CUter (obtamaole from S1amar, :;ee p.220) over 
one end IS placed mto a sample. Water passes m10 
the cybnder, but the protozoa are held back by the 
mesh. The water can be removed from mside the 
cylmder With a pipelle. 

Altemallvely, sponges or slides msened mto ex· 
panded polystyrene roam may be suspended m a 
water column for a week or so and commumtles w] 
develOp on these. 

If a sample IS left 10 stand Wldlsturbed for several 



 

hours, vanous species rr.ay move towards the llgh~ 
or aocwnulate at the top, bottom or Sldes of the con
la!nt'r Such aggregatJcns are sometunes vislble 
With the naked eye. but £atglasscontamers(suchas 
Peal dlsbes) and a • • : ::ong IIllCioscope do rna1ce u 
much easaer to find them. Generally. samples taken 
from the bottom or a )CU NJll conlalll most protozoa 

Muds, sands. peat sh;mes and other sediments 
are often ncb 111 prot020a Samples of the top few 
rrullimetres (1e. Without tbe deeper anoxiC matenal) 
may be taken With a spoon (wok spoons are Ideal) In 
the Iabore tory the sediment may be used to lliOCI.llate 
a Owd culture (see below). Most protozoa m sedi
ments are mottle and wlll move upwards; they may 
be collected by placmg the sedunent m a dish. re
movmg the excess Du1d after a few hours, placmg a 
layer of lens ussue over the mud, and addmg some 
coversltps. Two or three days later, a commuruly of 
oroarusms will have developed on the undersurface 
of the coversl1ps. Older preparatJons usually be-
come anoXIC • 

Solis contam many pntozoa. and may be used to 
lllOCUiate Owd culrures (:lee below). VJrtually every 
species found 111 so!ls has the capac1ty to encysl, and 
good results are obtaiOed If the soil JS first allowed to 
dry out completely Dry crumbs of soil are then used 
to moculate Owd or agar culrures. Altemanvely, the 
soH may be dampened so that tlmd and as:!JOCIIIted 
protozoa may be squeezed out by finger pressure 

Keeping samples 

Once coUected, protozoan samples should be pro
tected from temperarure changes and kept out of 
direct sun!Jght If 11 IS IIDj)Ortant to repon accurately 
the most conunon speaes that are presen~ a list 
mus1 be made Wlthm 12 hours of c:ollecnon. 

If stored out of direct sun!Jght (e.g near a nonh
!acmg window m the northern bemispbere). ancl I! 
protected from cold and hea~ samples will usually 
provide a changing COIIIIIlU!Uiy of protoZOa klr several 
weeks. If placed m large, flat contameiS. the samples 
can be monuored With a dn e :ttng 101croscope to 

Cultures 

In order to mamtam loll!;l·lerm cultures, tt IS neces
sary to proVIde a medwrn that suns each spectes, 
and a supply of appro;mate food. Glassware that 
has been cleaned 111 bot water and rinsed of all det
erg.,nt proVIdes the best culrure vessels. 

Cultures can be selecnve or non-selecnve '!'be 
Iauer are usually sam~les of water enriched With 
some bod matenal Since most prot()2l)il eat 
bactena or bactenal detnrus. the Simplest way to 

Mosses. such as Sphagnum, also comam many 
prot()2l)il, especJally testate amoebae arid vanous 
spec~ee With symbiOtlc algae. HandfWs or the fila 
ments that exterld to the grouoo should be collec
ted, placed m a plastic bag ancl rerumed to the lab
oratory Protozoa will be found m the water that is 
oblained by squeezmg the sarnp_e several Urnes. 

Other Sites that are ncb m protozoa mclude sllme:s 
on sohd sllfaN>s over wluch water IS l\llliUD9. areas 
urlder tee, arid the gutters of hoLSeS. Prot()2l)il also 
occur m abundance m sewage works. where they 
play an U1lportant role 111 clanfymg the water (they 
remove suspended bacteria). The protozoa are 
fourld m the sludge of acuvated sludge plants. m the 
orgamc layer m tnckle filters, or on biOCIISCS. 

The relauve abundance of protozoa vanes accord
mg to the ume of year. The greatest dtverslty occurs 
m late wmter and very early spnng, when there are 
relauvely few metazoa f'reshwater protozoa w1th 
symbiOtiC algae appear to be relauvely abundant 
early m the year m temperote cl.mates. 

Samples that contam large nwnbers of Bn11118ls 
(small crustacea. worms, rrudge larvae. etc.) will not 
proVIde as ncb a vanety or protoz:la as tholle Without 
metazoa. If meta2oa are presen~ the proiOll)B will 
soon diSappear after the matenal bas been rerurned 
to the laboratory, and u IS adv.sable to pass t.'te 
sample through a seve or other cnde filter to remo'le 
larger orgalliSITIS I! a long-lived sample tS reqwred 

establish the dtve[SIIy and abunc!;nce of orQillUSlTlS. 
It should be noted that an excess of organ1c mat

ter can cause culrures lo 'go off. 1he orgaruc matter 
creates a biOiogtcal demand for oxygen that cannot 
be met by dJlfusiOn from the "''rface '!'be culrures 
first become mJlky With bactenal growth. arid an
OXIC (even reduced) condtttons may follow Tluscan 
be aVOided by keeping the amount of Ol'QalllC matter 
to a nurumurn and by eosunng that the sample bas a 
large surface area. 

enrtch a culture IS to add several botled barley, 
wheat or nee grdlru>. Howt:!V!ll, as <:ultures ennched 
m thiS way tend to distort the commun11y structure, 
t1us approach cannot be used 1o proVIde a bst of all 
the prot07Dan spec1es uutially present m a sample 

Non·selecuve culrures often produce surular 
speCies (eqwvalent to garden weeds). Genera that 
commorJly emerge m organrcaltr ennched culrures 
mclude the flagellates Clulomon:rs. Bodo arid Para· 

17 



 

physomonas. and the cthates Paramectum, Cm· 
etocJulum, Cyr:lldlum, HaltentJ, ana Colptdlum 
(pp, 186-187) 

More aelecuva cultuies are oblauled etthcr by 
offenng food that will swt partiCU]ar p:otozoa only, 
or by collectlll!l one or more mdiVIduals of one 
spec~es and lnoculatmQ them mto a swtable 
medium With food The best medlwn IS filtered Owd 
from the samphnQ Site. but most freshwater and aotl 
spectes Wlll also qrow m cornmerc~any avatlable, 
non-carbonatod spnnQ waters with a low maneral 
contenL 

For the most selecuve cultures. it IS :IOCessary to 
catch ll'ICbvidual protozoa With a fine ptpette 'l'!ua 
can be frustratmQ at lust It helps to bold the pipette 
SO that II does not ahalce. II can be braced 8Cl'OII 
severalli.no<>rs. or held With two hands. The p1pette 
IS kept relatively still under the nucrOSCXlpe, and the 
sample IS qently moved around to bnng the or
garusms to the p1pette, rather than the other way 
around. Alternauvely, a small drop of nu1d can be 
drawn up Vl8 a teat or a tube to the mouth. ror very 
small organisms. 11 may be necessary to carry out 
t1us process under a compound mlcrOSCXlpe, l.l:lmQ a 
mecharucaUy dnven (hypodenruc) synnge to draw 
up small quant111ea of nwd 

U absolute punty • requued ol a sample, around 
20 selected cells are placed m several nuliWues of 
medium. 'l'hP Ol'lls are collected a second tl!M and 
the proce:.s repeated. ThiS 'washes' the protozoa. 
and also removes any contamtnatmg EpecJes. The 
target spec11l11 can then be tnoculated anto rresh 
medium with d sowce of food. The most rewarding 
qrowth IS usually achteved 1! the llllllal culturea are 
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of small volume (no more than several nulhhtr 
and 1t JSadVJ..'lable to bwld up the StZeoftbe culturt=$ 
Qradually 

The techruque or mocubuno cultures With ama:; 
numbers or selected cells often fails because tte 
11Qht lcind of food IS not a ltlllable, or beca\118 ~ 
composaoon of the medium IS not 1deally swted · 
the target orgarusrn. Soma species grow best 
nuxed cultures. and thiS IS especlally uue or laigo 
genem such as Amoeba or Stentor. 

Some protozoa do not qrow well, or converuentl 
m a Qwd med!wn. bemg more swted to tbm films c 
water They can be qrown on solidified I S-2 
agar I 5 g of agar are added to I 00 mls of medlu: 
placed m a boilinQ water beth unnl molten. pourtc1 
mto ahallow (usually Petri) diShes. and left to Q' 
Agar IS swtable br many amoebae and soLI pr<> 
tozoa, and some Oaqellates. The diShes should b' 
covered to prevent evaporauon while the proiOz. 
qrow U~ With SOils. tlusapproach IS partlcularl 
successful m cuiUvatmg small amoebae. Flwd cu. 
tures of sotls tend to produce the cthate Colpoda 

Most protozoa are selecbve feeders and cultures 
must seek to pi'OVldP oppropnate food The PI'II'ICl.PII! 
categones or food compnse bactena m suspellSIOII, 
bectena adhermg to su:faces. other protozoa. 
al<}ae. and detnrus. The sunplest orgaru.sms to cul
ture are often thoee that eat bactena, a supply o1 
which can be guaranteed by addtng boiled barley 
whea~ or nee qrams to support bactenal gpwth 

Other med~a and methcds of culture ar~ to b. 
found 111, for example, Fmtay et aJ (1988), Kub, 
(1941) and Lee eta/ (1885) 



 

Classification of protozoa 
Classification schemes for orgarusms fulfil two func
bons: 
• A filing system from which dalll may be converu
ently retrieved 
• A means for expressmg Ideas about evolution 

However. because 1deas about patterns of evol
ution are· always changing, classification schemes 
are inevitably unstable. This IS especially true at the 

1 CILIATES: protists Wlth cilia 10 lines (kmeties) at 
some stage 10 the llfe cycle Two lands of nuclei 
Chonobi.cbs: ectosymb10Uc ciliates Wlth a spiral 

fold of cytoplasm around the unattached end. 
Spirochona. 

Colpocllcb: mostly filter-feeding ciliates. using ughtly 
packed feeding cilia clustered around the 
mouth. No undulating membrane. Somatic cilia 
arranged 10 pairs. Bursaria, Colpoda, Cyrto/o
phosis. 

Cyrtophores: motile ciliates Wlth a cluster of 
strongly developed 1111crotubulai rods or nemato
desmala, normally used for marupulating algae 
or large lumps of debris inro the mou'th. EUher 
Oatteoed (hypostomeS) or IOUDded Clrilodonella, 
Chldmydodon. Drepanomonas. Nassula, Phasco· 
lodon, Pseudomicrolhorax. 7'rlthigmostoma, 
Trochilia. 

Baptorid:s: predatory ciliates Wlth an armoury of ktl· 
ling and/or holdmg extrusomes around the mouth 
reg1on. The mouth may be apical or arranged 
along one flattened margin of the cell Amph1· 
leptus, Chaenea. DidJmwn, Di/eptus. Homalozoon. 
Lacrymana. Litonotus. wxophyllwn, Monoduuwn, 
Phialma, Spalhidium, Trachellus, Trachelo
phyllum. 

Karyorelicts: ciliates with non·diVIding macro
nuclet wxodes. 

Oligohymenophora: ciliates with a specialized 
buccaJI clhature comprismg only three mem· 
braneUes (blocks of cl11a) and an undulating 
membrane. These organelles can nev·ertheless 
be dlfficult to see. Mostly filter feeders, eaung 
bacteria. Common 
(i) Hymenostomes: oligohymeoophoil'll WJth 
short rmembraneUes and an undulating mem
brane. Mouth usually small and difliclllt to see. 
Common, especially in organically enriched 
sites. Cinetocbilwn, ColpidJwn, Glaucoma Thtra
hyrnena. 
(u) Scuncoclllates: oligohymenophora in which 
the undulating membrane IS typically a long and 
well-developed veil-like structure to lite right of 

moment for protozoa Consequently, gwen below IS 

a short list of the major types ofprot020a (along with 
a few dJStmgwshmg features), wluch is intended to 
beasunple lilmg system; evolutionary relationslups 
are not IDlpl!ed. It should also be noted that some 
groups appear more than once, and that mcluded in 
each group are those spec1es that are Illustrated or 
mennoned m this book 

the moutlt Calyptotncha. Collnilen1bw, Cyclidlum. 
Lembadion, Pleuronema. 
(iii) Peritrichs: ohgohymenophora With buccal 
clllature formmg one or more wreaths around the 
broad antenor part of the cell Usually bell· 
shaped. Mostly S9SSI!e. Astylozoon. CarchesJum. 
Cothumia, EpJStylJS, HastateJJa.OrbopercuJaria, 
GPercr.tlaoa Opbcydiwn, Platyrola. Rhabdosty/a, 
Vaginicol11, Vorticella. 
(1v) Peniculines: oligohyrnenophora Jn which the 
membranelles are drawn out as relatively el
ongate structures. Undulallng membrane wealdy 
developed. Usually with tnchocysts and Slar· 
shaped contractile Vl1Cil0le complexes. Frontoma. 
Paramecium. Neobursarid1wn, Urocentrum. 

Polyhymenophora (apirotricbs): ciliates !hat feed 
using a band of mernbraneUes stretchmg from 
the anterior pole of the cell to the cytostome. The 
band is called the adoral zone of membranelles 
(AZM). 
(1) Rypotnchs: polyhymenophora that walk on 
the substrate usmg cim (blocks of 01ha). Usually 
dorsoventrally flattened. Amphlsiella. Asp1dJsca. 
Cllaetospila, Euplotes. Holost1cha, Oxy/Ilcha. 
Paruroleptus. Pattersoniella. Stlchotricba, Stylo· 
nychia, Tachysoma, Uro/epcus. Urosty/a. 
(ii) Heterotnchs: polyhymenophora that move 
with sornauc cilia arranged in kineties. Blephar· 
isma. Brachonella, Caenomorpha, Climacost· 
omum, Condylosroma. Mecopus. Spirostomum. 
Stentor. 
(ill) Oligotnchs: polyhymenophora 10 wh1ch lhe 
somalic cilia are absent or reduced to a circum
ferential band of spmes. AZM is ap1cal and well 
developed Mostly open-water organisms. Ha/r
eria, StrombidJum, Strobihdium, Tintmnidium. 
(iv) Epalcids: polyhymenophora Wlth a Oattened 
sculpted body. Somatic cilia reduced or absenl 
AZM usually near the 1111ddle of the body and 
reduced. Mostly from anoxic sites. Dlsoo
morphe/la, 8palxella. 

Proatomes: ciliates with an ap•cal mouth (normally 
quite distensible) used mostly for 10gesbon of de-
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bns.. detritus. dama9ed cells or nssue Mostly 
'"'"OCWed wuh detritus. Co/eps. Mesodullum. 
Urottx:ba. Prorodon 

Soctorta · clhates Nlthout cilia dunnq the trophlc 
~ Thls stage IS usually sesSile and unmonle. 

2 n.AGELLATES: PIOIISIS With 1-8 DaoeJia usually 
located aptcally or subapically Wuh chloroplasts or 
Without. 
Bi _,..-!dr sessile cells or a SIDQie genus Two 

Qaoe, •a msen antenody, but one IS cbrected 
back:waids (recurrent) and artaches the eel! 
to the bottom or a vase-shaped orgaruc lonca 
Eat suspended bactena W1thout chloroplasts. 
B1oosoeca 

Bodoa.lda: small. bl1lagellated orgarusms. F1agella 
msen subapically or laterally, With one cbrected 
laterally or amenorly. and one recurrent One 
Qenus IS anached the olhers usuaUy move by 
gbdmg or slappmo ll:p mny eat mdtVKiual adher
mo bactena. taken m VJa a chscrete moulh 
Without chloroplasts. Bodo, Cepha.Jo(hammum. 
Rhynchomonas. 

C.I'COIIloaada: gbd.lno flagellates w1th two flagella. 
one or wluch trails on the ground. often With 
cytoplasm bemg puUed out behmd the cell and 
one acuve antenor one Colourless. Feed on 
bacterm by r; s e ooopodml engulfment Ceroo
mnna.s. Heleromua 

C1uysopllytes = Cluysom-•dr cells With two 
flagella. typJ.cally, one IS shon and Oacc1d and 
the other IS longer E:tther Wllh chloroplasiS 
(golden) or Without capable of phagocytOSIS or 
not With or Without a layer or sur:roundmo Slhoeous 
plates. sessile or motile, and sobtary or coloma!. 
Anthophysa. Chrysamoeba ChrysosphaereiJa. 
Dendromonas. Dmobryon. MaJJomonas. Ochro
mona.s. Parapbysomonas. Potenoochromona.s. 
Spume/Ja, Syncrypra. Synura. Urog/ena 

Collu Oagellates: WJth smgle ap1cal flageUum, 
around which Lies a coUar compnsed of fme 
cytoplasnuc finoer.'' Mostly sessile May be sol
u.ary or colorual. naked or loncated W1thout 
chloroplasts. Eat by filtenng suspended bacterm 
or other small parucles. CodonDS!ga DlpJoeca. 
DlpJo&gopsJS. MoOOSlga. Pachysoeca Sphaer
O'!Ca 

Cl-yptopllytes .,. CryptomoDads: ng1d ceUs WJth 
two flagella ansmo WJtlun an antenor depres
SIOn. The depressiOn IS hned wrth e)ectiSOmes. 
Either With chloroplasts (off-green. orange, blue
green. red) or colourless (m which case osmo
rrophlc) Ol/Jomoms. ~ G"yanc:monas 
Goruomona.s. 

l'boo"•geU••es: ngtd ceUs WJth two flagella. one 
passes bo1120ntaUy around the body, usuaUy m a 
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and feedmgiS by meaiiS of one or many radmtll!O 
arms (- mouths). each or which IS eqmpped With 
bold.ino extrusomes at 1ts np. Aaneta. Dendr~ 
come:~.>s. Podopbrya. Tokophrya Tncbopb.rya 

groove, the other passes long~tudmally, often 
trailinO behind the ceU. Rounded May ooca51oo
aUy be drawn out Into spmes. With (01'111lQe OI 
olf'9feen) chloroplasls or Without Colourless 
spec.es are osmotropluc. conswne demrus. o: 
prey on other proUSIS. Gymnodnuum. Oyro
dullwn. Cezaaum. AmpludJDium. Penduuwn 

DilpomOD&da: cells Wlth two nuclei and two 
clusters or four flagella, each atiSlng at the head 
of a Ion111tudinal groove, With some flagella pro
lectJnO lateraUy and others trailing behmd Usu
ally from anoJO.C or orgarucal)y ennched sues 
W1thout chloroplasts. Osmotrophlc or eanno 
bactena. Trepomona.s. Hexanuta 

E-a.gl-ldr small to med!um-Slzed ceUs With (usu 
aUy) two Oagella aJ1Slll9 Ill an antenor llagella! 
pocket. both, one or none of wluch may emerge. 
Move by SWliiliiilll9 or gllclmg, or SQWIIJUJlQ Body 
may be pbable. Some w1th mgesoon apparatus. 
Ea1 bectena. demtus or other protlSIS. Some have 
one or more bnght green (chlorophyU b presen 
chloroplasts Amsonemct. Astas&a Entos1phon. 
Euglena. Hereronema. MencndJum. NorOIIlOienus. 
Amu1ema. .Pe~ Phacus. 7'racbeJomonas. 
Urcoolus 

Betuolobosn: pronsts wtth an amoebotd and a 
flagellated stage m the W'e cycle. The flagellated 
stage has two or four flagella. a fleJOble body, and 
usually does not eat Includes facultanve path
OQeiiS Naeglena 

<>then: there are about 70 genera or beterotroplnc 
flaaellates that carmot be confidently as51Qned to 
any of the groups of flagellates bsted m lhiS Q.tide 
(Patterson and Laisen. 1991). They mclude 
Anod.lscus. Clautna-na, Helkesunasox. Katbabl· 
ephans, and Muluclha In addJnon. oomycete 
fungi, prolostehd and eumycetozoan (e.g Cer· 
aoomy.ra) sbme moulds. and desmothoraCid heb
owa (among others) produce flageUa!ed oz 
garusms as part of thetr W'e cycle. 

Ped.l.aeWda: ceUs With a 5lDI1le aptcal flageUum 
Usually With a stalk. although they may SWJm tnul
mgthe stalk behind. When sesstle, the fiageUum 
IS surrounded by a smaU nwnber of discrete 
arms wluch may be U98d to mtercept parucles of 
food Actmomonas. Prendomona.s. Clhophrys. 

Peloblonta: amoeboid cells. usually With a Single. 
relaovely long. so1f flageUum. from anolOC sues. 
MastJgamoeba. Masogella. .Pe/omyza 

PhalaAateriids: flagellates With a smgle fiageUum 



 

bas a nght basal collar Live m colorues sup
poned by globular mucus Eat bactena PbaJan
s:eJ!Ir' 

Pw dO"'endromoneds• Blllagellated cells. The tv.'O 
mmJar flagella are located at one edge of Dat
lened tnangU]ar cells One genus coloruaJ. sup
ported on a stiff. dJ:hotomously branching stalk 
'!)'Stem. Eat bacter111 and other small suspended 
particles Pseudodendromonas. 

Spoqomonacla: blflagellated cells livmg m col· 

3 AMOEBAE; ttad!nonally, orgamsms that move 
and/or feed usmg 1e111porary exteDSJons of the 
OPll hnrly {f-ldopocba) Usually mclude SlaT· hl<ll 
prollSis wtth soll'ened pseudopodia (the hebozoa), 
and rh120pod amoebae, wtuch produce short· 
lived pseudopodJ.a. 

Acti.Dophryid: heliozoan body form. Arms taper 
11om base 10 lip. 'TWo genera only one has a 
smqle central nucleus. the other has a layer of 
nuclei underlymg a layer of vacuoles. Acnno
phrys. Actmasphae11um 

Centrohelld: helio:wa.n body form. Arms are rel
auvely thin and do not taper Extrusomes prom
menl Microtubular supports termmate on a cen· 
tral granule. Wtth or wuhout a layer of scales or 
spmes on the bo:ly surface Acanthocys~ 
Qtlamydasrer Helerophrys. Oxnerella. 8apbxJo
cystJS, RapludJopbrys. 

Deullothoracid.l: sesstle. hebozoan·like cells ltv
l!IO wtthm a perforated lonca, out of wtuch the 
arms proJect. Wtth a oonvenuonal amoeboid and 
Qagellated stage m the life cycle. Clathrulma. 
Hednocysns. 

Dlplophryicb: ceU body enclosed m a delicate or· 
oaruc shell With two tufts of fine pseudopodta 
emergmg from oppos1119 ends of the cell and 
wtth one or more large orange hp1d droplets 
From orgarucaUy enr1ched Sites. Dlplophrys. 

Euamoebae: rhl20pod amoebae wtth one or more 
broad pseudopodja, and wtthout a ftrm shell. 
May have short. stubby filose subpseudopodta 
emeromo from a larger pseuclopodtal reglOn. 
Pseudopodia usually develop ellber graduaUy 
(progresstve) or Slddenly (erupnve). Some 
3pee1es have a fldoo;j<:U..tw :.'ld9e; albers cue tac
ultauve pathogerts Acanthamoeba, Amoeba. 
Astramoeba. GashJa, Chaos. CochhopodJwn, 
Hartmanella. Mayorella. Sa=oeba. Theca
moeba. Vannella. 

BeterolobMea: prousts wtth arnoebotd artd Oag
e!Jated forms. Amoebae usually small (less than 

orues supported by globules of mucus Rlup1d0· 
dendron. Spongomonas. 

Volvoc&les: fla9e!Jates With two or four aptcal fla
gella Most spectes ba-re a b119ht green chloro
plast contammo chlorophyU b Wtth ngtd cellulo· 
SIC wall Often fomung rounded. SWliiUIUJlg 
colorues. Brach1omonas, Cartens. Chlamydo
monas ChloroQOrown Eudonna. Goniwn Haematr>= Pandonna. Fbly.oma. FblytomeJJa. Volvox. 

SO fiiJI), wtth eruptive bulgmo of the pseudo
podja, Includes facultative pathogerts Naeglerta. 

Lcptomyxi.t..; naked arnoebo1d o•wa.n~»ll~ w1U1 
cytOplasm formmg a.nast>mosmg channels Lepto
myxa. 

Nuclearild OlOM amoebae: wtth thm pseudo· 
podta, usually ansmg at any pan of the body. Flat· 
teoed or sphencal Naked or wtth mucus sheath. 
or wtth adhenng stltceous particles. No ex
trusomes (or exnusome-like granules) on the 
pseudopod!a NucJeana, Pompholyxophrys. Pm· 
aCJophora. 

Others: there are numerous amoeboid organisms 
that bave yet to be properly desc:rtbed Those 
least sntdted have very Ibm pseudopodta, either 
bea.nng exnusomes (Gymno~ Blomyxa. 
Mlcrooometes. Rencubmyxa) or smooth (Be
lonocys~ E/aeochan.ts). Some large, shelled 
Species (Allelogronua. Grom1a, LJeberlruhrua) 
may be related to manne foramtntfera and are tn 
need of further study. 

Pelobiouta: typlcaUy amoeboid orgamsms With a 
smgle long OageUum However, tn one genus 
(Pelomyxa) the QageUa are very ddficult 10 see 
and so !Ius genus has usuaUy been described as 
an amoeba. Masooamoebl Masogella Pebmyxa. 
T~ amoebae: arnoebotd orgarusrns wtth a sheD 

of organtc matter, or adbenng pamcles around 
the body. Pseudopod!a emerge from one or two 
apertures Either wtth filose pseudopodia (AmpJu· 
trema. A.ssulma. Cypbodena. Eug/ypha. Th
nema) or wtth lobooe pseudopod!a (~lla. 
Cyp/xxlena C'entn:lpy.us ~ Ilt!!lJga 
LecquereUSUJ Nebela. Quadrule/Ja) 

VampyreWda: nanened amoeboid orgarusms wtth 
ceU margms gtvtng nse to numerous very delt
cate pseudopodta. Often eat algae or fungt. and 
often orange tn colour, With a granular texture to 
the cytoplasm. Arachn!La. Vampyrella 
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4 NON-PROTOZOAN TAXA INCLUDED: 
Algae: prons:s wuh chloroplasts. Only those 

wuhout Oagella are mcluded here, the remamder 
are IJ.sted Wider TlaQellates' (above) Mostly uru 
cellular oroamsms are mcluded here but many 
algae are muloceUular. 
(1) Diatoms: With a Slbceous wall and orange or 
golden chloroplasls. F'llamentous or solitary. 
mollie or unmonle. centric (pill-box shape) or 
pennate (ceU wnh dlscrere poles). Melosua. 
NaVIcula Mtz:sclua. Plnnu!ana SlephanodJscus. 
TabelJana 
(u) Green algae (Chlorophyta) cells With cel
luloSic cells walls and bright green (chloropbyU 
b)chloroplasts. Wtth a nc:h variety of shapes (e.g 
coo co•d and filamentous). C1ostenum. Etuast
nun. Hyalolheca. MJcracr.uuum, MJcrastenas, 
MougeotJa. Spuogyra. SpondylosJ.Um. 

Probryotes: (ba<;tena). Without internal or
ganelles. but may have mclusions. Typtcally wtth 
one dtrnenstOn resmcted to about I 11JIL Usua.Uy 
dlstlngwshed by colour (e.g. blue-green aiQae). 
form or metabol.tc pathways (e.g spual coccoid, 
filamentoUS. red sulplmr, etc.). 

JU-· ;:-algae: (cyanobactena). ProlcaryollC or· 
galliSITIS carrylJlO out pbotosyntbests. Elther sol · 
ttary cells or filamentous - the latter are more 
obVIOUS. A type of bactemun, but forms an E!CQs 

loQically dlsancl oroup. Some are endosymbtonts 

m pronsts. OscJJJatona. 
Metazoa: organisms wtth many cells wbicb <ll'e 

arranged in epllheha (!ayem attached to ~ 
nous sheets). Different cells may have dtlfereu_ 
func:ooos. 
(i) Gasttotnchs:: pltable boclles. usually With loco

rnott dha. a IDOUib that opens aJ JleiJUity, and '
poslenor adbestve structuies. Chaetonorus. 

(u) Rotllez:s: ctha usually reduced 10 two anrenm 
clusters used for feedmo Body surface ngld 
and nonnaDy made or arttculatmg elements 
Usually bas a mastax located near the anteDOI 
end of the cbgesnve system. and two postenm 
adbestve structures. Polya.rth.ra. SquaDnella 

(w) Nematodes: elongate sntJ bodles that are 
rounded m cross section. Move by wntlung or 
serpentine gilding through the substrate 
TyptcaUy wtth a muscular pharynx near the 
front end 

(tv) Flatworms: very pliable bodies. Move usmg 
a combinatiOn of muscular acnvtty and the 
cilia wbtch cover the enttre body TyptcaUy 
wttb a mn:scnlar pharynx opetlllg on the ventra! 
surface. away from the an tenor end or the ceU 

(v) Tardigracles: DQld bodles With an em
skeleton made or a number of arnculaong eJ. 
ernents. Wllb etght stubby legs enctmg m 
claws. MacrobJorus. 

How to use the key 
What follows IS a sunple. dichotomous key At any 
giVen step (eo Step l) you are presented wtth a 
p8l.T of optiOns (A and B). DeCide wluch statement 
best fits the orgarusm you are loola.ng at AI the end 
or the optiOn. you are advrsed 10 go 10 another step 
There you repeat the proc contmtur1CJ unttl you 
are proVIded W11h a QEmenc name mstead or betr~g 
duected 10 another step. An illustration IS provtded 
so that you can check whether you have the correct 
orgarusm. 

Unfamthar ob)8Cts can only be undersiOOd wtth 
the acqwstllon or new concepts and new terms. 
Thus. sucoessfu.l use of the key will involve a learn· 
mg process and necessuate effort from the user 
The key IS rouowed by a glossary to ease the prQs 
cess 

The lcey malces lllrle provision for cells whtcb are 
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damaQed. for example. through bemo squashed. You 
should therefore try to lind several IDdtVlduals of 
each sre ..,. and rt should then be posstble to~ 
9lrish normal features (present m aU ceUs) from 
thoee wh:ch are amormal (peo•hanbeS or tnciMdual 
cells). A QOOd example of the need i::lr CaJ'eful ob
servatiOn OCCUis where the key asks t! the cells 
SWim or ghde. If one ceU only was observed. and 
this has been compressed. such a quesuon cannot 
be answered reliably 

Tlus key does not claun to be comprebensrve 
You may encounter orgarusms that are notmcluded 
The drawmgs. w tucb have been sunplt!ied for 
clamy, may generalize the charactensuc:s of a 
genus. However, the true appearance of oroarusms 
will be evtdent from the photoqraphs. 



 
The Key 
The puzpoae of this fust step is to draw attention to those protozoa that do not have the obvious 
c:harac:teristlcs of flagellatea, ciliates, or amoebae, and to certain other organisms that may be 
c:onfnaed with protozoa. 

A Unicellular organisms with nuclei, that move or feed using flagella (flagellates), cilia (ciliates) 
or pseudopodia (amoebae). They may occur singly or in colonies; they may swim freely, glide in 
contact with a substrate, or be sedentary; they may be housed in a lorica (test or shell), clothed in 
scales or other adhering maner, or be naked; they may or may not be coloured. Most are 
S-1000 11M ill length. PROTOZOA. SOMe basic types are illustra.ted in Pigs 1-3. 

OOT02 

I Amoebae 

cl e 

8 e g 

3 Ciliates 

A g 
c e g 

k m n 
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Protozoa are dlllided mto three ma)Or morpholo<Jt
cal typeS flagellates (Step 2). amoebae (Step 72) 
and ciliates (Step 116). All protozoa that move ac
nvely or that create cunents of wa1er while f e e rtmg. 
do so wuh cilia or flaoeiia These are vurually the 
only actively rnoV1Jl9 organelles to be found m 
eukaryotJC cells. Cilia and flagella are chllicult to 
see, espec!ally tf only bnght-field opncs are avatl
able (see methods. p 13). F'lagella are as loo119 as or 
loonQer than the length of the ceU and are few (eJght 
or fewer) 10 number Cilia are more numerous and 
relauvely shon. 

Amoebae move or feed by means of temporary 
extellSIOns of the cell surface (pseudopodia) (Ftgs 
l(a)-(1) & 139) Pseudopodia may also be produced 
by some !lageUates. usually when feedlng. Certam 
ct!Jates may appear amoebotd as they squeeze 
through small spaces so care rs needed to dlstm
owsh llextblhty from the capacny to produce 

pseudopodia Protozoa squashed under a coverslip 
may become cbstoned. aqam care must be taken 
not to rmstal<e the dtstortlOn for pseudopod~a. 

Prot02l08 that are not very monte may easily be 
overlooked Some amoebae, espe oaDy those that 
are sheUed (tesare or looncated). withdraw their 
pseudopod~a Naked amoebae may adopt a rad~ate 
Ooanno form (Ftg. 142) If disturbed. HeliOZOa {F•os 
l(e) & (1). Step um have Stiff radiating anns and 
often appear macuve. although. m fac1. they move 
very slowly Trophic suctOna (fig. 3(d). Step 195) 
are attached. 'They are a land of Cll!ate. have sttt1 
arms and do not move at all 

General gwdes to p rotozoa ll'lclude SleJgh (1989) 
Lee er aJ ( 1985). Margubs et aJ (1990), Kudo (1966). 
Strehle and Krauter (1981), and Grasse (1952. 1953. 
1984) For gu1dance on the ecologtcalllterarure, see 
Finlay and Ochsenbem-Gattlen (1982) and Fenchel 
(1987) 

B Small orqanisms tbat move around, but cannot be confidently assogned to any of the typeS in Figs 1-3-

A vanety of non-protozoan orgarusms are about the gastromchs (Ftg. 16) and !Ia !Worms (Ftg 17) may be 
same stze as protozoa (!>-1000 Jilll) and can easily confused With cllJates. Most can be dlstmqwshed 
be confused W11h them Except tor unicellular algae from protozoa because they have a discrete out or 
that are related to protozoa. most are not keyed out muscular pharynx. Other small metazoa mclurte the 
here. Oroamsms that may cause confusion mclude nematodes (F1g 18) and tardtgrades (Ftg 19) 
prokaryotes {bacterta and b~een algae) and f'unher mfonnaliOn on these groups may be i:luncl 10 

eulcaryQtes. Eukaryotes can be dlstlngwshecl by tbe follooWlll9 general accounts. Strehle and Krauter 
d.tscrete compartments (e.g nuclei. chloroplasts. (1981). Ward and Whipple (Edmonson. 1969), and 
vacuoles) lllS1de the cy1oplasm. li coloured and PenriB.k (1989). lbr bactena. protiSts and small m
g!Jdmg. tbe orgaru.sms are mos1 likely to be pro- vertebrates. bactena are revtewed by Starr et al 
karyotJC blue-gteen algae (Ftg. 4). or pennate or (1981) and Holt (1984-1989); b lue-green al<,1ae are 
lilamentous diatoms (Figs 5. 6. 7) Barely monte and dtscussed m BourreUy ( 1970). and diatoms m Barber 
non·monle algae mclude centne diatoms (F19 8). and Haworth (1981) and Round et aJ. (1990) Strns 
desmids(FtQS9,10& ll).andsomeoocooodeukary- (1980B&b,1988)andKernchetal.(l978)revtew the 
otiC green algae (Fro 12). Non-green gliding or- available mvenebrate ldennficaoon gwdes. 
garusms mclude sulphur bacteria. often With ptnlc. Speafic accounts or ronfers are found m Ponnn 
refracnle mclnsJOoo {Ftg 13) Smaller metazoa (aru- (1978). and flatworms m Young (1970, 1972). 
mats. Ftg 14) wnh clha. sucb as ronfers (F1g IS). 
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Protozoa are divided mto three maJOr morpholoq!
cal types flagellates (S!ep 2) amoebae (Step 72) 
and Ciliates (S!ep 116). All pr01020a that move ac
bvely or that cree:te currents or water wbde ree:iu¥;1. 
do so wuh clha or flagella These are vtrtually the 
only acnvely movmg organelles ro be found m 
eubryotJc oells. Clha and flagella are cWftcull to 
see. espeoany If only bnght-field opocs are aYall
able (see methods. p 13). FlaQella are as lollQ as or 
longer than the length or the oeU and are few (etght 
or fewer) m number Ctlia are more numerous and 
relatively short. 

Amoebae move or feed by means of temporary 
extensJons or the oeU surface (pseudopodJa) (Ftgs 
l(a)-(0 & 139) Pseudopodia may also be produced 
by some llaoellates. usually wben fee<ltrlQ Certam 
dllates may appear amoebOid as they squeeze 
(brough small spaces. so care IS needed to chsun
QUISh flextblhty from the capacity to produce 

pseudopodta Protozoa squashed under a oovezshp 
may become dlslorted. agam care must be taken 
not to rrustake the dlSiornon for pSeUdopodJa 

Procozoa that are not very moble may easily be 
overlooked. Some amoebae. espeoally !bose that 
are shelled (teslate or loncated), Withdraw theu
pseudopodta Naked amoebae may adopt a radlate 
floatmQ form {Ftg 142) If disturbed. Hebo:zoa (Figs 
l(e) & (0. S!ep 187) have Sll1f radJatmQ anns and 
often appear macnve althouQb. m fact. they move 
very slowly. Trophic suctona {Ftg 3(d). S!ep 195) 
are attached They are a kmd or ciliate, have st1fJ 
anns and do not move at all 

General gwdes to protozoa lllCiude Sletgh (1989), 
Lee et aL (1985). Marguhs et aL (1990). Kudo (1966). 
S!reble and Krauter ( 1981). and Grasse (1952. 1953. 
1984) for gu:dance on the eoologlcal bterarure. see 
nnlay and Ochsenbem-Cattlen (1982) and Fenchel 
(1987) 

B SmaD o~ that move arotmd, but cannoc be c:onlldemly assigned to any of the rypes in Figs 1-3. 

A vanety of oon-prorozoan orgarusms are about the gasuotnchs (Ftg 16) and flarwonns (Flg 17) may be 
same S1Zie as protozoa (S-1000 jffi!) and can easily contused wtth ciliates Mosl can be d1StiDgulshed 
be contUsed wtth them. Except for umoellular algae from protozoa because they have a d.Jscrete gut or 
that are related to protozoa. most are not keyed out muscular pharynx. Other small metazoa include the 
here ()rganans that may cause confusion mclude nematodes (ftg 18) and tardigrades (Fig 19) 
prokaryotes (bactena and blue-green algae) and FUrther lllimnabon on these groups may be bmd m 
~ Eukaryotes can be dlslmgwsbed by the followmg general aocounts: Streble and Kramer 
discrete oompartments (e g nude~ chloroplasts, (1981} Ward and Wlupple (Edmonson. 1969). and 
vacuoles) lliSide the cytoplasm. If coloured and Pennalc (1989). for bactena. prollSIS and small m· 
gbdmq, the orgarusms are most likely to be pro· vertebrates; bactena are reVIewed by Stan et al. 
karyobc blue-green a!Qae (Fig. 4). or pennate or (1981) and Holt (1~1989); blue-Ql'een algae are 
filamentous diatoms (F'lgs 5. 6. 7). Barely mot;le and discussed m BourreUy ( 1970). and diatoms m Barber 
oon-motile algae IIICiude oenmc diatoms (flO 8), and Haworth (1981) and Round et al (1990). Suns 
d s mc:ls(f1QS9.10& ll).andsomecocooldeulcary· (1980a&b.l988)andKemcberal Cl978)reV!ewthe 
ouc green algae (Flg 12) Non-green gbdmg or- available mvenebrate idenulicaoon gwdes. 
garu.sms mclude sulphur bactena often wtth pmk. Spectfic accounts of rotlfers are found m Ponnn 
refracble mclllSlOns (Fig 13). Smaller metazoa (aru- (1978), and flatworms m Young (1970, 1972). 
mals. Ftg 14) With cilia. such as rollfers (f'lg IS). 



 

ALL SCALE BARS 20 jU11 UNLESS O'll!ERWISE INDICATED 

FlquJe 4 Ooctllatona. A filamentous blue-Qteen alga or 
cyanobactenwn. Phot0$Y11theuc J)I91Den1S Jnclllde phyco· 
bilms. wluch grve it.. proi<aryoiJc - lheu c:llar· 
acterliOC bluish tJnOil M boclena. ,_ algae hove no 
uuemoJ o._aes 1bo 6lomenls are ~ ol many 
dloc>ftped cells ]CUl8d end ID end 1bo cells can gbde 
Some rt1runeruoos blue-Qteen algae have oceamnal 
swollen oelll. called baterocy!ls. DJI!erenlllll UJtederence 
con!rast 

• 

l'lgur• e Ptnnulana A pennate diatam llla10mS hlca 11us 
(see .... no 5) are CXJ11l11l0111D loll-1bey -
QOiclen cltloroplas <n The cells 8l'8 •""'-~ W1lhm a 
sthceal8 lheU at !nlSIIIIe. wluch IS OC\llpted W11b ndgea, 
grooveo. and ltru!S or hole& These appear u atrtae (2~ The 
taphe (3) 11 Involved tn motion as !heM cello can gltde 
slowly ecroealbe substrata. Al9o evident aro a~droplets(4), 

wbacb .,. uoed as on energy reoerve. and 1be Cl!lliiOI 
1'8Q0011-Ibe """'*- (S} - CtXIrr. 

~----------------------~ 

Figure s PeMate cbaiDms. 'l'h1l phc4ograph aho~q a 
number or IPftCI" (see aloo no 6). Diatoms have chloro
plasts Wllb chlorophyll$ a and c. OiVUlO them a golden 
oolom '!be "'*numerous OfOIJUIID ( I) m llus phoiDoiapb 
• NlMcuJa Mel 1he ..none. - • N!tt:Jdvl m 1bo 
tnaJODIY ol pee•-dJaloms -ted W1lh ooll_..._,. 
ldollllb1S boetlbape and have 1ll1n grooves Croll~*) """"'"' 
down lhe centres ollhe Dat rac:eo ollhe oheO or rn..tule 
1boy are typtC411y motile A non mollie pennate d10tom IS 
tllusUated "' no 1 - oontriSt 

Figure 7 ~ A colorual diatom wtlb a OC\llpted (~

ICeOUS) ceO - m The era-! QOidan c:blocq)loot m 
bebM 1be pr_,.,. ol cltlorophyllla and e The cello are 
JOllied ID081ber atlbe~ comers and are IBliiUy piAnklomc. 
PbasaconUOSI 
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f'IGooN 8 s.r;' h+ IS A J)lanlooqc OOIIa>c:-. The ........ __, --·pdlbox·hi:e-llblM.,. -eel ·-!rom lbe Side. lbe -·eel !loa> .cion. 
,._,_oftlot..-guoenoa1Diaa9-t.n(l) 
,_ .,., rec»oe a~ano - the!ebJ .... no 111e 
:1 .. 011 ... etiOIIVY budget from lbe --
The _. cell • potaSltl%eCI by a rmmber of ehymclo (%) 

llaoella••-... teloledll> lbe tnte lunQL - """"-' 
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~ 10 Cltwranc.m 'Jbesea""""'u-st.pedoellure<» 
amxls(_..., f'lo. 9) Dosmv!smearn>eof-(ehl<.ro
pltyle) alga. ~ Wl<ll olbe< gree:. algae lbe pr .... of 
an.-~oeDwalland~wuh~ 
pbyU b Lil<e-d-ntds lbey look as If two 1111n0r .._ 
........ IOit*l "'9"'1-'- ,..., IDOJ .,.,.. ....., llowly 

Some - c1.e"'rne """ be - tn lbe bec:loground. 
D•......,~ · ·•••asr <f'lx*>Haige'ndiW) 
(Scalot ber 100-. 

Figwe 9 Elaas!lum ( I) and Mia * (2) 0<ec algae 
Lil<e- ...... • ~~- ~bey '"' ... ogocl .......... wall 
u.le of ...... ..._ ;md bngba - ~ wbo::b 
cantlltll eh&JwpbJI h ,_ .-... t.ve oo ~but 
are capaHe of a.....,-UID- They arelbe same 
- as rt111DJ IDDIIIe .,..,._ and are often _..._ 
USII10 lbe ..... pl!uo aad obeenalal --eGll)loyed ..... --d taclslookhi:etwollllt'IOC·-oells 
JDI!Mid IQgelba CJiJferenoaJ ~ ""'~ (Photo 

Tboll".t!Jeft. 

f1gure I I F'llamentous elgoe 'Mus pholoqrapb a mcJnr!ed 
10 •• h ...... ~""""" of lbe--of giMt'l apoe (chloropltyll 
bandrel).......,oell waDs) lhat ldoc>l ~llr•teo>es. 
The oer:ttra1. short ~~ ol dumbbell a~-' oells ( I) IS a 
-..:l(seef'lgs9& IOlo&lled~- A~>cM>gtSa 
or-> filameal (2) o&lled ~ •dwlm a tladc 
'-""" sl>eelh '1\HoaHio the - • a Alemetlt of 
Ml ;J& ... (3l. lbe -of wbo::b pow up b """"'~~"'"' 
(• do tlae of .$:1u09JFJS) IO - a wo:lely -=ed c:noo
CI'Oia "'PP"*"ADCe i'fl;ae COtllTM!t 



 

F191n 12 ~ A planklomc gr_, 1191. U1<o. 
Olbtr green oJgM, they are bnobt-bece>eelloey bo 
cblo<~ lhol - c:lllotqliJy1l h 'lbly - col 
....., coli Willa The oells are no1 ~ and .,. 
noo·ll'l0t1e The walll are c~rav., OUI •long tbr..._ • • 
often lbe .,.. Wllb planlaamc pm!IS>S (..., ~ 8) n.. o.-- • mc:Juded bec:a•we oooluolon WJI!l beiiOOOI • 
pneh• Phlt.w amrrasr. 

• 

c d 

f19ln 14 Some cypes ol mela2DO (arumals) wluch may be 
under I mm m length and wtudl may be mob-.! Wllll 
pro1010e. (a) Q80IIOUIC:Il. (b) lla!wotm (plaryhelmmlll). (e) 
nomaiDdo: and (d) ranier 

Figur:e 13 FiJomenaaus bocloona. lr>c:IIJded ........... k'<· 
ollie opoml.......,.m (I~ eome colour- rod beetenl C2) 
and IWO land$ o/""'""-a arlpllw-... (3 & 41 The 
IOIIpl1ur boaena are~ 1>1 the pr_,.,. o/ ra
lracole granulesol allpPrr tbal blve _, depocted ..-dun 
llle cells 1beoe orgomsmslmt Ill....,.,._,,. rbat .,.,._ 
tree hydrooen •rlpbde ($rllenrng bite bed OQIJil w1ICh 
IIley OlOdlle 10 produce elemenrai~Ulplojr The ll.llpJM • 
d<>pomred Wltbrn 1he body f\lamen101a IU!phw boctona 
can 18l8lly Qbde. A pennate duuom (5) • pr-1 PfwJe 
conCTast 

!'lqure 15 Roilier Roofen are""""""' and are often mille 
..,.. me .._as ohatet. Wllll whlellllley may eom"""" 
ROCllen have antenor awr-aol aha. l8ld on llle cxlJee. 
- o/food, llle loed IS !hen paooed rniOibe 0\11 NIWO _. 
Ql'llldrnll plares called the -. Moll roblt-rs bl"' • 
-nar-podua c:n The-ilumuad (Squar 
tnelll)•planldonr 'l'beiillOerlllrendolllleoollaatypclltr 
devel: peel"*' 8 slueld.Jrlce IIJUCtllrO (l) ,_....,.,. 
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Figure 18 Cosrrotncb. Gasuotnehs are a QtOUP ol poorly 
UDde!SIOOd ~ Most heshwater ..,...,... are very 
SD&I.LTtwtr aze ranqe ovetlaps lhal ol "''''" wuh which 
they CloD be oonll-.:l because oltlle Cilia and - (I) 
Oasbouocho can be dntuvnshed by 1lle rwo 11<1hoaszve 
SCUdlll• ar 1lle 1 ""' end otm. c:ell <2) and by lbe 
... • ol • cla:zete plmytiX (3) '!bey -a, Qhde 
mlw>< !ban..,. - <XIImll$l 

Figure 18 lleaamde ,._ oa• ._are e:ar-'1• • ,, 
aod ""'*1><.-d ~ Masl.---. bog"""' 
~~Jape aod a obQittly blum aruenor eod Ill ~Y • .., m!ber 
lllill. aod can ""'""ellbet by "ll11lln!! (-.nQ) cr by~ 
thtouoh the ..,bma,. At lugher maQrUIIcetoono. a suonq 
muscular pl\uydX c:an be seen neat 1lle flont and ew
bearu>Q ovanM near rhe baclc end 12) P- OOliUaSt 
(Scale bar 100 )lln) 

Figure 17 n..rworm (PiaJybeimlllth). ,.., a..rworms re
sembl< """"' c1bares 1111h•u they bave pbable bodieS and a 
swlooe tU>Q ol clha. II can ~ be ddftculr 10 
<:liiMgUllh lheaa mewoe from ahat• ulhey _,be"' the anw- r&nQe and because dle boundanes belw""" the 
con-1 Ollll are USlll!lly '"" eMY 10 - f'larworms 
raely IWIA "'nd•DQ 10 Qilde -- lbe -- 1be 
pt =ace ol a m.:re. pharynx ( ll .,.. (2). QUI (3). otbe: 
~- ( 4 5). C1 «P'!JC' IW wnlbmg ol tbe body be4>& 
tD rtd , iMh lbeM O!I'Qi •• - Die • .Bng6f 4tJid 
(Scale bar 100 ..,., 

Flgwe It 'l'ardrQ!ade 'l'mcbynod"" (oc _,.,. beoouS' are 
~enlbe of leii4JU1a&Y puch1W u : I eiC ,they 
- ,_,lca.ble ablhues 10-d :all<>n) Tan!J
oradee are me.....,. tbal overlap "' - w1th P"""""' bat 
tbey ore easy 10 dlstlD91JlSh 11om 1lle p1010108 TUhular 
pharynx (I~ ocytus (2} sucking phalynx (3). eyespo4 (4). 
claWS (!1). '"'""""" (6). claw D1U8Cles (7). cloaca (8) DJf. 
iu.:JIJIIJ Ulfll>rllorPt>ee conaast 



 

A Cells with llagella. 

f'lagella are usually parallel-stded structures. about 
0.5 j1lll m diameter, wluch emerge near or at the 
antenor or the cell. do not change length and move 
acuvely One or two are usually VlSible. but some
nmes there may be four or more (F'lg 2). NollllaUy at 
least one IS as long as the cell. typtcallengths betno 
S-20 jllll). They may beat W1lh a sme wave, m 
breaststroke lasluon, or be held sumy, somewnes 
only movmg at the tlp. ActJvely beatmg Oagella 
often move too fast for the eye to see clearly, and 
only the envelope or the beatmg pattern can be 
seen. In ghdmg flagellates, the flagella may be 
atypically tluck. and adhere to the ground. If there IS 
more than one flagellum, they may be unequal m 

B Cells without Oagella. 

'llu.s step leads to the Clbates (Ftg 3. Slep 116) (wJth 
cilia more nwnerous and shorter than Oagella), 
arncebae (f19 I, Slep 72). suctona (FJg 3(d), Slep 
196) or helmoa (f1gs l(e) & (0. Step 188). Some 
types or Oaoellate shed theJr Dagella If squashed 

THE FLAGELLATES GO TO 3 

length. and extend forwards. Sideways or back
wards. somenmes IIaihng alo119 the grow!d 

Some llagellates can produce pseudopodta. usu
ally m order to mgest parocles of food F'lagellates 
With chloroplasts are usually called algae and Bour
reUy (1968. 1972. 1985) proVIdes comprehenSive 
gwdes to the pigmented fla<}e llates and to some 
groups of colourless ones All genera or free-hvmg 
heterotrophic Oagellates are re111ewed m Patterson 
and Larsen (1991), and bnefer accounts may be 
found m HAnel (1979), Starmach (1980) or Larsen 
and Patterson (1990). Prescott ( 1978) deals more ex
clustvely with algal flagellates. 

GOT072 

badly or disturbed. 'llu.s partJCUiarJy appbes 10 dlro
fiaoellates (Siep f)l) and eug1eruds (Siep 61). Some 
eugleruds, ryptcally from sedunents, live Without 
Oagella (and are not keyed out here) 

A Cells that are attached finnly to the substrate, usually by a stalk, and do not easily detach. GOT04 

Most R!Jgellates m thls category are colo\U'les3. and (Step 68), Paraphysomonas and Spume/Ja (Step 50). 
may etther be sohtary or live in colorues Most of the In these orgarusms, the body may be drawn out as a 
attached flagellates eat bactena, Le. they are bac- fine thread because of the pull from the llagellum 
tenvorous. Some flagellates do not secrete a stalk. Some spectes, e.g_ Bodo sa/tans (PieW'DIDOnas JBCU
but attach lhemselves temporutly to the substrate. /ailS), attach temporanly by one flagellum These 
USill9 the postenor of the oeJl. e.g Ocbromonas fiaoellates key out as mollie or attached orgarusms. 

B Flagellated cells thai move freely through the Owd or qllde over the subslrale. They may 80metunes 
adhere to a surfaoe, but easily detach from 11. GO TO 19 

Tlus step leads to algal (wnh plasbds) and protozoan funQI. shme moulds (f1g. 20), and amoebae may also 
flagellates. However, flagellated swarmers of some be encountered. 
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(2) 



 

STEP 

4 
(3) 

6 
(4) 

A Cells !hat occur singly or in irregular groups. 

f'i9ln ao Cer•oomy;ra swarmers Celli/JOmYlGI JS a 1111me 
1DOUld. lhe ttopluc .._of which • amoebotd (plasmocllol) 
'!be_..., al!o PIO(Iucle -o191•• ol C"lsts oo lbe np 
ola Malic. a ttaJI ootdJssama\ariD tbltola:xne ~ d • from 
thllllllllanly lhot ""' lerm - ~ ~- lhe 
..,..,...~. are oapebkt or tranlf)n:n.ano IIllO ~ecs 
'lrwlrmetl'whlch bave 1-4 lllqoO. (I) Bolhoellslllustrated 
bave a 11n01e a-num llus .-111 at the apex of the ceU 
and appears auached 10 the nU<:Ieus (2). Food V8CUCiee (3) 
c:onuun becOena, indlcabllQ !hat the swarmers feed '1'hll 
oonuactlMI vacuole complex (4) usually oro:us atlhe P*· 
enor end ol tbe cell '11111 has been Lnduded to shaw lila! 
pc-.·lilce cells may amply be one- tn !be ble 
cyclo ct anolhef orgama. ,_ owannersare ..-hkaly 
10 be ..,.,._, WRb IOI'Illl m c ... ...- , _ f'lo 86). -.. ,,,.,,., 

GOTOS 

Sohlar/ flagellates. If grouped together, may be dJs. sheU) matenal or common cytOplasm, and do not 
tingwsbed from colorual specJeS because they are &lnnregularanays. Notelhatnewcoloruesofmany 
not JOined by common staUcs. common lonca (test or colorual speoes are staned wnh smgle cells. 

B CellsUVUiginoolonies. GO TO 12 

A Cells witboul chloroplasts. 

B CeDs with chloroplasts. 

The chloroplasts of most groups of algae have a dis· 
nnetive colour because of the combmat10n of photo· 
synthebc ptqmenlll. Colour can rud tdennficanon 
Common colows are bnght green (chlorophyU b) 
(volvoads and euglemds); or golden or of!.green 
(chrysophytes. cryptophytes and dinoflagellates) 
(see F'igs 59, 119, 126. 129 & 132 for a companson of 
these colours). Among other coloured mclus1ons 
are: eyespots or stigmata (usually red or orange); 
endosymbionc- algae (green or blue-qreen1 or partly 
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GOT07 

GO :J'O 6 

d!gested restdues of food A common problem With 
some nucroscopes IS chromabc abem!llon, as a result 
of wluch refractlle particles may appear to be 
green. ThiS IS more eVIdent If the condenser ms IS 

clo9ed or the condenser lowered. To establiSh 
whether colorallon JS natuml. the llliCIOSCOpe shoukl 
be set up for opiimal tllununauon (see introductiOn), 
and aU U1SeS opened. Chromatic aberration wtll 
then be rmnimal and, if presen~ phoLosynthebc p1g· 
ments only will be seen. 



 

STEP 

A Cells with a ring of fine Sllfl telllaeles aroand the single anterior flagellum. The flage1hun beats with a 8 
SUlewavem asingleplane.ItdrawsacummtofwatertowardstbeunanacbedendortheceD. Wnhatlun (S) 
sialic. and SIX golden chlcm:Jplasls. MoWy I~ 11JXL Fig. 21 PSEUDOPEDINELLA 

There are several oenera or pedmelbds wtth chlor
oplasls (BourreUy. 1968. Zimmermann er aJ 1984). 
Mast are enccnmtered SWilJ1J1UJlt;l m Iaroe arcs. 

When SW'IJ1lll\lliQ, or tf shoclced. the arms may be 
Withdrawn For colourless relanves. see Step 9. Usu
ally allied With the cbrysopbfles. 

B Cells with one or two chloropluts and two flagella. One Oagellurn is long and held in a slight arc; the 
second may be d•fficnh to see as it is shon and cmves back over the cell Mostly under 10 11JXL 

nus step leads to s 1e c:~rrysopltY* wtth golden 
or olf"91'een chloroplasts. For a more oomplete ac
count of these orgamsms see Bourrelly ( 1968) or 
Stannach (1985). fbtenoochromonas IS attached to 
the substrate by a delicate secreted 1onca. Ocbro-
stylon by a Uun thread drawn out from tbe postenor 
of the body. 

Ouysophy.es mclude some species wtth chlo~ 
p1asts. and some wttbout The group oets tiS name 
from the oolden colour or the pbotoSyDthetiC p!g· 
ments. IC plastxls are present. they frequently occur 
smgly or m peu:s (f)g. 23). Tbere IS usually a small 
s11gma or eyespot m ooe plasl!d. althcJuc;jb It may be 
very dtllicult to see Many spec~es, IDC1udmg those 
With plasuds. can Ingest pa.rtJC1es or roocJ. Le they 
are ITliXOttoohtc (see Sanders m Patterson and 
Larsen. 1991). Cbrysophfles mclude species that 
are colorual (e.g Ftgs 24 & 46), solitary (e.g f'tgs 22 
& 28). wtth plas1lds (f'tgs 23 & 52) or wtthout (f'tgs 47 
& 101). Tbey are related to diatoms (f'tgs 6-9). 
oomyoete fungi, btms E<XIs (f'tc;j 32) and brown 
algae (see Green et aL 1989). 

Ouysophy.es have a long and a shon (somenmes 
absent) Qaoellum. the long flaoellwn bears sl!1r haas 
wluch are mVlSlble by bght OliCl'OSCOPY Tbe actton 
of t1us Oagellum draws a current of water towards 
the body surface. Most spec1es are small (5-10 )liD 
long). Many form llaslc-shaped sthceous cystS wtth a 
small pore for egress (stomatocyStS: !'to 24). Some 
SWllDJlll1\0 spec~es (e.g of Pacapbysomonas. F~gs 28 
& 101) temporanly artacb ID the substrate 

Qndes to oenera and speoes may be found m 
Bourrelly 0968). Starmach (1900), and Patterson 
and Larseft'(J991) '!'be general biology IS discussed 
by Green et aJ (1989) and m Pattel30n and Larsen 
(1991) 

Fiq. 22 POI'EltiOOCHROMONAS 
OCHR05TYLON (DOC illumated) 
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STEP 

7 
(8) 

8 
(7) 

f'IQure 23 Ft>1enaochromo1Jitt A <:hrysoph}"te (cllryoo
monad). ""'"'of wluch are. bke llus speaes. very small '!be 
cells have IWO llageJJa wlucb msen near the apex. One 
Jlagellum IS relau~ long (I). bllllbe olller IS mudl sborrer 
(2) and oencls 10 Oop back over the body 'lbe beanng cl the 
llageUum draws a current of water along ncow.uds the cell 
The c:eD contams a SU>gle, curved. golden or orange 
(cbryso = golden) chloroplast (3) Most speaes m llus 
genus are nuxotropluc. eat1n9 bactena as weU as amymq 
out pllotosynlhesls the presence ot i>od ~le$ oon:am
mg baaena (4) 1$ ev!dence olllus. Pofeooocbromonas JS 
very like Q:bromanas. but dtffe!SU> liS abilrty 10 lonna very 
debeale. kmg Sla!ked. eoocup-bke lanca (S~ m wiDcb the 
c:ellsusually .. ~ Pbast>ccon~ 

A Cells wilholll evident covering. 

B Cells mostly enclosed wilhacovering(loricaortest). 

A Cells that attach to lhe substrate by one flagellum, 
and are easily distinguished by their characteristic 
lliclting movements when attached. They may detach 
and swim. 5-10 f.DTilong. 

Figs a5 & 69 BODO SALTANS 
(PLEUROMONAS JACULANS) 

Bodo saltans ( = Pleuromonas )8culans) IS a bodorud 
(Step 27). There IS some debate as to winch JS the 
correct name ror this organism a saJtans. which has 
been desc:nbed in detail by Brooker (1971 ), feeds 
on suspended bactena. usmg the shorter amerior 
flagellum. The attachment structure may be identi
fied as a flagellum because il is motile, and because 
careful scrutmy will reveal that lt is mserted along
Side the second shorter flagellum 
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f'IQure 24 Dwobryoo. A c:oloDJa! chryoophyle F.ach cell 
has IWO llagoeUa of wlucb ooe IS sbon and one loDQ (I~ Near 
the anoenor ltlaJ9II'I ol th1S cell1S a darlc. reftac:Qle droplet, 
lbe stlljlllil or e~WilQI. The cell& have golden cblotoplas!:s 
and bve wuJun vase-shaped organiC lonca (2). attached 10 
each other 10 11M' the fan shape 10 the c:olomes. When 
oondmons are no loogoer lde8J. lhe cells &ncyst wullln a 
5lbceous stomaiOCYSI (3). wlllcb has a plugged aperwre lo< 
eJIC'j'SU!1&n1 Allacbed 10 thiS oolony are a number of small 
cololu'less c:hrysophy~es (4~ DrfferentJ;J] wederence oo,. 
l1aSt 

GOTOB 

GOTO 10 

25 



 

STEP 

B CeDs not anaclled by llagella and without the kicking move men!. GOT09 

A CeDs with one llagellwn at the unattached end, a delicate cytoplasmic staiJc for attachment to the 9 
substrate,andanumberoflineaonsextendil\gfromthecell. l'(gs Z6&27 ACTINOMONAS (8) 

Actinoroonas is the most conunon colourless pedi
nellid (Step 6) found in fresh water. The arms may 
be withdrawn under some circwnstances and the 
ceUs may detach to swim in Wlde arcs. Members of 
the genus ACiliiOmonas may have arms pro)ectmg 
from all parts or the cell (Larsen. 1985) The body 
measures S-20 J.1IIl m d!ameter. A second genus. 
Plerictomonas, has arms only around tbe llageUum, 
and is more common m manne sites (Larsen and 
Patterson. 1900; Patterson and fenche~ 1985). Pa.la
physomonas vestila (l'igs 28 & 101) is a cbrysophyte 
coated with a layer of spines. It may sometunes 
attach to the substrate, and can be distinguished 
from pedinellids because 11 has IWO llagella of un
equal length 

Z6 

' 
l1gute 27 Ac!mornorlas. The c:e11 body (lJ IS I;)Cinlbnn 
(apple-shaped). rrom !he!'''""''" end-aslalk (2) 
With wludllhe cell moy alli>eb -pomlly 10 !he suhstr.,.e. 
More usually. 11 Will swun m lazy cucles. wnh the slalk 
tnuhn<;j bebmd. A SnQie llagellum (4~ beaung mlh e plono.r 
sme wave. emerges at the an:enor end oC the <:ea Around 
tms projeCt $Ill! arms (3) wlucb bear smoJJ oranuJes (ex· 
lrUOO!tleS~ 1be cells are Iiller feeders, <lr.nrlnQ a curren1 of 
..a~er !lutlugh the anns. Parudes are then ""PJ)ed aqamso 
the anns. probably by ~ releosed !rom the ex
aooomes. 1be arms are WJihdrawn wben the cells are 
.... -uJlllliDij l'11ase """"""-

ALL SCALE BARS 20 J.1IIl UNLESS OTHERWISE INDICATED 
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Flga:re 28 Pl!mpbysomt)Jl8$. 'l'lus IS an extremely common 
and Wldespread genus ot cbrysop~mooad. ll1ool 
cbry9ophytBS hove plasnds {chloroplasts) and pilot> 
~ yet tbey COD aJs> pbagocyiOS8 small partiCles. 
Flowe.....r, llus QI!DilS IS oolowless and IS excl\ISI..,IY 8 
l>haoottopb. IllS a ""raciOUSoonsumer ofbecletia and olber 
small partiCles. Lil:e most chrysophy11!$.tl bas a long (I) and 
a short (2) Oaoelhlm The body of the ceO IS coated wttb very 
delicate sp~Olles (ci Ftg. Jon Thls genus may or may no1 
lorm stallcs (3} FtJase C>:)llaast 

B Cells with a single apical flagellum surrounded by a line cytoplasmic coUar ( coUar flageDates). The 
flagellum draws a c:urrent of water through the coUar from its base towards its apex. Mostly under 10 11n1 
long. Figs 29(a) & (b) & 30 MONOSIGA 

f1gureo 28(•) & (b) Uono61g;J. Two VJeVo"S d Ibis solitary 
ooUar Jlagellate Speoes may or may no11tave a S!llll< {I) at 
one apex, wttb whlclt !bey aaacb 10 the subottate. AI the 
other apex of lbe cell is a srngle ilagelbnn (2) winch bealS 
WUh a sme wave "'a songle plane. The beat dxaws a cw>ent 

• 

-
afwalm tluougb the ooUar (4), Wluci1lSCOUtp)$edOfmany 
line c:y>oplasmte lingers. The tndtvxlual fingers are usually 
not V\Sible. and lbe coDar,. normally only_, m profile. as 
IWO exrensoons (3). one on either Side dtbe llaQellum. Phase 
COllllaSI. 



 

Collar flagellates are common m freshwater and 
manoe envuonments. Tbe ceUs may be naked or 
mvested m an or<;~a~Uc lonca or a siliceous case 
(ll'WlOO specieS only). The cytOplasnuc pan of the 
oei!IS smuJar 10 most speoes. wuh a body (~ 10 I'IIl 
10 diameter) Q1Vlll9 nse 10 a smgle flaQellum and the 
oollar of pseudopod!a Genera and specieS are cils
tlJlQ111Sbed by the Conn or the lonca. by bemg free
swunming or attached. by bemg stalked or un
st.l.lked. or by bemg 90btary or colorual (see 
Pa:terson and l.arsen 1991, Zbukov and Karpov, 
1985). 

Almost all spec1e5 are attached although abra
ston can detach !hem. or. If oond.Juons beoorne un
favowable. they may release themselves and swun 

aroUnO With the Dagel1urri diiected backWards 
'!'he oollar uaps bactena and IS made or very fine 

pseudopod.Ja (fig 29(b)) whiCh are normally seen 
only as twO lmes. one on etther Side of the llagellurn 
(f1g 29(a)} Trapped bactena are drawn 10to the 
cell by a pseudopodium "Niuch exlends lrom the 
cell body The btology or the group IS reVIewed 10 
Patterson and Larsen (1991). and gwdes to spec1es 
may be found 10 Zhul<:ov and Karpov (1965). Bour· 
relly (1968). Ellis (1929), and Stannach (1980) More 
delalled de!lcnptioTJS are provxled by Leadbeater 
and Monon (1914). Hibberd (1975) and Andersen 
(1989) 

Compare wtth Paraphysomoaas (Fig 28) 

STEP 

A CeUs with a fine cytoplasmic collar around the single Oagellum (see notes after Step 9). The lonca is 10 
organic, forming either a tlun, uansparent sheath or a tluck, brown shell around the cell 00 TO II (7) 

B CeDs wuhoul a cytoplasnuc collar, lmng 10 a vase-shaped lonca, I.TIIo which they may soddenly retraa. 
These are two Oagella: one emerges beside a slight !Jp at the top of the cell, and IS held m a gentle curve; the 
ocher bends sharply backwards to attach to the base of the lorica. Cells may be clustered to fonn 
pseudocolonies. Typically, thebodiesaresmall(S-10 J.Unlong). Flgs31 &32B!COSOECA 

30 

-{""' 

\ 

~.~ --
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Flgqn 3:1 & •• w A -or c:oloorless, flller·lloedwtJ 
llogellates Tbe cells haw no pjaol>cls. and are unmot11e and 
lancal<!d Moolly enacbe<h:)ll!l +PIP- but_. 
IDrms may be louDd • sc • • -'-1 an lba waaar CJD1tan. 'lbl!re are-""'= 1' bo4lo wauo- tbe 101>ollbe col. ODe 
(I) an. t.ck-cil ID illtM:b ID diP booe ol the laoca ()!). 
Wrtb l!liitable IUIDIIIi. ll:us ~ W1ll \uilla;( 1D pllllbe 
oeU lilt> lbe lanca. 'lbe achaftegePorrn IS lang, t.oto W1lb a 
shallow - and draws a current or ""* 10 lbe oeD 
IW1oce. wbote pciiCieo c:ouned m lbe current .,. Ullel
oepled by a I»CWOIUIQ bp (3l A COUI!ac:tJie 'NtUOie (4). 
food van._ !Sl and lbe looca MD< (6) ce- PIBse 
CC:COW 
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Spectes of B1casoeca (often nusspelt Bicoec:a) are 
colourless flagellates related to the chrysophytes. 
They are filter feeders, usmg the long flagellum to 
draw a current oi water to the body smfare Particles 
(baetena) unpmge near the an tenor lip or shoulder, 
where they are then 1I19ested. The recurrent flagel
lum can contract to pull the cell back mto the lorica, 
at wluch pomt both flagella become coiled. 

There IS orlly one genus m fresh water, but two 

naked genera, Pseudobodo and Ca/erena. are 
widespread in marine envuonments (Larsen and 
Patterson. 1990; Patterson and Larsen. 1991). De
lalled accounts of fine structure are provided by 
Mlgnot (1974) and MoestruP and Thomsen (1976}. 
The cells' general biOlogy IS descnbed by Picken 
(1941). feedmg behaVIOW' by Sle1gh (1964). and 
idenhbes of SpeCies by Zhukov (1978). Planktoruc 
species are diSCUSSed by Hilliard (1971). 

11 A Collar flagellates with a thin colourless, organic lorica that may closely adhere to the surface of the 
(10) body. Only the anterior portion may be visible, like a second collar around the flagellum. Body diameter is 

about5-l<>!un-SeeDO(esafterStep9. Fig.33SALPINOOECA 

B Small flagellates living in a thick lorica that becomes brown with age and encrusts on the subslrate to 
form volcano-like moond• The collar and the flagellum can be seen, usually with great diflicuhy, proauding 
from an anterior pore. Body diameter is about 5 llitl. See notes after StepS. Figs 34& 35 DIPLOECA 

The li!Xaoomy of collar flagellates with thick loricae 
that become brown is confused Two genera, 
Dlploeca and Pachysoeca, were erected by Ellis 
(1929), but Salpmgoeca and Dip/OSigOpsis house 
similar spectes (BoW'Ielly, 1968; Starrnacb, lSlKl). 
The bactenum Slderocapsa also forms brown. vol
cano-like deJXlSlts. 

33 34 

-
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Fiqure 35 CJtp/oslpops>s. A collar llagellate. One or -""""'8l 
genen W1lh a brown, tluclcened leSl ( 1} '!lus genus can be 
dsmgmsbed from the otbels (e.~ l'8clrpoec8 am Dlpbec&J 
because there o,ppear to be ....., cytop~asm;e c:o11ms (2) 
arowxl the apocalllageUum (3), Ofteo ooly the iest ts VlSible, 
m wbidl """"- collluslon Wlth the bactenum~is 
IX""""' 1bll paroc:ulaz c:ell ts attached 10 a DIUCllagrnous 
mass produced by ~- (F1g. 40~ am the long 
otange rods are llOil·lllli)HlQnated sec:retJOns of the uon 
baclenum, Ga/ionel.la. DrifereniDI mtetfertmc& amaasr. 



 

A Colourless cells. 001'013 

B Eloogatec:ells(lllOWyabouliO jlllllaoq) living mabranclrlngcolonyofvase-sbaped laricae 
( 10-100 j111llaoq) that anach to each odler. Each oeD bas two 0"9ft'la, only one of which IS easy 10-. The 
cells line golden chloroplasts and a sligma. Figs 24 & 36 DINOBRYON 

DIDobryon IS a type of nnxotropbic chrysopbyte 
(see DOles after Slep 6} Many of the ccmmon 
speoes are descnbed by Bourrelly (1968), and 
some aspectS of the fine structure have been desert· 
bed by Owen et aJ (1990a). Drnobryon IS often en· 
cotmtered as moule planldoruc colorues. 

A Cellsembeddedlnmucus. 
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B Cells noc In mucus; usually single or in masses at !be ends ol narrow branches. 

001'0 14 

001'0 16 

A Fan-shaped colotues m whic:h mucus fonns llattened and QIWied sheets. The ceDs are small 
(about S-10 j111lindiameter) and located m tubes at the ends of the mucus sheels, and eachoeD bas two 
OageUa. Fig. :ri RHIPIDODENDRON 

PrevJOUSiy regarded as a chlysopbyte (e 9 37 
Slarmach. 1980). but de13iled sn!Cbes (Hibberd 
1976c) IDCI.Jcate otbe!WISe One speoes IS found m 
Sphagnum moss. 

B Mucusinbulbousmassesand wilhag)obtd••conmtency. 001'0 IS 

STEP 

11 
(4) 

13 
(12) 

14 
(13) 



 

15 A Pear-shapedcellswuhaSJJ19leDagellumthateJ'Ilergesthrooghasliffenedcoll&ratthecellapex. 
(14) Colonies usuallymheiTUSPhencal masses. IndiVidual cells about 10 jU!lioDQ. Flg.38PHALANSTERJUM 

Only a few speo "'• 3lv 1c:oown. ..,r "'luch one IS saJd 38 
10 be sohwy However. these cells may sunply be 
"seeds for new oolomcs.1be fine struC'IUle has been 
d-=nbed by H1hbt>rd (1983) 

B Small. rounded cells (body about 10 ~Ut~ lonq)wtth two flagella. The ftlgella beat Sllffly, and~ 
have a very shallow basal coUar. Colonies may measure hundreds of microN. 

Figs 39 & 40 SPONOOMONAS 

Colorues are henuspbencal or fincJer-Silaped., have a pmlasb or browm:sl <.XJiour The Cme 3UUC
somenmes branchmg (Scbneader. 1986), and often ture has been descnbed by Hibberd ( 1916c, 1983). 

39 

38 

FVft40 ~otOl A~!ilu!r' I g.._. ... 
11m occ:ws m t.•bo'a 9'*"_.. mlnnMc ,_ JellY-~ 
matnJC clllle colocly bois the """"" cl adhenng globula 
Each OPII hl1s two prOJeCWlO Oagella. oornetunes wnh a 
siJallow collar .uound the bo-. (3) A collll'DCille vaade 

:4) ... - llle -"' abe c.ll IAifere1loaJ ~ 
cor.aa. 



 

A Celli in clusters a1 the ends or nanow branches ol the colony. COT0 17 

B Each branch of the colony temunates in a single c:ell (body 5-10 IUD). 

The cells are somewhat mangu1ar lll prolile. and 
have two equally long Oagella at one ·comer The 
stalks are rauly wtde. often wtth mucus and accumu· 
Ia ted clebns around them UltrastruCture IS descri· 
bed by Mlgnot (l974b)and Hibberd (1985). There IS 

a smular chrysophyte (see notes after Slep 6). Den· 
dromonas, wtucb follllS brancluno colorues or oeDs 
borne on 8liiUca 1be tHO genera can be•ltsd!!gonshed 
from each other as the cells or Dendromonas have 
thm stalJc:s and the llagella are dllferent m length 
Pseudodendrotnonas lS related to Cyarhobodo (not 
iiJustrated) wtucb IS sohtary. but may also secrete a 
stalk 

• 

p;gm. U(a) & O:>l Ps .; doudn:WJ,..... A ..... ._ 1*1-
leed.og ~tate that ~ OCCI.lD ID 0 t.n-shaped 
colcny '!be celt are bame CXIO brilndllng lllllt- (I) 
10 wt.cb0f901l1Cmalll!rand ........ _,_.._'!be cells 
~~e ., ... an: .. 111e - a.~Z oo1any m t.:~t ce11 • belcl 
WIUIID 0 •= npod lonca (3) and '- 1W0 llio9ello ( 4l 

Figs 41 & 42(a) & (b) PS£UDODENDROMONAS 

41 

b 

~maybemn!usadwttb~ 
each cell of-...., bil5 ...., !lal;leilll bUI 1bey .... ...., 
-...lmleDgthlarWithR'~ ._._,,..,~F'og 37). tbe 
Ci8fts d. w!IICh oze ->eel "'a 9'0b•lar W CJI9IIlliO 
"*""'- ,._ c:o-

39 

STEP 

18 
(13) 



 

STEP 

17 A The llagellum or each cen is smroundecl by a fine cytopl.asmlc collar (collar llaqellal--noces Step 
(16) 9). ThebodyisS-10 IUilindiameter,andthesWltlsfirm. Flga43&44 CODOSIGA 

One specieS IS d: S I ihed m detail by Hibberd 
(1915). and Leadbeater and Mor1Dn (1974) The 
oenus bas abo been referred 1D as CodoOOSIQ11 ror 
specie& taxonomy see notes after Step 9 

43 

I 

a No collar around the flagellumla. 

~· 
?'- • 
• • 

f1gure 44 D.i ' ge A ra'ked cck ,E -.l8 CJ08Iu: Dr 
Ql!lla~e The cells are borne as a =-r allhe end ct a f!w1y 
brc.d, od stall: (1). Eacb oell bu • IU1Qie. IDn9 ~ 
"-"'"" azOUDd tbe base of whx:lt • a cytOpla8ruc: CX>llar 
(3) The !!agelk!m a-- c:wren~a wtuc:h are cl:awn 
up lhrough the collar c:reaung Corceo that tend ID push the 
cell tOWVds tbe 8Ullsttata. The Jtall< '" tluck 10 prevent 
co"""""""' (d: Paraph- 1'1Q 38) Nuclet wuh a 
ceilllliiDIIdeclus (4). lood vacuoloo (5) and «nP'Y·Ioolcmo 
boa! oouuacllle ViiCI.Oies (6) are ev>detu Dttferemal mu.r· 
~fiiiCe= 

GOTOlB 

ALL SCALE BABS 210 jLIII UNLESS OTHE.RWISE INDICATED 
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STEP 

A Cellsocc:wrlng in clusters at the ends of softisb, dichotomously dmdmg ~with agnnulu 18 
~l'ICJ'. The material of the llalb becomes brown With age, bemg darlter near the ba.se of the stalks ( 17) 
and wtually colom:less ~the oeDs. The ceD bcxties measure S-10 )11!1 in diameter, and there are two 
uneqaaJ taqella. Thecoionles may -ch to debris, vegelable maneror 1othe air-water werlace. 

A Vfl961an5 IS described U1 detail by Pnngshe!III 
(1946) and by Belcher and Swale (197<!). The 
spec~es IS a chrysophyte (see notes after Step 6). 

F~g~JN4e Anlllopbyso(seeF~gc 47) n.•~nuoa•-""w
and a eta fl(lpbyre. II l!lc!!s the form ol brancllmQ (arbores
oaat) - uouolly a & lwd • 1M broed eM ID the 
IUbcl"orhe ~·ogl!omtheWI!Iel~-fa:e They are 
cau.d uoa 1lageiJallOs bece•w the Ofllanl' - ol the 
ltaJk ( t ) WO"""""lla., mMII1 !811:1. IUCh • uoa &Dd ~ 
oo:-gmnglhem ~bell N!IIY c:olow The oallsarellmi!IQ8d 
"' .,.u. oplwnatl ... ,,_ (2) 111 tile anclo ot eoch ot lhe 

brlnchea '!1ley can oo:m 111iarlle IUIIbeta. tllmlng "brown D6<1T81I1Jal !lllerference a>nau1 Scale bo.r lilOiun 

Figs 45--47 ANTHOPHYSA 

45 

• 

~ 

FlgiJN 47 ALIIIo;;J:WiJA (see Fig. <M>, llluolroted • a omgle -·of ctlll IJa bas l>f9m the I*W o( I* 1 I g a 
aalk. The J'C)Uilgeil pan (I) ot die ..U. • •lie •• ID lbe 
c:doay • ·~ malkm ,._.,, hooal:axbdonlya 
.,.. _,-,ot..-1- '!be calls aredr"'"'""' wbere u.r aiiOCh to lbe aalk. A1 the_.. en<!. aach 01!11 hes 
two ~ 1111Q8111t (as do al ehryq>bytll). emerQlllQ 
l!om aolrQht ckmllie DJ/IerentJ1JJ.,.,.,..,..., amlliBI 
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STEP 

19 
(3) 

B Thestallt is riQld, oolourleasand unbranclung. Cells 7- 15 jUDlong. 

A colOnial bodorud (see notes after Slep21). d .,. 
bed ID detaJI by Huchen (1974). eachceD IS attached 
10 lhe common stallt by one recurrentllagellum The 
cells may occur as ep12011es 

A Cells fonning coloNes. 

B Cells not fonning colonies. 

Fig. 48 CEPHALOTHAMNIUM 

001'020 

GOT026 

30 A The colony is a sphencal ball of colourless c:eDs, held toge!her in a mass of mucus. Each c:ell has a 
(19) smgle Oagellum, around wlucb pi"O)eCis a fine cytoplasnuc collar (coDar Oagellates,- notes after Step 9 

above). The individualcellsaresmaD(bodyS-10 jUDindwneter). Figs49&50SPHAEROECA 

Srudles or colo mal collar lla.;,ell3tes bave been con· 
ducted by Leadbeater (1983) and E:rtl (1981). 
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llgure 50 ~"""" A pionlcr:lOIC <XII<na!Olllar ~ 
All ol d>e oells lie a1 lhe OUI<tr «198 ol a bell made of 
Ql!lollnDUS Dlllllmal (I) 'l1le colony may"""'"""' as much • 
300 jUil "' <llam~r Each C.U bas ll8 pOStenor end {2) 
cmwn out UliO tbe malnll. ond bas o angle tlaQelh"'' (3) 
wlucb ,. SWT<1.mdad by a collar (4) 11o<:1er1a from the feed· 
iDQ cuneru adhere 10 tbe couar (5) betue uogest>Ot• Dlf. 
h'IJMai ~81JC8 con...., Cl'holo ~IQe Tbo~o.) 



 

• The ceDs ollhe cclcmy oontam c:hloropluts, so 1he colony has a green or golden c:olollr. GOTOZl 

A The colony is golden (oolonlal c:hrysophytes:-notes after Step 6). Most take the Corm or spherical 
ccioJUes, ahbough DiDclblJQD colonies (F'igs Z4 & 36) are feather -shaped. GO TO ZZ 

Most of the p lanktoruc colorual ctuysophytes have fied (see Andersen (1986a. b). KrJStJansen (1975). 
siliceous scales (Le. they are members of Synuro- l(nsoansen and Andersen (1985). Moestrup and 
pbyoeae ~ symuopbytes). Speoes and Qeneta wtth Andersen m Pattel'30n and Larsen ( 1991 ), and Wee 
scales (and spmes) usually have to be studied (1982). 
by electron rrucrosoopy beJOre they can be ldenn-

• ThecellsoCtheoolonyOO!Jillln.brightgreenchloroplasts(Le. WlthchlorophyDb). Thecolonlal 
volvocids. 00 TO Z4 

Solllary or colorual mollie members of green algae 
are here referred to as volvoctds. in accordance 
Wlth the protoz100logJCa) hterature (e.g Lee et aJ 
1985). 1be phyoolog>cal hterature may differ The 
number of ceDs m each colony usually helps to lden
llly orgarusms to genus. The number ranoes from 
bn to thousands. and the sm! or the colony from 
20 p.lll to over a milbmetre Colony colour ranges 
from a pastel to a deep green Each ceU IS ng~d. as a 
ceJhd,_ ceu waU IS preselll. The cells are usually 
embedded m mucu" through wlucb Dag"lla. usually 
m pall'S, protrUde. 
The volvoctds are an ecologically .,. •: e t,d group 

of green a1Qae The ceDs typiCally bear rwo or less 
commordy, rour Oageua. f'lageUa of one ceu are of 
the !8lile length, beat Wlth a breaststroke actiOn, 
and may adhere to the SllbtsU"ate The cells typiCally 
have a smgle, bright 9Ieen chloroplast. Wlth a Sllgma 
and pyreooJd wttbm ll Land plams are related to tills 
group The 9fOUP contains many genera of sohtarY 
spec1es (e.g Chlamydomolll)S, F'lgs 113 & 114) as 
weU as genera of colorual orgarusms. ldentJfication 
gwdes by BouueDy (1912) Pemeooet (l984J and 
J're:~CC>tt ( 19'78). Out. ur rwo genera Iaelc Cllloroplasls 
(F'lgs 93-95). 

A Cells (S-15 I'Jll) wilbout scales arJd in gelatinous oolomes up to 150 I'Jll m <bameter. 
Figs 51 & 5Z UROGLENA 

Urogleflll cells are l1lOSI easily confused With Synura 171 thread-blce extel'ISIOns of lhe posteoor end. As 
(Step 238~ and care IS needed to discern the scales wtth mos1 chrysopbytes, they have rwo OageUa of 
of the latter genus. They may also be confused wtth unequal lenath. two chloroplAsts. and a Sllgma I}'Ul9 
tilt< 1.- common Sync:rypta. but tn that oenus the outside the chloroplast Srudles have been conduc
colorues are smaDer, the ceDs are densely paclced, ted by Owen et aJ l990b (see also Hibberd arJd 
arJd the OageUa are YU'tUally equal m lenolh, (not Leedale ( 1985), and notes alter Step 6). 
markedly unequal). Urog/ena ceDs are cortnected 
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STEP 

Sl 

l'1gun Sll Urogfena. A ophencal, IIW1lllmll>9 QOiorual chrys
CIIlbY'& '!be bon ol the colony r~ lbat o1 some 
ODionlalgreen algae (e 0 f'lg 61} The mdmdual oolls are 
.,t.Lied m tbeouter rec;JIOlWoll mc\;IOJT'OJSilli!UefW 

(1101 - here} Related - - the oells jOIIl8d 
">ggtbet '!he mdmdual cello ..... goldeo et.b ~ I (I) 
aad ,_ ~ol-lllagdL (ct f'>g 53). Dl1fereatJaJ 
-...,.~ 

B Cells with scales andlor spines, DO! obviously embedded in mucus. GOT023 

A Each ceD with a coaling of acales and spines. Cells S-20 I'll\ long. Fig. 53 CHRYSOSPBAERELLA 

B Each ceD with scales only, ceDs nonnally IS-40 I'll\ long. Fi9s 54 &SSSYNURA 

Detailed accounts of the fine structure of Synwa are 
QJVen by Andersen (1985), Brugerolle and Bncheux 
(1984), and Schnepf and Oetchgraber (1969); and of 
Chrysophaerella by Asmund (1973). N'JCholls (1980) 

53 
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and Andersen (1990) ror tdenllficatlon by bght 
rrucrosoopy see Bounelly (1968). and for cbaQnOS1S 
by electron rrucroscopy of scales see Slarmacb 
(1985). 



 

Figure 56 Synura_ ., lS • IWIITIII1lnO ophenc:al oolorual 

~ It ·-eo UJO!Perl4 (flot 51 & 52). but lhJ$ 
oolorual form has evolved Uldependl!nOy among 1hooe 
c:hrysol>hY* that bove silroeouo body IO&Ies (I~ '!be cells 
adhere toeochotber at their ~enorend& Two llagella(Z) 

of uneqaallength -Qe """' the trnati8Ched end of the 
ceD. wboch bas QOicloD chloroplula (3} DrlferM/JIJ/ IIJIBTfer· 
iiJIC8 .. """'" 

STEP 

A 'nle form ohhecolony IS a fla1 plate. CeDs are S-IS J.llll indwneter, and colonies azeup to 100 j.l%1\. at 
Fig. 56 CON11.1M (31) 

ror taxonomy see notes 10 Steps 21 & 25. 

B TbecolonyJSsphencal COT02S 

A Eacb oeU il relatively large (up to 30 J.llll) in relalion to lbe size or the colony ( oompare Figs 56--61) and 38 
they actually o: neuly touch at their posterior ends. Usually e1ghtor 16 cells in a colony. (at) 

Fig. 57 PANDORJNA 

B Numerous relatively small ceUs forming a colony which is like a boUow ball, within which more densely 
packed daughter colonies may be seen. Cells are usually !.a than 10 l'lTI in diameter, but colonies can be 
largerthanl nun. FigsSS-SlVOLVOX 

lbere are several other genera of mlomal 1101- genera that form spbencal colorues. lbey vary With 
VOCJds: Pia !}'donna colorues are !Ia: and less regular respect to the number. Size and arranoement of 
than Gonnun. Eudonna (Flo 61) JS Wee Pandonna cells. the number of flagella. and the shape of the 
{fl9 S7}. but tile cells aie usually QlOI@ IIWlleiOIIS COlony. f'uller ilaXIWliS are gJVeD by Jlourrelly 
(32) and do not IOUCh. lbere are a number of other ( 1972) and Enl ( 1983). 
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F'lgare 110 v~ A OMiiil ot u. IW1Iooe ot 111e <D:xJy <
~ ~ The-c::dl (I) IQ .... j .... on die 9"'"._. 
_,.,... may be ..,n. bebDd -are 1be siiQbdy ~ 
opl\eles of dougme• ....... m Eac:b cell has a -
ploa F'loge:la II!& not .-..lllo !Uen>m.l mrerfereooe CXJQ

triiSI 

Figure !Ill Vo/lo:tt (see ~ 60) A chlor"PbYte that forms 
lero.t colorues (up 10 ...-Ill fllllllmetr•> The cells (I) are 
em~· 'od m a gela!UIOUI motr1X bom wtuch -the 
Qooello (2) that propel !be cell Dough..,. colonEs develop 
Wltlun 11>8 parelllal aDJy and .,., be _, II$ b!IQhliti 
g:r..., .....,.....,. (3~ 'JIIoy br- he 1>1' f\llliUflDg lbe 
aufoot ot lbe colony ~ ..... __ ~ 
.:ic:Ble ber 100-

\ 

~~f - .AJ 0 0 
0 0 ;>9;-
,.Q_ ."i<( \ 

Flgure 81 D..,_ Acolonill f110111ooc:llk4oi>bf1e Ooe<lf 

1118 ... ..-adao:Ci ... --c.--phy>M t.a beEa lbe - ot .,.,.. co> •• 9ldl 
ma-mey ral:B rhl! txm olllot ~>~a•• ot cells (G:lormJl a 
lightly l*!1<ed c$.!sterotceUs(f,...:tmnolor, as here. ceUs 
more loaoely aogrega:ed Wltbm • oe~&nnous maiil1 Eacb 
cell has rwo lla9eUa (I) wbrch prOfeCithrouoh the marnx (2). 
The cells are ammged Ill 6ve c:ucumf<,tenllal bonds; rwo 
ballcls of four cells eodl. and lluee of erqhj O!!lk Plme 
contrail 



 

A The cells lack chloroplasts. GOT027 

B The cells have chloroplasts. GO T0 54 

A Cells whose nonnal movement is a smooth gliding in close contact with the substrate. GOT028 

Mostly colourless euglenids and bodonids. The 
llagellumla traiVs agamst the ground and one (at 

B Cells that nonnally swim rather than glide. 

Care IS needed to establiSh the 'Dotmal' mode of 
locomouon Most specres that nonnally glide may 
lose contact With the substrate and then begm to 
swun. PreparaDOnS should be !ell for several minutes 
for such cells to settle. Some Oagellates that norma!ly 
swun may come to rest agalllSI debris m order to 

least) IS relabvely unmollle The l:xxly may be very 
plasoc or even amoebotd. 

GOT039 

feed; a small number of volvoctds (see Step 59) lay 
their flagella agamst a sobd substrate and gbde 
USUlg them (Bloodgood. 1981). Care should be taken 
to distmgwsh glidmg from SQU1fiTllllg, whtch may re
sult when cells are trapped in debrn or between 
the slide and the coverslip. 

STEP 

26 
(19) 

27 
(26) 

A Small cells (less than 10 jUil)withasinglettallingflageDumandwbat appears to be a vibraringbulbous 28 
'nose'. Figs62&63RHYNCHOMONAS (27) 

The 'nose' contams a cytostome (mouth) and IS sup· 
ported by a short !lagetlum. It IS pressed against 
individual bacteria before they are mgested. Des· 
cribed m detail by Swale (1973) and Bw::zeU (1973), 
Rhynchomonas is easily confused with another glid
mg OageUate referred to as Amastigomonas (Patter· 
son and ~n. 1991) or Tbecamonas (Larsen and 
Patterson. 1990), which has a paraUel-sK:Ied snout 
and a trailing OageUum that IS rarely seen. 

Rhynchomonas IS a bodorud flagellate and is 
closely related to trypanosomes (both bemg Kine-

62 

f'igute 63 Rbynd!omonas. A common bodonid !laQellate. It 
IS !1Ql typteal ol the !jtOUp as only one tlal;!ellum (I) " 
obv1ous. '!'be (postenor) ilageiDn IS tludcer """' the c:e!l 
body than n IS at the np becall$& of a l)alUlal rod that lles 
alonQSJde lbe axoaeme m lbe IUlleiiOI pen Tins "' a 
oommoo fearure of many bo<lon;ds. and may be used as a 
'rW<Hlf·lhumb' kl Identify members Ol tJus dtfficull QrOup. 
The second D-Uum. of winch a small parnonroay be seen 
bete (2~ suppans lbe snooL '!be """"' (3) ooruams the 
cyi06IO!Ile and wobbles !rem $Ida to S>de as the c:e!l moves 
actoss the subouate Pbase coaaast 



 

STEP 

39 
(28) 

30 
(29) 

10plastids). Unhlce trypanosomas, bodoruds have 
two flagella and most are free-living. Bodonids are 
typtcally very small (rarely larger than 15 )1lll). and 
species m particular are extremely difficult 10 dis
tinguish_ Most .bodomds glide or slap across the 
substrate with one Oagellum trailing rather mac
lively bebmd the cell (but see Bodo sa/tans Step 8). 
The postenor pan of the trathng flagellum IS thinner 
(acronemanc), and the contraclile vacuole IS localed 
in the antenor pan of the cell. normally near the cbs
crete mouth and the anterior msertiOn of the flagella 
The mouth is usually llSed to prise indivtdual 
bacteria from the substrate. 

ldentifymg a small (less than IS )1lll) flagellate as 
a bodonid is rarely easy, as the cllagnosOc fearure, 
the I:Jnetoplast (a mass of DNA in the rnitoc:OOndmn), 
cannot normally be seen in living cells. There are 

only two common genera (Bodo and Rbyncbomonas} 
Many small flagellates have arbliiarlly been 
grouped with the bodonids. Confusion is possible 
With small euglenids (Figs SZ-&1); eugleruds can 
usually be diStinguished becal!Se the posterior 
flagellum IS rarely promment and the antenor 
flageOwn IS rather thick Cercomonads (Step 3 l) 
may also caliSe confusion. but they can normally be 
distinguished by their readiness to form pseudcr 
podJa, because the trailing flagellum adheres to the 
body swface, and because the contractile vacuole 
is often located in the posterior pan of the cell. For 
detailed accoun1S of the cytology of bodonids see 
Vickerman and Preston (1976), Brooker (1971). 
BrugeroUe er al. (1979) and Patterson and La!sen 
(1991). Species descriptiODS are given by Hilnel 
(1979), Vickennan (1976) and Zhukov (197!). 

B Cells with one or two typical Oagella and no Olher appendages. GOT029 

A Cells with one or bOih flagella lying along the substrate as the cell moves. GOT030 

B Cells with one, two or four OageDa at the apex of the cell. connected to the nucleus. The flageiJa beat 
stifDyandthecellisflexible. F'igs20&64FLAOELLATEDCELLOFMYXOGASTREIDSLIMEMOULD 

The flagellated swarmers of myxogastre1d (myxo
mycete) slime moulds (Ohve, 1975) are not common in 
freshwater, but they may be encountered m samples 
and culrures from soils or vegetation They may 
have one 1Jagellum visible, although usually two or 
more may be seen. 'I'ypJcal SIZes are 10-20 lllD. 

Mastlgamoebae (Step 39) have a single, stiff Dag
ellwn, with the base either attached directly to the 
nucleus (MastJgamoeba) or removed from it (Mas
tigella). They may be confused with myxomycete 
slune moulds. but they rarely gbde, and are liDS! 
often encountered m Sites lacking oxygen and usu
ally smelling of hydrogen sulphide. 

A Cells with two projecting Oagella. 

B Cells with one projecting Oagellum. 

48 

Figs 85 & 86 MAS'I'IGAMOEBAE 

64 

GOT031 

GOT037 



 

STEP 

A The ceDs are very flexible and 80mellmes amoeboid. The anterior flagellum has a stiff sweepmg 3 1 
rnooon, and the postenor OageJJum adhel'81 to the body surfac:e near ils IMeZ1ion. Tbe cells are usually. but (30) 
not always, less !han IS ~tmmdiameter, wtth verypbam hcxhes from wbichpseudopodiamayemezge. 
The body may be drawn out along lr&lling llaqellum. or as strands from the posterior end or the celL The 
postenor llagellmn maybe tluclter forils proximal (first) h&IL Figs 65&66 CERCOMONAS 

65 

Someumes referred to as Cercobodo, tlus cell IS not 
a bodorud. but IS related to the common sell flagel
late HeteromJta and a rnanne flagellate Masszsrena 
(Panerson and Larsen. 1991) Ceroomonads tend to 
brm pseuclopocha when feedl.nQ. a feature that 
helps dJSUngwsh them from bodoruds (Steps 28 & 

• 

Figure 118 Ce"x"'mr A Gb<im1J "-',..· ..,..Jh a .., 
pila.ble bcxtr. one antenor beannQ llaQellum ( l) and a 
pc8lenor u..:llnQ O.ogellnm (2) whlch adberos 10 !he ceD 
bcxtr 'at- ill liS--· pan '!be cell C)'I<>J:. • • 
ellen drawn CIUl behaOOilw ceD u C""""" C•n• i!*WW IS 
--'f broct81'lVQrouo. pre/ernng bec14na auachecl 10 "" 
laces. ,_ OODttM. 

32). and the cy1op!asm may contam granules 'l'he 
cell bodJeS have smaU extill!IOmeS. (Migno« and 
BrugeroUe, 1975; Sctumer and ~llak. 1978) Some 
confusiOn may also occm wtth the amoebotd Mas
liOIJIDOeba and MasogeiJa both or whlcb have a 
Strl9le flagellum (Step 39. f19 86J 

B The cells are not amoeboid, but they have acllstmcuve al\ape, and they may or may noc writhe. 
OOT032 
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many ultrastrucnaal features in common The body euglenotd molten) (Suzala and Wilballl.'lOn, 1986a & 
swface is fluted, folded or grooved because of\mder- b). Eugleruds are related to bodoruds, and the 
lymg skeletal stnps (sometimes visible with the smallest glidmg euglemds occupy ecologlcal 
light microscope, F'tgs 120 & 121). and most larger mches sunilar to those of bodoruds. 
plnagotrophic spec1es can writhe (metaboly or 

A Cellbodyisnotrigid. GOT034 

B Cellbodyisrigid. COT035 

STEP 

33 
(32) 

A Cells with a prominent anterior flagellum. and a small ingestion apparatus (body 20-100 1= long). 34 

Peranema (botanists call this Pseudoperanema, see 
Patterson and Larsen, 1991) squirms acttvely. es· 
pecially when feedmg. IngestiOn of food mvolves 
the use of two mgestton rods lymg near the antenor 
tapering pole of the cell (Fig. 71; Nisbet, 1974). The 
cytoplasm IS often heavily laden wtth starch granules, 
and the pellicle is finely ridged. The front flagellum 
is very strongly developed, Wlth most movement 
occurring near the up. Exttemely careful observa
tion IS needed to detect the second flagellum. which 
lies in a slight groove in the ventral surface of the 
body (Fig. 72). 

70 

Figs 70-72 PERANEMA (33) 

( 

ALL SCALE BARS 20 1= UNLESS OTHERWISE INDICATED 

• 
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( 
f'lllure 71 Abww A colcmlees euQiend 'IOlladl. bl<e 
......,~-- .. ~~~ Is doesllQt...:1dy
bal gloclesalong ll>eii'OQIXI.It-n"'-onlp aliU>gla. 
_..,- emervem .._.."" < tl Dmno llOIIDIIIIXJ:lmo. 
ball. .... - part reiJliiiDS filliiy lllll -only .... Alltenor 
I)OI1lOII llloKiftQ mach """""" """- (olio coiled 
~~ • a phaoo•''"llil aDd con.,.....,. .. ._ 
otlrr pr<>t,... and damtus uuo 11>e cell by - cl """ 
.._.., rods c:n nus ope - does a1oo ..... a lhor1 
rec:unen1 ~um (3) Fblr>e a>ntrast 

Flgme 12 .Peraoemi A cloWled ....,. ot the """'noTencl or 
IIIIo - iiiiO ~Oilbc coiQiocid (ct l'lQ 71 bui 
ncoe- - .. a~~ Al!h:lagltodJ-IIoyolbu 
(I) ~ ... "' - ..... - lbe froal oC lbe C<'ll. carelul 
*"UiiDJ' ........a a oemnc1 ....,.em ._...., (ZJ leavmg 
ll>e-t>--...lymg-t:>U>eourlace 

oC IDe celt Bolla llayella ·- Ill - CX>NIIC< - lbe 
- (m 1!11$ poaure !bey""' Ill lbe amo tx:.l plan<> IISihe 
.......... adbei:Jno 10 Jbe _._ (3)) Mlhe cell """""' Dell· 
"""' stnanons ot lbe pelbcle (4 ~ typiOll ol many euqlellJds. 
con abo be oeeo. DJ!ferf!lll~ u:ted<>r"n<» cxmtriiSI 

a Cells wilh an anterior llaqellwn, a trailing llaqellum that Is no1 attached to !he body surface and can be 
seen easily, and a small ingestion dew:e. Size 20-200 1'11\. Figs 73 & 74 HE'l'ERONEMA 

73 
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\ . ~ 
f'lllure 74 HelelOIB1a A euglcid ~1e. ~ (ll)rl[tiSed 
wnh Pe~ I:Je<:atiM 11> bolla oryen...,. lbe an1er10r 
lloQelbn (I) IS strongly _.,., How.,.... careful ob
- oaaon (especilllly when the O!llll.lmO) re_. o oecond 
tRihrJg flar;le!lwn (2) wbod1 does DOl be "' 6rm camac:t Wllb 
"'"'oell body Unl:lclt-1he body....._- rhe 
.-... bul - 1JCit - 10 - 10 a. Mad> oC the 
~JSoo::uped bynllracllle~.,._ 
~(3). ~olio""""" .. ._ ... drnce
• C'Bp"Ne at~ ,.... CXJ:Jlr .. 



 

Jl Cella Without mgestion appara!UL 

B CeDs wnh a well~eveloped mgesoon appazarus (body 20-30 ,..m long). 

OOT036 

Figs 7S & 76 ENTOSIPHON 

The.e oel.s bave an antenor beanno llageUum Ollld a 
S9COncl broad traJlJng llaQeUum. Some m:ra
structural aspects are presented by Mlgnot (1966) 
and Tnemer and F'ntz (lfBl). Two specJeS are rom· 

76 • 

mon In freslhliaters. Jn manDe Slte5 8 Iuoh.ti SIID!Iilr 
genus. Ploeona. IS common (Larsen and Patterson. 
1990) 

f'IQin 1e Entocpboo a all ot ~~~oe eololllt ouqleads 
Ehltl61p/loa hu the """" stroDgly developed tnQ8SI!OO 
appararue \I) Tlus VJU4XIOEI!I a lUbe With a a.c>»e openng 
a1 ns an1 •not end Detnrus and bactena are LOQested 
thtouqh 11..- orQanelle There are two llaQtlla (2). but dus 
phoiOQrlllll• .,m-mg """''-ooe normolt)' lnWI boiJmd 
!»cell as a """"'"' wi:Jle lhe orbel' (the anrenor) beell., a 
fillrly ...... abo. ... - '!be <XIilll .. t&le ........ (3) ODd 
nuc. .... 4 ..., atooeonoem Wllllllllbe cell - =-

35 
(33) 

Jl Tile postenor Oagellum IS very broad at its base, and IS as long as or longer than the antenoc one. Tbe 36 
forward motion or the cell is occasionally intenupted by backwards Jerks (body I~ 100 11m long). (35) 

The postenor llagellwn cmves m a broad arc bke a 
'hook' as 11 leaves the ilaqellar pocl<eL The occa· 
S!Onal Jerlcs m monon are caused by oontract:Jon of 
the po&tenor llagellwn. For taxonomy, see Huber· 

Figs Tl & 78 ANISONEMA 

Pesta 1om (1955) and Larsen and Pattel'liOn (1990). 
HelkesunastJx (F-.g Bl) bas two l1aQella and may 

key out here. although the an tenor fla9eUum carmot 
usually be seen and u appears 10 be umllageUa:ed 

-· 
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Figure 78 Alusonema. 'l1u$ genu$ J$ 00 called becat,.,. II 
appea<s 10 have two pronuoentllagella that are uoequaltn 
breadth and leDg1b. 'l'heanrenor !Ia~ (1),. tile wl!tllbn 
or the rwo. t>eanng oormally The recwrem ftageUum <2J IS 
much broader and trails alonq the ground as tile ce!lmovt!S. 
~- the cleares~ ~ l'eature IS the 
book' (3) that the recurrent !lagellum forms after 1""""'0 1lle 
llagel!ar poclce< (4~ Lmng cells can also be disttngwshed 
liom olher genera because the recwrent !lagellum can 
oontraclto JE!k the ceU baclcwanis. No mgesoon appara1\lS 
1$ VISlble. Plla$e Q)Oillt$t 

B The posterior Oagellum is not greatly thickened, axtd is shorter than the anterior one. Most species are 
15--30 J.liillong. Figs 19 & 80 NOTOSOLENUS 

19 
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Figure 80 Nofost>lenus. A common colourless gbdmg eu
lllerud. closely resemblmg Pe/aJomonBs (c! l'lgs 83 & 84~ 
Moving cells appear 10 have a SU>!lle emervent antenor 
~un (I~ but mo<e carelul aboemtoon reveals a 
seoond fJagelJum (2) trai!tnq bad:wards IBlder tl>eoeU. llo<h 
4!me~Q!>Irom the llagellar pod<e< (3). "!be"'""""""~ 
chstmgu- Notosolen11S !rom Petalomonas. Dl/krennaJ 
&Diederenoe cootza:st, 



 

....... JIMJ1o$.1DdJ ... 

,. a-~~ a • .., JeCUINIII ~ w1lcb. 
l8edly oL'IIIooDd 'nil ead •ll8lll _..., IIIIa II 
( o. AIIIIIDCi A•n«QI) fraD 1011 c-~ ... ,.._and t.... l.l)llne beeD ..,... 
ted ......... ..., be Cll«m.:adl wkb Jedlx.-.d 
.... llgela. 

AI..,.._ • ~ a ..a eel (a.lder 
Ilea) iD wtJic:lllbe Atgtan 11 _.. ~~CtWe 11 dae 
• tr rial ap. • Ill moll ..., CICdlll c:l wilb ,.. 

---(alp 38) "'** * ....... """'*hDI ..... fteoeD• ,...._, • dilculntl 111 
ltab•··PtMiicaa (1185). Sbnla ad )eo (1147). 
.. a... 8Dd PanemoD (1980). 

11 .... ~111111 
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Figaro 84 PetaJ:Jrnonas and Bodo Tlus .. • 'landscape' 
ib:*>gtapb lllusttanng a number d small !!ogel!aw lllOY1IXl 
am:.nq boc:lena. The boelena U1Ciude CX><Xlald. lilamelliOOJS 
and spual imns. Two typeS d llogellaJe are pr""""" fllca.b. 
moo&S (d. Fig 83) (I~ whi<:b LllCiudes smaller speaes of 
~nKis. alid IS ciJsbngulSbable by the smgle strlf anlenor 
~lhnn; and rwo bodoruds (2) eec:h d wtucb has !WO 
~lla EugJeruds and bode ••"'• are thougbJ lo be rela!.ed. 
smaD spaoes Wee !hese OCCllPY Similar rudles. being asso
Ciilled w!lb detnlus and oo!ISUilli!Jg small atlilebed partiCles. 
Pb&9ecooaast 

B Highly metabolic cells. 

ALL SCALE BARS 20 l'ln UNLESS 
OTHERWISE INDICATED 

GOT039 

39 .A Thick flagellum. most active near the tip. The body is capable of deformation, bill is not amoeboid. 
~ GOTO~ 

B Almost amoeboid body. The flageDumisthinandbeatsstiffiy, lllce an undulating rod. Body 10-100 I'll\ 
long. Fig.85MASTIGAMOEBA 

'Ibe relationships or Masbgamoeba bave only re· 
cently beoome clear. Related to Mastige/la (Fig 86) 
and A:!bmy:ra, the body resembles that of an amoeba 
The flagellum or Mashgamoeba IS at1ached to the 
nucleus, whereas that or Mastlge/la IS removed 
somewhat from the nucleus. Pelomyxa looks like an 

amoebotd organism. the flageua belll9 relanvely 
shan and insigruficant The flagellum IS rather Slllf and 
Oexes rather tban undulates. Some masngamoebae 
are very similar to swarmers from certain slime 
moulds (Flg. 20). Reviewed in Lemrnennann (1914) 
and Patterson and Larsen (1991). 



 

85 

Figure 86 MastJge!Ja. Ail orgarusm that combines 1be 
c:barae~ensucs clan amoeba and or a llaQellate, te., 11 has on 
S'DI')phcw1 body and 8 ftageltmn. The II es! J7""' ..... are ~ 
... eo kno"'-n. bul two oenera. MastJgamoeba and Mas~JgeJJa 
are r.._....bly common. Masagamoeba has JIS DUO!eu$ 
1ytnga11be baseoflbe llage))um, whereas mMastvlla rt (I) 
bes oear !be centre ollbe cell PoeoiCiapocba (2) ~!tom 
!be body .,.mre 'l'bere IS a szngle, longllageDum (3) wlu<:b 
bealS very Sllllly (rather bke a Dexmg snlf rod). 'There JS 

great sunilanty Wllh lbe ~s' of lJOme siJme moWds 
(Fig. 00>. '!be ~baeare lWOlly lotl1ct m orgamcally 
ennci!Ad or !!llOilC !!Ill!!!. DlffeMIJJAJ Ill!~ Olll1111$l 

A Cell tapers at the from end.Mostspecies20-100 lUll long. ~gs70-73P~ 

See Step 34. Peranema has two flagella. but the re- nemopszs mcludes vutually tdenllcal organisms, but 
current one ts extremely dtfficult to see. Pera- they do not have the recurrent flagellwn. 

B Cell Dares at the from end. Body 25-60 lUll long. 

Uroeolus has an mgesbon appamtus compnsed or IWO 

rods to marupulate food. The stout anterior flagellum 
resembles that or Peranema m tts behaVIour, being 

~gs87&88URCEOLUS 

most acttve at the up. The surface or the cell may be 
finely ndged and. in some species, parncles adhere 
to the surface. Can be fau'ly large (up to 50 IUD) 
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STEP 

41 
(27) 

42 
(41) 

43 
(42) 

87 

A With one or two groups of one to four flagella. 

Flqwe 88 Uroeolas. Tb1.s genus ot colourless, ""-ncpblc 
euglemd llagellales has much 1D CXJCIJlllOll WlliJ Amlllemo 
(Figs 71 & 416). The body IS lu¢lly metabobc and lbere lS a 
smgle. broad. emergent flagellum (1) whld! eXIellds in from 
ol lbe cell ~ II glides aloDg, but !be 98flllS IS cllslmgUlsbed 
by !be llared onoenor end (Z). 9maoe SlnatJons. chalacler
ISIIC of many eug!eruds. are V1Sible (3} Uiceo/us also has a 
rod-hire -· cle11100 (not ...sble) and ... :s demrus, 
algae ODd other prOiiSI& Pllase cootlaSI. 

00'1'042 

B W"llh more than four beating flagella, but not emerging in groups. 

There are several rarely encountered organisms amoeba), Multicilia, Spironema, Psaltenomonas 
that satisfy this description. They include ArtodJs- and HemimasiiX (Broers et al., 1990; F'oissner et al., 
cus (see Ramer (1968) where n is regarded as an 1988; Patterson and Larsen. 1991). 

A Wilhoneflagellum. 

B W'llh two or more flagella. 

Care must be taken here because m some or- Oagellum IS readily VISible. 
ganisms with mare than one flagellum, only one 

A Flagelhun directed foxwards. 

B Flagellum directed baclcwaids. 
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00'1'046 

00'1'044 



 

Very few protoma satisfy !Ius descnptiOn. How- and a small sphencal body <X>n!amlnO a refractile 
ever. dlslodqed collar flagellate ceUs (see Step 9B) granule [).noflagellates (Step 67). most of wluch are 
will swun With tbeu llageUum t:raiiJnq behmd. The pi(Jmentecl have two fla<}ella. but often only the 
same IS uue of some fungal swanners. partlCU]arly t:raiiJnq llaqeUum IS seen. 
those chytnds (f'lg 8) wtth a long tmbog flagellwn 

STEP 

A Relabvely broad flagellum, beating in whiplash fashion (i.e. lllllll coils are pushed along the flagellum 44 
from base to lip). Most species are 20-80 !=long. Figs89-92COLOURLESSEUGLENIDS (43) 

Astasm (Flcp 89 & 92) IS one of several genera of 
actively swmumng colourless euQieruds (see notes 
after Step 32) As wtth all euglenids. there IS an an· 
tenor depressiOn or pocket from wluch two flagella 
anse. although u.<;u;ol!y only O!'l!' emerQeS. Some 
genera. Wee AstasJa. are lughly metabolic. others. 
such as Meno1d1um (f'lgs 90 & 91), are relatJVely 
119Jd. They are often found m orgamcally polluted 
srtes, duck ponds, etc. Ultrastructure has been des
cnbed by Suzala and Willramson (1986b). 

lz ,. 
l"'qure II .loO.• lin A SWIIIImiiiQ colour._ ;! 1 
h; • wm:u an a ; ''<*·- n Wwa:du!t ~~·rs 
10 ....,... ._ """" brm of wopboc ...,.,_ 
(lrobeo• ..... - .._ from lila D*lium} A engle 
on>erQIIII a.g.,Uum (IJ ..,.. 111 !be loQoollar I>(>C:k;ol (2) 
wtuch helllbQinly bellmd lhe anl8nDr pole ollhe coli. The 
nucle .. (3) bu a sbgblly -re --.nee No:e the 
loop In !be llaQellum. illusttatuig • type of !iaQellar (whlp
laah) bea!liiQ encountered only "' e1191""'cls Much of the 
eytOplasm •OCOJPied by polysacchande .,._ QllUlUies 
c•> lJtii,.,MlaJ Ultwfereoce oontmM 

e.g. ASTASIA, MENOID!UM 

90 

f9n ta - dlVIdmg (Jmgmr!mol ~) ~ 
1D lftOII ~ " begms Wl!b dt~ PI ol the Aa; " r 

CIICIUl& 1>11>....:1 b)'-and-by !be j)i()(,Ji I 
of !he-bmw from die !rm! 10 !he bode of !be eel. "' 
ct. ceu !be .- (I) line dMded. '!'he 8IQte •••"""' 
a.qellum (2) from each oeD • shan. .... IMeiU - the 
llogellar I)Od<ec (3) '!'be OOillniCIIIe - (4) ...... 
thi!u cont.,.. iDlOlhe ~ pocke< - c:onlniSt 
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B Thin !lagellum. beatlllg noc as a whiplash but more m a breaststroke or undulating fashion. 00'1'045 

46 A Thin flagellum. beallllg m a planar sine wave. Usually trailing a thin stallt or strand of cytoplasm. The 
(44) boclyiSsmall(usuallylessthan 10 lUll) and apple-shaped. 

(Step 9) DETACHED ACTINOMONAD FLAGELLATES 

B Flagellwn inserting at the conical pole of an almosl amoebo•d c:ell, beating rather lilce a flexing rod. 
Cells small. usually under 20 linl- <- notesaller Step 39) SLIME MOULDSW ARMER 

46 A Two or four flagellA, equal m length, be• ring W11h a breaststroke movemenl at the apex ol the cell The 
( 43) oeUs are usually ovoid or have blunt posterl« prott\lmOI\S. Most spedes are 10-30 lUll long. 

There are !WO common genera. Po/yromella (f'1g 
93) wtth rour Dage lla (de Ia Cruz and Gittelson, 1981). 
and Polytoma (f'ig 94) wtth rwo Oagella and a cellu· 
lose wall smroundlllg the cell f'or a general gwde 
to volvocid hterarure. see notes alter Step 21 f'or 
colourless genera. see PnnQsheun (1937). Lang 
(196Tl and Galfal and Schneider (l!Bl). 

93 

94 

B N<M as 46A. 

eo 

Figs 93-SS COLOURLESS VOLVOCIDS 

ng.,. 91! :bi}t>wa A IDCJClje, :: d cldtwopiJ!'" (d: fiQ 
113). tbiiJS one al the-ooloar-01',.,3 'nle cello bave 
no <:blomplam. bu1 ...wn many CJI the olliOf dJsnngln!lung 
reoueo or c:llloroph)'lea The body 11 enclclled "''Oihm an 
OJ'OllliC ceU wall ()). and there are IWtl apcatllageBo (2} 
(Po/'frDrne~Ja cs a related Qenlll w:ll\ low n.toeDa and no ceU 
wan '!be nucleus (3)-"""' lhe otnlle CJitheoeD. and the 
~ rn:ocally ._very granula< because ol poly
e:dlande --(4 ,_vram•les toCeu re
- .. assoa.--ct>)....,r~llldmay_,.,_a Qr...,..._ ___ llgllrmo_ Care-

be-., coo:£rm -· QrOeD- lS.,..,...,. or 
not """ .... -aldooag !!rillS ...... tbe ceiWlilh 
bnlllll·l>eld opDCS and - the .. 1111 luiJy open 
Dllkrm<ai _......., COIIII-

00'1'047 



 

STEP 

A lnfiexible body that tapen posteriorly or as SJgmOid. wtth two flaqella emerging together from an 47 
anterior groove or channel that as sunounded by an aggregaoon of small refractile bodies. The cell body is ( 46) 
rounded in croa section and typicaDy contams numerous refractile Starch grains. Cells swim freely o: 
come to rest near detrirus. Normally 20-40 111n long. Figs 96 & 97 CHILO MONAS 

Ctyptomon;;d:o .. re oornJn.Jn Mas< genera comam 
Qlf-9Teen. blu~een. golden or reddiSh chloro
plasts. and may occur m blooms (natuial occurrences 
of !ugh densities of cells) Genenc JdenuftcatiOn of 
oriJ81USil1S With plastids U$13lly reqwres electron 
rrucroscopy (Pal1erl;On and Lan;en 1991) There are 
rNO ookJurless Qenera. QuJoaxmas belll9 particularly 
Widespread and a weed. The other genus IS Gomo
monas (Step 48) Whether With or wtthout chloro
plasls. most cryptomonads have bodies that are 
rounded or only sh¢ltly flattened m cross :secnon 
wtth two flagella emergmg from the ansencr open
mg of a groove (often tiUS!eedJ.ngly referred to as a 
gullet). The body usually tapers and twiStS shghlly 
postenorly. There IS normally one contracttle 
vacuole per cell this vacuole diScharges mto the 
Oagellar pocket 

The cell sometimes has large. pmlash refracnle 

96 

B Notas41A. 

c:rysWs The refract.le bod.. "' around tht. llagellar 
depressiOn are extrusJble rganelles call<..>d e,ec
nsomes. They are expelled by trapped or otheiW!Se 
diStressed cells. causmg them to JlllllP suddenly 
baclcwards Other behaVlOUI' mcludes brwards 
swunmmg (flaqella duergem bUI duected br
~'ards). backwards swmunmg (winch may cause 
dilliculues m tdenufytng the front and the back of 
the ceU). and resnng (httle JlaQellar acoon) The ullra
structure of Chilomonas IS descnbed by Roberts 
1981b). Ka!bablephans (p. 181) tS a cclourless llagel

la:e wtth two hnes of relracttle txxDes It lS some
umes allied With the cryptomonads (Bourrelly, 1970) 
and may be the same as the manne Leucocryptos 
(Patterson an<l Larsen. 1991) for Klenuftcauon at 
the bght-mtcroecoptcal lev'- see Bourrelly (1970), 
br manne speoes, see Butcher (1967) 

t'lg!ue 97 ""' ' ·- n.. •• "'*""- c:ryp - -(d Fq .:$J but alias a rypcolan• w'llbop.. • rlQid 
bocly. oAen ..,...., lbe paslsoor ..cl ~ (oor.>eCJmes 
even pomted) 'lba amenor end or ibe cell IS ondented (I) 
wM<e ibe fla9cll .. pocket or grOO'o/8 opens. 'i'w<J n-ua (2) 
P"'IIICI l'mm lbe QfCIC>9@ wbldl - ibe c:ell IS t.ned bf 
e=ble ..,......,....., ro The oonaa<:llle vacuole ( 41 bes 
..., ibeDXlOIIIIl!em<-crme oell1berxx:leai(SlB 
·~ ~ aad rllld1 "' lbe C')10plasm • 6llocl -
SlorCb - (6> o.tf"""""" mterf~rt>!IOt! <:onaast 

OOT048 



 

&TEP 

48 
(47) 

A Small (1>-1 0 J.Utl) flattened cells, with two divergent flagella ansing together near an antenor lateral 
comer of the cell. Movemem is by sloddmg parallel to the substrate. A smgle refractile bar runs parallel to 
the antenor marglJIOf each cell. Figs 98 & 9900NIOM ONAS 

GolW17101ldS. often called Cyalbomonas (for name 
cbal'l9e see Larsen and PanexsOn. 1990). IS an 
arypJCally shaped member or the cryptomonads 
(S!ep 47) Ultrastructure ts descnbed by Miqnot 
(1965) and tn Pattel'llOn and Larsen (1991). 

98 

• 

Figure 99 G"' A <XIIow- crti*AJUad ~ 
lo!e Memberso!tlia-ate~ ocher a ''*"n<lllliCI:o 
G1 that Ill& oell:s ar" lla- ODd tbe llfOOY8, wtudl IDO[· 

mally plun<;jes iDID lbe cell 11M u a lholllow QUileY """* 
the lla- antenor 4!nd or tbe oell The loc:euon ol lbe 
gulley can be seen by lbe lllle ol eJe<;taauw that bes 
alollQIIde u (1). 'nlere are two llaoella (2) emerg>nQ near 
one or the antenar cornea of tile oell a oanole median 
ni>Cleus (3), and an antenar eontraellle vecuole (4~ This 
genus '"common. a.lbcugh 1t 11 rarely r~ned It noanaUy 
moves by sloddmQ aJono the lllblttate. and "' osuaUy 
known as Cya~ 1'1-.oonturst 

B Cells Wllh unequa!Dagella or W1th llagella nee emerging at the same poinl on the cell surfaoe. 00 TO 49 

49 A Cells wuh a long, und•J!atinq llageUum held in a gentle arc extending from the rront of the cell. and a 
(47) second shon llagellum that CUIVes backwards to he near the cell surface. Coloudess chrysophytes (see 

50 
(48) 

Step 6). 00 TO 50 

B Cells with two or more llagella. If there are two, they are equal in length. The nag ella may emerge from 
opposmgsideaofthecell. OOT051 

A Cells coated in a layer or very delicate spu:uleL Body S-20 l1ltL F'iqs 100& 101 PARAPHYSOMONAS 

62 



 

Parapbysomonas IS a colourless chrysopbyte (Step 
6). The Sl:ncules may be eVIdent only as a halo 
around the cell. This IS a very common genus, the 
cells of winch may swun around or temporarily 
attach to the substrate. ather by using a thread-like 
extension of the posterior end of the cell. or by sec
retmg a dehcate mucotd staiJc (Flgs 28 & 100). The 
scales of most spectes m the genus are too small to 
be VISible with the light rrucrosoope, and generic 
and species identificallOn reqwres electron micro
scopy (PrelSlg and Hibberd. 1982. 1983a, 1983b. 
V0!S et al .• 1990). 

100 

B Cells without spicules. Body S-20 v.mlong. 

Spumella IS a colourless chrysophyte (Step 6). As 
members of this genus are tdenllcal to many 
spectes of ParaphJf$0monas (Step SOA) wben 
vtewed wtth the light rrucroscope, the absence of 
scales must be confirmed by electron rrucrosoopy. 
The ill-defined genus Monas IS regarded as bemg 
the same as Spumella (see PreiSlg et al. m Parte.rson 
and Larsen. 1991). Detailed descnptions are gtven 
by Mlgnot (1977), and taxonomy is d.Jscussed by 
Bourrelly (1967) and Starmach (1985). IndiVIduals 
may attach temporarily to the substtate and may eat 
bacteria or other small protiStS. 

F'lgure 101 l'l!nlp/!ysomoo A coblltess ~ W'l1h 
tbe one short ftaoellum (1) at>d ooe loog (2) flagellum that 
are e:haraclensllc ofthlsQICUp. The rruc:leus (3) bes near lhe 
basesoflhe ~!Ia The-.. ~ by having 
no c:hloroplasos (lhe golden obJect IS a i:>od vacuole) and by 
t>emg coated wub a laJ"!l' of debcaoe spiCUles (4). The 
scales of most """ "'' m thls gemJS can ODJy be """' by 
electron rrucroeoopy Inside !he body be nwneroos food 
vacuoles (5) W'l1h dillerenllands o1 mges1a. Pbase comrast. 

Fig.l02SPUMELI..A 
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:STEP . 
51 

I (49) 
A With flagella emerging from opposing sides of the cell,latetally, posteriorly or anteriorly. Mostly 
under20 ~long. FREE-IJVINGDIPLOMONADS 00'1'052 

Most ctplomonads are parasttes (Lee er a!., 1985. 
Patterson and Larsen. 1991). but a small number of 
genera OCCUI m natural bodies of water, usually in 
orgarucally polluted Sites and under fairly anoxic 
condltJons. They typtcally possess two nuclet and 
c!USlers of four flagella which anse at the antenor 
ends of lateral grooves m the body Genera and 
species differ m the relauve length (and therefore 

the VISlblhty) of the flagella. Some speCies swun 
and tum Wltb a cbaractensnc stepWJse rotauon F'or 
general comments. see Pattezronand Larsen (1991); 
fin descnpUons of free-hvmg species. see Galaway 
and Lackey (1962). Hanel (1979), and Lemmerrnarm 
(1914). Electron DUCroscopy isdJscussed by Eyden 
and VICkerman (1975) and by Brugerolle m PatteiSOn 
and Larsen (1991). 

B Wilh flagellaatising together, at, ornear, lheapexoflhecell GO T0 53 

52 A With four Oagella on eilher side of the body. One is long and projects laterally, while the other three are 
(51) shorter and difficuh to see. Cell body 7-30 IIJlllong. Figs 103(a) & 105 TREPOMONAS 

B The Oagella not only extend laterally, but they may also lie in the groove from the point of flagellar 
insertion, and ttail behind the cell. or even project in front of iL GeD mostly 10--30 1101long. 

64 

a 

Figures 103(a) & (b) Dlplomonad ~tes. 'n-e
(a} and HexaJII~ta (bl Me& Qeneta of dlplomonads are 
paras~tas. and lhe rewoenera lhetare fre<>-bV!.nQ are usually 
lowxlin oroamca~~J eiU1Cbed (and usually anaerobtcl sues. 
The cells Oie bolalE!rlllly ~ alorg their long!•"'"'"' 
al(IS. There are two an:eno• nuclei (5). and assooated wnh 
each are lour fla9e1la wludJ anse at !he M8d of a groove m 
'"" hMv ~ ,.. <>MOta maylx> c!.JsttnQwst>ed by lhe 

Figs 103(b), 104 & 106 HEXAMJTA 

lelauve leogtbs o( the llagella and by the 116lb&llly or the 
bocbes. In both !IOI'I<!!ll one llaQelllm1 cl bocb QUa.rleO$ eoaeu:ls 
latezally (I) from lhe beild ol tbe groove, The remamder be 
Wltlm the groove, W!lb thoseclthe more pliable 'JTep<llllMOS 
(2) oot extendmg beyood tbe poole1'ilx JI1iUQ1D or the cell as 
do tboseoC HeDnutJJ (3). Thi!S8mgarusms may leed 81lher 
by eobng baderta (4) or by I)OnOC)'IOSOS. Phase c>mlra$l 



 

105 

6 .... 
• • 

l"oguro 101 Hera.,.. A <bpk«oooed. Ill llus - one 
AoQoeUum l40j6CIS bwa!ds (I) and llw rornomdllr be 1D lbe 
gn>CMt Ooeolllwlolle<maJbe...,oneoch-811be -ncr .m allhe 01!11 (2 1be oolll .,..,. loocl """""""" 
CXllliiiiWIO beciPill (3) Pfase """"' 

STEP 

A With four flageDa and a slit extending from the site of flagellar msertion. 10-20 IIlli Iong. 83 

B NoslitandlWoflagella.Cellbodles 1~20 ~· 

Tetranutus and Naeglena (fig 206) are hetero
loboee•ds (Page and Blanlon. 1985. PanetSOn and 
Llu3en. 1991J In both genera tbe llagella!e IS one 
S1aQ8 or a polymorpluc hfe cycle !bat also mvolves 
amoebae and cysiS. For light nucrOI!ICOpy or Tetra· 
lllltus. see Bunong (1926) and Bunnng and Wenncb 
( 1929), and i)r ultrastructure. see Balamuth er al 
( 1983). Naeglena IS of mterest smoe one free-hvmg 
spec~es IS able to mvade the cenual nervous system 
through the nasal muc:osa. and causes a fatal merun
gtta nus speoes IS bind m warm waters (Marnnez. 
1985, 

Shme mould swanners (f19S 20 & 64) may have 
two or more llagella and may lcey out here Flagella 
Ul9el1 at the apex of the c:eU. wtth a oone holding the 
nucleus near to the llagellar bases. 

107 

A The chloroplasts (and cell) are bright green (chlorophyll b pr-nt). 

B Thecolourisoff~een,go1denorred. 

Fig. 107 TE'I'RAMlT1JS (Bl) 

(Step 112) NAEGLERIA 

GO TOSS 

GOT062 
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(39) 



 

STEP 

!18 A The cell IS ngid, with a SITlOOih organic wall and two or four llaqella ol equal length, beating with 
(154) brea.siStrolteacoon. (Step2l)VOLVOCIDS 001'056 

B Wllh one tluck lagellurn. bea!U\9 W\th a whiplash motiOn (coils are pushed alonq the llagellum from 
base to tip). The cell may squinn or, U ngid, n is usually spirally sculpted. One genus bas uoundloric& from 
which a single, long OageUum emercJes. EUGLENIOS 00 TO 60 

Euglerucls and volvOCids are the only rypes or llagel· 
late Ill have bl'lQht gieen (grass green) chloroplasts 
(compare the rypesofplaslld m Fig 108) Members 
of the twO grol!pll can be dlsungui3bed fairly easily 
as eug.eruds norma.lly have one emergent thlclc 
OageUum and can sqwrm, while volvOCids have two 
or more th!n Oagella and are ngtd Wtth the excep
llOn of Trachelomonas (Step 63), eugleruds do not 
have smrounclmg oeU walls. Both rypes of flagellate 
conlam a SUQma. but tlus lS located wtlhm a chloro
plast m voM:x::lch and m the cytuo:*&u ol euglemds 
Euglemds have a fla9ellar pocket and a II1ICieus 
usually wtth a giaDular collSlStency Some colour· 
less eugleruds have been keyed out already (see 
Step 32 and the illlowmg steps) as have colorual and 
colourless volvoods (Step 24, the lollowtr19 steps, and 
Step 46). Only a small number of Qenera of volvOCids 
me keyed out below For a gwde Ill the appropoate 
blerature. see notes after Step-21 

Figure 101 ~..., ov-- Tills I*'IUI•-o 
_,.,., of plosodo W1tll clllcropbyl b. as 111 tile la:98f 
D ;law (It and~"'\lllcllb.,..Ct!lsUnc:IC. .. IDibe 
tmaller du,soplry1e. ~ (2) ~u b ,. 
broom Qteen. wbereas c:hlorophytlt a and e are oft'"91"een or 
yetlOWISh Only one lloQetlum (3) emerges 11om Ellgieoo, 
wher-~halo tono (4) enc:t a !bon !logellum 
<5) All.,_ (6) beo neor lbe flovel1or poc:kel/colllroelll& 
_...... (7) of 129' • tile ...-... (9) ol - "- • 
dln!pled -ranoe The relrac:llle bodles (8) lfii10 -
c:bloi• • '- are poty.c tJe de a::.aoe orac:u- OJ. 
lor...-1-CDIO-

96 A The cells are spmdle-shaped, with the Oagella located at one apeL Cells 2~ j1ll\. mostly about 
(86) 30 ~ Fig. l09CHLOROOONIUM 

109 

' 
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B Tbecellsareno1~ 001'057 

A The wall is pressed close to the sutface of the cell. 001'058 

B The cells attach to the wall by means of thin strands of cytoplasm. Cell body 20-70 11m. 

Haematoooccus can develop a bngbt red PIQDlent 
that masks the green colour. Consequently 11 reap
pears m tlus key as a non-qreen Dagellate (Step 62). 
This adapuve red colorauon JS encountered m some 

Figs 110 & 111 (a) & (b) HAEMATOCOCCUS 

eUQleruds. and IS held to be a protectJon a~ 
mtense radlatJon. Haemarococcus IS often found m 
shallow puddles. where u stams the water red. 
Joyon (1965) giVes mfonnanon on ultrastructure . 

...,1,----- --, F'iQurM lll(a)&(b) Haem.i~ AmocllecbloJol)ll)1e 
~ch ceU bas 1WO lliioella (I) and 13 endo!led "' • sM 
oroaruc theca. 10 whiCh 11 ,. auac:hed by llun strands of 
C'fiOI)Lasm (2) The cells ha...., chJorophyU b m their eh.loi'C>' 
plastllll!ll8llyQ!<MQ !hem a bnQhtgr-c:ob.u Ho"M>V<>r. 
liDdf!r $IOCDI&~(eo ~ r•'<B'•m) they Wlll 
.,._..,~ an addltiOIIII 8CaJiel pogmOIU Nl!o::b IUml u., CO'll 
red 'Th!s gema ~· m sbi!lk>w poddles. and the doMIIop
ment or llle seoond Pl9menl "' de,.. biQorns of cella may 
CQI.I!l8 the water 10 rwn red. or C8U$D a red rum to devfolopon 
tJl<, !UbsuaJe .mdlor •• the aurloce of the wateJ l'tiMe 

L----_.J a"rrllllSl 

b 

STEP 

87 
(96) 
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STEP 

58 
(51) 

A The cells are rounded (spherical or ovoid). GO T0 59 

B The posterior end of the cell is drawn om into squat arms. Cells 15-50 jlin long. 
Fig. 112 BRACHIOMONAS 

59 A CellswithtwoOageDaandoneconttactilevacuole. Mostly 15-JO j!Inlong. 
(58) Fig. 113 CHI.AMYDOMONAS 

Tlus wtdely mvesngated genus IS ex:tellSIVely re-
vtewed by Cam (1986) and Hatns-{1989). 

113 
112 

B Cells with four flagella and two contractile vacuoles. Cell body 7-40 jmllong. 

68 

Figuie 114 Outena A ooocold dlloropbycean green 
algae. dlslmq!llsbed lmm the more !amili8r Qllamydom<> 

- b,. iiOlcur -!Ia (3). -lo<>O'!M>·-.. -protiUSIOil (4) Tbe cells are bogbt green ""'""- of the 
eup.sbaped chlo:ol)lasl (I} I)Jglemds haVe chlco•ol)lasls ot 
the same oolour bul membens of tbe two qroups can be 
d:snr.gwslled because chlorophy1es have a ngxl and unrld
ged ceil waD. and because the red eyespo4 or~ (2) bes 
U\$lde tbe plaso<1 The p!asod enc:losas the rruc:leus (6). and 
the oonnacnle vacuoles (5) discbarll'! antenotly DJ/· 
fer8Dlll!l uuel'ference o:>ntntSt. 

115 

Figs 114 & 115 CARTERIA 



 

A The cell is enclosed by an organic vase, with one long DageUum emerging from a single opening. The 60 
loricamay be smOOCh or have spines, and tends to become brown with age. The loricae of most species are (55) 
between IOandSO IJllllong. Figs liB& ll7(a) &(b)TRACHELOMONAS 

Trachelomonas as a frequently encownered genus. 
For taxonomy, see Huber-PestaloZZI (1955). and for 
structwe etc., see Dunlap et aJ . ( IWJ), <.:owe and 
OtiS (1981) and West et aJ. (1980) 

-
Flglno 117(a) & (b) ~ Two apeoes or llus 
Qetlll ot free-swu:nmmg. loncaled ~<~Qlemcll are shown. 
'lbey tnhabn ngrd loncae (I). and a IIU>Oie. lonQ llageUum 
(2) emerges from an apocalapenwe (3) "' each lonca. 'lbe 
outline of the ceU IS more evtdent 1n lhe apectes vnlh lbe 
ap~ny Jonca. but in both cases ~reen ehlorC)J)I8sls (4) are 

B Thecelliswithoutalorica. 

liB 

b 

• 

e'lld4nt OC1 1he OU1er - or the ~lla Al1hOUQII ih• 
chloro~ themoelves ore bright gr...., ond oontalll 
chlorophyU b. the cells &re I.I$U&lly 91>l~n or brown owm~ 
to the alllorpJOn ol ""/tal sal1s by the lelil The 1ed organeDa 
(S) IS the oyespo~ (sugma) Dtlferenaal /JIJerlcronoo c:oouasr 

OOTOBl 

69:__..jL---



 

81 .ll The cen IS llexible and JS more or lea spindle-shaped. Speoes vary greatly in length, from 20-300 lilt\. 
(10) F'ios 118-121 EUGLENA 

Euglena IS an exteiiSlvely stuehed genus. and sev
eral books have been dedJcated to 11 alone (Buetow, 
1982). The fi<>x•bility of thf> ""''l" L" •llustrated in Fig 
119, the vanous shapes bemg achieved by an acnve 
sqwrmmg (abo called metaboly or eug}enotd mer 
oon). There IS a SIDQle emergent Dagellum, but thls 
JS more e'lldent m F19 lln m wtuch lhe loops that 
progress aloi'IQ lhe Dagenum are VISible 1be eye
spot or sOQma ties outslde the chloroplasts. The 

118 

10 

body sunace ISspually sculpted. asseenm Fag 121 
The spectes illusttated here is wtlbout emer91Jl9 
Oaaella. a state encountered m a number of mud
dweltin9 species, and m swunming eugleruds that 
have senled agamst a water-au or water-61•bsttate 
mterfaoe. 

f'lgute 119 Euglena The vnnouuba(:>eS thanho body can 
adopt reallt !rom a form ol wntbmg re!eaed 10 • mut.alx>ly 
">r •~<~'eood mooon 'l'boa propeny ocnw..,.,!ly closba· 
oumt- -9-'K1s With QleeD dlloroplasts !rom' !!>for m
ol greeu o10ae Eacb cell bu a obglllaDJeDO< nionl.ltiOil (I) 

-· the ._..... poc:Q< - .. tbe cellowiace. -•M~• tb1t S1DQ11e ~hx:n (2) tiiDE"f'QieS ~ Nd •t I OC 

JJ "*"be oeen "'all or t111t calls DrllerenaaJ -~~""" 
~ 

f'1Qw:e 1JO fl'.¢eaii N With mea Mag&envts lhare • cme 
-"''"'oel""4 .,.,...,_ (I~ 'lluaiS rei;wvely 1hd:. 0WW10 10 tbe 
rwun:tl md a• liP the n Ml 1be body • Dllabl& 
Ailo -.bie IS the reQIDII oldie ,._,.,. ~ tnlll all 

.,.,..r~y~:rg ClOIIt%aCllle ·- l2l Nixe • lOlly • llrlt 
nuciws (3~ Tbe mrfaoe oldie oei!IS supported by IWtlOW 
spnl. UJlelt>C:Icmc;j~ _, mdre reQIDROYef the Dox:lous 
(6l Tbe ceDIS green beca-lt • chloroplasu Wl!h chlor· 
ophyU b. Tbere are allo numetous polysaccharlcle IIOr
bocl.-(4~ wbrcbBie refracllleandliOliii!1llneS~n for 
tha c:llloroJ:IUIS (d I'IQ 121) N .... lhe a-Uar poc:QI IS 
tha red ._ (5), ID'fOived m •wrv tbe du1rc:tal and -!yolbgbl _..,.,._ 



 

• 

Flgun 121 .!llgkona Sc:m! speaM ., .... - lob lbla 
ooe. lactt an ,..... ~ aud...,.. by Qllc1no. Tla 
ll.io:e 1bot - -·IOUI' .-:nbed Ill ~ 119. bas 
- Clllled euglenoo::l - MQol cl-_... .... ""'le lalQe aud are o6on looDd m null. '!tlio poroculor 
_...boa • ...u number cl ftty larot I)Oij*>CIIiilde 
IIOf-~(1~ A large nucleus(l). one- (3). aud 
the IUifoce rldomo (4) caused by rhe IIJllll clma~erlill lbar 
!live !be body uollhape may abo be aeen ,. oreen colour 
ODIIlM from the phoiCIOYNhellc 1>001 1161111 ( lndl.iclmQ cbloro
J)IJyU b) 111 the~ DllletmtJal--contrliSt 

B The cell fs DO( flexible, but is compressed and usually spiRI)y ICUlpted. Most species are 15-50 I'1D 
long. Figs 122 & 123 PHAClJS 

122 

Flgtn 123 .Phocus; t.)(e cblaropbyce&n llgoe. ~ 
llle<lc • ;I '' bo>e ellloraplasls COill&lnlllg cblclopbyU 
b DaglenldlmoyU!1811ybe~ by lbeu oblllly 11> 
I<IUU1IL or..._. tl:e PJac:m. tlwy-.....,.. .,. ...... 
or me ~ h8llcaiiJ M JD me. • ;? " Cbere 1S a 
tude. ntl de u at, .. 1 emetOERJl hge'twn Ul n. .,aiPJt 
(2) • a1oo omdo111. • • the green-.... ci!M cell A ~ugec 
--or-Me (3) aDd. nucleus (4) .,., .... be ...... 
Dtllanmrw.-rftueDce c:ootn~St 
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STEP 

62 A The cell is red, rounded andrigid, with two Dagella of equal length inserting at the apex, and with the 
(54) cytoplasm running Oil! to the cell wall as line threads. 20-70 llJI\ long. 

Figs 110 & Ill (a) & (b) HAEMATOCOCCilS 
See notes to Step 57. 

B Notas62A. GOT063 

63 A Brown cells in a smooth-walled or spiky lorica, with a single opening from which a long flagellum 
(62) emerges- 1~70 llll\long_ Figsll6& 117(a) &(b) TRACHELOMONAS 

See notes after step 60. 

B Notas63A- GOT06( 

64 A Two Oagella of more or less the same length emerge together from a slight depression at the front or 
(63) anterolateralmarginofthecellFlagellaariseinapoclcetlinedwithrefractilebodies. IS-aO IIJI\long. 

THE PIGMENTED CRYPTOPHYTES GO TO 6S 

See notes after Step 48. The cells can swun back- keyed out here; for others. see references in the 
wards and this may lead to chfficulnes m distinguish- notes after Step 47. 
1119 the front from the back. Only two genera are 

B Cell with only one flagellum, or, if there are two Oagella, they are llO( of the same length and do not 
emerge together from a point near the front of the cell GO TO 6E 

68 A Small, blue-green cell(about 10 IIJI\) with several chloroplas1s. 
(84) Fig. 124 CHROOMONASICYANOMONAS 

B Yellow.greencell(uptoSO IIJI\). Figs 125& 12SCRYPTOMONAS 

124 
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Ftgqre La6 ~ A typc:al c:rypll:lmOCIId ~
la<e 1'1» body il nQ1d and at u. an~enor and (I: bas a 
dep n llal iloften relerred 10 as a Qllllet 1111 • rms
leodmr;l._..,•p'w; n>pl>y-ll>loocur Two~ 
one<(-•-J>ere(ll. .,..,ro&l!omd>e--d 
the gmove. n.. pocllOO or me oroove .. ""'""led by the 
e)eCilSO!MI (3) rhat lme riS borders These are exrruslllle 
orgrmelles and. d die cell 11010 b11Pped (e Q be<WMn the 
side anc:l c:ooenbp) !bey "'"' be Oi!Xliaded ......... ly 
CII1Bil9 111e .,.. "' ,eri< -area '!be oe11 ._ ., c«
Q>'eenc:olow Mmaocspo!J""' l•.-...._bodles(4) 
owear 10 liD lhe Ci IOiliaSm (S) llld>c:ates the loc::enon d 
nucleus. DtlfenmiMI mtederence a>ntzast 

Figure 128 -...,.. A syuur4100a11 cll:rf-",.. "'!loeb. 
..Jce ocber dursnpb)t..,. bas c:IIIJroplasrs II) con'"'""'9 
c:bboplry• a and e '!be oell llleret>re M8 llle cl>ar
actensoe~colout 'n-~-du; ;tlJ"tCGWC 

- wtth •I._.. oc:aJes (3) AlldCI>ed 10 the body surface. 
In rhls eel. there • a layer <( llnoJl oc:aJes ooar the body 
IU1face. and a II>W long@r _,. oc:eles (2). Synurgpbytes 
blve ""' llaQollla. bur cboy eannot be seen m 1111 moao<Jn.n ~ mO!d!reoce CDnll'ast (Pbolo CliuQ 
Sandgnm) 

STEP 

A Cell with OM Dagellum and a layer of IICales and/or spmes. Species vary between 10 and 70 I'JTI m 88 
leDglh. Figs 127 & 128 MALLO MONAS (84) 

Usually regarded as a land of chrysophyte (see or spmes. In MalJomonas only one flagellum IS VISible; 
no1es after Slep 6). scaled forms such as uus belong olher genera dlfTer m the number of flagella and tbe 
10 lhe Synuraceae. l'ull ldennfication reqwres the charclcter of lhe siliceous malenal (Stver. 1991 
use of ek:cuocr~ appeanmoes oC scales SWmach. 1985). 

B Cell without a coating oC scales and spines. GO TO 61 

A 'Mlebodyoflhe cellisdrawnoat into several distinct points, and is often 1arqe (greater !han SO I'JTI). ffl 

CeratJwn IS a planktomc dlnoflagell<ne Most dmo
Dagellates bave twO flagella. one bes IDSide an equa
lonal groove (ci.DgU)um) lha1 passes around the 
body, and the olher bes m a longitudmal groove 
(sulcus) and usuaUy trails belund lhe oeU The em
gular flagellum bealS wllh a very sballow amplitude 
and may be dJ1!icuii to see Thus. the oeU may seem 
1n MVP only a smgle IIalbng flagellum. One or both 

Figs 129 & 130 CERATIUM (88) 

Dagella are often shed tf the oeUs are ilhmunated too 
mtensely. or tf they are squashed. Moslly planlclomc 
orgarusms. dmoOaoellates tend to be sphencal or 
shghtly llauened, and often occur m blooms (natuial 
occurrences of h1gh densllles of ceUs). 'Mle nucle1 
have a peculiar granular coiiSIStency due to tbe 
arrangement or cluolll090mes Cells 901Tlellrnes 
have " <>bgrnll or eyespoL 'nlere oze DO oonttacnle 
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STEP 

vacuoles. but some cells have a oon-<X>ntractlle less repre s n1anves (Dodge, 1985. Spector. 1985; 
pusule Some specJes are pbagottophtc (Patterson Taylor. 1986). 
and Larsen. 1991) and there are some entirely oolour· 

f1gure U8 c...m A J•• 'M • • "' " s ,_ _,...., 
abopea ._._ !be body bas - J)lllled ........ _o(_,_ •• ,,, ·--leNdlD 
c-.o!t-n and 111 !he ..... Tbe loDo """" may - lhe 
""""""or -.rqy ..,qwed oomaupm a"""''""' wnlm tile water..,,...,.. '!be eqt1010nal""""'" (CUI!I'IIumJ• rndomt 
I I). M a tile lralW>Q ._,,,m (2). '!'be chloroplilolo haftlhe 
...,_ or or811Q1! <XIIour tbat clmact..,.. many dlno
llaooJio•• Ootk oround 

B NOIU67A. 

130 

00'1'068 

811 A Cells larger than 10 J.llll, with a body that 11 mfler'bleor has evidem slilfening. Lan;Je, brown 
(67) cllloroplutsmoreorlessfilltbebody. THEDINOFLAGELLATES 00'1'069 

See notes after Step 67 

B Small cells (usually less than 10 I'll\), with one or two golden chloroplasts.. Two flagella: one long and 
extending in front or the cen in a gentle curve, the other sbon and bending backwards to 4e near the oell 
surface. Fig. 131 OCHROMONAS 

The archetypal chrysopbyte. See notes after Step 6 
f'or dJscusslon. see SlanJas and Gibbs. 1972. 
Hibberd. 1970) 
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STEP 

A Thecingulum(see notes after Step 61) is near the anterior of the cell (10-30 j.llll!ong). 69 

f'lgme 132 Amp/udunum A dmoflagellare m winch !he 
equalDJJal groove(CUlQI!lumJ (I~ wrth liS CIJliiUiar a-num 
(2). IS near the amerior end of the oeU The ceO IS COD· 
sequen!ly spllr 1010 rwo uneQUal pariS. NeaJ !he JU!lCOOD or 
!he anguJum and !he ion9rtu:lmal QfOCM! (sulcus) (3) IS a 
puso,le-W<e organelle (4) ot uncerwn Amcoon. The nucleus 
(5) bes ID the posremr ol !he ceD. The cluomooomes m thiS 
and acher clJ.noDageDate nucle1 are condensed. even when 
!he nucleus IS DOl dMdmg, and thiS OCOOWIIS Ia< the 
qranuJar ~ or the mx:!eus. ThiS speoes bas • 
cbloroplas!. the colour of wluch ,. eVlden!. bul the bound
arieS or wtDc:h are obocured by refraclile cyroplasm!c 
drople1s. DrlferenaaJ mte.dereoce COll1ras1 

B The cingulum is near the centre of the cell. 

133 

Figs 132 & 133 AMPHIDINIUM (68) 

001'070 

ALL SCALE BARS 20 j.IIll UNLESS OTHERWISE INDICATED 
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....... 
10 A The margins ohhe grooves are well marked by ridges, and the cell surface appeam to be divided into 

(88) plate~. Cell length 20-100 j1l1l. Figs 134 & 135 PERIDINIUM 

flgare lM .Pl!J .. v,.,,. A d!nn0a.7*te wm a~ 
dleca IJ'II!I ,.. ..... lbe eel -.braae (C{ f'lo 138). 
Becw•otdleU.C..dJmlla~ Dnwliketbaarer-..r.ctiO 
• beu>O --'- The """" - .,.,.,_ cllha _.are tbe-QIW•O!S (llle -11Dn11-or on
~(I) end the b>gt!UdmaJ QlWft or lllk:uo (2)l-'>cl 
wt.ch .....uy CIIIDeS a lla9elhuD (Jiot YlOible Ill 1llo pbotc>o 
QIOI)h) Tbe loiiQliUdlMI QlDCM!iWi!ixls ID tbe I I X>l cl 
tbe cetl. lu lha J*:lme, small e...leDSIOns cl tbe ellloloplall 
m.y be -a. The ooll bas a brO'IODI5h Ql80ft colour due 1D 
the combnaoon cl plloii:>Sylllheuc PIQ!nenll. Blooma or this 
01Qe11ate may Qlwt water an obve colour DJ!arenlMI mter· 
Itt..,.. ""'U&t (Pbolo 1111c1a canser > 

B The- is not divided into plates. 

135 

GOT011 

71 A The c:mgulum is oblique, and the two ends do not n-. Most species are IG-SO IU'II Ul length. 
('10) Fig. 136 GYRODINIUM 

B The two ends of the cingulum meet. Cell length usually between 10 and 50 I'll\. 
Figs 131 & 138 GYMNODINIUM 
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137 

Fiqure 138 Oymnoduuum A typtcal dinollaoellate. One 
llaqellum (I) uoually bes llllhe equatonal gioove (2). but tl 
has beoome separated tn lhe uppennost ceU; a second ltes 
tn lhe longtttxhnal gtoove (4), but muJs behind SWUllllUiliJ 
cells (3~ These cells have an oa-91een colour because ol 
\he combinanon ol ptgmenm tn lhe chloroplasts. A dmdtng 
oeU (5) IS visible. Differential mretference contnlS!. (Scale 
bar IOO~m) 

STEP 

A CeUs without cilia or flagella. Feeding and motion are achieved by cytoplasmic motion and/or by 72 
extensions from the cell surface (pseudopodia). AMOEBAE GO TO 73 (3) 

B Not as 72A (ciliates, suctoria jllld heliozoa). 

Care must be taken 10 distinguish between the fonna
bon of pseudopodia (temporary extensions from the 
ceU): squirming of ceUs, as may be typical of nonnal 
euglenids (which may am shed their llageJJa. making 
identificatiOn even more difficult); and the distortion 
that may be encountered in squashed ciliates, which 
may be very plastic. If you are unsure, try to find 
more ceUs to enable you to establish whether the 
arnoebotd form IS 'nonnal'. 

The ability to form pseudopodia is widespread 
among eukaryotes, and the protists that have this 
ability are not closely related. Major categories of 
amoebae are disnnguished by the shape and 
number of the pseudopodia, by other morphologi
cal features of the cell, such as the uroid, contractile 
vacuole behaviour, nuclear appearance and nuclear 
division, and by life cycle phenomena. Amoebae 
either have many pseudopodia (polypodia!) (Fig. 
l39(a)) or they behave like one pseudopod with a 
smgle advancmg front (monopodia!) (Fig. 139(b)). 
The pseudopodium may be broad and rounded 
(lobose) (Figs l39(a) & (b)), usually having a watery 

GOT0116 

leading margin (hyaline cap) (Figs l39(a) & (b), & a!O) 
into which cytoplasnuc organelles do not penetrate. 
Other species may have conical pseudopodia (Fig. 
l39(d)) or thread-like (filose) pseudopodia (F'lgs 
139(c)& (e)). Some amoebae have a broad advancing 
front from which fme 'subpseudopodia' project (Fig. 
208). Pseudopodia emerge from the antenor and 
anterolateral margms of movmg cells. The posterior 
end of the cell (urotd) may have dtagnostic value, 
bemg rounded. lobed or finely folded (compare 
Figs 196 & 202). 

Many amoebae produce loricae or tests. These 
sheUs may be organic, with or Without adhenng 
material, or they may be formed of secreted in· 
organic elements. Testate amoebae are usually 
Identified by the appearance of the test The beliozoa 
have needle-like pseudopodia. supported internally 
by stiff axonemes (Figs 139(0 & (g)), and are usually 
classified as amoebae. The 'axopodia' show llttle 
actiVIty, except when observed very carefully. Helio
zoa are keyed out elsewhere (Step 191 and the fol
lowing steps) 

.,., 



 

STEP 

General aooounlS of amoeboid classificatiOn are 
provided by Lee. Bovee and Hutner (1985). Page 
( 1988), and Page and Siemensma ( 1991). 

Tlus key does not deal Wlth very large amoeboid 
orgamsms, wlucb are nonnally referred to as slime 
moulds (see Lee et a1. 1985, O!Jve, 1975). Many can 
only be tdenllfied when they are m large masses. or 

after forrmnq spores. but pan of their life cycles .nay 
mvolve small amoeboid orQ8IUSDlS. which may 
eiiSIIy be lDCOrrectly Kienn5ed as soluary amoebae. 

Most smaller amoebae cannot be Kienllfied wub 
cenamry un! : they are ISOlated and grown m pure 
culture. so that the dtlferent stageS of thetr hfe 
cycles can be studJed. 

g 

~ 139 The dllletenl ~pocbal types eDCXJ~WR~ed m 
emo<.booe <•> poiypodJal. Willi 1111111y loDoae ~rounded) 
_..x,podla"-1'911>9 fxom the MIOne»' (IOp)oltbooeil The 
npa ol1he ~ have watery hyalme capo. and the 
PC*enor and ol !be cell • c:nunpl'ld (mood) (b) ""''>C>PUdJdl 
cell Wltb a smQle ~c ~'""' w;..:n has a hyaJme cap. {c) liJooe.' • ipXIa ~ {d) OOftiCill.,...~ <•> 
8lale aiJd 8M 9 Q' ~~~ ~ {f) acli'IDD
pod. wutt Ol!!!nlral ~ ,LfiOI'IIIIme (as ot • •11• P• ,., 
... Nil <W _. ,, 4 1 l• oe CI8DIJ'Obebd btlxGoe' wun 
s:mallel.:lescd W'ICb .. cwaw Utlusou::es 

'23 A The body is surrounded by an obvious test, and pseudopodia emerge from one or a few apertures. 
~ ooro~ 

74 
(73) 

B Amoeboidorgarusmswuhowatigidtest;pseudopodtaemezgefromm.anypansoftheoell.Bodymay 
have adhering scales, other morganic or orgaruc matter. 00 TO 74 

A Amoeboid oeDs W1lh 'chloroplasts'. 00'1'075 

B Amoeboid ceDs without 'chloroplasts'. GOT076 

Care ll1\ISI be taken to dJstlllQWSh between cbloro· shape. and mgested algae. wtuch W1ll be of vanous 
plasts, which will always be of the same colour and co lows as a consequence of dlgesnon of p!9Ulellts. 
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MAYORELLA VIRIDIS 

'!be oenus MayoreJJa IS illustrated m FlQS 87 & 192. (Wtllum3en. 1982; Page. 1981 1983) but M VllldJsiS 
The 'Chloroplas1S' are symbiotic al9ae. A few the most OliTl1'IIOD. A colourless speoes or Mayore/Ja 
spec~es or naked amoebae have suru1ar symbtonts is illusttated m F'tg. 192. 

B Amoebae with a small number of golden chloroplasts. Amoeboid chrysophytes. CeDs small, 7- 20 jUt\ 
mdl.ameler. f'ig. I40CHRYSAMOEBA 

See notes after Step 6 Hlbberd (1971) gtves an ac
count of the fine structure of llus orgarusm. and the 
taXOnomy ts chscussed by BourreUy (1967). 

818li 0T E C A 

140 /"--. 

'15 
(74) 

A Amoebae Wl1h thread-like (fileR) byalme pseodopodi.a.l\01 emergmg from a bro.d, clearly visible 18 
hyaline zone (compare Step llt:pseudopodiaareuinf'ig. 151, nausinFig. 208). (74) 

Some ti1ose amoebae closely resemble hebozoa 
(Step 187). m that they are sphenca1 and m that the 
pseudopodia radlate from the body mass. However, 
the pseudopodla are 1.\01 ngtd (as are hehmoan 
axopodta). they lack eXI!USO!nes (small granules 
moVIIlQ along the pseudopodJa). and are more 
uanstent sttuctures. F'me pseudopodta may or may 
not fuse (anastomose). Some amoebae, such as Ac-

FILOSE AMOEBAE GO TO 77 

anlhamoeba (see f'lg ln3), have fine pseudopocila 
extendlng from a broader pseudopodia1 front 
Amoebae wtth fine pseudopodia are poorly under
S2ood and are often a5SlC;IIled 10 several taXOnonuc 
groups, e g Filosea. GrollUida. aracbnuhds. a thai· 
arntd Granuloreoculosea or the proteom}'Xlds (see 
e.g. Grasse, 1953; Bovee. 1985b & c. Patterson. 1983, 
1984) 

B The pseudopocba arel\01 thread-like, but generally broad, ahtv..tgb they may have line sub-
peeudopodia aiislng from a broad hyahne region. GO TO 104 

A The lilose pseudopodia are visible when the organism ism contact with, and lllOVIJig over, the Tl 
substrale. GOT078 ('l8) 

B The thin pseudopodia are present only m !!oaring ceDs, but are 1 eso •tl '8d after SUIWJied COntact wnh 
the substrate. Size range grea1, up to severallmndred nticrons in dwneter. 

Figs 141 & 142 'AMOEBA RADIOSA' 
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STEP 

78 
(77) 

A radlosa IS not a spectes of amoeba, rather the 
tloatmg fonn adopted by many amoebae. Tlus fonn 
IS adopted If amoebae are derached from the sub
strate. The pseudopodia typically raper from a 
broad base to a narrow 11p The pseudopodia are 
usually resotbeU willun " ftow minut.,; of :;eUhng 
againSt the substrate. after wtucb arne the nonnal 
locomotive Conn redevelops. 

141 

A Cellswitbalayerofscalesorspicules. 

Figure 143 'Jimoe.bo RdJoGa' (or 'Asaamoeba radx>sa'). A 
body sbape adopled by many amoebae when tbey are 
de1ached 11om the substtate It IS a !loannq form, Ul wbacb 
the a"V'E'OOid body is ~ to an almost epberical 
mass ( I). from wbacb mdJate a srooJJ number of aape.rmo 
peeudopocba (2~ Some """"""" may !lave "smgSe extended 
poeudopodrum. OI'MOlhem a.comet-llke shape. l'oraocu
rale denttfic.anon the o.rgamsm rBU$1: firs. be alJov.-ed IO 
settle; the dJagnosnc: ellaraaensncs WlD become eVldent 
when ll s1a11s 10 move. Confusion wtth some tiJ<.e amoeboe 
IS also posstble. Pha!e CC<ltra$1 

GOT086 

Compare with bel.iozoa (Step 187) wtucb resemble pseudopodia have internal skeletal structures (Figs 
those amoebae that key out here. Heliozoan 397 & 406). 

B Cells without scales and/or spicules. GOT079 

79 A The pseudopodia anastomose (they branch and join up again so that a netWOrk is formed). GO TO 80 
(78) 

(80 
{19) 

B The pseudopodia do not branch or, if they do. they do oot normally fuse back together again. GO TO 82 

A Very large (up to manymillirnetres) with thin tracts of cytoplasm joinmg occasional nodes. Often pinlc. 
-Fig. 143 RETICULOMYXA 
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Ostwald (19e8) qtVeS a general accom!l of tlua 
genus. and other descnpoons may be found 10 
Nauss < 1949) and Koonce and ScbliWa < 1985). nus IS 
httle known taxonorruc terntory, and 1denllficat10n IS 
very dtffiollt Sol! envtronments may harbour many 
lal:ge retiCUlate amoebae. some of wluch eat fwlQl 

B Not la:ge (less than 100 l'fll) . 

143 

. 
• 

' • 001'081 

.A TypJc:al)y W1lh a Slllg!e body mass hom which very ICUft pseudopodia exle1ld. Many of the peeudo
pocha appear 10 be t.au1y rigid, as if they are IJUemally sutfened. Size range great, up 10 600 )llll. 

F\g 144 BIOMYXA 

B Many fine, rapenng pseudopodla extendmg from one« more masses orttacts of cytoplasm. The 
advancing front has a webbed appearance, and the cytoplasm Is often granular and orange. Very variable 
10 size: An&llest masses of cytoplasm may be 10 l-lJ!I; cytoplasmic networks may m-e many 
milb.meaes. Fio 145ARACHNULA 

Figure 144 &omyxa m Wtth us dun--~ 
podia (I) ihlao..- laJJs IIlii> a very poo<ly uncle
cateQOrY >I ..,.,.,bae Orgaruoms wub lhl$~n:>e or_, • 
...,. Yilt'/ encrmously tn «tze. but aD are~ by 
tile - oomry <1 lbe cell& 'Mih llte ~pcdlo < ll 
-~ "- -ODd renb9!1 very r.-1JY 
Tbe iclen!lAcaDaD -!tete "~ ~.,.\Ill· 
dooo.r boll tt.d are oome - wub 111e GliiOOIIx>d 
-cfdoioacduaud -....~ 4;.n ,_ .. _, • 
.. tJOi o I ~ ~""""'""' 

Llltle IS lalown about these or other naked fllose 
amoebae Aracbnula bas been descnbed by Oobell 
(1913) and Old and Darbyslure (1980) These or
garusms may eat fungi by cultlllg a hole Ill the funqal 
waU (Chalaabony and Old. 1986). they are related 
to Vampyrel/a (Step 84. flQ. 153). wluch may a:tack 
greenaJQae 

145 

81 

STEP 

81 
(10) 



 

( 

. STEP 

82 
(79) 

A Sphericalcells. 

B Cells not sphencal. 

GOT083 

GOT084 

83 A Very small organisms (less than 10 jllTI) wilh one or more orange lipid droplets occupying much ol the 
(82) body. Figs 146& 147DIPLOPHRYS 

Fme pseudopodia emerge as two tufts at erther p:>le 
of the oell and adhere to the substrate dunng looo· 
mouon. DJpJopbrys IS rep:>rted to form very large 
masses. and IS covered wrth a fme layer of scales 
wluch can only be seen by electron rmcroscopy. 
New species have been descnbed recently by 
Dyk.sua (1985). and are probably related to the 
cbrysophytes (Green et al., 1989). TbJS obscure 
genus may have been descnbed tmder other 
names, and may have been treated as an alga 

FiOUf8 141 Dll)lop}u'y$. M0&t IDCIMduaJs ID tJus QI!!\U!I (and 
D'l the sPeC•es D arcben) are very smaB and slow movmg. 
They are often ovetlooked. but can be common. Theotoan
"'"' moves by tufl.s o/I)SeUdopoda (I) wtucb emerge from 
apertures at oppo&te sdes ollhe ceO and sbglllly above the 
audiJDe o(the Cl!ll. The-1$"""" read!ly~ 
by the presence ol one or more ptcatw:letll golden or OCWli}B 

clroplelS {2) m tbe cytOplasm The speoE!$ JS sax:l 10 lo!m 
""IY lalge aggr-tes. The body bas a !ixedsbape beca•.., 
the cy10plasm a sunooncled by a waD oompnsed of line 
discs ol orgaruc matenat Anolhel or~ wblcb also 
C:OnlaJDS QOJden droplets, but wbJcb bas adhenng extra
- pamdes, Eloeor/latu$, lS bebeved by """"' 10 be 
•elated or tbe same Pbase contrast 

B Size at least 10 J.01l, often much larger. Colourless except for any food that might have been ingested. 
Some species have one or more mucus layers around the oell, and pseudopodia emerge from aD over the 
cell surface. Figs 148-152NUCLEARIA 

There are several recent ultrastruc:tuial accounts amoebae such Acanlhamoeba (Step 114), m which 
(Cann, 1986; Cann and Page, 1979; Mlgnot and fine tapenng pseudopodia emerge from a broad 
Savore. 1979: Pattersorr 1983). The genus includes byalme zone (subpseudopodJa) (Page, 1988). 
specres tbatare !lattened;somespeCJeS can be flat· Spberical. mdlV!d:uals are eastly confised W1lh hebo
tened or spherical (Patterson. 1984). Care must be zoa (Step 187) 
taken ro dJstingwsh between flattened forms and 
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148 

149 

~ 
• " r .. I 

Flgln lSI MJCiBdna 11us •allanened speaes. N. ,.,.,...,. 
In the-9"1'US llla1 • dl!Jsmued m Figs 1<4$ & 150. Some 
._ ct Nut::itJana can .clop( bach spbenral and Danened 

sbol)ell ID thlt "'*"""' ~ (I) ex~ead liom -
puU of the cell uface. ota~S~Doally ..-.g from on 
,,.,,...,... llyUne I1IQIDil (2) 1be J M!N d op: 3 ...,.MC•ng 
from dot lld'<I<IC>UQ Dl8l'!llll cllbe eel are oCan looQ and 
8DaiQIII. - - • lbe 1 • or end are sbcrler and 
- (3} '111ere • *'"wa nae...,ooe- (4 
Aloo - ... lbe OCJilllactJ)e ........ (5). ODd loocl 
......... t6)- ,.,.._..,. "'~ olgooo (7) -CQJC-

-

flgan 1!!0 M I "' A IIDc:learu<1 lime ......._ o- ol 
...., Cum-) - DOI1IIOily FOCk1ec! "' the -
~ ... _ Tins-- N --._...,.lao o 
RUided body (see f"'9. ISO> and _., tiDQ w-l·hlce 
- • • JM (ll 90 a IS _., - W1tb bel 
Jk:JW6fti 1he Jiii& \ •• .,.of me a:. M ... &Je DOl 
..,.led.-' tbere are 110 ~,. ~ 

.,. taJa!ly 1onget '" lbe leedlno a>az<T.n o1 the oe11 nus 

..,.,._ typcally bas hoc>eno (2) edhenng 11> a dun lo~r cl 
rru:\B. PIJll!l8 am.aasr 

Figure 152 Cysts ot M.lc:leanl. ,_. cYSII are lol11*1 
W1lllm -eo: "'"ot demb& £acb....,.,..... .,.u,..y con 
IAJDone or ......alliDCie< (I) ODd •IW10UII<Iod Wit.> au.ck 
~ "'.,.,.,. (2). In Ibis - - cy-.lonD ..,_ loocl • 
• •' 1 bul dley de riOII J)roled the • • 1 ceil from 
rt .._ (Codooo and Esser 1974 n.y pr IAt>ly 
-.,-lbe smvrml cllbe .,,_ -loocl• 
tabllnl by dec& : me,._ " made OD t»cS s vw 
by I I I - OUilll-
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STEP 

84 A Orange or pink cells, the colour being associated with cytoplasmic granules. Usually associated with 
(83) green algae., which they penetrate and eat. Cells 10-00 p.min diameter. Fiq. 153 V AMPYRELLA 

Vampyrella IS probably related to Alachnula. It is 
little studied. but a film IS available from the lnstitut 
fur W&SSenschaftlichen F'ilmen 111 Goningen (Ger
many) (Hul=ann. 1982). 

153 

' 

B Colourless except for any food that might have been ingested. GO TOSS 

85 A SmallceDs (usually less than 10 p.m)with line thread-like, granulatedpseudopodia(exnusopodia) 
(84) emergingfromonlyafewpoinrsonthecellsurface. Figs 154& 155GYMNOPHRYS 

154 

84 

Flgwe 156 Gymnophzys. SmalJ.IIammed amoeboid organ
lSI:JlS wtlh"""' long. tJun pseuclollO(ha. 1be pseudopodia (I) 
may branch and. more rarely. fuse back rogelher _,n. 
Very fiDe granules (exn'U!IOmes) (2) may be seen on lhe 
pseudopoc:ha. 1be cells move very slowly 1be oeD bodles 
are afteo found clustered 10991her embedded w cletniUs. 
maJano It dll!icull 10 see IndiVIduals. They mosdy eat 
beaeria (3). F1aQoDa baV'8 been obsened by eiea>Oh rruc:r<>
scopy (llllpUbUsbec:O. This OJ9iUUSID IS rarely reponed. bUl 
1S no« uncommon. PbasB cxmrrasr 



 

B Cells rarely less than 10 I'll\ in length. P8eudopodia emerve from the anterior II'W'glll m acliYely 
1110V1J10 oeDs. or from &llnwvins when SWIOIW'y. Some species have a layer of mucus over the body, and 
some&lsoadoptaroundedform. Flgs 14S-152NUCLEAJUA 

See notes after Step 77 

A Small cells (S-10 lUI\) With two tufts of fine ~emergmg fromoppostte ends of the ceU. With 86 
one or eeveraliarve orange droplets. The body IS c:mered wtth a thin s:rnooth orgaruc Ia~. (13) 

Figs 146 & 147 DIPLOPHRYS 

See notes after Step 83 

B Body surlace not smooth or pseudopocba not emerginq as two tufts. GOT090 

A Coating apparently formed from agg!Uilll&ted pal1icles (of sand, etc.), often With lip ad droplet in 87 
cytoplasm. Body 13-.20 lUI\ In diameter. F'iQ. 156 ELAEORHANIS ('18) 

B Coating formed from many sinWar elements apparently produced by the cell (rdioeorMS). See 
Saemensma( l981). GOT088 

A Body covered with a loose-lining layer oflong spines With broad, open bases. Very easily confused 88 
With heliozoa. Cytoplasm 10-20 I'll\ in diameter. Fig. 157 BELONOCYSTIS (87) 

156 

B Notas88A. GOT089 
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STEP 

88 
(88) 

A Body covered with a layer or small siliceous spheres. 

Figure 188 ~ n.. nueleen>d 6loee 
amoebiiUperfiaally reset11blel hebamo. and can be IIOSIIy 
c::ontueed With them. There are mun'""""long, tlun peeudo
pocllo (I) wluch lack tho-~ and extnl90mlllcllarader· 
ISIJC of helmoa. The body of 1 he orgarusm IS enCMed w&thlll 

a layer or hollow """"""" lpMros (perles) (2) Bectena 
tnilf -· 10 lho.,...,.-ollho perl8s. The cyiOpialm 
ISoltell "'ADIJII Membellotlheoo .... leecl..-l'r on algae. 
and the c:claur tniiY ()(- 11om lho btealcdown ol algol 
phoaynlhetx: Pl9ltl'!f.e& The OOili.IS ~ 1S 
clooely related. but n hos flaltened plates, not spher-. on 
the body surface Plta9f C::Onii'MI 

159 

FigS 158 & 159 POMPHOL TXOPHRYS 

I 

B BodycoveredwithalayerorDattenedslilceousdiscsocplates. F'iq. l60PINACIOPHORA 

Pompholyxoph.rys and PmaCJophora are often re-
ferred to as hebozoa. wh1ch they do resemble sup· 
erfic1ally. Careful observation of the pseudopodja 
shows that no strlferung elements are present and 160 
tba1 extr1130mes (small. di9Cl'ete bodies used for 
captunrlg moule prey) as seen 10. e.g F'!gs 405-409, 
are absent Tbey are related to the nudeamd fi1ose 
amoebae (Patterson. 1985, Page, 1987). Speetes de· 
scnphons are given by Ramer (1969). Recent ac· 
counts rely on the electron-rrucroscoptcal appear
ance of the Slbceous artefacts (e.g. Ntcholls. 1983a & 
b; Nicholls and Dilmchrmdt. 1985; Roi)SCkers and 
Stemensma. 1988; Page and Stemensma. 1991). 
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STEP 

A Test around the cell IS rigjd and bas one or more apenur• from wluchtbe pseudopodia emerve. 90 
OOT091 (86) 

B Test IS not rigid. bul there is a still. Oe:rib!e sheet (tectum) of line scales from under which the 
pseudopodia emerge. With large crystals in the cytoplasm. Body 1S-100 11ID. 

Flgs 161 & 162 COCHLIOPODIUM 
See Baric ( 1973) br an account of thl:s qenus. Bovee 
(198Sa) refers to seven geoeta or amoebae wuh Dex· 
lble tests. wluch some specabsls regard as testate 
amoebae In the strict sense, testate amoebae are 
those amoebae that have a ng~d test (lonca or shell) 
With usually one aperture (occaSionally more) from 
whtch the pseudopodia emerge. The testate 
amoebae form an 'ecologx:al' group winch mcludes 
orgarusms that have evolved mdependenlly but that 
loolc Wce each other because they occupy surular 
ecolog~cal ruches. Testate amoebae are diVIded 
11110 ax- With lobose pseudopodia and those With 
fiJose ~podia. General acx:omliS of testate 
amoebae may be found m Lee et al (1985), Corbet 
(1973) and OQden and Hedley (1980). 

flvqre 163 C<>dJiq""'"'m 1lDs amoeba .a nomwlly 11o. 
tened ,., dotsal (unanacbedl .ufac<o • Cl<>'o'ered """line 
-(I). beeuoonusmqpbase~opoea Beaouaeor 
tlualoyt<r, the~!"""" has oeen been cl.ml!led Wlth lheu.cl 
amoeba& Ulua.IJU(:IU!a) 8lUdJes have re-I<Jd the prtt
oence ola OIJUdUted organJC OOIIllllOOR the OUter ..,n.c. ol 
many Olhet amoebae. '!be ooa11nq • -..elly 100 tluft 10 be 
-. Wllb lbe bgblauaOSC<JI)a 1'be 'oi::alelo' ol Oochbopo
diuln mey be hnle mo~e than a partiO.tlarly weU.S.>eloped 
"'*"'11 '!be ceU also OQfA!ftS bopyrauidi.l Cl"fiiU (Z). 
llnOihet ....,. by- membeB ol dns- con be 
reco, • As lhe ceU"""""' lluad-llke .,..-of CJ'> 
~ may be d:aWn Olll bebmd lhe cell (3). and Ilion 
pw ' , ''"(not VISible betel may~ llonl
lhe - ol toc::a1es Conwnm m -~ and ---<D>aaSt 

A Small cells with a dehcate organic test that is usually pressed against the substrate and hu several 91 
apertures from which thread-like, branching pseudopodia emerge. The pseudopodia bear small panicles (90} 
like those of GymJIC)p}trys(Step 85, Figs 154 & 155). Cytoplasmic mass small, IISUa!ly under 10 11111. 

Figs 163 & 164 MICROOOMETES 



 

S'l'EP 

163 

B Notas91A. 

Figure 164 Mlclocome- Tbasomoeboldorgarusnllva Ln 

anoroomc lanca (I) thai beca•• brown Wltl>- ;x-.rn 
ably by al:a>d:lalo meoal - '!be lDoca bas a !IIKDbc d -=- (2). lluougb - exaeod ...,., floe tlir-
~ .. (3). ,.. -ldopodoo _, SlJl: as Jl ""1>-
_..smwnolly. Oilld-Uti WI ... w!Jidl 11'10ftalong 

U.... MLI r • "'"" - 10 ~IS bu dlruuas remam ,,.., ... ..,.., 1be ._, shaped Sb'UCftD'• 

below lbe ,.,..,..... ant '*"-Pt.. OOGtl7ISt 

GOT092 

• A CeDs wilhaperoxres altwo poles. from which filoM pseudopodia emerge. Cells often with endo-
(81) ~c algae. Test 4G-aO J.llll m length. Fig. 165 AMPHITRE:MA 

Bonnet ( 1981a) proVIdes a recent account of lhe fme 
structure 

88 

165 



 

B Pseudopodia emerge from a lingle apenure, located a1 the apex of the c:eD or vennally. GOT093 

A Test is smoothandrouDded. GOT094 

B Test is coloured, textured, or comprised of adhering partiCles. GOT095 

STEP 

93 
(92) 

A Tell IS r1g)d (it c::racks if the organism IS squashed), QJcareous, and hyaline. The large aJ)IC&I apertUre 94 
has asbghllip, 1~ JUn. Wnh loboM pseudopodia. Figs 166& 167 CRYPTODIFFLUGIA {93) 

Bovee ( 198Sa) mcludes five genera m the famlly 
wluch containS CryptcxiililugJ. The genera drll'er m 
the stength and shape of the test. and m the shape of 
the aperture However, Bovee holds that the test IS 
chltmous, m contrasl With the more detailed account 
or Hedley, ()oden and Mordon ( 1977) 

166 

' . 
Flgun 117 Qypri""gw a... Oil ll>e llllllloo ---.""''""Ill 10 , ........ -
and aod& Tbe- (I) IS smooth Wlllla~ lpiC8J operture 
(2) ,.bleb hu a !IJq1uly IIXllMld. tb : ' ..... nm Lobooe 
~ (IIDI ooen bere) -oe """" tba -""e 
The c:y10plum IS Anached 10 the liliOCie ewfaoo ol tba-by 
~ (3) The resa IS cak:ateous and buttle. o~en 
c:rae1onQ d <OJ\ll!!l8d by a oovers!Jp Tbe moot prorcment 
~ • tba ru::lei.ls(4l 'Nilh a weD.<Jeo l:.,ad rwdoohiS 
Tlus OfQIIJUSI!I • ;oreed-bl:e, somelltl'a -lopu>g Ill en· 
nc:l>edculrut .. IDvetYlargemm.t•<S Dl/l&reno.lm:eder....,. c:rwr• 

B Tell (20-100 jlllllong) is Of9&IUC, and the pseudopodia are fiDe and brancbhlg. 
Figs 168 & 169 PAMPHAGUS 
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STEP 

88 
(93) 

\ The freshwater amoebae W11h fine pseudopoclla 
and orgamc tests are very poorly tmdeiSIOOd. 
Bovee (1985b) mchw:ies over a dozen genera W1lh1n 
!be filose amoebae They have been asSigned 10 
genera such as GrcnUa. Chlamydophrys. Lecyth
am. and Pa•mcN'fb 9"' bullhe cmena br i!SSIQilll)g 
orgarusms to genera are uncertam (Arnold. 1970; 
Hedley, 1960: Hedley and Walc:efield. 1969. Penard. 
1902). Surulanues also exiSI Wllh much larger organ· 
ISillS m the genera Lleberkuhrua (f'lg 170) and AlJo. 
groaua These genera have pseudopodia !hal 
branch and liJse (a! ; Sl :.nlOSe~ and !hereby resemble 
manne Foramuufera (Bovee. 1985c). AJJogronua IS 

usually reported m manne and braclash water -n
meDIS 

flv<n 1Ei9 P~ Am.llu --·roweled QlliOiliC--11M._..-""""""'-from
eaaeod pseudopodia-... ,-Indus pbooo
cpapb dJe poetxlopodoo llle mlocuoas 1beJ !prMd OYer the 
~ sbde. b IS ..,. cloar 10 whdl oriJOiliSIIIS Pamp/)atJuJ • 
ntlated. bul n,. normeDy ela•!Wf With the lilooe or•met.e. 
such "" Nucleana or Ellglyplla However dJe appeazanoe 
ollhe pseudopodiA IS <!WI* dllloteru (c! Figs 150 & lSI) 
There IS also oonluslan be'- dus genus. LM>ber~ 
(flO 110) ond AJJe.bclr<>m• ~) The mdmduol 
- hils - •llnO _,. m ,., bght -
"'OUIJd dJe- IS An OfliJC* u1afod. PIJase OOIIOM 

A Test does noc have ad.henng particles. 

168 

1'\gare 110 l..tl!beiia*- A lor90 «• •< OOQiiDlSID ...a. 
a pl.able ~ - ( I} Pia I 4 ill (2) ec»rge !tam a 
-- apenme (3) 10 form • - ., ''9 ,. 
-. Wee- ollbe,.,.,. tn ·de'1 'ftDS eump!e 
I!Mttapped...,-aa-led ...... (4) 'lbecleara:ea(Sl 
• lhe IIIICieu$ The o:>naueniS aller f'los 144 & ISS ""' 
oppropnaJe bete. as lila ~Uanomy ol dus 1ypeol amoebe • 
......., ~ Organomsllmllar IOihlshave beendescnbed 
from lr-en bradoah Ill- and DJillllle hablm~ 
- .. lbeJ may be abundant ~Dal UJ/edereDce 00[)

aa (Sc:a.e bar 100 I'll') 

00'1'096 

B Test incorporates inorganic scales orolher particles !hat are aD very similar and are lherefore 
probably secreted (idiosorMS), and/or includes particles or quartZ, diatoms, etc., picked up from lhe 
environment (xenosomes). GO TO 97 



 

STEP 

A Test IS organic, yellow or brown. W1lh a linely Ieticula!e textme. and sometimes W1lh the la!eral margm 96 
drawn out u a lip wilh or withc:Q dimples or spikes. The apertUre II c:ercaJ and vem:ral. Tbe amoeba has (911) 
1obose ~ ~ 11DL Figs 171- 173ARCELLA 

Tlus genus IS rommon and Widespread For taxo
norruc reVIews. see Declot!re (1976, 1979, 1982). De
tailed studies have been made by Netzel ( 1975a). 

171 

172 

l"'gon 113 Arooj,lo_ A ..ale maoeba Wllh loboee ~ 
~(I~ '!be-bas a smgle C8lll>JII and _ _,... 
(2) !rom wtiiCl> 1be • ...,. - ~ ·- •• : :Do 
-goo. ,_ ant """''"I!DI!S - p~ beyood 
tb& n1llfOID or tb& ~eo~. Qber ~ (3) an.ch tb& 
orQilniOniiO the-or tb& ,_ wludlll moonoc: 8DI:I bas a 
_., cle~ rneeb-bke- (4). The - • .,.bdy oolour
'- but d accumulates melalllllts l!om the medlum and 
bealm .. brown wuh bllle. Tlus tnd!Yidual • only lliiQhtly 
UIW)leQtlllld W1lb mecal sal1s. The r:nc8 pitAIWll oroaoele 
In lila cyq,losm • tb& auc:!eus (5} 1'1-. alal1iUI 

B ApertUre is localed at the end or a sbgbl, tube-like atenmon or the 1es1. wblch has a finely dimpled 
texture. W tth filose pseudopoc:ba.. 30-180 I1DL Fig. 174 CYPHODERIA 

The 1es1 or Cyphodena is made up or small ad)<IOent 
scales. but these canno1 easily be dlSIJngUiSbed 
With lhe bght microscope Bovee (1985a) mcludes 
several genera 10 thiS group See also Ogden and 
Hedley (1980). 
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STEP 

97 
(95) 

A Test is comprised of small, Oattish plates. 

B Material adhering to or comprising the test is n01 in the form of fine plates. 

GOT098 

GOTO 101 

98 A Apenure is at the end of a slight tubular prolongation of the test. which has very smaD scales that give it 
(97) adlmpledappeara.noe. Withfilosepseudopoclja.30-200 j111\long. Fig.l74CYPHODERIA 

B Aperture is ventral or apical, and the plates are large. GOT099 

99 A Compone.nl plates are squarish.. With lobose pseudopodia. Uptto ISO j1ll\ in length.. 
(98) Figs 175 & 176 OUADRULELI.A 

100 
(99) 

175 

B Component plates are circular or ovoid. 

figure 116 CUodrulella A bboGe teswe amoeba. the test 
of wluch uw:oorporateS squansh Sllx::eoos plates (2) '!be 
a;>er1Ule (I) IS apocal and hke the test. slightly flattened A 
second QellUS, Fomone/Ja. al3o Wltb squansh-plates. has 
a ventral apenure DdltHenUIIJ mt!>derence ooouas< Cl'holo 
Helga Thomsen.) 

GOT0100 

A Aperture is tenninal. Some spec:ies have spines as wen as plates.~ 1111\. Figs 177 & 118 EUGL YPHA 

B Apenure is venttal. 2~ 125 1111\. Figs 179-181 TIUNEMA 
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117 

llgln 179 .4•rhra AJl eali'IJ -. w!acb ct.!ly ..,_ 
!""'lbl•IM• lhel ol ~ m lavlog .,._...,.. -loj)png 
-~~-ocalesorplo-.( I~ \lnbb Elqljpba_ lbe 
- • tlott- and lbe _....e (2) • - and slil-
lboped ,_.,.._llfDOIIdlbeopenwe!IIOI "'belli) hove a 
IOOtbed ~ Or90DIC maner Ill lbe - 8CClJmDo 

- - 1000. """""11 older - 10 become brown ro 
The amoeba has fiJo9e ~ Phue oontnt§ 

Figure 179 £IJal'lp/la OD!y U1e sbell oC UIOI ...,..,@ III'!IO@ba 
• 111-0led. The poeudopodla ot ~YU19 cellil are fiJo9e and .,...,'ole lzom lbo amgle apoca1 apenure (I} The ,_ .. 
CXlQlpi 188<1 ot ot"et~ !lilt •1._. .,._ C2~ In llus 
--..,. otlbe ocales boor- llq/ypba •oneot 

ta::~Jecoc::rtJODteeraJe ei:M ,..._,.."'" 

Euglypha and Thnema ba'le CtJoee pseudopocha 
For more delalled studies. see Hedley and Ogden 
(1974). Hedley el aL (1974). NE!lZel ll972). and 
Ogden (1979b). Taxonorruc revtews are QIVen by 
Declollre (1976a. 1979. 1981. 1982). Assulma (Fig. 
179) resembles Euglypba. but there IS a substanllal 
orgaruc content to the test. which often looks brown 
from adsorbed metal 10ns. Euglypha IS common 10 
90ils and mosses, and plays a Stgruficant role 10 soil 
ecology. 
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STEP 

101 
(100) 

• 

f'lclu1e 181 'lhDemil. A-te """"'ba W1UI filoee ~ 
podJa ( 1). The - JS Danened clots>V8nually and • seen 
from the veo~ohurftv:e Tbepn : .. 1 ~ ::t .... ,111;:1~6uu:ada:: 
SDQie subapocal and Yellral apenure (2). auach 10 !he 
clemrus. and o:.ur.IICIIO move !he eel body 'lbe te.t (3) IS 
c::ompr:l9eld of overJa~ IIC8IM 1hnMa • COIIUJW)ll In 

lOlls (_.aiJy thooe Wllb a biQb buaaaa conornu """'"""' .-!""""--- ............. 
A Thetesthuaspiralshapeandincolporateslllhceous, sa.usaqe-likebeads Themoulhssslit-lilteand 
venaraL ~ISO jUI\- Figs 182 & 183 LECQUEREUSIA 

The oenus IS most usually referred to as Lesquereu
Sia The sausage-Wee. stbceous beads are not round 
m all spectes. The aperture is at the end or a neclc, 
whJCh bends away from the body. Bovee (l985a) 
mcludes several genera Wlth thiS feature, diS
IingUIShed mostly by the nature and appearance or 
the adhenng matenal Hamson et aJ (1976) g~ve a 
more detalled accow11. 

182 

B Not as lOlA. 

94 

\... 

"'-" Ul3 LecQuer...- Te.lole ..,.,.1:& Detail ol tbe 
-. wlncb mcmporateS curv1n0 lllaceoul•.,..oos (I) lhat 
ate bound oogetber and auacbed to a lAyer ol organ><: 

lllllleml The appearance ollhe --...,._ .... <119unc
..... The - IS $llQblly llati!Ontd and !he apenure Ol)eOS at 
tbe end ofubon protU.berance 'llusge..,. ISolteD relened 
10 as~- Otlfereou.J lllr.J,_.._ conaaor 

OOT0102 



 

A Apenure is ventral and-0118 endoflhe tell, lheolher end olthe -11\&Y ~ tettualspines or 103 
horns. With irregular adhering paJticles and loboee pseudopods&. 50-320 l1ll\- ( 101) 

• 

FigaR 184 Centropfr'S A -•• amoeba wub lobooe 
peeodol)o<M Only an ompcy-•llh...,., '!'be-hu 
a" ... ~........_ W>:ll•-ole-e(lJioca~ 

"""' ""' - eDCl The - • often brown .. colour 
0W111!1 10 lhe aocumullll<m of -..J IOnS ftom lhe l!llWOn-
menl by lhe orgaruc morenallhallorms part ollhe leSl '!'be --y IIIIo D>XIipo&- smali1)0111Clee r;oc:l:ecl up from""' 
&JVBUWJ .. 'Jhei ZJJreadollbetest•drc ... OQI.UJID a_, dfl>e"""'"" C2). /Jnglllli&Jd 

B Apenu.re is apJCal. 

Figs 184 & 185 CENTROPYXlS 

for dlscnss!()ns. see Netze. (1975) and Declcntre 
(1978. 1979) . 

OOTOI03 

A V-like test thai is round 1n cross secoou, and .ametimes drawnOUI uaspike at one end. Tbetest 103 
incorporates pazticlesof quartZ, etc. p1cked up from the environment (xenosomes). With lobose pseudo- (103) 
podia. 6S:400 l1ll\- rigs 186-188 OIFFLUOIA 

186 

• 95 



 

c ..... -

Figure 187 ~ The r• d tbol common oroarusm 11 
~ o1"""""""' sblpod -or IJill'. adbenno 10 a 
11'/'W at Cll"QIO!liC- Tha 9'11 "'"'or tteJ ""he produced 
by tbe w11Eho. bm .,.,. """'"- are oenamly al:>le 10 
IIICOlpolate 5l!lall em; r •w tD'\.:IUIM. !IXb as c::balorft 
.._ wllhiD lbe 1e01. Tha body • rouacl • cross-.. 
- • CiiUli&J apcal - 8l>d ........ _ - !be 
I " A G dzawn 0!.1 • I poiiiL lbe ~)da V. 

lo"'-(see Fig. 188) 8ngbt 6e/d 

/ 

Flguze 188 Dtmt- A -•• IIIIIDeba Wltlllobooe poeudo
poda (I) The c:ompoolllOII at lbe - .. lllu:!moted ., f)g 
187 At::1Jve P""""'>Pod'" -lop • - ax>allilarnoml 
(2). t Jbi ~ too:aam &MIIk)leaW •&+ '•Hob mocWty 
1be -IS nmded bul t. 8 llared ooiJar (3) ~ !be -nure Pbae ~ (Scale bar 100 JIDI.l 

B Dor!ICvennally Oattened test, with a temUnal apenure. Pseudopodia are lobose, with irregular quartZ· 
grain-likP (andlorrounded) panicles making up the test.~ IJ.IIl. Figs 189 & 190 NEBELA 

for reVIews of these qenera. see Decloure (1977), 
N.!tzel (1917). Oqden and L'.lvlroVIC (1983). and 
Bonnet et aL (1981b). Mouhty IS d1scussecl by 
Wohlmann and Allen (1968) 

189 

96 

Figure 190 Nebela A_,. amoebo. 1be""' IS Dammed • 
... JS the smgle apocalapertura (I l Tbe llliUliUl ot the 1111 IS 
IU\Idllred hkB a 111m llanQe. The ,_ (2) moorpo"'* 
ahoeous portJclee p roduced by lbe p<O<ISt The oroen...,.. 
enachesiDtbeU>IIIdeoltheteolby-otline~· 
podoa (3) Loboloe .-.ldo!>od• or o:oore often an ill·sltaped 
-at c,...._. (4l lll""ld frc:m the apetliii8. o• oaMI 
~n~odooeuoe ....,.,_ 



 

STEP 

A 1118 orgamvn is c:omprised or an UI&SIOmosmg system or cytopiasnli9111Rnds; rypcally wllh the lOt 
antenonspectbroaderthanlhepostenor(fan.shaped). From30 jLIDtocwer l mm. Flg. 191 LEPTOMYXA (10) 

191 

'Ilus mulunuc:leated orgarusm has been d xxbed and·llow mo!lon of cytoplasm that IS charactenstJc 
by Pussard and ~ns (1976). Urunucleete spectes ot the uue slime moulds IS not pr-ot Confident 
wuh a Sll1lllar aspect are CISSIQ!led to the genus tdentlficat10n requtres the J.SOiauon or mdivtduals. 
Gephyramoeba (Pussard and ~ns. 1976) For sun- and theu rnamtenance m pure culture. oo that !he 
liar rnanne SJ)eCles, see Page ( 1983) The retiCulate bfe cycle may be studied. There IS a supeifiCial 
amoebae closely resemble the smaller plasrnod,al surularny between Lep/Cmyxa and Arachnula (see 
staoes or aceUular sbme moulds (Obve, 1975). from Step 81), and With Rlpldomyxa (Chakraborty and 
which they may be dJsUngwshed because the ebb- Pussard. 1985) 

B 1118 cxvamsm 1S not comprised of anastomosing sttands. COTOIOS 

A Whenmoving, lheorganismmayproducemorethanoneroundedorc:onicalpseudopodium(i.e IS lOS 
polypodW). COTO 106 (lOt) 

B 1118 oroarusm moves as if c:ompo ra d of a sinlJie pseudopodiwn, or il bas a single pseudoptum from 
which 6ner cytopia.smjc 'subpseuclopocha' extend. lllhere IS a smgle J)89Udopodinm, lhe oeD may move by 
a sequence or eruptive balges, fomung at the anterior end. CO TO 108 

A The pseudopodia are shon, srubbyc:ones, mosUyemerging from !he broader anterior pan of the cell. 108 
Common and voracious scavengers. 13-350 II"'- Figs 192& 193 MAYORELLA (1 

For fuller aoooomts. see Page (1981 , 1983) The plasma 
membra.'le IS coated WIIb smaD scales that are VISible 
only With the electton IIIlCJOSCOP6 (Penrt.lck 1975). 
1'be orQa~US~D bas a cllsnncove pattern or c:oruractlle 

vacuole behaVIOur m w hich the c:ollapsmg vacuole 
IS replaced by a hyaline halo (Pattel30n, 1981). One 
speoes With symbiOllc algae (Step 75). 



 

STEP 

107 
(106) 

F;gme \93 MaJOl"lla. A COLMIOII genus a{ amoebae wub 
COI:llCOI ~ lbataze relatrlely broad at lheJr base. 
1apenng slightly lowatds lbe lJp whtch 10 IOUllded (I~ Oe
velopmg P""Kiopod•• haW> a small hyalme cap (2} VISible 
mclusooLJS are a coniiaCUie vacuole (3) and vanous 6:>od 
vac:uole$. some afwh1dl oontam mgasleddlaiOII'IS (4~ 'Dus 
genus conJailiS many speoeo wuh a wJCle range a( S>Zes. 
Most are VOIBCIOUS scavengers and predalors. C'ODSll'l'l'ng 

decntus and mauy other ptOOoiS. Pba:>e ""-

/ 

194 

B The pseudopodia are hemispherical a1 their leading edge. GOT0107 

A een with a single large nucleus which has a thick. folded and dimpled wall Careful observation is 
needed to see this. Up to 500 ~.L~T~Iong. Figs 1~197 AMOEBA 

F;gme 195 Amoeba. '!'be name Amoe.bo "' restncted 10 
tlxloe Sl)eCIE!$ lbat have a nwnber a( bzoa<1 IOUllded 
pseudopodia (I) and a SlllQie procrunent nuclells (Z). In !be 
P8SIIbe name ,.,. U!IOd br """'Y odler speoes 'l'be ro:leus 
LS easdy seen because u has a stteDQtbened envelope. 'l'be 
surlaoe af the nueleusLS folded Mow>g oells lYJ;lically have 
watery hyaline caps (3) al lbe progressmg bpS of pseudo
IX)dla. The llQIII!!IlOr l!nd af tlle oell (umtd) (4) 1m a 
crumpled "llP"'A""" (oee f'q. 195). As COllllaCille vaa»>es 
(5) become larger. they tend IOaccumula!e ID tlus panaflbe 
oeD. The sw:face a( lhe celiLS ft:equeolly lluown Ullo lonQl
tudmal lolds (6). Cells are often opaque because af 6:>od 
vacuoles {more ar less aboeot from the cell illustxated).ltpod 
droplets, and crystals lllSide the cy10plasm. '!be speoes 
seen here is A ~ It l$ lazge m COmpilnSOII wub 1D0G1 
amoeme GeMraJJy similar in appeanmce JS Cbaao. which 
has mulbple nucle• 1"-conaast. (Scale bar 100 lUlL) 



 

Tlus genus has been extensively s tudied aeon, 
1973; Page, 1981, 1984). Many species have been 
uncntically assigned to this genus, and it has re
cently been revised to contain only a few species 
(Baldock et al, 1983; Page, 1981; Page, 1988; Page 
and Kaliruna, 1984). 

Figure t96 The wold of Amoeba The wold IS a crumpled 
r<l9>011 thai apperus at lhe postenor end of naked lobose 
amoebae as. they move. h IS believed to !onn as a con
!leQUence or lhe aelm-myosin lllleracllOns that propel lhe 
cen. There are a number or chsuncnve (YJ)e$ of wo1d. and 
they may be used 10 diSWlguish dJJferent genera and 
speoes. Ttus ts a moruiate uroid Phase o:mtmSl. 

B Cell with many small nuclei. Up to I rnrn long. 

Superficially very similar to Amoeba, tlus organism 
IS often mcorrectly satd to have not yet been found 
m Europe (Siemensrna, 1980). Chaos is diScussed in 
)eon ( 1973) and Page ( 1976, 1984). 

Figure 19'l The cYIOPJasm of Amoeb.t The plaSma mem· 
brane (I) bes towards lhe lOp or lhe pt<:tUie The IT10SI 
prO<!U!1em organelle 1$ the nucleus (2), lhe envelope of 
which IS suff. has a dunpled texture, and os IIIeguially 
folded. TlusceU has recently mgested a number of &¢ena 
<:ells and a colourles. A>lytomella cell These are enclooed 
In food Vl>CUOies {3), around whiCh cluster nurnetoos tmy 
lysJSOrnes. Lyoosomes contain dtges1lve enzymes wluch 
are released 11110 the fQOd YliCliOie as llle two or90neUes 
lu:le. 1\00 wtble IS a Ow<Jotllled wntraciJJe vacoole ( 4 ~ and 
around 11 are sma.Uer vesiCles wlucb fuse 10 till lhe vacuole. 
Mit«:bondna (slightly larger than Jyoooomes) clusler 
around lhe contractile vacuole. Other VISlble cytoplasmic 
or~ are bpid droplets (5) and angular, refracule 
cryslllls (&) (a by-pnlduct or mtrOQen metabobsm~ All ot 
theseol90fl"Uesare earned around m lhe flow ofeytoplasm 
as the oen moves. Dtlferentialmterference conuasr. 

Fig.l98CHAOS 

]98 
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STEP 

108 
(106) 

.ll. The orgaJUSm resembles a sinqle rounded tube (Le . is monopodia I). / GOTO 109 

B The body is not like a simple rube. Larqe or small projections may be present, or the wall may be 
ridge<l GO TO 112 

109 .ll. Relatively large (~3000 }UTI) and dark cells. The cytoplasm contains refractile quartZ grains. The 
(108) posterior end has a villous bulb uroid Typically from anaerobic habitats, it moves with cytoplasm flowing 

[orwards along a central axis, and baclcwards near the margins of the cell Figs 199 & 200 PELOMYXA 

Flguno 199 .Pe.bmy.ra. A rn<>nopoc:bal amoeba. Dunnq 
movemeol a stream of cyiOPiasm moves aloog the central 
iWll ot the body (I~ A somple urold (Z). wtucb ,. villous m 
oome mciMdual!, may o;pve me 10 oome tralhng filaments. 
Short UliiCtJVe llagoella emeiQe !rom lbe cell S!ufaoe but 
these cannot usuolly be dlsnngu!Siled from l:actena (3) 
wblch ac!bere ., lbe ceD. '!be cytoplasm "' USOJally opaque. 
as u comams mJmertlU!! 'sand" grams. food. mostly fila · 
mentous al9ae. ts JDQeSted at the posterm end of the cell. 
'lllere tS probably only one SJ>I!CI'!" P pa1ustns. wluch 
vanes CCilSide<ably "' ...,. It IS found m anoxx: 01 mJCIO
aeroplnbc habitats and is a member or the Reloblantu:ia 
~enoal mtedere<JC~> (:Qili1B$f (Sc:aie bar 200 pm.) 

B Without sand grains. 

100 

Pelomyxa is now regarded as being related to 
MastJ.gamoeba, as it has small non-motile flagella 
{Gnffin, 1988). Many species have been as5lglled to 
!his genus, but it probably houses only one {common) 
species. P pa1ustris (Margulis et aL, 1990; Daniels. 
1973), which IS sa~d to have a complex life cycle in 
temperate reg10ns. 

200 

GOTOllO 



 

STEP 
/ 

A Small amoebae (10--3511"'). The hyabne cap is USUilly easily Men mmovmg cells. Wllhoul a 110 
prominenl uroiCl. Fig . 201 HARTM.ANELLA (109) 

For more clelalled account;. see Page (1900. 1986~ 
There may be a0Qre9al~Ve phases m the b!e cycle. 

B Hyalinecapusuallyatxem 

201 

GOTOlll 

A Smallamoebae(usually1essthanSO IU'l) vmha villousbulburoid wnh thread-lilce exte1\Sl0111 drawn Ill 
outtoagreaterorlesserextent. Figs202&203SAOCAMOEBA (110) 

f'i9ln 302 .lloccamoebl One at •vera! genera ol omall 
.. ,>Oebe• INio hove a llmPle. ~ appeerance 
~ and Oosluo ""' lbe moot IJ:ely Qenero 10 be 
co""-! wil!l ~ They may be dJslmgmshed by 
the _....,.oldie- (I). wlllc:ll"' ..... _ •ollbe 
9lllooa bulb type. aDd by the PI'"""""" ar .._,.. ot lbe 
~ cop, wblc:lo • ""'Y au:ll teduced or llloenl bera 
......... -~ le. Wllbcul •••diC (~) btJIQa1o 
ot the_..,. ead ot lbe ceiL 'l'be Ed.., {2) :san u ; • ..,.,_....a.r 

ror lunher mformaoon, see Page and S1· mensma 
(1991). 

203 

101 



 

B Small amoebae (mostly 1~ ~) wnhou! villous bulb uroid. 

For further tnformanon. see Pussard et a1 ( 1980} 

204 

Fig. 204 CASHIA 

112 A Small amoebae (generally less than30 ~)that are tube-lilce(monopodial). The pseudopodia 
( 109) develop U\ a series of eruptive bulges, often to one Side of the Ulterior margin of the cell. 

Tills diaQilOSJS covers a vanety of amoebae (Page 
1988) mcludJno the vahJkampfuds, wlucb may pro
duce flaQellated Slages, and !he wunucleate 
amoebae of the aCJaSid shrne moulds. wlucb have 
been combmeciiD form lbe Heterolo~ (Page 
and BlaniDn. 1985). Ohve (1915) gives an a<XlOUIIt of 
the shrne moulds Page (1985) also compares lhe 
vablkampfud amoebae with lbe bartmanel.bck (see 
Slep 110). Two genera of these amoebollagellates 
Nasglena and Tetrarrurus, are fauly coounon and 
have been keyed out (Siep 53) m lbetr llagellate 
brm. One member of lbe genus Naeglena IS a faculta · 
bve pathogen (Martmez, 1985). For more exact 
tdenllftcauon, pure cultures are reqw;red to enable 
cyst morpholOQY (Pussard and Pons. 1977) or lhe 
toorphology or the flagellated stage (Page. 1968 
Pattel30n and Larsen, 1991) to be stUdied 

Figs 206 & 206 NAEGLERIA 

f\gare Di •~». A vahl!cwnpiid .,_IlL t.tnwg 
put otthe ~ 11 baa- CIIDed ... -
llagetlole as boob amoebod ad llou tlll£l«<tlilgel __, be 
.,., 1 M<1 dei;:teiiCtiug oa the preq,ilmo ~ c::on-. 
c:IIIIODS. 'l'bls pldoglaPI ..... - 0( lDdmduols lD 
the pmcessotresorblog liar~ (llu dley........, !ram 
the llageDated ., the au .... ,.j 1om> ~bee are -
podia1. bullhey move W>lh lhe ctto.-n buJQmg cu atlhe 
fronl ot lhe oellm a -o1-- V..tlle """"""*" 
ollhe ceO ai8 the byallne """" (2~ nuclei (3) oontlllctlle 
'I8QIOies !4J aDd b>d VIIOIDiaa<SJ Some-=-. _..uy 
-from warm warer babcloWI, are fac:ulW!"" po11hogeos. 
C81J51!1Q pnmazy amoet.: men:nows Ill l'llrnan$ They llSillllly 
enrer lhe body as ~Da•• vra lhe nua1 r """' 
Speoes IC!enblicat!Oil rs a speaahst procedure and C8JlDOl 
be-by bo;i:hlllliCiCAOOPY alone Dr!fl!llentJSl U1ller· 
IMflmal ClDI!tla$t 

B FJ.attened amoebae, with or withom fine (sub) p!le\ldopodJa emerging from the m&rglNI of the ceD. 
GOTO 113 
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-
A Cellswlthpromlnenlbipynmjdalc:rystals.Some~haveanobvioasstifrooat (tec:twn) offina 
sc:ales. Cells 1S-300 jlltlloo9. Figs 161 & 162 COCHLJOPODIUM 

B No(u113A. OOTO 114 

STEP 

113 
(112) 

A Cells with fine pseudopodia extending rrom a broad hyaline zone. Usoally less than 25 jUtl in size. 114 

Acanthamoebae are exnemely common m soils. 
Bovee (1985) and Page (1976) descnbe several 
genera of amoebae wnh pseudopocba emergmg 
from a broad byahne front These pseudopodJa are 
referred to as 'suhpseudopodJa' (Page, 1988), and 
care mUSI be taken to dJstmgUJsh them from 
P""'!dopocba of some lilose amoebae. paroculady 
!bose of Nucleana One speoes IS ou1dly path
ogeruc m man. causmo keran!IS, an mllammallon of 
the CODJWlCtiVa of the eyes. espeoally under coo· 
tact lenses. References: de }oncldleere (1983). Mar· 
bnez (1985, Pussard and Pons (1977). 

207 

B Withow subpseudopodia. 

Figs 207 & 208 ACANTHAMOEBA (113) 

Figure aoe Aamtbamoebt An amoeba wtlb aae 'alb_"'o!lod,.. (ll wbocb are sbon. lbr.:l hlce -
~fnmlbelilooep-- ••··•ot-an...me 
~-!bey ense !rom a cleorly VWible ...,- cop ~ 
Milor -nsible oqpneDes 1111! tbe ~ (3). Wltb • pn>
- rn:!eo!ns and lbe tu11J&%lle ....., .. (4) -.J 

load taCUDiea (5)""' - boll ~ ... ~ -oroaii-n-!ala!n lromaou.e.clbdOJIIure. n..-
- _,. -· - ,.,....,.. . ..,.. -s -... .. • pop.UI.r OlgliiDII:8D be l* 1 mxs-._ ll• tbP'!denllft 
,..,., .ads AJ leoaot""" spec - ... - .,..,..._, 
w """"'"'•mn ot tbe-a--.l _,any ., 
........, lansweareza ~~oanaa. 

GOTO 115 
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STEP 

115 A Thedorsalsurfaceoftbeamoeba(30 200 jlltl)bassligb!toldsrunninglongitudinally. The hyaline cap 
(114) isveryprominent Figs209&210THECAMOEBA 

Systemaucs are discussed by Page ( 1976, 1977. 
1978) and Smgh et ai. (1981) 

209 

Flgare 3)0 n... - 'E'M ,. Qem:S """""* II ' 0 :!oel 
otgt!!W!J! --~ bJ ct. ptwuueut
(I) U.1 extend m)te or ._ loDgi1Udmally ab1g mr:mno 
ooll& Tbe byahne cap reQIOn (2) 1S very procrunent Tbe 
lar-orgeneUee 'fiSible ,_the oeD are the nucleus (3~ 
wub >II ~ IP'C'IeoMo illld lbe COGirliCIIle .......,.., 
4)-tumd 

B Fan-shaped ceUs ( 10-al )UII) wilbout folds. The byaliDe zone is prommem. 
Figs 211 & 312(a) & (b) VANNELLA 

References: Bovee. 1965; Page, 1979 

2ll 

ALL SCALE BARS 20 j11tl UNLESS OTHERWISE INDICATED 
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Figures 212(a) & (b) VBnm!llit '111e IWO pu::rures illusuate 
cbllerem speaes 10 the 9"DUS. wbicb IS ciJstul9ulShed by tiS 
fan shape. with a broad, dtsnncsJye hyalma cap (I) t>nm.'lQ 
the anterlCil ol the cell The cyiOj)laSm coutamsone 01 more 
cxmtradlJe vacuoles (2) and IaiCle! (3). Vannella moslly .... IS 
baclena. The io'h-er ma<;Jilllic:atlCII pi>Jiograph also shows 
Rhync!>omanas (4) and Bodo (5~ Phase amaast 

b 

A Colourless organisms with cilia tbat are used in locomotion and/or food capture. 

The ciliates are a successful group of micro
consumers, and are encountered m most fresh
water habttats. Therr large SIZe relattve to other pro
towa (the majonty are 20-2001J111 lon<;J), theu fast 
movements, and the vanety of forms ensure that 
they are often the first (somenmes the only) pro
tozoa to be observed when searching through a 
sample. Cilia are internally Identical to flagella, but 
they are shon m relation to the length of the cell. 
occur m large numbers. and usually cause fluid to 
be moved parallel to the cell surface. Cilia may be 
arranged m clwnps, m which individual cilia may 
be difficult to dJSiinguish. Such aggregates are used 
for particular types of feeding or monon. It IS usual to 
dislmguish between ciba on the general body surface 
(somanc cilia). and those used m feedu19 and 
occwnng around the mouth (buccal ciha). 

Two or the three major groups of ciliates (the Oh
gohymenopbora and Polybymenophora = spuo
tnchs) rely on buccal cilia (as illustrated in Figs 255 
& 258) to create currenlS of water from which sus
pended particles may be isolated and mgested 
They are filter feedeiS, mostly collSUIIliilg bacteria. 
but the mechanism has adapted or been supeiSedecl 
m !Dme speaes to allow the ciliates to feed on larger 
parncles. such as diatoms, other anached pamcles. 

THE CILIATES CO TO 117 

or algae. In Polybymenophora (mostly hypotrtchs 
(Step 136)), heterotnchs (Step 161). and oligotnchs 
(Step 178) the buccal cilia form a band (the adoral 
:zone of membraneUes (AZM)) of stout blocks of 
ciliary membraneUes (F1g. 260). The AZM extends 
from the antenor of the cell to the sne of food mges
non (cytostome) (Ftgs 264 & 322). 

Oligohymenophora have three membraneDes 
near the cytostome (Ftg 342). but they are usually 
dif!icult to d!Stmgwsh. 

A thud group, the Kinetofragminopbora. IS prob
ably polyphyleuc and tS not weU-cu:cumscnbed 
Many rnembeiS of this group feed on large pan
tcles, such as detritus, filamentous algae, ammaJ 
nssue, or other protists. Predatory species have ex
rrusomes as50Clated With the mouth (Fag. 279), and 
these organelles are used to lallor unmobilize prey. 
Those that consume large algal cells or detntus usu
ally have a tube of stiff rods (nematodesmata: Fag. 
319), which IS employed to mampulate parncles mto 
the cell. 

Some ciliates are nonnally sessile and. o{ these. 
some do not have any visible cilia except dunng 
'larvar motile SUiges (especially suctona, which are 
keyed out separately to the cillated ciliates: see 
Step 195. F195 426 & 419). 

lOS 

STEP 

116 J 
(72) 



 

STEP 

Somatx: Cilia he m rows called lanenes (Figs 339 elongate. or bke a stnng of sausages. Ciliates dmde 
& 359). wtUch run along the length of the body. Loco- by transverse lissJon and have a process of ""ma 
motor cilia of crawb.ng spec1es are often confined to reproduction called conJUQallOn (Flo 344). m wblcb 
the ventral surface, and m hypotrichs (Step 136) rwo cells fuse toQetber m the mouth reQJOn. 
they are m the form of aggreoates (CUTl Figs 260 & Tlus group IS well stUdied. The b10logy IS re-
262) vtewed by Corbss (1979). Jones (1974) and Nanney 

The evolution of ctha as a behaVIOUfal mod.lfica- (1980), and evolution by Small and Lyrm (1981) The 
oon of flagella has OCCUlTed on several occasiOns dJvets~ty IS well covered m Lee et al (1985), Q.uds 
among the proiiSlS (e g the parasmc opal1nes m (1982), Q.uds et aJ (1983) and Kahl (ls:n-35) wt:!l 
Mulnctlia. Henwnastvr see Panerson and Larsen. Engb.sh-lang\la9e QWCI.e by Panerson (!978) Def 

..,....,l£;-~·-~-7"-~~-~~l.hl>\'PJWo lcJnds tmnve 1denllficat1on of most speces and many 
of nucle~ the macronucleus and the micronucleus genera reqwresspecr.v$13UTUJV<K'ml?~~ 
(Figs 348 & 357). In OlOSI SpeCies, only the imner atus (f'ig 255) 
can be seen easily. It may be sphencal. ovoid. 

B Ciliates with a stron9 colour, or cells without obvious cilia (suaona and beliozloa). GOTOI86 

117 Jl Cells that swim or crawl around freely; this may include cells nonnally found In mucus sheaths 
( 116) •ssociated with debris, bul which are encountered as free-swunminq cells (see Stichoo1cha Flgs 218 & 219, 

Cynolopbosis Fig. 329, Stentor Step 118. or c.Jyprocncba Fig. 330). GO TO 131 

B Orgmsms firmly attached to the substrate, or in mucus or other material bonded to substrate, or in a 
loricaattachedto substtate. GOTO 118 

118 Jl La:rge(up to I mm) cone- or trumpet-shapedcells that can attach at theirposteriorend. Cilia all over 
( 11 7) the body, but mo8l prominent at the anterior end. F'lgs 213-216 STENTOR 

Stemors may release !herr bold and swun away 
There may be a tube of mucus around the at1acbed 
pan of the body (F'lg. 216) The promment antenor 
cilia form an AZM. and sornatx: cilia cover the body 
Many specieS are coloured (green, blue (F'lg. 214) 
rose b rown, etc.) The large SIZe makes thiS an 
.unenable ex:perunental orqarusrn. and studJes on u 
·Here revtewed by Tartar (1961) for nlirasttucture 
see Huang and Pttelka (1973) or Gram (1968), and 
for an mtroducuon to the taxononuc !Jlerature see 
Warren (1985}. 
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flgun 214 Stelllor (oeealoo I'IQ 215} W.....ted ISS coeru
- lhe blue spenes wludl • one of tile iii:Qell "' lite 
- All""""""'"'"' attada 10 --... bJ .....,.cia 
~(I~ ODd. """"relilmd om -.o. !bey- a 
1M-'~ Feedmo;r tsac!>ieoed bJ 1be .....-

(ZJ-""'-tbe ----eod ollbeco!l. l8. the odorill """'ol ~ CAZ!on '!be coattacllle 
,..,..,. (3) llm adjoo ew• 10 tbe ~ A few """""" 
aha (4) ,., be-PtOjOCQ<IQ 11om die Ulln pan oflbe cell 
!ngbt field -ronde,_ llJ& (SCole bel' 100 .,m.) 

B The body is not evenly covered wuh cilia. 

. 
~ 
~~., 

\ 
Fqare 215 -(!eealooi'IQ 214~ Doolllsoflhltan
n•" ol""-Ill and olllte adotlll ,.,... ol membraneOes 
ol S .,.,.,..... AJ liS mnml!lld (2). 1M AZM ...,_ hiiiiDa 
buccalcowy '!be'* :eolcAZM,... ... •tllanmsos 
8 IPUocncb (putjbj ., • 4 Me). .xl .. ICIIIIZIC kme'Jes 
r.-.-1 • 1> be a hece ICh Tbe t:U 1 ge •• • reiBied m 
the ... - olllolepi»- (~ l2S\ IW11DIJ be 
Pit + ~ •Dyai&:plwe.CMit!ret:JtMI~······· 
(Scole bel' 90 .,m.) 

flgun 218 StMror This "' a small colowle. speaes of 
SleniOr However lllce oilier speaeo d anachle 10 the ..w
otrare WUh lhlt nanow posrenor ond. wlulo !he anumor ex!. 
Willi 111 margual adoral"""' ol aanb<-oo. (I~ bt..eco:omes 
.-,.~o~; .. '!be beoalag dille a.nbranelloo. CD«dmaatod. 
bUl ~ oat of SJ1JC!hz<A>i raaai!IDO 1D • --pro
lla n. lclnd ol O<><>,.,.,..nan ts omn.l- ln-r '!be 
baooi<U>d ofdltt c:elltSe L _,-o __,_d> (2). 
IIIII> wboc!l lhe .,_may <XIIIII8d. A IIIIer '-lmg .
tm• ,.. ~ • aloo llluoaa!ed (3} Dati< fP'Oillld (Scole bar 
100-) 

OOTOU9 
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STEP 

119 A Tbecihateoccupieurigldlorica,andmarextendaspiralarmthatsupponstbebaccalciha(anAZM). 
(118) Ahypottich. Body 150-300 j.Llnlong. Fig. 217 CHAETOSPIRA 

Other hypotnchs, such as StJchotncha (F'lQS 2 18 & 
219). may be embedded 111 mucus. 

318 

f'lQin at9 ~ A bypacrjcb ctbate, usually en
anlniBred With JlS I)CSienor md auacbed 10 lhe debns. and 
.....uy ., a lanca mat» or mucus (I} The .&>rai """' ol 
- <2lleedllrom lhe fronl cl die oeD II) aboul 
_, down lhe body n. am (3) lilkEo a _.. po:h OD 

die body 'l'bl$ lllCirnduM conllmS SimbwJoc ~ (4). Dt/
JtlWitlal rnledereDC<t 001>11• 

B Cilia apparently reduced to a band around the anteriol' end of the body, which is cone--shaped in most 
speaes.ancliScontrael1le. THEPERJTRICHS COTO 120 

Pentx:hs may occur alone or m colorues. They are 
corrunon and Wldespread. being parnculax!y eVI
dent 111 healthy sewage-treatment plants (pp. 190 & 
191) for overaU accounts. see notes after Step liS, 
but tor taXOnoauc reVISions of particular groups, see 
FolSSD8f (1979a & b. 1980. 1981). fotSSner and 
Sclul!man (1974). Matthes (1981b). Pat9Ch (1974). 
Roberrs et al (1983) and Guhl (1979) The most 
Wldely encountered genus. Vomcella. IS a tax
onorruc ruQhtmare (see Patsch. 1974. for an account 
of some more corrunon spectes). These orgamsms 
have evolved from mollie Ollgobymenophora and 
1n adapnng 10 a ~"'- ruttu -reedmg mode or hfe. 
they have lost the somanc C1ba A smgle pos:enor 
band or cilia develops at the base of budding larvae 
(Fig 235) to propel them after they separate from 
the parental ceU (Fig. 236), but a SIIDIIar band dev
elops on tropluc cells should the envtronmental 
cond!nons become unacceptable. 

Speoes that attach by a secreted sWk are the 
se;;sJ•UI!me pentncbs. A second group, the mobibne 

!08 

pentnchs (Matthes e• aJ, 1988). have a permanent 
basal wteath or cilia With w!uch they may move 
around The mobllane spectes are mostly eaosym
blOnts To confuse the ISSUe. a few of the so-<:alled 
sess•lme s:peoes appear to have seoondanly lost 
the stalk. and they are able to swun aroWld (Flgs 313 
&390) 

In pentnchs. one of the three membranelles that 
chaiiiC1enze Ohgohymenophora. and the UDdu
laung membrane, have been drawn out as the 
wteath around the anteoor or the body (F'lg 234). In 
profile, these have been ilkened to two ears (see 
Leeuwenhoek "' Oobell, 1932) One mG-mbraneliP 
<]enerates a flow or water, and the extended tln
dulaung membrane mterceprs partiCles so that they 
may be pa ; ; d ro the mouth. whlch bes at the base 
or a funnel·sbaped cavu:y. Most sesslllne spec~es 
are contractile, the contraCtile element fomung a 
c:olhng strand Wlllun the stalk (I.ISUally). and extelXimQ 
11110 the body as a senes of fine fibres. 



 

A Speoes wilhoul a lorica. they anach to the submate by a stalk. GOT0 121 

8 Species with a lonca, andtor species Wltbout a stalk. GOT0126 

A ColonWorganisms (more than twO c:ells IOQetber). GOT0122 

8 Solitary orgamsms (may appear as pairs of cells when chvidmg). GOT012S 

At tlus step, care needs to be taken to dJsungwsh each other Most pentncll oolorues are arbores· 
between greganous pentnchs that retam thelllllCIJ· cent. an excepoon bemg Opbrychwn. wluch forms 
VJdualtty but cluster together. and oolonaal or- large gelaunous masses on unmersed smiaces 
garusms m wtuch the cells are mnmately JOined tO (Figs 244 & 245(a) & (b)). 

A With contractile stallcs. GOTO 123 

8 With non-=nttactile stallcs. GOT0124 

A The contractile element leading from each cell connects with neighbouring ones. This is mOst simply 
determined by jarring the colony so that the peritnchs contract. U the contractile elemeniS are joined 
together, the entire colooywW usually contract simultaneously. lndividual cells measure ~100 j.llll; 
colonles may be many nullimetres long. Figs~ ZOOTHAMNIUM 

Speaes m t1u:s genu;, have PfOVed an-...1.>1os lU ..,.. 
penmental exammaoon (Sx:hard and Goode 1982) 
General oonunents are tO be found m Wessenberg· 
Lund {1925). and taxonomy m Bterhof and Roos 
(1977). 

Ill! 

STEP ' 

131 
(118) 

121 
(130) 

132 
(131) 

133 ) 
(122) 



 

STEP 

~ 321 6 Z23 1Dotbatmwm (Wilh Ampbj)eptus and 
Peta.tvnonasl Zoothamruum IS a Qllll .. of pentnch C!ha1eo 
!hal b.-ubor-oolames. f'lo 321 (dJ/JtJ'entJa/mrm· 
fereaott axocr.- .,.,. bat 100 Jolll) - !he Ql!'neUI 
- oC die branctmg colony A pr-.:.ry a11a1e. 
~ Ill - a.'"OUDI:I - oolony - mdl
-cella r10 222~· • 1 c-- · • • 
,_ oiiDIDY o:>laaal peuliidiS .-'*""'die -ol the 
Sl8lk I I) tn.de die -.tk ..,. tbe mnlraC!Ile _.......,. 

.. r-a 
~~ . . 

(2} The dJstmgmsluno leatwe or Zoorbanwum • !hoi !he 
aposnoneme bran<:b!e aDd 1a ooniUlUOUS tbroughoul lhe 
colony (c{ f)g. 223) A5 a reoull tbe ennre colony ...ally 
~ •mtltaneo'llly AJio ¥able are a.e at. ..-::1 tor 
looeciiDQ \Jk lbe bua:al CIIV\fY (4l ,.., whx:h b:>d lldtm!ol 
bllore being e • &+ 1 m b:ld .,....~ aDd a con~ 
...... m Ctawlmg ..... !he -nc ... -
euglemd..,.!lal", ~(6)(c{ figo83&84) ,_ 
"'5!U. 

B Eachcellofthecolonycancontnaindependently,the~ofthedlfferentcellsnotbeing 
uuerc:onnec::~ecl Cells of most speoes are between 50 and 1210 IJ!Illong; colonlea may extend toeeveral 
millimeaes. flgs223-225CARCHESIUM 

See Kahl (193C)..35). F'mssner and Sclullinann (1914), 
and general penmch references lor taxonomy. 
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Flguno 2:14 & 235 ~ A geDJS oheosile penii1C:bo _.....neme (2). bul lhe '1'"'"""- emBIIBbniJ trom 
lbotlc>r!marboreooeruco-(d l'lgo 22C>-22Z.2211-Zll} each col • DOl co_.,... wuh lllt'f Olhom (d f'lrl 2:Z:n 
f'og. 224 <brliiiW 6ekl. ..,... ber 100 1'111). ~ an eDiue C -Jdy -=b ooO c:ao C~:>Uct "'""'> he ny of lbe 
cokmy wC IWAIIP!!OD bell11bopad cell& ech of wtach S ...mr. c:dorrr AJoo vilibleare die ieoedmg abo (I) ed !be 
"'PP>><<8d a1 !be eod of one branc:b or die salle~ ID buccel OIY1IJ (4). 
Fig. 225 ~ cnnaast) 1he SlaJk (I) baa a contractlle 

.A Thebuc:cal(Ceeding)ciliaextendaroundashonmllihroom·likestruc:ture(periatome)whichexrends 
from the top or the body. Cell length 2S-3SO 11In. Figs 228 & 227 OPERCULARIA 

Tbe laXOnomy or tills and a sumJar oenus ( Oroo
perculana). wluch IS dlstmgwsbed by the Corm or 
the macronucleus. IS dJscussed by Matthes and 
OUh1 (1977). 

228 

• • • 

flvon 227 ~ A co!oDial - - '!be 
nwnben oflhe aDiy are-....-:~ by a b"' • ~ 
..UC ..,.em (I} n-e aze 110 cornroctile e-• Wlllun 
11>o otaDc. Tbese orQIIIU8IIS (hke a anal~ ownber or ooner 
gerw.ro) have lbeu leedmg abo.,., • ....n ~ (2) Alae> 
v.ta are 0. cc c •=tJie V&'UI)Ie (3) aod ~ ol the 
uwea •• • s (4l. n· &:JOal illllttlenoc:e CUiiiiM 

Ill 

STEP 

1345 
(123) I 



 

B There is no proauding peristome. Cell length 50-350 J.Ull. but mostly under 100 J.Ull, Colonies may 
measure several millimetres. Figs 2~1 EPISTYLIS 

Small and Lynn ( 1985) I.DClude three genera of ool
orual epJStyhds. 

112 

Figures a29 & 230 EPslyhs A genus ol. II8SSIIe pentnchs 
thallorms amor"""""t oolorues (d. f'ios 22B-Z!1). fig 229 
(d:J.Iferenla/ JntedeieDce COIIIraSt. scale l:m 100 pm)sbl>ws 
en etmre oolooy. Ftg 230 (phase oontniSI) shows a typiC8) 
stnated stalk. (I) Membets ol tlllS gem• laclc a oonnactile 
_.,.,.., wtthm the stall: (d. Ftgs 222 & 225). and each 

330 

cell oontmcOS mdmdually wtlhout ~ of the stalk. 
Abo vtStble are the feeding cilta (2) around the anteoor end 
of the ceU. the buccal cavuy (3). m10 wblcb food IS passed 
bei:>re being tmdooad Wllhin a food vacuole; and vanous 
food \'llcuoles wttlwt the body of the cell. 



 

Figure 231 Epostyh An -·"" IJrOW1h bmmo • -on O.IIUdJoe or a oupef.JU',l ~lte&&reo~ chat 9fOW 
"' the OUISide ot other 1l1111l0ls. bul IIley probably do noc ......,..,.,harm. '111ere~plllustialedber~•'*ely10 
be a-ooe. "' wiDc:b the alra"' gamslood from rbe 
--and~ c:umnsol lbe m •·· .Q:aryiro 
• DOl dll! orrly penmc:h c:ihale eDOOU!Uen!d as 1111 ~ >1 

.. 01) ,,..; j. lliLi: grouad 

A With a contractile sWk. Length of cell vanes !rom species toiP8Cles;mostare between20and 
200 J.IIn. most commonly 40-ao llDl. Figs 232-236 VORTICELLA 

Vorocella IS a very conunon genus, the laXonomy or 
wluch IS confused (see notes after Step 119~ Some 
gpnera other thaD Voroce/Ja will key out here, but 

speoal preparatiVe procedures are nee ::led to dJsan.. 
gmsh them (see OJ.rds er aJ qeJ) 

Flgare 233 - A" " p&DiliCh aloMa 'l1le Ol>ly 
Oha thor .,. pr- are lbe wr- ol '-clrng abo ( ll 
ll1ilde of liD upper buJ:i ~1). whJCb WIIWiO !(Is 10 a J:Demoo 
brsnelle and oene10lel curreniS o1 wo~r ror ~ and a 
lower band (2), whacb oorr"""""'" 10 the Wldulaung mom· 
tmrne (-l)g 234~ Food rsl)e$8e(! lhrOUQh 1 buoc:elc:avny 
(3) bei>re bllng J*bged Wlllunlood voc:wlos(4). Many 
pemncl\1 are ~ on smllc$ n. - lbem vuJ. 
i>!!Iable 10 ~>&edaiOD. Some--a pwnded by sail:· 
• ""•• '''"' llliDrded by a spraJiy oon- !bread or 
.,_...,_ (5~ n. • • •>••t>le-o1 tba spBS~DD-
neme .,._"""' dll! body (6} ~ ~ e»n· 
"""'-
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STEP 

135 
(131) 



 

Figure 235 Vomcello clmdlng t.ke meny oesslle proiOZOO. 
Vo111CelJa procT.Ee< a mollie daagluer cell 1t IS called a 
swarmm or telouoch larva. The daughter cell (1) develops 
near the base oe the parental c:eu <2> The dal.9hrer cell bas 
an addltJonal wreath or ol1a lhe troc:hal band (3). wluci1JS 
used for ~Jil$1on '""" F'lg 102} The basal trochal CJba 
are lost after the larva bas fomd somewhere 10 senle 
Tropluc: cells may abo produ<:e ahosal bond of <:ilia
unlavourable ooodJDDnS. P!Jase OO<l1l1tS! 

B Withanon-contraclilestallc. Cells20-100 jfil\long. 

Smgle cells of Eprstyhs (see Step 124) may satiSfy 
t1us cbagJ'lOS1S. Most reports of Rhabdostyla are of 
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Flg1ae 234 Vorncel/a (wuh ~~ IIJusul!ted are the 
ohatY organelles mvo!Yed m lbe capture ol lood The cilia 
eme'9f' abltJibe Jllllel margJD<>Ia nm (l)ar lbe upper lace 
of the belkiJaped body The cunenlS are created by lbe 
owe• bond 0{ CJba (2). .. 'hid> beets wub 8 c:o-otdmaled 
wave-lllce palli!m lndmdual cllia are VISible. The cunent 
pesseslluougb a bwer o:xnb-lllce band wlucb JS VISlble Ill 
prufiloo (3~ Tho= wiLu ~0...... (4)- lbe "'>Jooeu.. "" 
""'lPltt. 'lbeoenttalundulallngllagellumandtbeccllarare 
VlSlblemoneollbellaQellateoells(4) Dr1fereniJaJ mteder
eace o:maast 

Figure 236 A pentnch telocrocblarva. Olusllated IS a motile 
swarmer pnxlooed by cell dmsaon Tlus cell may SWlDI 

aroond unn1 " finds a SUitable place 10 senle. l'rl:lplls>on 
oa:ws by meailS of a basal wreath ol CJba (I). The antenor 
ead ollbe ceO (2) IS pulled m. so thai no loedmg occurs. 
Comequelllly, oo lood vac:tl>les are presenl m the oeU. but 
the buocal cavuy (3) and a pan of lbe macronucleus (4) are 
VISlble Dr1fereniJaJ rntezfermce cootiast 

Fig . 237 RHABDOSTYLA 

ectosymbooniS of mvenebrates. F'or nuconomy, see 
F'oi.ssner ( 1979) or Guhl ( 1979). 



 

STE 

A Without a lorica. The cell attaches direclly to the substrate with its narrowed posterior end. There is no 135 
stalk or the stalk is indistinct. CeDs ~100 J1111long. Fig. 237 RH.ABDOSTYLA (13C 

237 

B Cell located ina lortca. Only the anterior portion of !be cell ex1ends while feeding. 

A The lorica lies along the substrate, to which it is attached. 

B The lorica is attached to the substrate by its posterior end. 

GOTOIZJ 

GOT0128 

GOTOI29 

12< 
(13! 

A Cell attached to a lortca along an or part of its length. Usually with a flap-like structure at the opening of 131 
the Jorica. Mostly described as ectoparasites from crustacea. Lorica ~ 100 J1111long. LAGENOPHRYS (lZ 

See !Cane (1965) for a gu1de to the genus. Small and Walker and Roberts ( 1986) for a recent study. 
Lynn (1985) refer to 1t as Circolagenophrys. See 

B Cells attached to the lorica by their posterior ends. Lorica without a flap. Lorica 50-ISO J1111long. 
Fiq. 238 PLATYCOLA 

See Warren (1982) and Warren and Carey (1983) for 
gu1des to the genus. 

238 

115 



 

STEP 

129 A Lorlca with an intemal.llap which closes behind the orqanism as it withdraws into the lorica. Cells up to 
(127) 200 )lll'linlength. Fig.239THURICOLA 

130 
(129) 

See Eperon (1980) for comments on llus genus. 

239 

B Lorica without a .llap. OCTO 130 

A The lotica has a stalk. Cells of most species are 50-150 )lll'llong. Figs 240 & 241 COTHURNIA 

For a dlscusslon of thJs genus. see Matthes and Guhl 
(1973). 
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Figure 241 CotbtuDJa A loncated pentncb oliate. '!'be Ollly 
V1$lble ctlla are tbose that lorm a wreath (I) around the 
antenor end of the cell These - llUO the buccal omty 
(2). where food vac:uoles are bnned. 'l'be corurac:tile 
vacuole (3) be$ alarJijSide tbe buccal c:avtty. Tbe surface ol 
the cell IS liDely stnated (4). Tbe lonca IS Of90IUC and sits on 
a shon locx or pedm I (5) DrlferpnMJUJtederence coo· 
/ra$1 



 

B The loric:a anac:hes directly to the subsuate. Most specwr are 50-200 J.Utlloog. 

242 

A Cells that normally crawl against the substtale. 

Care IS needed as many gtdmQ abates may swun. 
althouoh they do not normally do 90 It IS best 10 
leave preparauoos lor several mmutes until oells 
have settled mto their usual patterns ofbehaVJOUI In 
preparaooos that are drymg out or are otherwJSe 

Figs 242 & 243 VAGINICOLA 

• 

Flgare :M3 Vaguwmlo A lot• 1 penlneb aLate. The 
oaly Clloe thai are en:le<lr aze !IDe Ul wr•!lle ••me""""""' 
end. '!be <:YIOiliasD of this ..,.._ a .,_, m owt110 ID 
IY'IIIboaac-aloae The~- from !be lonca 
(3) - ,_,,..., l:G 0111 ClDiliDCI .., d '" proCediOII 

- - e_g. by vtbrat>OC It • ""' llllCUUIDl lao 
- celiiiO talolbot tbe same lone& A COil:Z.:ule _,.,;., (~ J 
• -ble 1be Jonca lS •nacbod 10 a ruon-a of tbe .,.,.,., 
algi. a.dophor~ PIJase """"""' 

GOTO 132 

compressed. SWIIJUDIIlg Clbates may be squashed. 
and thus moorrectly IDierpreted as gbdL"lQ. Gbdmg 
speaes are often llaltened. presenuno one (vential) 
surface or their body 1o the subsaate. whereas 
swunrners may IWlSI or rotate 

B Cells that do not nonnally crawl over the substrate, but etther swun freely or are embedded in the 
IUbstrate. GO TO 154 
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131 
(1 



 

STEP 

• 

n;.r. rl44 It 245(a) It (b) cp!li)dull A coll:xlal ...U. 
_.:.c allole 'nle .!ICimdlal c:e111 ..,. •• I•' ..,. m a 
• · ..... - r~ 244- -lba""""""" m-Y 
appMl'ID lba- l!yeClllihe --.eta rock(X ~~ 'lbe 
...., 1>8:11ot f'IQ :~:~sshow lhe cello< t, Within,,., ma:nx roct 

-• 

.. ccb:Jy • s:aa>lll_...., t.ot- "' 6 • 46 (ct.• ...... 

tJal ·--....... CICII>C~ ,. Cil!ls - - .,...._ 
!bey ......... symbODc-algae (3) 'lbe-ciiMd· 
1110 caM (4 1 • - allba _, end cl""""' .-

133 A Small, nanened cells with a small number of prominent ani on the veniRIIIUfac:a Feeding SUUCI\lles 
(131) arenotobvious. Celllength~lOO j11tl. Figs246&Z47 ASPIDISCA 

AspidJsca IS a common genus. the dorsal surface or patch or membranelles Iymg m the postenor half or 
which may be ndoed. wtth the maroms pulled out the oeU. For laXOnomy, see Wu and Omis (1979). A 
m10 small sptlces. The mouth IS composed of a sbon hypomch (see Step 136). 
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Figure :146 AspKhsc:a. 'lllls genus mcludes some ol the 
smallest hypoujch cWales. However, membel3 of !Ius 
QeDDS are unllJce otber hypoll'1C!Is bec:all:oe the adoral zone 
or mernbranelles (l) does not loon the charactenstlC oollar
aod-lapel """"9"'D" Instead. the AZM Is mounted oa a 
short stallc. and &PI*!$ to be ...00 to sweep the suboaate 
Anantemr 5e9111elllofthe AZM(2) ISV>$1ble. buttus usually 
not poostble 10 see 11. The orgamsm can II!Uillly be idenn· 
ried by the small !IIIIDber or srrongty developed CU'n on 
wbJch 11 mov~ The lr3ri$Vell;e am (3) are relatm!ly easy 
10 see; the remamcler lorm the !roniOVen.:ral clusler. The 
body JS sol! and the malQIT<$ may be drawn out rmo short 
spikes. Pbase amtrast 

247 

B Ciliates that clearly have a mouth, or in which the location of the mouth is easy to identify because of 
obviousmouth~ssociatedstructures. OOTO 133 

Mostly with an adoral zone of membranelles (AZM) (l(jnetofragmmophora), or Wllh a ventral mouth sur
(moslly bypotncbs), or havmg a polar or lateral rounded by stout nematodesmata (hypastomes). 
mouth With associated extrusomes for food caprure 

STEP 

A Cellswithfeedingcilia. Theseusually lieanteriorto, orin,abuccaldepression, into whichthe 133 
cytostomeopens. GOTO 134 (132) 

Most species that key out througb Ibis step are hypo- as a band of parallel lines (the bases of the mem-
tricbs (see notes after Step 136) or heterotnchs (see branelles) leading from the antenor pole of the cell 
ootes after Step 161). Both are Polybymenophora around the left anteoor margm of the cell to ter· 
Wltb an adoral zone of membranelles (AZM). eVldent minate at a ventral cytostome (Figs 255. 258 & 261). 

B Cells without well-developed feeding cilia around the mouth, but witb eXIIUSOrnes or nernatodesmata 
(rods). GOTO 144 

119 



 

S'l'EP 

134 
( 133) 

138 
(134) 

A Withaul an adoral zoneofmembranelles (AZM). 

B With an AZM. 

GOTO 135 

GOTO 136 

A nattened cells wilh a rounded profile, and alarge venaaJ mouth caviryc::ont&lninq a few strol191Y 
developed mernhranelles. Dorsal and ftnttal body~ have 10-20 roM of cill&. CeDs bee ween 30and 
l50pmlong. Figs248&249GI.AUCOMA 

F'enchel and Small (1980) gtVe an account of the 
b iology of tlus genus. wlule Peck (1918) discusses 
lhe uiiiaStructUre and Corbss (1971) the taJronomy. 

f'l9uR 349 G/ai.Q:WJ10 t.1embea alibis genus are Dat~ 
With the mouth an the .-raJ - (as - here) The 
Ill:• mem>mmet"'" ( I ) -led Wllb the DlOIJII> are..,.., 
-a- , , oed. 1beJ -r be.-., brusb pii1ll::t.otb>d 
wliicll adboreloooely 10 the aii:Ca,.)""" me -.h AJIJo 

- IS ...., undnlarmg ftii!!ITIIx...e (2). a pan ot the """"'"' 
Clbory appuali.JS Neor the 10 a end ot the cell • • 
conttacllle """""'"' (3~ which bete bas the pore an locua 
'Tile orqamsm os evec'Jy Ciliated DIJferenaaJ ,_rference 
mnll&St. 

B nattened, rounded cells wtth a grooved dorsal surf&ce and several long ciba trailing behind. Moulh 
e:iliamre nor ~•ouglydeveloped. Cellaii\OIIIly 15-40 pmlonQ. f'lo:l250 & 251 CINETOCHILOM 

Taxonomy IS dJscussed by Jankowsla ( 1968), and 
structure by de PuytOrac era/. (1974) 

12D 

250 



 

~ 
' . Figure 251 a-toctu~um A ooa•non bllelenvorous ahole 

The OfQ&msnl •Oal~ W ll>e mouth(!) and It$~· 
alec! ciliamre "'" rndelll m the pooteJm pan oi 1M cell 
1blt N_, 11 d Ute J>ecs• oi the reiE!lrlely lor>!J 
traiiiDo aha (2) aDCI ""' md!Jiall!IQ ._,_,., oi the 
·- !IUiface (3) rood oao.a>lel (4) ond a OOUIXICIJII 
vec:uole (5). wiiK:I1 ant loca1ed more poooenody are aloo 
- PllBse contr .. 

STEP 

A Body with IOnelies(a heteroaich, -notes after Step 157). Maybegreenwithendosymbioucalgae. 138 
Cells 100-300 IIJlllong. Figs252 &253CLIMACOSTOMUM (l:M) 

See Peck et a1 ( 1975). F'ischer ·Deroy and Hausmann 
(1981) and f oiSSIIer (1980a) for ao::ouniS of this 
gem.s Olher oenera m tlu.s terntory are Con
dylostoma (flO 320) and Pentromus, wtuch are 
more USllally encountered m braclash or manne 
sedunents. 

252 

Figure 253 am.tc:x:.tarJun A llatlt'ned beleiOCI~ wuh 
lhe adotal zooe ol membranei!Go (I) CUl'V1IliJ around tbe 
flonl olll>e oe1J. and koodlog IDIO I -llo()eveloped buo:aJ 
C8'11'Y (2) A portiOil or tbe macronucleus (3) "'eYldenl. 0111 

1M c:mmacole .,..,.,.. (4l ,. - "'*"" 15-=--by _,_-algoa ID the C'f'OIJ!a5m - DOl 
al -=oes i1189llel Deo!:>ole the pr e oi a!Qee. tlua IS 
1 """""""' Ieeder laJao;j m ._,.sed 0t sm.JI pcoelee. 
Qtlerentlal .-rfw~nc. contr.Yr 



 

S'I'EP 

137 
(138) 

B Cells Wlthool e.en body ciliature, but Wllh dni (bloclrsof ciba) in~ or rows on theventtal sw:faoe 
ofthebody. HYPOTRICl:IS GOTO 137 

Hypotnchs use the CIJTl to 'Walk' over the substrate. 
They create curreniS or water mth the adoral zone 
or membraneUes (AZM) and extract bactena or 
other small suspended partiCles, althouoll some 
speoes use the AZM to brush dlatoms or other uems 
from SUlfaces. oo that they can be eaten Some 
speoes have the crrn arranged in a few small 
groups (sporadotnchme). but most bave them m two 
or more rows (StiChotnclune) Small and Lynn ( 1985) 
bave segregated tbese two types. as tf 10 suogest 
that they are only dlslan!ly related. 

254 
!rontalarrl 

undulating membrane ~ 
~ §-AZM 

trontoventraJ ont -;-:. ~. V' . ~ 
: • • : cytostome 

-~- · . 11 «heucrat am . . . . 
~ . . 
' • .,._ ..,._...._ .. 1Cim 
• • • * ··- v--

tra --~~ ns'J1tfS8 Clm caudal cirri 

B Witlllle.'lible or contr8Ciile bodies. 

122 

Hypomchsare common. There are many genera. 
and these can only be dlstmgwsbed by roappu19 out 
the kx:aoon of the ctrn TbJs osua11y reqwres Silver· 
Sla1ll.lll9 (tJgS 254 & 255) TbJs GUide 85S'unes that 
Sllver-stiWUII9 fac!ltlles are not ava•lable. and gen
enc tdenllficaoons must be regarded as unprectSe 
Different categones of CIID are tdenufied from thetr 
locat10n (~ frontals, fronto-ventrals. caudals 
(flo 254)). Small bnstles may protrude from the 
dorsal surlace See Borror (1979) roiSSDier (1982) 
and f1eury er aJ ( 1986) for accounts of the group. 

F1qln 1158 .Pli~ A bypcc:ncll-Wllh llfOIOl9Cl 
nus Silver StaU> oelec~S lli!QIIbvely cl!arQed PIOielnS. aoch 
Mlbe lUbuJms Ul aha and Ule ~on ntiCleo. 1beSiam IS 
111C1\W'ed morder oolbow lbe pcsllX>OlSol am m syslemallC 
IIUdo. an bypomcho In dill pb)lognlph !be ..., reveals 
the c:loeely l)lldced allaollbe adiOJal ..... of_.. 10 I ' 

(t~ - ollbe DJOJgaal (Z) aDd b , .. ,,.am (3) <
F'or.l 254 br tennmologyt lbe mac:zoouclol (4) and !lUClO

- {5); and !be aha mmpnsmg the •••ctul•tmv mem 
briMs (6~ Bnghr .66lct- condeiJIMT ll'a 

GOT0 138 

GOTO 139 



 

STEP 

A Wllh three prominenl tail (cradal) cirri, andJ:I'Ialginal rows of ani tba1 do not roan a COI'\tmuous line 138 
around the back of the cell. Body~ I'DlloDg. Figs 256-258 STYLONYCHIA ( 137) 

ODe or the largest hypomcbs, Sylonyc;hsa JS com
mon. Species are desc:nbed by Ammermann and 
Schlegel (1983). and WliiiSberger er aJ (1985); be
haVlOwal btoloqy by Machemer and Dettmer 
(1987); and electron nucrosoopy by de Puytorac et 
aJ (1976) 

• 

l"'ggn 287 Slylonyc/>Ja ,., genus IJIC!ud• .,.,.. oC tbe 
largeot hypolriCII cibates found m te._rate ~~= 
The ceU body lS riQid. vruh a ~-<!,..eloped adoral"""" oC 
membralw.U.O ( I) 1be QelmS may allen be cblllnQwsbed 
by the lluee loD!I caudal om (3) One or rwo otber ll"'l"l" 
...... - - am. bUI Ill Slylonrclw allhouoh the 
tiiOl'QIDOI am (3) lcml rtnr.!aloog the -oltbot body !bey 
do DOl CJ)Mmw arouad cbe ... J elaal ead '1be f'WO pallS d 
the "*"''' ...._. (4) are """"-~ lllleder
_...,.,.._ 

l"'ggn alii Slylonyc/>Ja (ct f'lQ 2S7). 'lllll ,_ tlluollares a 
ll.lmber ol the loalurM that chatac:ler!ZI8 bypotncb c:iloates. 
They ..... a well-developed adoral ,.,.,. or membranelles 
(I) wlucll fonns a collar around lhe front of !he oell. and a 
'-Pel '-dlll910 tbe ~ oo lbe ventnll aur1ace. Moel 
,_,_ pnllCip8IJy ...... \ I .,, ~ 011 the~..,. . 
floce. and !'-we ID the icml ol ciliary-called 
'am' ID acme 11+ - - form rows _., muc:b lib 
ko«- ID......,., as m St,hi,tdlM. ..-or aD ollbe am 
.,. ., .... • ,_ mo:mde .... ,...am (2) • the
-oltheoell.anangled-olllliDI'Oer8am(3).-r 
the ~ 1 .. and ol the cell pe< .. pe - CIUdol am 
ox- m tlus- bUI DDI - htie-- Fig 
257). and •••:be* or~ am (4) e>MildmQ 1rom 
tbe _,.., part ol tbe body and down the ~ surlaoe. 
DttferM~ mtadeceooe COD1111$t 
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B WitlloUI protruding tail clni, and withoUI complete marginal rows of cini. Dorsal surface may be 
ridged. Body3G-IOO I'"\ long. Figs259-261 EUPLOTES 

Common and Widespread. tlus oenus IS descnbed 
by CUrds (1975). Gates (1978). and Hill and Reilly 
(1976) lJronyclva (Fig 262). With strongly devebped 
am, IS related, but J:i IIIOUHOOIIUik>nly lbuDd in marine 
or brackish waters. 

l'lqwe :161 Elpbres (cf Flo 2Im A 'lleW ol lbe ventRl 
lllffoce or liD$ h7putncl• C:W.• The adoral zane ar ....,. 
~ranelles (I) lonns a oollar around the Iron! ar lbe oeD. and a 
lapelleodmg 10 lbe C)'108IOrlle (2) 11> lbe (cell's)Dghl or the 
mouth IS lbe Wldullnng membrane (3). The looomolor cilia 
are in several cl\lSie~ the ""*obviOUS ol wluch is the bne 
ol transverse CllTI (4). Othe!ltncludolhe lrontoventrals (5) 
and !he caudal drn (8) An out-o! bcus oonttactJie Y8C\101e 
(7) IS also evtdeot Dr/18rontJIII mterferenoo o:mtntsr 

l~4 

F1gln & Euplo~ (ct r1101. 261). A common and Wlde
IIP<eed hypcwcb Ciliate. 'Flus unlanubar .,.., !tom !he
of the obate el!ecttvety illustrate~ how lbe Y8Dtral ctm (I) 

thai c:huaclmze bt~Mtldloare 1..:1 br ""'''""- uver a 
-.. ,., adoral 200e ol ~Ueo (2) draws a 
current ol ""'ter under the cell -.nil the ·q-ue 
~nded porocles may then be removed by lbe obate 
!rom the CIJI!enL Pbase arnlniSf 

l'lqwe asa l!mayclua Oneollhe.,.,.. beoVIIy ~ 
hypotnc:b ciialeS. The ttaDIVOite am are extremely weU 
developed ( .)and appear to be~ unrnobtle However. 
theM cells mey Jwnp qwcldy, and the CllTI are perhaps 
brought mto use !hen. 'Flus land ol hypotnch (there are 
eever~l SU!Itlar Qenera) does not walk. but owuns or 11~cles. 
pr810J11l8bly usmg the adoral mne ol membranelles (2) 
PhMecom-. 



 

STEP 

A Cells with no more than two complete rows of cim on the ventral surface, ahhougb adler cim tMY be 139 
presemeitbersinglyorinsmallgroups. COTO 140 (137) 

B More than twO complete rows of cim. OOTOI41 

A The margmal rows or c::un are c::olllinuoul around the posterior end of the cell. The adler cim are not in 140 
discernible rows. Body 40-200 11fl\long. Fig. 2630XYTRICBA (139) 

foiSSner and Adam (1982) proVIde an llltroducuon 
to the d !Vel'Slty m lhe genus. 

B The marqinal rows do not meet around the pos1enor end ollhe cell. Some speaes are c::onttac:tlle. Body 
50-200 11flllong. F'igs264&26STACHYSOMA 

• 

Figant 265 ~-(and. beboloou) ,. ijpomch 

n. -~~ (II!I!!IOCde) doi'El bnlllao (I, wbocb 
m10tu be""""-<~ With cun. 5o<M ot the lllal91ll11 om (2} 
can be oeen. lllid the lmilSYe"" om (3) are V"'Y obvlcu< 
'!be lldora1 :oane ot ~ r 4> * the I)1IM:al collar· 
IDd·lopei ~ A ..........., .. YiiCIIOIII (5) • -..ble 
Alroeno:Ba JDI!ie---~~- '1(6). 
••: Q '"bieMIUdlbfU.nano..,..ollbeliiDit"""the 
P"""""""' olllle ~ - CODll'Ut 



 

STEP 

141 A A san9ie lme of ani e%1ends between the m&rglll&! rows, from the region at the ri¢1 oCthe mouth to 
(138) mare than halfway alaog the cell. Body 70--300 IIJ!IIonq. Fig. 266 AMJ>Jns!EI.!.A 

See foiSSDer ( 1982. 1964) br dtscusslon or thls 
genus. 

B There IS more than one raw or cirri in addition to the marginal rows. GOTO 142 

143 A W1th two rows (ahemating, zigzaq panem) or ani running along the middle oCthe ventral surlace oCthe 
(141) body. OOTO 143 

143 
(143) 

B CeUsWilhtwoormore(typically4-12)venttalrowsoCaniinadditio1\tothemugmalrows. The 
macronucleus is in many pans, and the oell has a rounded posterior end. Body 50 400 tun lonq. 

Fig. 2167 OROSTYLA 

See Borror (1979) and foiSSOOr (1964c) for a dlllcu:s· 2167 
SIOn or this oenus. 

A Polltenor end roonded Body 50-200 tun long. Figs 26S-210 HOLOS'l'lCHA 
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. 
~. 

ng....• } ••• , ... ~- hypolnc:tliBie rod and-am 111 c:Uiem otbml, like Ju-Jw. ore
and mo« of lbe CU'Tl are Ill rows As wuh all hyponJC!w. 
lbere •.., adonJ """"'ot uanbr-{llm a collar-aDd 
lapel arrw IJe' eo ar lbe aNeOOr ot lbe oell 1bo me ol tile ._,_ __ (2).,...-_ t.taam-deWt«< 
10 tlu• icngl~ rows~ ot one (ZIQZ3g) Jmeot 
-tral om (3) and two m&.r9ll>lll rows (4) Only coe 
marQIIl8) mw c:en be ..,.., c!Mrly bere ,_.. IS a1s> a 
c::klsla ollooger pce•e: «. ua:za; e •• am ( 5) ed a c::1t-.r 
of.._ -am(b a 5 --.. .,~ 

B PoMenor end tapering. Body 50-400 jUilloog 

There IS some debate as to whether ciliates Wlth thiS 
form should be placed m ooe genus or IWO. the 

271 

n . 

Flgare no ~,_,. A Oenble l!n»>nd1 O>llli'IIC)n)y 
found Ill manna babua1S. HoweYer tlus ondmclual wao en· 
oount&red m eedune<us !tom a very low JOhnny .......,.,.. 
...._ V.J:>ie ue tile - """" ot memt>r-nes (I <U>d 
lhlt "*'"'""" (2J mdoeaaal {3) and ~<•••&&: (4 cun 
,_ oontzasf (Scale bar 100 ""') 

l'igs 211 & 212 UROW"IOS 

second bemg Paruroleptus (Curds et aL, 1963; 
Borror. 1979). 

Figure 272 l'luvloleprus A lleXlble hwomc:h Cll- ll'l 
wblch lbe locornro40r om are m ...,...., just VISible ID thlS 

_.are lbe ~ rows ot vewal am I) -:1. -· 
lrrliXtr a-ottlle am ottlle-.! rows (2J wt.:b 
extftld !rom tile mot the cell '!be coli._ !be I}'PCBI 
coU..·aocHapel ~~ ot rnemtnnelles {3) 01 the 
anrenor end <lllhlt ceD. This_.. (and 10me otbet hypo-

- 89o !)g. 2164) bos -'e--(4)
moy be • ·aam.'lbo rwopomot .. -
(5) ...., be - Dt/fesenfilllltllt!tfereooe """"""' 
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STEP 

144 A Mouth(.denrifi.ablebytS!!C>C"!atedcilia,~ornematodesm•ra)loc:aledallheUIIeriorapexol 
(133) !he cell. GOTO 145 

B Moulh located either along the anterior lateral margin of tbe cell, along tbe Lateral maJ'9UI, or ventrally. 
GOTO 147 

148 A The an1erior pan of the body, which bears tbe mouth, IS rounded in cross section. The body tapers 
( 144) anteriorly, and a wreath of longer cilia may s:urround the mouth. However, they are not used for sweeping 

foocllnto tbe moalh. The r.-of tbe body IS evenly cihated. Body 40-400 jllllloDQ. 

Trachelopbyllum closely resembles Chaenea (Fig 
274), the front end of w luch JS slllt 

( 
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Fig. 213 TRACKELOPHYLWM 

n;un :m a.aer.... - u a. .. ,..., Alx>JI baJf or the 
c:::r-.- ceU IS vmble (I) TbeorgBJlllltl• Jooo- worm
~ wv.h a IDOUth (2) at tbe apex or the cell II IS .,..,ty 
abated (3) Alo,_de ts _. •• , (4) This oma1l a.bale 
• .-~y _.,..,eel an manne or braclalh watet baboal& 
-e • a OOIDIDOD lnd WJdeoo>r...cl. but \1 • """"""',."' 
bal 111 flesbwwrs t· blo a W8!Sl NQICIIl D:cm wlllcb two 
ay-.m ot alia~ 01111' bes m c:onact Wllb: tbe post.er'WX 
lalf old-. 0!11; tile r..-r .a:-Wat cun A
ol capolate tentadel (6J proje<:l trorr. the !root ol die cea 
They may be res>rbed II the ceU ISsub,ec:ted 10 meciJaniCal 
lhoc:lt Ddlerenaal mrerloreoce a>n!tarl 

COTO I.S 



 

STEP 

A The moulh IS broadly spuul.ate, ~the W'lde:st pan of the body. Witha single posteriorconttaaile 146 
vacuole, and tLm _,mes underlymg the mouth. Body 3(}..400 111'\ long. Figs 275 & 276 SPA THID!OM ( 148) 

Wwams er aJ (1981) and f'olSSller (1980 1984. pro
vtde an mtroducoon 10 the appropna:e bletature. 

275 

fi9are m 5j • tpwo (.oeasu -~ A 1111~ predolory 
AD<I.,.~--•Iouadmooill•-••
- ~ Uideib& ""' im<l*l _.,(I) "' lbe 
-· "' llle coli. Aloa - ..... !be 01:11 (2) ODd lbe 
Cllalrldlle ......, .. (3). A long moando!rulq IIIICIO<I!.lCie 
(41 •• ~ Dr/JereotaJ w~ COIIOlliSl 

B Although the mouth is broadened, it is not noticeably the widest pan of the cell. W"tth many contractile 
vacuoles. Length lro-650 11Jn. Figs 277-279 HOMALOZOON 

'llle most common speoes 1S H vemucv.Jare. 
srudied by KuhlmaM and oo·worlcers ( 1980) and by 
Wemreb (1953a & b). 

ALL SCALE BARS 20 11m UNLESS 

0Tl:IERW1SE INDICATED 
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ST STEP 

1• 
w 

1• 
(l• 

Figure 218 .lioma.b2x>cm A Oanened. nbbon-bke, siJgb!ly 
conllaetlle predaiDry Clbale. oannally lowld gbd.ing along 
or wuhm dernms. Al the anJenor end JS an arc of 1allmg 
~ (IDlOCy$1$) 0). 1lldleonno 11>e 1oc:anon of 11>e 
moolb (d F~g. Zl9~ A !me of conllaCtlle vacuoles (3) and 
oome of lbe lcmeties (Z) are aloo ev1dent. PIJase a>nlla51. 
(Scale bo:r 100 ,.m.) 

Figure 219 HomaJo:con. Oelilll of lbe antenor end (d f19 
278). lndJV10l81 emusomas(l) he under lbe moulh. Sbqhlly 
behind the mou1b IS a~ ""'""(Z) of relxacule 
grauuJes. tbe lunctian or w!JJclliS not well understood but n 
has been obeervecllhat u JS used "" c1unng fee<:luv Also 
VISible are Clba (3). laneoes(4l and oonll'8Cille vocooles (5). -= 

147 A ThemouthstretchesalongananterolateralmarginoftheceU. Themouthisusuallydelineatedbythe 
(144} presenceofUDderlyingextrusomes. GOTO 148 

B The mouth is located ventrally, and is typically SWTOWidedby anasse or basket of rods. GOTOISO 

- ' 

148 A Themouthtakestheformofaconcavedepressionnearthefroll!poleoflheceU.Noextrusomes.Body 
(147} 100-$)() JUlllong. Figs280&.281 LOXODES 

The body lS vacuolated, but bas no contractile 
vacuole. Refractile spherules are present (MUller's 
bcxhes) and help to onentate the cells (Finlay and 
Fenchel 1986). The ceU may have a golden colour 
wlucb IS most obVJous m the VJClruty of the cyto
pharynx. which leads from the cytostome into the 
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cell The cells are very flexible, and are from an
aerobtc habttats. sediments and the water column. 
For ecology, see F'mlay and Fenchel (1986). and for 
fine structure, see Njine (1970), and Foissner and 
Rieder (1983). Often found with Spuostomum teres 
(Fig. 322). 



 
• 

Figure 280 l.amdes l.lswlly encountered an l1llaOaeTO!lllihc 
hablta!S such .. anaerobtc sediments or bodies or waJer lD 

which lbermal SUlluficalx>n bas occuned. The orgarusrn tS 
llanened. Wllh a concave buoeal re<;110il (I), F'tom lhtS area 
leads a C)'1Dpbarynx (2), aroond wluch golden granule$ 
cluster. The enwe ceU may have a golden l'o!e. The oba (3) 
be m laneiles (4) on ho6 faces a! !be hody The orgarusm 
belongsiO the Karyorehcllda a group a! obaleScilslmQwshed 
by the fad that the macronucles (S) are ux:apable of dMslan 
Gar& must be lOken DO' 10 conftlse the rnacronuelea wnh 
MUlle<'sbodJes(6l whicharese...,ryorganeUes. 'l'heoelb 
will eaJ a vanety of foods. mos11y consurruno algae (7) and 
bact~na. ~ cont.rast. 

281 

B The edge that supports the mouth (with extrusomes) is convexly curved. GOT0149 

A The aboral edge of the body bears warts. A long canal extends from the lateral contractile vacuole and 
along that edge or the body. Macronucleus arranged in a series or interconnected beads. 50-400 ~lit~ long. 

Although quite common. Loxopbyllum IS a httle
stud.ted oenus. See Fryd-Versa vel eta/. 0976) for a 
descnptlve study, and de Puytorac and Rodngues 
de Santa Rosa (1975) for electron microscopy. 

Figs 28Z-284 LOXOPHYLLUM 

Oc 
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STEP 

149 
(148) 



 

Figure 283 Loo»pbyllum A !laue.-! predatoiy allate that 
gbdes aloog tbe snhsmne. The mouth fies alanQ tile ower 
(oollVex) e<IQe or the body (I~ U$ preseno& being scrongly 
suggested by tbe DIJDJl'IDIIS extiU90!DeS (Z) lD thJs area 
Petbap.s more dlsoncove. however are tile wans (3) of 
extrusomes at tile ocher la1etal DlafliDl ol tile cell '!be 
contractile VIICUOle (4) and a long collecung canal {5) ab:> 
be along thJs edge or tile cell A beaded macronucleus (6) 
and laneues (7) &Je VISible. The cell ts coatracule. Interfer
ence oonlla.st 

Figure 284 LoJrop/JyillJm. Delllll oC tile anumor and ot tile 
cell Numerous extru30CDe$ (I) he below tile lNo::aJ r<l9>01l. 
wluch exll!nds alanQ tile edQe of the oe1l Further ex
trulOmes may be seen forrrnng the wans (2) on the other 
latetaliDailJUl. Cilia (3) and kmeues (4) are OVJdefll. as are 
tbe oonuactile vacucle canal (5) and the nodes of the. mac
ronucleus (6}. Phase coollaSt. 

B No warts, with a single posterior contractile vacuole, and usually with the macronucleus in rwo pariS. 
40-500 1J1n. Figs 285-287 LI'l'ONO'I'm 

Cilia are present in parallel rows on both llat sur
faces of the cell However. m the sumlarly shaped 
and behaved Amphileptu.s, the kmettes on the 
upper (nght) surface converge to the centre 1me 
antenorly, and those on the ventral (left) surface 
may be reduced Another genus, HelDlOpilrys. for a 
long orne erroneously thought to have no cilia on the 
ventral surface, has been taXononucally merged 
Wltb Amp/Ulep(US (F'oassner 1964b). Membeis of the 
genus are predatory (F'tg. 221) f'or further refer
ences. see Dragesco ( 1966), F'ryd-Versavel et aJ. 
(1975), and Wilbert and Kahan (1981). 
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Figure • l.lfl:lnOIUS. lllultta!ed IS a !llllall _,_ m lhe 
-(ct Flo 287) Allmembenare&nes>edpredoiOrtOf 
ocavengu~Q abata 1be mco:h - • on 1lle """"""' 
-- and .. ,.,.. llliilgul (ll under- may be_, 
..,. ollhe ~ (IOD:ySI:S) (2) lbat""' uoed Ill ilod 
cepnae 1be Cl1ta (3) be mlaneOe$(4). and are p&rtlCU]a.rty 
well developed OD lhe IWface I!Jat IS lD contad 'M!h lhe 
.U.U.te (re!ened., ae 'Ventt\\1" by some. m 'the ngha
by olhe11) '!bere Ole rwo rounded moctOnuclel (5). be· 
,,.... which hea a SU>Qie rrucronucleus (6) 1be connacule 
vacuole (7) I.e. near llle l)(l$te00r end or !he ceU l'll83e 
C~>~~lrnsl 

Figure 1187 Ldomlus Tills ..,.,.,_ L Cl'!lllll'l a ""'Y 
latliO! and~ metr.ber ollhe--c.-·- -~ ,.,., ca r10 286} n.e _...,.. leQIOII • .. ~ 
-lhe-rwn<'eola longoack(l} Tw?~ 
(2) bem lheClefilleof lbe bodyot-.cea. and a Clllllloc:lll... 
..cuole (3) cat' be aeen near !he pcconor ollhla roc;pon 
The olla are ""' vsble m litis piCIIJSe. The cello are cor 
lractlle. Dftr/cground. (Scale b8l JOO~m) 

STEP 

.II. Cells only slightly Oattened. The rnou!h lies ventrally, and can be seen with care. There are numerous 150 
extrusOmea and one or rwo contractile vacuoles, in some cases with distinctive radiating coUe<:ting canals. ( 147) 
The oells are algivorous. mostly eatin9 diatoms or desmid.s. Specie11 Vir/ gxea!ly in length. from 
SG-aOO 1= Fios ~290 fRONTONlA 

Mostly foWld assocJated Wllh the substrate or det· 
nrus. but occaSIOnally ellCXluntered m the water 
oolwnn. F'l'onrorua IS related to ParameClwn Both 
genera have surular star-shaped oontracule vacuole 
complexes. The food may be larger than the ethate, 
thus dastot'1lllg tt. The mouth ts often dtfficult to see, 
as are the rods that surTound 11. See Didter ( 1970) ror 
electron microscopy, and Kahl (1900-1935) ror des· 
cripllons or spec1es. 

288 
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STEP 

151 
(15}) 

~ {0f;· 
\[ { . 
• • 

Figura 289 no.,-..., 'lluo """"'"" oo-...o ~ 
vreen algae (I~ There IS a smgJe large conuaenle vacuole 
(2) from w!ud1 colleciJnq canals (3) radiate 10 111051 por1S oi 
lbe body 'l'be macronucleus (4) IS VlSible. as ant lbe tn
dloc:ysos (5). wlucb are hlce U..... 5:>lmd m Palamecrum. to 
wlucb thiS genllS IS related (see F'lg 344 and lhOS8 follow· 
mg). Dd!MemaJ mterft!reoce c:onaast (l'bo4o Matula 
Chnstopbet )(Scale bat 100 IUD-} 

• - \ 

' (._ -\ v_/· ' . --
F'i.gwe- 390 ltonloru.:J. ~ tl:lao g¢nUG ao rolulod to A:u 
BtDAC1flm. ll does DOl feed OD smaD suspended pamc::~ 
$UCh as baelena. but on far- pat1icles of bxl. $UCh as 
desnudsor. as bete, dlaloms (1). The bucc&J reg100. wnh liS 

"SSS""ted aha. IS 11)1 !llden!$d as m Patame<:am bul be$"' 
lhe sutfaoe "'lhe ceD (2). Atoond the moath 8Ie mocrotulJWaJ 
rods (nemaJO<Iesrnam) (3) wlucb ant used 10 marupulare 
food mto the IDDUdt Also VISible are the macronucleus (4}. 
IIlChoc:ys>s (5). ctba (6) and a collection of greendropleiS (1) 
or unlcnown lunetJon DrJrerenllal wrer!ereore CQ!lttast. 

B Not as 150A. Wilhabasketofrodsaroundthemouth, andlorceDsdistinctlyOanened. GOTO 151 

A Tbe body is Oat, with a ridged surface. Exlrusomes are associated with each ridge. There is one central 
contractile vacuole (with vesicular ampullae which appear shortly before the vacuole collapses). The 
mouthislocatednearoneedgeofthecell.Feedsonblue-greenalgae, andinwell-fedcellsthemolllhmay 
be difficuh to see. 50-100 J.lllllonq. Figs 291 & 292 PSEOOOMICROTHORAX 

P. dub1us has been studied m depth by Hausmann 
and Peck (1978), and Peck (1985). 

I:W 
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B No ev>denuidging or extt1180meS. 

~- Pz i •' rar A, '~allllle. 
die....._ ofwt.:b IS tf!rowD 111m "a8 de o II i+1 tJids (1). 
Emw (2) aze IDc:aled lk>DO lbe 0100•- The....,. 
....... C{tlw coli• Ill i>cu:!. and lhe-(3) .... '*' llle 
.,....,. end C{ dliS ow:faoe '!be eel - -
~n alooe. wiDch aoooun1S i:lr the colour .-lbe 
ce[ Aloo Vlllbleare llle r<l9100oltheCIOIIUaC:IIle vacuille(4) 
(tlle ncuole - If bemg '"" of focus) and lhe Cilia (5) 
Dll!.>renfJII U>IO:lfenmoo GOnD3$t 

COT0 153 

STEP 

Jl With a cross-banded, ridged gzoove parallel to and near the margin of the cell. Cib& hmited to ventral 181 
surface. Some species with an orange 'eyespd. Mostly eating dlatoms. 9()...150 IIII\ long. (181) 

f'or a dlscusslon of lhls genus, see Kaneda ( 1900). 

Figs 293 & 394 CHLAMYDOOON 

Flgon :1M ~ A llanoned ~ W>lb al:>esbl 
or-(l)cf~nxls(..,.-••ta)openmg 
ontheveniilllswfoceo!lbeoeU lo1embenolthe9011US""" 
the - 10 rnanipllale larQer pertid .. cf lood. tueb as 
claiOmo. ,_ lhe oell '!be 9enul • dJSOnglllShed by lhe 
111101ed ~ (2) !bat bes """' the marva of tbe ventral 
llllloce. and by oo an1en0< orange spot (3) O>nrrac<ile 
nc:uoleo (4) and the reQ~DD of !be 1116C:r""""*- (5) are 
-1""-e.....:.ast 
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STEP 

B Without a striated groove. GOT0153 

183 · A With a posterior adhesive spike. Small. mostly under 50 lUll in length. Figs 295 & 296 TROCHILIA 
(163) 

Flqum 298 n-ocJulza A flaneoed bypoo10me CllJate thai .. 
similar 10 CbJJodotJeiJa <n~~o <!98). Ttus pbo~Dgtapn o«""' a 
side VIeW of!Nt Ohale as it crawls across the 9Udaoe of a 
~ fllarnent {1). The cilia (2)are mostly on tbe venttal 
st.a1ace. A basket or nasse (.3) opens on tbe ventral surface 
of the oell. wllere u IS best plac:ed to detach adbeni>J 
bactana and olher pal1ides of food. c:Merenrial mrerfer· 
enoe c:ontzas1. 

B Without a posterior adhesive spike. Mostly40-l20 J.llnlong. 

'The preVIOus three genera are rypical membels or 

Figs 297 & 298 CHILO DONELLA 

the hypostomes; mostly they consume bactena or 
smaU attached algae. 'The biology and systemaocs 297 

of the group have been described by Deroux (1970, 
1976a. b & c). ChilodoneiJa has an unoliated mid· 
ventral patch. while tbe closely related Tritbig· 
mostoma (Fig. a99) does not Oankowski. !96Th; 
Foissner, 1988; Hofmann and Bardele. 1987). 
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Flggre 298 Otr""*""'lll A lla!1ened alrate wuh a weD· 
de• t' 1:oe<1 basket or ,_ (I) olllllCitllllllul rodli (_. 
d..,.ta) /u lheu antenor ends. rJ\e rod$ bave ,eetll' (2) 
whodl SUl'!t>lllld the~ 0111he --or the ceU <- f)g 299~ For lhoo ,..," thegrcupolallolee10whdl 
Cllllocionelll belong~ t. t.. relened 11> • the trrpo. 
- 1be roas ... - 10 ewrup:lale t:acrena (3) or 
- ..,.,. pemc!eo """ lbe IIIOOJlh /uoo - • dl:o 
poc:!!n aze lbe ~ (4 wnh., adpt :1 rmr:ro-
nucleus (5). two CXJr.ttOCIIIe ...,..,les (6) and lbe al.a (1) 
DUJerenlliJJ mt..-..,., ODtJtros: 

l"tguq 2118 Tnr~ lllu1tt red 1S pan oflhe venttlll 
auface ol IIlii h)'llOI!IOrne olmte II a dos@ly related 10 
ClulodoM/Ja ( f)g ~ bo.ll ea llw phooograph ,. a sw:1oce 
...... craly .... OllleODt liP ol llle - _,. 
cllrllrlmla ( I) amund rile c:y101110.,. C::) on ¥IS1l:lie. 1be JX· 
aue lbr>wt rbe t:.esollbe IDCir1lldlal ala and 111e c~~s~n~a. 
liOn ol ~ on 1lle - aar1root. Willi llhgb!ly "'
dark mdoclardua fr:l>g .-..,.,.. otllle o.rJenor la
lbe ooatrac:dl \IIOil:liesaod UWJ 1-are DOl m fooa 
~~"""""' 

STEP 

A Spmdle-shaped cella with a long, highly mobile neck SQpponing a rounded mouth a1 the end, usually 184 
embedded in deaitus. The cell may ex!end up to I mm. Figs 300-302 LACRYMARIA (1J3) 

In one common spec~es. L. olor, the extensible neck 
appears to probe for food Smaller speoes wtlh less 
extellSLble necks are usually placed m lhe genus 
Phiahna (!'lg. 303). See Tatchell {1981) and Bohatier 
er al (1970) for structure, and f'oiSSiler (1983) lOr 
wconomy. 

300 
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F'iqln 301 ,.,.,._.. A spmdle o1Ji4>8d eel. - ho>r 
W\tb tbe 'Declc' (2) cha:acoensDCally oreetly eoa- and 
W1lh tbe 'boct( dAwn out (2) (a FIQ 302. wiiK:II 11 o1 tbe 
- Of~} ,., 'rnauU. 1S lrx:med 1ft tbe --
- M die lip ol tbe necl< (3) Loc::ajiWUI U.ndl and 
W1lllclraws the neclc as n pmbes for food (bere moody uoo 
bac:110.,e). .....tly wub tbe ""'*'"'* end ol the body 
art.tdlood 10 tbe delnlus. Pfla:Jeromrast 

/l 
I 

. }oJ 
~. 

f"i9ure 303 l'''i'w A ll>rpedr:>-Smpe ~. roo.nd 1D 
.,_~and m many ways vety SlCIIIar 10 ~ 
(f)gt 301 & 302). from which " - only r8COIIllly ._, 
~ 'l'bme • an """'""' d&renualed mDUib 
tegrQD (I) Wllh .....,.,.,..,.,aud ii c:Uiretolbo:IQaha. ~ 
&be body • ...,, or!egs (2) endoormac:ole.-C3>..,. 
- u-~ 11>e oo11-""' .... a..,... 
-.-.~-~ 

l'lll 

f'1gun 30a lM:ryman;i 'IbiS .,_n II ~ Jouod 
wnh the • i • "ted body" (I) ol the cell emt. io heo I lD det· 
rma a..a wub tbe amenar 'Ded<' <2! dal'llng m and.,.._ ,., 
neclc wiiK:II s ,_mNy ~- poobea tbe ""''er 
and tbe sobiaa:e bo: '"lONe lood. 'l1le W\I*WD-Oft 

- proiDOil8 <rdemlus. At the apol the,_. tbe -· 
(3) armed W1lb ~ lor caochinq pny 1be body ,. 
alla!ed (4). wub tbe aha lymt;J m IPlf8lhnQ ~ (5) A 
large mac!Onadeus (6) bes "' lhe centre oldie cell. and a 
contractile vacuole m "' - •• ""' PQ81enw encl. Dlf. 
feretJIJ61 wezi8n!no& conUMt (Sc:e.le bar 100-) 

ALL SCALE BARS 20 11111 UNLESS 
OTHERWISE INDICATED 



 

STEI 

B Netas 154A.CeDsusuallymovingfreelythrougblhewater. OOTO ISS 

A Rounded cells, moving in bounds separated by short pauses. No rows of somatic cilia. but with a row of 155 
equatorial spikes. An adoral zone of membranelles (AZM) smrounds the anterior end of the celL 20--50 IJ.ITI {154) 
long. Figs 304 & 305 HALTERlA 

See Gram (1972). Tamar (1968. 1974) and F01ssner 
(1988) for accounts of t1us genus. 

f'O!lure 304 HaJJena An obt;lotncb CJbate. Most obgomcbs 
(see f"lQS J65-370) use tba adoral mne ol membranelles br 
reeding and looomot>On. Ha/1<ma not ooly bas an AZM (I) 
but also an equatonal 9Udle ar sn1r am (2). lhe acnon ar 
wtucb propels !be cell witlr a bounding monon. TillS .s a 
$UlliaeDlly dtsllnc!rve trail br the 9"lJUS to be ldentlfied 
rrom motJoo alone. Sametunes. the cell may eorne to rest 
wuh one pole anacbed to lhe &bde or oovetSbp. under 
wbicb arcumw....... " may loolc ltke 8 bebomon. [)If. 
ferenna/ mrerference cono:asr. 

B Witbouttheboundingmotion. OOTOI56 

A CeDswilhamarked torsion, the Iron! twisted or with a spiral flange running along the body. Sometimes 156 
with spikes protrtlding posteriorly. 00 TO 157 ( 188) 

B Netas 156A. OOTOISS 
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at• -(JIB) 
.II. Medwloidormushroom-shaped,oftenwiththepo8lenorenddrawnoutasaspilte. Wllhanadozal 
:eone or membranelles <AZM> follow!ng the spaa1 edoe or the body. bul with the rest or the body 
predonunanlly without citia. ~100 IUD loog. Figs 306 & 301 CAENOMORPHA 

See jankowslo 1964,anc:l Femandez-Gahano(1980) 
br comments on t1us beteromch. wluch IS related to 
Meropus (Step 159). and JS usually bund m anoXIC 
Sites. • 

F\qme '.1111 O.enoaJOI)>Ia An wnbntllo·lboped betero

tncb - loulld J!IOIIIIJy "' 8nOI)C -- Thot -*>raJ ..,... ol membt- (II lollowo a opu.a poot11. ~ 10 
111e """'lh <4 aDd ena.ao as ttw - ce 111e -.r m n.. 
M)JM'CCb ••••••r)ohamella•••:•t lOa buld(J)wtDc:h 
Ms adiOOOOU 10 lbe aarJ "m ~ rn-:a8Y 
lal a a-t oi,..,....W! ~as"'* ADtenor-cl
<»11 Dtlferi!DMI~~ 

B An elongate cell, but with the tront end !WlSted. An adoral zone or membranelles (AZM) follows a spiral 
path, aometirnes extending along muchol the body. Klneties also [ollow a spiral path. Often wtth a dense 
granular mass at the tront end. SG-150 IUD lo119. Figs 306 & 309 METOPUS 

Both Meropus and Caenomorpha are most com· 
monly encountered m orgarucaUy ennched, usually 308 
a!lOXlC. habttats Oankowsla. 1964). Such o rgarusms 
may be referred to as sapropehc (Villeneuve
Brachon, 1940: FoiSSiler 1980a). 
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Fiqare 309 Melopus. A he:eromcb ctlJate. 'll1e cell has an 
adma1 zone ol membr.melles (I) lor ~ and alll• 

vellbOMl aha (2) lor locanotroo. The looo111010< OW. ere 
anayed m laneOes, JUS1 VISlble (3) as !bey poss ova the 
rnaaonuc1eos (4~ The genus os c:hsWlcllve bec:ause cl the 
1WISl ol the an1enor end ol the oell. A oollecllOn of QlllllUles 
(5) IS VlS1ble al the arnenor end. and there IS a poomnor 
<x>ntlaCble \'l!CUOie (6~ Moso speaes m thls genus are en· 
<Xltllllered m anoDC or reduced babtlal>. often lound at the 
bot1om of ponds. PIJ8s8 corrtiaSl. 

Fiqare 310 ~nella Like Metapus (f)g 309) and 
Caeoomarpba (f>g 307lllusgenusolbetez0111ChCillateSJS 
often 1otmc1 m 81'10l0C babnaos. The adoral :zooe ol mern· 
branellas (I) Jbllcr.vsa ~ palh around 1he aruenor end of 
the oell. ID !Ius pocllll'& U IS possible ID see lll<iMduallane
IO!IOm&S. The laoebas cl the looomoiOl' ol"' (2) follow 1he 
spaal palh ol the AZM. and run more or less aoaaUy m the 
jXIS!enOl half ollhe ceU. There tS 8 C8DdaJ clusler or longer 
cllil (3) Drllere111JaJ mtede.rence amtzast. 

STEP 

Jl. Flattened and rigid cells, usuaDywedge-shaped. Tbebodymay be drawn out intofoldsandlorspikes, 158 
with the somaticciliareduced10afewtults. Usually from putrid waters. l'ig. 311 EPALXJS (166) 

An odontostome Cihate Oankowsla, 1964), Epabas lS 
related to Epalxella (F'ig. 312). Dlscomorphella (F'ig. 
313), Saprodimum and Myelosroma (p. 188; Schrenk 
and Bardele, 1991). 

B Cells not Dattenedor, ifOanened,notrigid. 

311 

GOTOI59 
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188 
(186) 

UIO 
(1118) 

ngu;. 3U Q>I'Wllll An o< • • IICI Cillale ,.. ,. JS a 
sbort lidotal zone cA membr"""llas ( 1~ ldMmfying hS cx
oarusn as a polyhvmenophoran (spuomch). Oclon•~ 
tygiC8,JJ:y bave ffa-..t ...,.,lle c:Wa. ln tM .,.. ...,. there lS a 
w--r bind (2) triD9 -!lie AZM. and some 1 "" 
5Aiid!IC ala (3} Tloe cell • _., lot. ... :-n:oc-1 o( lila 
gm<Jp. aDd ""' body sm1ace os SOJJpted m I:>IQs aDd 
QIOOV<.S Theoe are evideni ,.. spiDE!S (4) al the ""'"''"" 
end A II>ICJocu:Jtous (5) • abo vsble Q>l!rel!o • mollly 
en'"PP"e'ed m oroz celty .• dled and amwc: ar.. Dtl
leretlhaJ-renoo~ 

A Sooop-slla.ped cells, planktoruc. 

~ - -d 

Figure 313 ~ All or·· .... .,,. aJ-Mt (d. 
f'9 312). The cell• _., 11111 aDd U>e body ..me. -.-:faDCI 
80llpced. wuh one apkB (I) prOJIIC!iil9 from the Iron& ot 1be 
cell Tlw adoral flOne ot D*ili><Ollellee (a) os borne on a 
~IP"=" ouuctw-e thai C'UI'ftiO a..f'CIII.Dd the ~ nl tbe 
body Se¥eral om {3) p:<I!8CI 11om llie pne-ryw ot 111e cell 
IMwirnpbe/lo • typocaJiy bnl m cr.--.:ally eancbed 
a1es w4h bnle or no free <>XY9"R. - OOilll"llSr 

GOT0160 

GOTOI61 

A With a cylindor of r<><U (collectively raff!n-ed to as a nasse or a basket) lying JUS! internal to the mouth. 
Cellabow IOO!=long. Figs314&315PHASCOLOOON 

Ult:rastru<:ture IS descnbed by Tuc:lcer (1972). See 
also FoiSSiler ( 1979b )_ 

lA? 

314 



 

f'llgun3lS pr 4 iw• A J"Rtj• allase.'ll\oa.nple 
•• - Q 

1

40 IIO<IIiaiiJ lbe !WOIII!enO< loteniiDil!'gmS 
(l)are=-1 RlU!Id oo.,.....lhec:eDa_..,... 'nlerea 
a weli<Muel:~«<-<11 -~-(-
IDIIII) !21. W1lb wlllcb ~ lato& ~can be ..,. 
~ ,.. ~ mciM<bll .... booen -llpme
beetiDQ centnc <1•11oms (S.~ reo SJ (31 Also 
rndenl are the contradlle vacu:>lao (4~ "*"OilUCieus (5) 
ODd calla {8). I'!Jas& """"""-

B Vfnh wMI appears 10 be a band of ci1wy membxanelles leadtng imo a cr ..... eat-shaped moulh caviry. 
CeUupto 1000 l!l'llonq. Flgs316&:317BURSARIA 

For a lollQ orne Bursana was held to be a heterotoeb 
(see notes after Step 161), but 1t IS probably related 
to Colpoda Like &usana, Lembad10n (Figs 318 & 
319) IS shaped Wee a scoop, and IS also encountered 
m the water column. It JS a scuucoc!hate (Step 169) 

318 

Flgon 317 ,.,.,.. A pia"""""" c;ollolo IIIII a ralali!d 10 
~ cruo 32BI. n.e "'; • "'-!llb Phasc;ol
- !Flo 3151.- pior:"*""" ~ ... txlCb. the ..-.or-(1) oltbe c:eD •ciA"""""' -lhlten~~~e 
oeD a -shape and _.,.,rev u1 10 csnve Qlllle large 
pai1ICies ot food (m lhls mdmduol. ~-ODd ella· ->- lhe buocuul ct..md 131 1\loo ~·ore Qle ~ 
and eJl!JUICmeS (4~-ODitlrMI 
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STEP 

181 
(199) 

163 
( 161) 

Figure 3 19 Lemlwf.., A pla.'lloonle SC:UUO<XIhate. Like 
some Olh~r J)lanl<1oDIC ciliates. such as Pha• • ""*"' (F'Jg 
315) and Bursana (f)g. 31n the cell IS scoop-shaped Tile 
operung of the !IC:OOP (I) IS ialeral. ralber !ban illlten:>r but 
the cell spuals 011113 longttudl!lal axlS 8S II SWtrn!, and lhJs 
~ 10 dlrea Oln'elliS ol-~er moo the mama Tbere JS a 
well-deveklped Wldulanng memb"""'- Tile oonll'OCiile 
vacuole (2) and lonq c:auclal aha (3) are «~so evideol. DIJ. 
SentJai UJterfeteDCe a>Dir..sl 

l'lgwe 320 Qmdylosloma. A !lar<eoed, bro'''"'ll9 herero
tncb ciliate. Tile adoral :oc>ne ol membnmelles (I) extends 
across the lroDI ol the ceO. curvmg sh.uply 1tt10 the bu:::cal 
cavuy A veJI·hkB undulanng memb11111e IS «~so preoeru. but 
u c:annor be seen here. Tlus pomcular c:&D has been feedmo 
an -=(2} Tile cell has oonvenbOnaloomalJC Clla (3) in 
"""""""" Also visillie are oome pans of the ~:leaded ..,.,.,. 
aucleus (4~ Phase comrost. 

A Cells wilhow an adoral zone ofmembranelles(AZM). GOTO 165 

B Cells that have an even covering of body cilia, in addition to an AZM. 

The heteromchs mclude some or the largest, most 
colourful. and arclutecturally most unpressJVe 
ciliates. Because of the AZM (Fig 320), they and the 
bypomchs (see notes after Step 136) have been 
grouped together wuhm the spiiOtnchs. and more 
recently wtthm the Polyhymenopbota. The Poly· 
hymenopbora were often regarded as the crown of 
the ciliate evolutionary tree, but recent work 
suggesrs that the heterotrichs may have cllverged 

A Bodies contractile. 

B Bcx!jes not contractile. 
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THE HEI'EROTRJCHS GO TO 162 

from anCestral stock at an early stage (Small and 
Lynn. 1985). Heterolncb ceU bodies are often rela· 
lively large and Dexlble. They are dlstingwshable 
from hypomchs because there are lanenes on the 
body surface, but are most easily confused wtth 
some of the hypotrichs that have flexible bodles and 
several rows oi ventral cun Some genera have 
already been keyed out (Steps 136 & 157). 

GOTOJ63 

GOTO 164 



 

A Worm-likecells(upto 1 mm long). With the contractile vacuole located at the posterior end and a 
canal running towards the anterioroftheoell. Flgs 321-323 SPIROSTOMUM 

l.squtth and Repak (1974) proVIde a key to speoes 
SpJIOStDmum JS often found m poUuted sites. or m 
s:tes wtth httle or no oxygen. 

321 

_f 
;· 

FigurEo 322 5paDslomum (See aloo f\Q 323) SboWD here JS 

s ''"e$. one ot lbe ..- specH~S m the qems. It JS 
d.tstingulohed by thecomp1Ct1lli1Ct0<1Ucleu(l~ 1becel 1$ 

cyitndl.c:al, wub a postenc>r cotttracllltt ViiCUOI<> (21 and an 
adoral zooeof memllranelles {3J leadmrJ rromlbe ar.tenor or 
lbe cell 10 lbe c)'IOISiome l·l) Each membrane!Je !J<oaJs 
slightly out of sync:b:ony wttll liS neoQbbcur ~otth what "' 
canect metachtonal c:xrordmatJOD A3 a ~~. a r,.,-ave-kke 
pattern of OCit"IY pasoes along th<. organelles. 1lus oo::ur3 

so lBsl that n "' dtfliculr to see n Wllbout pboloQla;-lly 1be 
sur!ac:e cit he body tS ndged w:tlltlle !Meoes ollooomDIOr 
elba (51 Pl>8se conaos< (Scale bal 100 !UJl. 

Flgures323(a) &{b) Spuco:omua:(seealooi">Q 322) Theoe 
are two 'lleWS ol the same ceU oi S amb1guum . .me of &a 
larger specles 111 lbe qenus The pllol<lgllip!ls illus~ 
corltxa¢11ltiY rn tlJe Ju,..er v.ew (b) lbe cell has bePn made 
to conllaCl by )alTUl(l tile glass sbdP Vtstbk; m lhP uppo-r 
cell (a) a.~ tile PQSienOt CQrl1faCtl)& vacuol&(tl :s """"'"m 
oollec1mQ canal C2). whlcb exte- IOWa1ds !be IItlnt of tile 
cell. the Nero~ whlCh lool:s hke a sumg otsousages 
(3k and a lood """""*' (4) lymq oear !be ey~Qproaready 10 
be CJsclwgea 1be 01tlls are of.en V""' opaque owmg 10 
ao:umulaled calcnun salts. Br>;ht lieJd. greeg liltec (Scale 
bar 100 !"~') 

b 
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163 
(162) 



 

I~ 
161 

STEP 

B Cone-shapedcells. f\gs213-216STENTOR 

Stentor hi... to... odoza. zone of membraneDes (AZM) an tenor end of the ceD Many speoes are colourea 
at the broad end of the cone but II may be cWflcult 10 (green. blue. pmk). 1bey may abo attach to the sub
see If the cells are contracted Tbey are large (up 10 sttate by thea po&enor ends and adopt a trumpe; 
I rnm). llo'lth the contracrile vacuole located near the shape (see Step 118) 

164 A Pmk or red cells with the coruractile vacuole at the posterior end. Most species have a weU~evelope<l 
( 162) undulanng membrane alongside the adonl zone of membraneUes (AZM). Body 50-350 ~long. 

SE>e Grese (1973) for an account of the brology of 
Blephansma and Huschfield et a/ (1965) and 
Larsen and Nilsson (1983) for comments on It and 
related genera '!be cells usually eat baclena. but 
they may become canmbahsnc, and will then c!Js. 
play darlc red bxl vacuoles contauung the partly 
digested resadues of their cortfederates. 

F\;IIA 3a8 BIBp/1dnsma Mocsl membeJS ot 1tus oonua ot 
1><-t•olnell abates are p!l'llc. The rnoulh ClilaNre ex"'ndl 
!r••m the bOnlctlhe oeD lO the cy100tome (aboutalhudct the 
way down the caD). The '-'mo al18tute ""''"'* lhe 
Yell ~" WlCiulaunq membraoe {I) and an ad<>rol aooe ot -·-a. (2) 'lbJs Ill',.. ""' moody - on '*""'
and omall - but u may '" •,. celly tooc Ollie can 
Nbew=c: 11>e 11111.- pu:i: teiJWlS ot anolber ce~ ot 11> 
SiiiD8 -r:• w are ~ m one b:>Cl ?tQ!Oie (3). 'lb. 

I ..,.,._.....,....(4) ISalll>e pcaenar a altho 
coil and"' liD r_,lbe - (5) or - ot alllase 
-· n-.-. .... (Scale bil!OO-) 

14fl 

Figs 324-326 BLEPHARJ.SMA 

324 

Figure 326 8/ephansma DetiUl or llle anteriOr end ot a oetl 
The adoral zane or membranellee (1) can be-n leadu19 
from llle antenor end ot the ceU 10 ll1e c:y101110me (2). The 
""'rnbranelles a~e bloc:lcsct edhenno alia. and~ 
may be .,_WIIh IDCI!w:luit.l cba on tll8 aufloce ctlhe body 
(3} '!be body IS biQbly _,..,la!tid. locld nonleo (41 can be 
_._. """"u ... !hey CDrllaln beclem. '!be CCir1eJ: (5). 

wlloc:b -.,-sa$ a d$:r- ..,_at lbe aufloce ctlhe cell. 
b::lks gram;Jar ,_,..,,. of the maaD adiK:e ·• -tee U'lr. 
CltXlla;.:J lhepmlc ._...,._ ~ ._.., • .,.mn"""' 



 

B CeDs with anterior tot'Sion, and the membranel.les lying in a spiral gtoove. Species vary in size from 
~I'JT\. Stepi57, Figs~IOMETOPUS 

A With evenly <hstribuled body alia. 00'1'0 166 

B Body oCilia absent or patchily d.lstributed. 00'1'0188 

168 
(161) 

A CeDs Wlth alia clustered 111 or around a buccal depression; these cilia generate CW'Tents of water from 168 
which panicles offood are taken. 00 TO 167 (168) 

Buccal (feeding) cilia may be located entuely when the cells stop movmg The type offood can be 
WJtbin the buccal caVJiy, or extend onto the body mferred from undigested cocootd bactena or other 
surface. F'eedlllQ bebaVlOUJ' IS often only apparent small partteles m food vacuoles. 

B NO! as 166A. 00'1'0 113 

A Flattened kidney-shaped cells, often found in soil, with the mouth located in a lateralmvagination. The 167 
ldneties converge on this region. With the contractile vacuole at the posterior end. ( 188) 

See Lynn (1976a & b. 1978). Novotny et al (1977), 
Lynn and Malcolm (1983). F'olSS!ler (1900, 1987 mter 
aha) for the dJVellllry Of CcJpoda and Bardele ( 1983) 
for ultiaStiUCtUral accounts of vanous members of 
the genus Related to the colpodJds are Bursarut 
(F'tgs 316 & 317), and Cyno/ophO.sJS ( f'lg. 329). a 
genus that may be found attached to detritus m a 
mucus sheath. 

327 

Figs 327 & 328 COLPODA 

ALL SCALE BARS 20 IJ.11\ UNLESS OTHERWISE INDICATED 
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-

STEP 

168 
(167) 

Figure 328 c:::b4xd!. A geDU$ CUUWJQI Ill SOils. 'f1le organsD 
can readily encyst and excyst to lake advantage ol penocllc: 
doodi1~ and diyJng up. Tbe oroarusrn lS a $USJ:eOSIMJil feeder, 
osmg the bucc:al Clbary of98Del]es (I) 10 _, .. badena 
wtucb are then lntemahzed 'Nll1'!!n bod vacuoles (2) "nle 
O!gaiUSm IS flanened. wuh tbe aiJa emerQUl9 Ill Ol!VIDg 

ku>elres (3). Just VISible are the regiOns of tbe oonttacble 
varuole (4) and rhe macronuc:Jeus (5} Ds/ferentJIJ/weder· 
enc:e contrast WJlh til!ec 

B Not as 167A. 

Figure 329 CmD/op/Joss. A fll<er·leedrng oo\podrd aiJare 
Membels of llus QeDUS .,... often l¢und Wlllun gelannous 
loncae. On """M''OS Uley may form Slllllll <»lome$ Around 
lhe mouth Is a sttoDQlydeveloped array ot buccal elba (I~ 
used Ill tbe seleaoon of food Tlus mc!Mdual bas mges~ed a 
Chlam)'domonas ceU (2}. The ceD "' evenly abated (3~ 
""""~'~ m a small ruft of longer cilia (4) al the antenor end 
lm>delhe cell lhe OOilllaCille vacuole (5) and the regiOn ot 
lhe lllilClOnucleas (6) are lnSihle. DrfkrentlaJ 111lerier8D08 
a>naas< 

GOTO 168 

A Ovoid cells that dan aboUJ, but frequently stop moving in order to feed. When feeding, a Oat sheet of 
cihaisextendedfrornonesideofthebody. THESCUTICOCILIATES GOTO 169 

Scuuc:ociliates are usually cbaractenzed by a large 
well-<leveloped undulatmg membrane. Mast are 
rree-swmunmg organiSmS, but the relaovely un· 
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common Calyptomcha (Wilbert and FotsSner. 1980' 
(Frg 330) IS anached to demrus by means of a lonca 
that IS open at both en~ 



 

' 

I 

• 

B Not as 168A. 

Flgure 330 Q,jyplomcha This scu11COCJ!oote bves wnhm llll 
cngaruc lonca (I~ ...., here ar.ac:h<!d to filament$ ol bhle
Qieen algae (2) As walb II<& 3CU1JCOCJioiites lbere as a 
weD-developed tmdnlaung membrane (3~ A c:olll!'aOiale 
vacuole (4) as also evident 'lbecahate wlree to movewttlun 
1!$ lonca remoV!llg parucles ol ixxl from lhe c:urt<!lll3 0( 
water that n 9enera:es. DiiterentJaJ mterlerence cooaast 

COTO 170 

A Small cells (usually less than 30 lOll) with relatively few somatic cilia. Figs331 &332CYCLIDIUM 

See ThdJer and Wilbert (1981), Berger and Thomp
son (1960) and Bardele (1983) for accounts of the 
members and the fine suucture of t1us genus. 
Common and Widespread 

331 

-~0- J 
/~' 

I 
Fi9Qle 332 C'yctxWm. A COOliDOO S'l'lp""'OD-feec:iln<;j SCU· 
tJC'OC'hiU• The somanc C1ba (J) are relanvely !pi!IISe and 
loOQ. aod !here rs a s>ngle loa,ler cau<lal cilium (2J When 
these cahaaes ~Bed. !hey become Jmi!Onless and unfurl a 
satl-hl<e undulatmQ membrane (3) The C>laa of me Wldulat
mg membrane {be!ely YlSble bere)areused l<>stram small 
SUSpeodecl pa.rudes trom lheCU!Terasdwater Thefocx!JS 
!hen poci<agl!d tn focxt vacuoles (4) InSide !he cell All oe!ls 
he~ a cxmtniC1Jie vacuole (5) wlueh L~ lbe ""'"' c:ommoo 
speoes zs found at lbe rosrervrr end Here, howlrverl 11 ts 
lo<:ated m lhe oenne of !he oell Pha$1> a:>nlnl$! 
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(1st 



 

STEP 

170 
(188) 

B Cellslargerlhan30 ~in length, wilhadenselypaclcedlayeroflongsomaticcilia. 

ror discussions of Pfeuronema. see Dragesco (1968). 
and Grol!ere and Detcheva { 1974). 

Figs 333 & 334 PLEURONEMA 

f1Qure 334 .Pieurooeoa A rela!mt of CyebdJum (Fig, 332}. 
but larger. Like liS smaller relatiVe. tbe cell has relanvely 
kinO !Omatie c::Wa (I) wlucb are spread out when tbe cell 
ex>mes 10 rest m order 10 feed A welkleveloped Dlldulanng 
membrane (2) .s extended during leedmg. Inside tbe oen. 
tbe macronucleus (3) end refractile CfY$IaiS (4}are 8Yident 
The laneties may be seen as i>lcb on lbemrface or tbe cell 
DIJ!ereaJiaJ ~ a>niJaSL 

A Thin, elongate cells in which some of the feeding cilia are curved, forming a passage from the anterior 
of the cell to the mouth, and within which the undulating membrane beats. Body 50-100~ long. 

See Didier and Detcheva (1974) for observatlons on 
OJhnilembus. 

1<;0 

Figs 335 & 336 COHNILEMBUS 

~ 336 0>/uuJetnbu<:. The JnoSI o!Mrus learure of !Jus 
abate ,.. lbe blobly de'-elopecl buocal cibanue wlucb strel
clles rmm lbe antenor end of tbe ceD "'a llXIIllh about 
baltway down. Two hnesafciha (or a$1D91e boeafU-sbaped 
alta} (I} imn a channel wlllllll which a smgle bne of ctha 
undulateS (2~ Tbls enables small parncles of t>od to be 
segregeted rmm lbe surroundmg medium. cbannelled to
wards tbe cyto&IOme, and then podcaged wnhm t>od 
vaaJOies (3). 'lbe body IS evenly clbated and tbere IS a long 
caudal dlnlm (4). Dt!ferenoo/ mU!derencfl contrast 



 

B Not as 170A. 001'0111 

A The mouth is at the bue of a short groove located)USI below a shgbtly juning or twisted antenor pan of 
lhebody. Wilhacentraloonttactilevacuole.Body4G-IOO 11m. Figs337-339COLPIDIUM 

Cclptchum IS common m orQaJllcally ennched sues 
foiSSIIer and ScluJimann (1980) gr;e an acx::oun: of 
the genus. and other studies have been made by 
Janla>wskl (1967a). Lynn and Oidlez (1978). and 
lltode et aJ (1984). 

Flgwe 338 ~rm 'lbll Cll.ale IS oCen fouDd n Ialii" 
numbers m orgarucally ennched and sbgbtly anonc sates. 
'lbe IIIOU)b (I). wluch bes below a slightJT protn>chng ant<>
nor panofllle body (Zl. ,.,_.tesalJaryorganeDestbaJ 
are uoecl 10 c '" emr•·e •••"""' P"lliCCoM end delrver 
lhem br •• • .. ... llliD tlOd V'Qples (3). ,., liuge 
empy.loolaaQ oiiCDO!e (4) _,. llle """""'ol d>e cella the 
OXl1l&:Ule ..-.c:uo4e Also V1llb6o Wllhm lbe 0111 are U. 
reg>OnS cllbe macro~ (5). 1he aucrorax:leul (6) and 
llUIDChoodna (1) 'lbe c:eJIIS evenly dbated (8) Plio&=>
trast IUb!loal light film 

337 

Figure 33t 0:>/podmm dMd1nQ - •• ...qnly ...,.. 
bPr ~ Ul cb._n !han tllel sho"" lor Teallbyn»lll (FIQ 
341~ 'l'be pt,oeograpb JS or a lbgr.tly OQUBSbed cell wuh the 
IIJrt.ce mloo-. 'lbe ~ Clln be seen aallohl hnes en 
around wox:ll .- !be ooll are clustered IDitoc:IIIOilldua 
(2). lleb& !be cell dmliee. lbe """'.bet ol -oc: a!la 
ueeds1Ddouble. and-....., ......Cclu.e .,.-nordwgb
oerc:eJI(opoo~he)amsrlorm Here. !he .... n-t>J'IIIad mouthcl 
lhe preoumpuv~ anlenor daught., ceU (lhe proter) may be 
aoen (3). along wuh some of lhe a>mpound !~lllO C!hary 
otoanella& Tile pooterm ..-l>pana (4) be oo lhe .mace 
cllbe ooll. aa !be - c:awy his ""' ,... brmed -..,.... .... 

JSJ 

171 
(170} 



 

STEP 

172 
(171) 

B Wnhoutantenorprocrusion. 001'0172 

A Small (less than SO j.lll\), pear-shaped cells with a small anterior mouth, and the coruractile vacuole in 
the posterior part of the cell. Sometimes with a caudal cilium. Often associated Wlth waters that contain 
manya.nimals,orwilhdeadandlordeQymgarumalmaner. f'lgs340--342~ 

Tetrahymena has been Widely explotted m physiO
IOQtcal and biOCherrucal stucbes (Eliott. 1973) Smce 
Nanney and McCoy (1977) reVISed the cntena for 
Kienufymg speoes. many have been added to the 
genus (BaiSOn 1983, Williams er aJ. 1984, Bao
chemtcal techruques are now requ11ed for !dennbca
uon of many spectes (Corliss and Dac;~gett. 1983). 

Flgw-. 341 ~trab,_.. (&oe llloo tl!l ~ Probably the 
m osr smd,ect J(!'mlS d. au tbl! cibales as il can cow be O'f'CWtl 
"' t..;~ena a ., c:uliUres h a tesult. '' Ml •• • we ...;Qe~y 
.-! tlr expenmenlal - on liS ph'}S!OloQy boo
cllem=y ••c ·rwo <:ells arelbown a ""'rna! nopruc oeU 
( 1}. and a ciMc1mQ oeU (2) .,.,th ds ~ 1\Jnow (3) ID 
lhe '..ud Teu*~>- - moouy ® ...-rOe<! 
bat-4ea o!:e:ll!l a9!!!C9'X·U WltiU:IICOili:IQ IIIIIIIill rm!erll!l 
llaocller.a ate concenmo!ed by lbe bu<:atl allatu:tt arOUDd 
l!'le D1DUIII ( 4) The oeU body • evenly c:Wated (5), Abo 
&Vlder.tmtno nonnaloeU aresbQhr lurtows(!Qnet:es)(eJ on 
Ill'> Ololrlaoe. the lmiCI'OtJUCI- (7) iiDd the Owd·fllled food 
..,.,»>ps (8 - oontl'a$l 

152 

I 
f'lqure 3U '/'ota41/lymeall T't-.IS IS a fixed pr..,..,.non I -· 

baa - - ... .:JI pmwgol Tills - ...., ....... 
buoc (~ cbat9edJ PI~ :u:l> a am- lllld 
"'-- for lhla reasoa. t.a1 bocbes (I~ Cllie (2) lmd lhe 
maoonucleus (wnh lusloneel (3> can be -.. The plloto
Ql' apll bas be"'llalceD onth a lhallow local depth. and LS Ul 
1:>cu1 thrCOQb lhe ceotte of the <:ell Sewn! IOW3 <k>nehM) 
01 k:lem rr = aro;~ YIOlble Oil !bot IJlBl9IDI at !bot cell. tlllo ,... 
lnQ lhe looo'mct.ral .,.,. ollbe body A!OUDd lbe mou!h 
r~ <be -ty pad<ed laneiOSames -..pponmg lhe 
ctll4 of !he lluee mo.•mbranellee (4) and the curvu>O ""clulm· 
lf'q mambrane (5) have swnecl clea.rly Abo revealecl 11e 
me rmoomhll!or r1bl>oas of the c:ylOpbarynx (E). -.n; 
'"'"' lhe - ID1D the Cf' IJ I .. of lbe oell Bngbt /leld 



 

B Cells With a layer oftrichoc:ysa under the body surface. Wtth two c:onaaaile vac:uoles, ly'J)Ically with 
rad.,nngcoDecrtllQc::anals. (Onespec:~es(ngs341-348)huac:Wieren!ldndolcalllr.lc:tilevacuole 
oomplex.) Wllh a caudal tuft of cib.a, and a IIIOUlh that lies near the rruddle olthebody, at the postenor end 
or a pre-cnl g10ova. Either elorl9ate or !l.anened 090id (foot-shaped). Figs 343-359 PARAMECIUM 

There are many general accounts of thiS very 
common and fanubar genus of ciliate. W tchterman 
(1953. 1985). Wagtendonk {1974) and GOnz (1988) 
all gtve general accounts meludmo outlmes of the 
compasmon or the genus. 

As With Tetrahymena same spec~es can only be 
ident.Wed by therr btocberrucal ch&ractensocs 
(Corliss and (.)ewell 1983) Morpholoolcal speoes 
can be dtsttngwsbed by therr shape, being ettber 
elongate (slipper-shaped) (FJg 343) or foot-shaped 
(Flos 348-359) and by the form of the JTUCI'onuclel 
(Fig 357). One common speoes CP btasana) con· 
latnS endosymbtooc algae (F'tQS 34S-358) 

These are peruculme ctbates, the cl: • relatives 
or wluch are f'ron/D/lJa (Step ISO), Urocentrum (F'lgs 
3in & 388) and Neobursandlum (F'tg :lro) 

~ 344 Patamecnm. Both a !J'I)OCIIIlndl.-and can
P'""''O a!lll (I) are siJDwD. n. liDgle cell~ a 
IIIOCIOIIIICie\ (%)-. spbenc:el..,.,. '0-
(3) ,.. pu1ICII:iol IIIICiaor ..,.,.rq. .. lbDD. CXII!IbiMd -lbD--"' lbe celt ........ ,_ lbe ~ .. ~ p 
.. Idalia a.. . -· .. a wec:lw !hoi .:lows ..... ..,.. 
dloiiQe ot 0!"111111C .,.,__ boP.,... e>a!JDO cells Tbe 
<»lilt•: ,,. iaooed. a~ chon""'..,.,..
lbelll. and a ...,,..,... lllldllus (piOduct ol me_, ot lbe 
rrucronucl ... l lS e>~ChanQecl Conttaclll~ Vi>C\IOlos (4) are 
aJaovlld>le. i'I>MeoomtasL (::ial~ b01 IWfl(ll) 

Flgwe 34S l'llramecrum Wllb t>Od ........ 1lDs sbgbdy 
~ ~t-beenfedwub t.c:!.ua-...d btoc:l<m:l 
red. m-1>..,. lbB lbocl 'IIICIJOia Tbe ceU,."""""' 
.,......s Willi cia (I) !:G. as Wllb oil ~.,_,.. ~~ ts a 
c:8lGI 111ft CZl ol lonQeor olla. Tbe IDOU!ll may be seeo as a 
clautll!l (3) Willi a deDoely poclcad ._ ol obi. food IS 

J'OIIhed cloWD lbe c:laMet ulttmately 10 be pod:ed UliD lbe 
food YK>IOlee (cdowedJ. AitiO-ID lbe cell ate lbe
oontrac:llio ACUOios wub lbeu noditlhn!l a>llect11111 canals 
(4). u.. mac:nmucleus (5) and lr•cltoctits (6) - """" 
tr&St 
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__ ....__ 

f'igara 344 Alnmo!cmm mcuth Pluamo!c:lum • • r.:ter
feedu>g ollate 'lbe body IS oheped 10 create a chaMel flam 
tbe !root encl artbeceU 10 die bucx:al cawy -n bate (I)"' 
a me VIeW In tbe bucx:al cevny lle tbe compound ctbary 
ar~J>rwlleo (2) {IDII!Illbranell or peruc:uli) !hat cr•te tbe 
CUlTI!fiiS ar -·er flam wtuch l*lUCies are tillken n. -
allel -or alta lbollll!Obt up tbe I'W'"''" are JUII dlaoem
tble. Food• pet I e<f 1!110 food ftC'.,._ {3) wluch bnn at tbe 
""""""" {4 1 at U>e """" ar the buccal cawy A mae
"' .. .....,. {S). udx>ct- {8). aha (7) all<! a CX>IIIlaCille 
vacuole (8) &le also ev>denl DtllruetJoal mrerference coa
trliSf. 

154 

347 

~ 348 Pal:ameclum pu/nDUm. The omaiiMI spe "" 111 
tbe - nus 11• ... {f'lo 341) .. atoo c:a11ec1 P rnclmuD 
Unlll:e ccher members ar the - tbe """tw11le 
ftC'-(!) do-- ,.,..,nng cr>llec=1Jnq c:ate!s. 'lbere 
• one large alOIClcw w:!eo• (2) all<! an ........., can
UIKOitta::leus (3). rood A "ol;es (4) can be ctsrngunlwt 
bec:euee they contam cle..aly , ... I ed t:.coen.a. Also ¥1Sible 
..,. the 1D0U1b <Sl. tncbacysos (6) and cba (1). DtfferantJIJJ 
w~ COlltniSt (Soole bar too flll'.l 



 

Figures~ 'Ibis series of~ of Pazamecrum -
.bo.lrnana attempts 10 illusttate lhe diflerent COiliiaSI enhance
ment techniques that can be used wuh free-IMng ptoa:12x:a 
VanouscbaracteDStlcsortlus spPes may be"""" m Fig. 
352. Aswllbotherspeoesmllusgenus (see.e.g !'to 345). 
the cell IS evenly covered wttb cilia (I~ but there IS also a 
caudal tuft of longer aha (2~ The mouth (3) appears as a 
nauow caVIty containing densely packed cilia Food 
vacuoles ( 4) are rare. as tbe ceD con tams many symbtOIIC 
green algae which provide energy m tbe form of released 
by-products or pbotosynlhesls. Two conttactile vacuoles 
(5}. trichocysts (6) and the macronucleus (1) may also be 
seen. al!bougb the macronucleus IS clearer m Flg. 357 
!ban m Ftg.352. 

figure 350 Bnghtlleld. Wllb the condenser lilS cJooed The 
s!mplesl way"' genemte Sll!l'ioent c:onl!l!Sl lor,_ or lhe 
pens o! lbe c:eu 10 be seen. 1be same ell'ecl c:an be 
aclueved by Jowenng lhe CX>!ldellser. or by """""9 11 out or 
aligumem Wllb tbe opOc:al am or the IIUCIOSOOpe. 'Ibis 
JeCIIruque JSollen lioWDOd upon by lhe punsJS be ·•-IIley 
(ngblly) argue lbat re9:>1Uil0n tS losL However lhe tech· 
ruque IS JllSl!fied 'be<:al>!e VISll:alny IS ofteo more unponant 
:hanresaluttca. 

l'igwe 349 /ln{1111/ield 'Dus IS tbe teclmique IOOSI wtdely 
advoca1ed m leX\books and sehools. ""'-· Norural mlour 
di!lerences are evtdenl. but fine delalls cannot be seen 

lSS 
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·-1--. J ·-r w· 
fl!lure 352 CM'er~tnua/ ~ COIID"" (Nomarsla). 
OradleniS (e.g between an organelle and lbe c:yooplasm) m 
refmcnve mdex are shown up as a sbadow e1!ec:L Cilia are 
seen as a clarlc and bghl shadow aga!n$1 lbe ~und. 
producmg a very appealing dJree-<llinens!ooal effect. A 
speaaladvan-0( lbe techmQile ts tbat a oery Ibm opbCal 
siJce ,. lai:lm through lbe specunen ConsequeDlly there IS 

very httle Ol)llc:al eontus>cn. and a clean. cmp lm8Q!> can be 
oblained. However. tlus aspect or lhe tecluuque aiS> bas ''" 
~ asclllly- P""""' of the oeD tbat bema 
stogie plane are visible 

fl!lure 354 lnterfenmoe """"""'· Dllferenoes m reltaeove 
mdex are convened utto clllferem oolours. Colt:Jw'S ongm
ally present m lbe ob!ect. such as lbe greenness or alQae 
oue relalDed. 

!56 

flgme 353 IJaik grocmd Tbe speamen ts tllummated very 
obltquely, so tbat DO !Jglll can pass c:btedly !lorn the hght 
aouroe mto lbe obteen"" ol the tmaoooope In lhe .U..noe 
ol an obJec1 DO hghl can be oi:>Gomed. However, an ob)eCI 
ID the )>r;jhl palh wtll refmct the bght and appear tmglu 
agams1 a dark ~ 'Mle teehntque "' aesthebeally 
very appeal!ng. 11 may aiS> be ased 10 show up ~'elY small 
objects. An _., dlSC co the top or the ooodenset can 
qeneram tlus effect as ""'" the use of lbe wrong sae of 
phase oolliiaSI ru>g$ m the oondell!lef or lamp ltoustng. 

flgme 355 A>lanzed bgbL Tbe obJect ts tlhtm~naled """" 
polanzeclloo!>L and then V>eWecl tbn:l!gh a second polaru
mg filler at nght ~ Crossed polanzers temove au bght 
exoept that Whtdl has ~ tbtough erysWJme smx
rures. Conoequemly tlus tecbruque ~ crtS$al$ Utslde 
tlte ey10plasm. 'Mle c:rys~als are .00 VISible tn prevtOUS 

IDlCroQI<Iplts. but are easly overlooked 



 

FlQure 356 /')Jote:JCeDOB mJCt..,y ('111111 DAPI MaUl) 
1'bo GpOC'Il'nell ~ fit3t e ; : ! d: 10 OAJ"t wbac:h ~ti\IDS DNA 
Tho! cell a !ben~ wttlla hiQh enerv1 bgl:: -..ce 
(.-Ily -~ DAPI and .,.,.. nomr.J mn'em'es 
IUCb a !be " • ~"' lbe aQ>e. wiD almtb rod»
"« ccuocl and ,...,., radla:Jon a1 a l>ngOI wav~>
longtb 111 UliS CB$0! c lbe YGible ranQO J. t.l:er " placed 
beiMltiJ tbe .. I •• aad the QjEpwCiiiiiD leaJDIIIe the 
ultraviolel bQil!. !!O!ha;r-st lbe C:a~aJiaus-..., 
li<'re. lbe alt;JII cbiotopbylllluoi t£ 1lhii CNJ. m 
th<lwdelnuo.-gn~e~t 

Figure 35a Ne<ilatrve~ Clhe (l( Ill<> I le+t -
ol- P"'""''""" preparatr:xll II 10""" I vel')' flno> 
dye or e!all\ W\111 a sample. and !ben sunpl)' allow u 10 dry 
Once dry, the IIBIIl seniM mto ony ur~tlles 011 lhe 
outface (a o the moulh and tlle onQUl olthe ella} as well as 
!lflltlillQ uroond lhe prepar .. oon '!'he """" U!led her" ,. 
noqrosm. bUt cenau> IItle$ have lbe same ojloct CN6 ""me 
onb ue toXIC 11> """""""). Not oD C1!lls 1 emam IIli8Ct as they 
dry-

Flgure387 Se!ecovestaJIJ(Feuq,) ltts~nn.. ry10 
C.. Pi_,. cellS and 10 !llalll Ulem 11!-ly ID """'' 10 
uttae1 iniormanon nc:1 (easly) vable miMDq c:elk With 
Avamecnwn IS•NM 'fk)chlcxo\'Oibo~d 
lbe ~.J$'110 Xlenllly ~ ,. ~ cell 
t. brfton lli:Ded ....n Sctm!s rNQeC1. ""' am !be 
f"~ ledl!9que. aM IIJ:s baosboA'tlOj)lbe macm::ude\11 
lltld lbe rmc:oc:Jeleus (l( ID8 a11o<e. !be 1:::7 auc:lel m -=tt 
algolcellhoneal!o--~- ............... 

• '*'<ove a.ns Ill lllls boo!<. CICbeu "'* lhc ..m. oech· 
r ._ rf),}s 255. 342 & 359) 

Flgant 3811 Sllwor- An .,.....,lo (l( a Chonart-Lwof!· 
.........:! ceil Silver-~ 11 nomally l2::<ld 10 !!hoW up lhe 
- ol oba. end the """""' leCIUUqul!tl ate .-dad for 
lorllllll d<ttcrlj)IJOns o1 c:Wates Each ~pot VlStbl<> b<-re IS 
modo up ol duee smaller does ttwo cWt.ry bosoo and a 
.,.....,.., """~ The tec:illuque ,.,..Is lbe .,._.,..,dearly. 
lbe c:bl'ly podced ctba ol the mDUib ha.,.lbown ,_,
blact N...u tile ll'*'llCt end d 1M cell • 1be sht-Wce 
• ~ ollbe CJ>opocl (cell .... ) 
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STEP 

173 
(166) 

174 
(173) 

178 
(174) 

178 
(178) 

A Spherical, near spherical, or conical body. 

B Veryelongatebody, orwithaneck. 

A Body wilh a posterior spike. 

B Body without a posterior spike. 

A Ciliainbands on the body or at its poles. 

B Ciliaoccurevenlyoverthebody. 

Figure 360 Neobulsandrum. Some manne benlh>c ciliates 
may measw-e several lllllJJmeues. but !bey are thr.....t-like 
and bavelmle mass. Neobursandmm (I)"' related to Pa.ra
n>ecrum (lrl<:l>ocysls (2) are jus! Visohle). and lS one or tbe 
mast llliiSSIVe clhates. Ius shown here along$ldeP bwsana 
(3) lor <X>a\l)iUIOOn. Neobursandlum 15 Ioand m tmpoeal 
sues. Bngbt beJd. claJed condenser r= (Scale bar 
100 turL) 

GOTOJ74 

GOTOl84 

GOTO 183 

GOT0175 

GOTO 176 

GOT0180 

A Cell with an anterior conical prorrusion. Predators of other ciliates. GOTOlTl 

B Cell without a protrusion. GOTO 178 
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A With twoban!U ol cilia; one an!erlor and one equatorial. Body ~ISO p.m. Figs 361 & 362 DIDINIUM 

Wessenberg and Anupa (1968. 1970) proVIde a 
grapluc account or the feedmg behaV10ur and ultra· 
slrUCture o( D nasutwn. wlucb feeds more or less 
exclu:sJvely on Parameaum speoes. Genetal ultra· 
suucnua1 accouniS are giVen by Rodnguesde Santa 
Rosa and Didier (1976), and Rieder (1971). 

' 

B With a smgle band of cilia. 

Figure 3611 Dldlntum. A pr.edillory ciliale lhal $W11111 181110 
two banda or oha (I} There • an ..uenor cooe wtudl 
c::omamo _..,.. ~ (2l - 10 U!!piJe one! laD 
liS prey - Some_,.,. (3) may be -ID 
me ct...,. · L Abo VISible • • a: .,. •• '' ,.,,. 'fiOIOie 
''""'""' (4l Tbeabalemduopoc:mreasquasbedjd f'>!J 
361} Dr/lerwwal~conaast 

Figs 363 & 364 MONOOINIUM 

n_.. 384 Mooodmlum. 'lbla Qe11UI 18 SIIIIIIai ID £k1wum 
(Fig. 362) but Dllvement 111 adll8lled by a smgle balld ol 
ala (I} ~ Willi !)d-'"' -· • oa amenar mo. (2) 
- ............ ..,,..,_ .-1 1ft !he-- ol prey 
(cilla:esl 'lllt ddfuoe aDil (3) - !he ceD II lbe IDIC
IOiaaJeua A pootenor OOnonc:IIJe 'faC1IOI& IS IIIIo eYidenl 
(4~ DU!w~/ mtedenmaa all7t.raa 
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STEP 

178 A With a stronqly developed anterior adoral band of membranelles ( AZM) around the anterior of the cell, 
(175) and no other cilia. Body30-100 jU1\. Figs365&366STROBILIDIUM 

SaoblhdJUm cells are ollgotnch ct!Jates. Like bypo
tnchs and heterotrichs (Steps 136 & 161), they have 
an AZM Unhke the hypotricbs and heterotnchs, 
there are no somatic Clha and the AZM is used for 
motion as well as for food capture. One genus (Hal
teria) of ollgotnchs has already been ena:luntered 
(Step ISS). Strombldrum (Figs 3Rrl & 368) loo!cs very 
like Slroblhdrum, but dlffers because II has an OI\JaDIC 
Ionca around the base of the cell Stroblll<:Uum 
(Deroux. 1974) usually rotates near tbe substrate, as 
If bed to 1t by a thread of mucus, the thread IS usually 
mVISible. Some ollgornchs have a more substantial 
Jonca. especta)ly evtdent m the lllltuuuds. most 
of wluch are found m the sea A few freshwater 
planktoruc species do occur (Foissner and Wilbert, 
1979; Figs 369 & 370). Oligotnchs are reVIewed by 
Carey and Maeda (1985) 

365 

367 

160 

F'igu:e 366 SrobdldJum An obQ001Cb elhata The only VlS
lble oba are tb:Jse !bat make up the adoral ZDoe ol mem
branelles (I) as u sneiChes arol.llld the lmr!t of the oen. 
Using tbe A2M. tbe OfQlUliSIIl can c:x>llect aiQal eells as ix>d 
(~ The oeD ,. often buDd apporernly altacbed to the sub
sttate by an U1V!SWie Uuead extendlllg from the postenor 
and (3) It will spm and )elk at a fixed dlSWlCe from the 
:olbsttate Oceas'O"a'ly u breaks !rae and ean then move 
wnhgr811speed. Aoon!Iaelllevacuole(4)JSVISlble Slobtb
dn.rm IS IIlO$I easily confU9ed wtth SUombldmm (f'lg 368). 

F'igu:e 368 Slzombldlum An obgomcb Ciliate '!be only 
VlSible cilia are 1hose ol the adotal zone of membranelles 
( n used lor leedulg and Joeomoaon. Tins genus 1$ eastly 
(1)1'1/i.l$1!<1 ·Rttb Slrobrbdlum Slrombldlum may be dlst!n
QUISbed by the PI"""""'" of a lonca-bke sbe;nh. eVIdenced 
by a Sbouldet' (2) m the lateral profile; tho geous a.is> bas 
'lnebltes (3) 'l'hls partiCUlar speomen bas been eatJng 
ella tamS ( 4) Phase a:llltzast. 



 
369 

B Not as 178A. 

flgme 370 'l'monrudrum The finlllwds are l~X$ly Pianl<· 
rome: ohgo~ The ooly VlSible aba are tlDie "-'t make 
up tbe ado!al """' of membranelles (I) as n Sll'etchas 
around the front oflhe cell These aba are ...00 lor reedu>Q 
and looomooon Allllnllnr.>ds are enclosed by a lorrca (2) 
wlucb m lhlsQl'llUS ux:orparates agQ!ullnaled ma"'nal 1\;). 
tlMJds are c:ommon m rnanne habua:s. DJ11erenlJaJ mterfer· 
erx:e cr:mtrast 

GOTOI19 

STEP 

A Withabandofciliaaitheposteriorandtheanteriorend. About 100 ~UT~Iong. 179 

TelotrochJdium may be diffjcult to dJst:mgwsh £rom 
the mobile telotroch larvae or se smJe pentncbs (F1g 371 
236), and from peritncb cells that have sepaiated 
from theu stalks and sprouted a temporary basal 
(trocbal) band or Cilia ror taxonomy, see roiSSOer 
(1976). and tor general comments. see notes after 
Step 119. HastateJJa (r19S 372 & 373) and Astylozoon 
(Figs 389 & 390) are related (FoiSSOer, 1977). 

Fig. 371 TELOTROCIUDIUM (178) 
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I STEP 

I'IQare m ~ A ~ penlnCtl c:ae 
A>tbouQil ...,.. peubidiO ue ~ a smaD raunber d 
IJO'""ra are mocJe him 100 ma10nry of penaK:J.. 100 (:I]JB 
are bmttad 10 lbo9e amund the broad anlBI'lOr end ol the ceO 
(I) and Uw:>se m U>e buocel caV>ry (2} The aloa lhat create 
1M leed:nQ CW11!1ll aJao pulltne ceU i:lrward. '!lui-• 
~ by U>e cy1<1¢ roc _..,. (3) on the body 
Whrn U>e cellsq:a and ClDillraC'I5. lbe-are mode 10 

:DCir - Also - • - -~ OOilU'8CI'Ie ..cuole ( 41 and ....., pra6lel d lbe maaor>tide<B lSJ. Dlf 
feJfWIIIIJ}tnll!d!~ """"'-

B Small, with forked tentacles at the anterior end. Body 20-30 j1lll. F'igs 274 & 374 MESODINIUN 

Mesociimum IS a ~;~enus best lalown from manne 
habnacs. wbere IllS wtdespread and may bavesym
btooc (red) a!Qae (Lindholm. 1986). It ISO' dS"'I!ally 

found m freshwater habitats. When active. 11 moves 
wtth a )erlcy motiOn. and the tentacles may be Wlth
d:rawn. It L" <lt<~~momsbed from H1illtar1a (see Step 
155 above) by 1ts SIZe and by the absence of equa
tonal spikes. Small and Lynn ( 1985) use Mynonecta 
to house some spec1es. 

374 

180 A The body appears to be covered 11\ a layer of plates, rather like a barrel. The mouth is located at the 
(1'18) anterior end, and IS usedforfeedmgmainlyondeadordyinganimaltissue. Body (mostly) about SO jU1\. 

See F'mssner ( 1964' i:lr recent taXOnOmy of the 
better known spec1es. ror details of those speoes 
that have symbiOnc algae, see Chnstopher and Pat
terson (1983). and Klaveness (1984) UltrastruCture 
IS dealt wtth by Hunenlauch and Bardele ( 1987), and 
Lynn (1985) 
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Figure 3711 Cole~¥ '1"- rM> rndiVlCiuals (I) ere barrel· 
shaped. and aocumulate calcium m the canex Th11 malcas 
thetr eonrlanry ro bonela even more marked, liS there 
appear to be staveo eupportmq the cell The calcrwn ma~111 
the cells appear dark who n vrewed under bnoht frAid can
cllbOill. They are,.,._ .... feedmgaodetntuo. but wrllla 
puolerf!nCe lor the _,. {2) o( dead and dyUlQ oniJDUl 
Here. lbe web art Mc:ttng on the t&Ue floor a damlo]Od 
Cl'\lllaCNlllaJva Pl&w coriUM< (Scale bar 100 1'1'0) 

B Wllhoulplates. 

A Mouth a pical. 

· ~ 
• 

Flqwe 377 Co/ep6 (c{ fiQ 376) About a c1ozeo cells are to 
be -• ciUII.,nnQ around rheoast ol«>>l<el"ron or a.n arllr:ro
pod. 'The cella are teedrog on the r~mn&nts of bSSUe- Cal 
careoua plat.,. are lard down rn the cortex. grvrng the cells 
therr sooly appearance (I) The ~error end o! 'thJS (and 
..-) tpeC>80 can be dlSIIIIQWShOd bec:o1BO same ol the 
1 ror""""" hllve QI!!)S <2l The......, lleoat theanoenor 
apex ollhe cell. and - r- form a drarJno. 
IMdrno IIllO tire ceO 13). The j)CIJ<'f101 end alar> has • long 
C8lldaJ CUil.m (4) Although tlrey &re ICOIV811Q81& ..,..... ol 
the ~ m this populatiOn cootam aymb""rc green algafo 
(S) n-rue rntact and metabohcally octrve. provxltng the 
host With photQoynthlllt!S. DrlferenlliJ/ lntOrfet"I!Ct! COOtrasl 

GOTO I81 

GOTO J82 

B The II\OUih is located a\ny from the anterior pole, and is supported internally by acyhnder or stiff rods 
(basket or nasse). These organisms feed on algae, the remams or wluch can often be seen InSide the cell. 
Body 30-300 j1M, and CllCUiar or slightly flattened in cross sectiOn. Figs 378 & 319 NASSUt.A 

Tucker ( 1978) g1ves accounts of lhe feedmg be· 
haVJour. and F'oissner (1979) deals With some tax· 
onomy 

DrepanolllDnas {F'to ~) IS an unusually shaped 
relauve of Nassu/a. ryptcally found m sphaqnum 
moss. It IS also aroued that the chonomch ciliates. 
such as~ (f'to 381) from Qllls of Gammarus. 
are related to this oroup 

378 

STEP 

181 
(180) 



 

f'igure m ~'' • 'fb:;s a&are ~.as a wwU ~ ' • 4d 
~- ar .- (I) ot .,.....,..,a,. .. IOCll ., 1:ft011!S1 ~ 

- e1Q1M M "-""' "'- a. .,.._,tll!w 1 g A W1&bm the bxf v• '• ... (2) are brokeD c::ii:Jwn .,._orange and Ida<: ClOiows Aa.IMd;~ !be wtlole 
.-may-.., ~or pmltcolour AIID eoodeut""" 
• WllbK111e 'f8C:\X)je (3) and ~ (4) n. 0.0 .. 
rouad Ill cr.-_,_ ~ -enat conlnlflt 

FiQun 381 ~ A clloootncb ahole. l:>tmd ..-Jy 
en the ....- ot c:n-oeo (AU cllonctnch ~·• .,. 
~nos) Thoo ope -was pllotggnlpbed en lbP gall 
plale (I) ot !lie lnahwalel 1ouo1t ~ n... atllo!R.>r 
and ollhecell hou _..t i>ldotc,q:l = <Zl. "'thll.._., 
ru..Vh be 111e oha (3). an.. ot .-cello • boeD ••mo 
~--• ot blue-9reen OIQol "'* ...... (4! Other -..ble .aucrw-• are lbe IX)DfJBCfl• 'filiOX'IIe (5} and .._ m.c~ 

IICrlldeul(6~ ~~ m •r• 
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Figure 3110 ~ ~ed Ill """""" -
~~MS. ta: esc ..... .any m u-ceaa a.re r1Qid. WUI'1 u.e 
.xrfaoe 'OC'olpWd "*' ua "'"' ll*a (I~ fttlm 1hlt Joldo .,._ 
tile 1M I• oha (n tbe inclal:l.>OJOn (3) OD !be.,.,...,.,....
IS lbe Site CJI lbe CJIDObiia S...al a-Dot oha (4)ooc:ar 
ilfDUDd llllS regiOn. The-.. 1101 _, -l:nmm. and 
lbe lul5111.1::111re and teediDij --,....,be... .... 
AIID- ISibe ·-CX>I'llalllaliQ !he MaCIOI!IlcletB (5l 
DrlfMentJal UIJedoreace ClCOU.. 

ALL SCALE BARS 20 ..,m UNLESS 
OTHERWISE INDICATED 



 

A Relatively small cells (about 20 !UI'). with long, tightly packed and slowly beating cilia. Sometimes 
with a posterior caudal cilium. Makes occasional jumps. Polar mouth, bm without distinctive nema· 
todesmata. 

See FoiSSl1er (1979, 1983). Dragesoo et aJ (1974) for 
acrounts of ¢is genus. 

Figs 382 & 383 UROTRJCHA 

~~ 
l><?-<·.~ 
~~ 

Figure 383 Urocncha Ralher small slow·IDilVUI9 bolnel
sllaped ctbates. They can ..,ge$1 a vanecy of lalget lood 
parucles. such as algae and detnrus. USIDQ a Cf10SIC>I'l& (I) 
at the antenot end of the oell '!be lood lS enclosed WJJiun 
lood vaco:>1es (2) wlucb aCCQillll)ale at the postenor end of 
the ceU. In IMng cell$ lheClba (3) are long. densely packed, 
and beat langUidly Melacluonal co-ordmation IS easily 
seen. One a1wm the caudal <'lhlnl (4) at the postenor end 
of the cell. tslongenban the tesl The macronuclaus (5) and 
some rrutocmndna (6) are am ...Wle. Dlfferennal mteder· 
Bl.lO! omaast. 

B Medium to large cells (5()...3()() II"') in which the mouth is located at the anterior pole, and under it are 
extrusomes and/or nernatode.smata. Figs 384-386 PRORODON 

384 

""' 

STEP 

182 
(181) 



 

• 

STEP 

183 
(174) 

"""" 385 Protodal1 "!be oen m eon-"""ped "ilb 111e 
mcurb (I) localed al tile - ., lbe brooder - 'rbe 
borcler CJI tbe mcurb IS enilmt ~rods (l>:>IV>S
ibko ~~eJ lead from the"""""""" the c..u. '!bllphooooi6Ph 
woa 1<00on wub the IUtface ol too oeD m locus. ..ncl the 
lnnctl88 (2) and lbe rO"NS ol elba (3) aie partiCUlarly cl<lou 
Tbete •n c:onaiC!lle VKUDieal lhlt poolrJJOrendollhe cell 
141 no. oroamom • ..-!Y a IC8W!:~Qer lbe """""l>=lo 
....... lor ;ae .,~ ol lllQet .... - pu1X:Iea 
DI!Sbr- llJil"Jiozmo» woaw 

flgare 386 Atwocb> AllhcluQb !bJo _.,does noo ..,__., 
lbe- ......... -Ill F'lQ 385. 1be...., pbr:JooQrapbs 
are IDIODded 10 be CXICII"'* + •<y lllolfq.:ze haW>g !be 
oet~~~e ollbe cell no1 lbe surface. "' locus. Oeerl'r ..tile 
&re lhe apJCaiiTIOUIII ( 1). Willi the .-x:.ated I'!IICI'O!Ubular 
rodl, and t~ POStltu>r con!Jaellle vacuole (2) 'nle macro
nudaas (3~ a lar~~~t lood vacuole (4) and clha (5) can allo be 
"""" A ...... JQb Iiiio ,._ IS evdenlly OIP'Ib!e ol ;w Ill 
- "'-~ CIIOOC1 (- t>od """"""' ...........,. a •tJ• ~PIMp bt.uJg Jr; 1). the C:V"''i, <XY"NW 
IUDIIIOUS ZIX>d>lc>r- (6} n-..., D*abobcally -=trle. 
proVldmg the hc8l Willi ..,.,., ol lbe pi'O<lx:lo ol pbo4o
syntt.&ls. ~eretllllllllllerferenoe oonllliSl 

A In addltion to a spike, broad bands of cilia wrap around lhe wider upper part of lhe body, wluch is 
00-100 Ill" lonq. Figs 387 & 388 UROCENTRUN 

'!be sp&ke IS a caudJJ tuft of cilia. wluch appears to 
produce the mucus used to ronnect cells loosely to 
lhe substrate. Attached cells seem to spm m one 
place. Wnh a basal contracllle vacuole. whtch has 
radJallll9 ex>llectlllQ canals. and W1lb tnchocysts. 
Rela~ed to Palameaum An ultrastructural study has 
been published by Didier (1970) 

166 

387 



 

Figure 388 Urooen= 'lbl$ genus behaves • bole Woe a 
sput!IIDg IDP: llle laiJ (a caudal IUft d cllJa) ( I) loooely 
auaches 10 debns and tbe oeU often appears ro l!!)ll1 round. 
IJmcenlmm leeds 1liC6IIy on suspended badeno. and IS 
related 10 Para'D"C'um Lll<e ,_ membel'$ ollhe laner 
- n bas IIlCbocysts (2) and a oollliadlle vacuole (3) 
Wllll ~:mq C!)l)ectu)g canals {4l Pl!aslt conaa<t 

B With anterior wreaths or c:ilia, bU1 not on the body. Most species about 50 J1111long. 

Astylozoon JS a pentnch ciliate. the postenor spike 
or which is a reduced stalk. It IS one of the few motJie 
sn;Jine peritnchs (see notes after Steps 119 & 179). 
For taxooomy, see FoiSSiler (1975. 1977). 

389 

Figs 389 & 390 ASTYLOZOON 

flguno 390 A.srylozooo. A lree-swunmmg penmch ciliate. 
As Wl1b moo1 peratncbs. Ceedm9 (and. an dus case. liiOVe
ment) IS~ by means oftbe wteOib of ciba arolllld the 
broedened amenor eod or the c:eu (1~ The pos1e110r eod or 
tbe oeU bas a smaU spike (2~ A oonaaaile vacuole (3) and 
seve.allood vacuoles (4) IK>U!Side the cell. l'lla9o contr.lSt 

STEP 

A Elongate body, often with a conuactile neck (but not one that is clearly demarcated from the body). 184 
Themowhliesattheapexorthebody. Step 154, Figs300-302LACRYMARJA (173) 

B Neckclearlydistinct from thebody. GOTOI85 
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STEP 

185 A Slim, cigar -shaped body with a curved anterior extension that bears exttusomes. The mouth lies at the 
(184) base of the extension where it joins the body. From 100 to more than 1000 p.m. Figs 391 & 392 DILEPTUS 

186 
(116) 
~ 

187 
(186) 

Dileprus IS revtewed by Dragesco (1963), and Grain 
and Golinska (1969) 

391 

393 

·k·· . . 
-· 

Figlln! 39a fA/ept!'S A poedaO>tt ciliate, U$JBJ!y e1JO)Illllered 
.swunmmg m t.be water lt as round m cross sediOn. Tbe 
moUib (1) ties at the baSe or a - pro "-as (2) wlllcb IS 
swept through the water to mcrease the cbancesol <XmtaCl 
wnh ""'table prey 'll1e prol>osos oontams numerous killmg 
extru90<DeS, but these cannot be seen 111 tills photograph A 
few olia (3) and """"' of the coruractile vacuoles (4) are 
VISible. ~can be more than I nun mlei!O'Ih. but tills IS 
unusual t::l!.6enHlnaJ mtedErence amttast (Scale ber 
100 pm.) 

B Fat, highly vacuolated body with the mouth located at the base of a shon, tapering neck. Body 
150-400 jUTtlonq. Fig. 393 TRACHELIUS 

A Ciliated cells with colour. GOT0199 

B Non-ciliated cells. GOT0187 

A CeUs finnly attached to the substrate. GOTO 194 

B Cells floating freely, or able to move slowly over the substrale by gliding or rolling. 

The heliozoa all have sphencal bodies from which 
stJ.If anns radiate, supported internally by skeletal 
structUies. They are predators that exploit cWfuslon 
feeding, ie. they rely on prey cells SWliiliiiiD9 mto 
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HELIOZOA GO TO 188 

them. The long arms mcrease the chance of contac: 
With prey. Small boches (extrusomes) move along 
the arms. and are used to hold potential prey. 

Hetio2Xla are reviewed by Ramer (1969). Siemensma 



 

(1981), and Page and Stemensma (1991} They are 
polyphyletic. three types bemg encountered m 
freshwater.; (actinophryids. Step 188, oentrohehds. 
Step 1898. and desmothoracids, Step 195} Many 
spec~es have scales or spicules lymg on the outside 

of the body Numerous new spectes are bemg des· 
cnbed (Dilrrschnudt. 1985; NICholls. 1983a & b: 
Ntcholls and Diirrschrrudt. 1985; Croome, 1986, 
1987). Some lilose amoebae (Step 83) may be con
fused wtth hehozoa. 

A Largecells{bodydi:unctcrgrcatcrthan 100 .,.m) withaperiphcrallaycro!klrgcv=uolC<l. 188 
Figs 394 & 395 AcriNOSPHAERJUM (187) 

ACilllospbaenum IS the multmucleated relal!ve of 
ActJDophrys (Step 189). The nuclei lie under the layer 
or vacuoles, and some anns may temunate on them. 
Acunophrylds form cysts (F'lg. 399} After excyst· 
men~ urunucleate oells, which may be llllStaken for 
Actmophrys. emerge. Members of thiS genus have 
been called Echmosphaenwn. f'or an mlroducbon 
to the l!teraD.Ire, see Snuth and Panerson (1986). 

394 

B CeU body less than 100 .,.min diameter. 

Fiqare 395 ~ (aloo knoW!I as Bc:/unosph
aentm) A -...:-bebozooo lllat IS reliled 10 A£:mo. 
phrp. The arms(axopod>a) ( I) t!pOt' from the base~ 
ll1elr dls1a!IIJ:$ U scrun:o:zed carefully. they may be seen to 
SL1PP01t extJuoomes. '!be """'>CI<CIa poss 1lV<Ulb a penpberal 
layer of large vacuoles (2) 10 end m or near a nucleus (3). 
The auclet be., a layer JUSt under the penpbeal vaooles 
The oeJI hasooe or mare ooottacllle vacuoles (4) wlucb """ 
be d!stJnguls!ted by theu habu of slowly lllbng wuh Owd. 
w11h occastooal expul:sloo of the oooteniS. These hellwm 
eat motile pro10210a, umceJiulat algae and some me1 1 oa 
Thl$ UJdJV>duaiiS mlhe prooessoC IDQeS1Jn9a rouler (5~ and 
of d>gesiUlg aoother tymg near the cenln! ot the oeD (6~ 
I:lJJJi!renttal u>tederen<:e conlrilst (Scale bar 100 !=) 

GOTOI89 
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STEP 

189 
(188) 

• 

A Tapering arms. Extrusomes are indistinct, and a central nucleus may be seen, especially in squashed 
cells.Body30-90 !UII· Figs396-399ACTINOPHRYS 

See Patterson (1919) for a general account of the 
btology of tlus genus. and Patterson and Hausmann 
(1981) for a d!scusslon of feeding beha'!!Our. 

396 

170 

f1Qure 397 ActJOOp/Irys. A urunuclealed tv>bmnon The 
anns(a.opxba) (I) tapet from !be base 10Wards th&1r dls2al 
up& 5malleltnl90mes, wblcb are IIMllved 10 tbe capeure ol 
food. may be seen mo.,nq on th&anns and over !be r.,., ol 
tbe body The mx:rotubular amoemes, wluch support lhe 
arms; extend through the body, becommg VISible (2) JUSt 
before they temunate on lhe SUifaoe ol !be nucleU$ (3). The 
nucleus has penpberal nucleoh w!ucb make n ratber ob
VIOUS. 'nus speoes eats llagella:es ard P"*'""'; lbese a.e 
digested wnlnn l:xJd vacuoles (4) wblcb be near the surfac.e. 
The "-ee ol vacuolanon ol !be c:YICillasm {hete lughly 
vacuolated) depends on !be recent leedmg lllslory or !be 
tndiv>dual - o:>naast 

fiQure 398 Ac:anc>r:>IU'JI$ reedlnQ. Small lla9&Dates and 
ciliates c:onswute lbe usual diet of this beiJazoon. The 8IIliS 
(2) ollen appear rough because emusomes move along the 
skeletal suppon. defomung the oveiiymg membraDe. Ex
tru!Oil'les c:au oornemnes be seen on lbe surface or !be c:ell 
body (I). '!bey are extruded as potenlJill prey bumps miD !be 
arms; the prey (m t1us case. Colp!dwm (3)) IS !ben held near 
!be body Next. a funnel-sllaped -uclopodrum emerges 10 
envelop the prey The leadlng edge (4) creeps over the 
elba ol !be prey untiltt IS en • ....j wulun a l:xJd vacuole 
Prey death and l'fSIS occur only ane. complete enc:losure. 
Many ID<IMdual hellozoa may fuse-"'"' dw:tno leedmg. 
Dtlfere<Jna/ IDierti>rence rontniSL 



 

• 

• 
.6 

Q. 
FiQure 399 C}'SI ol ActJ.oop/lTf!<. The cysl iS oompnsed of a 
numbe' ol layers. The outeml0$1 lhal can be _, (I) IS 
made from u:teQUlarly silaped sabceaus plates. as 11 evulent 
rrom lhe smg~a detac:bec! p~a,., (2} A gap sepames tlus 
from a finn. sphencal orgamc layer (3), um::le wlucb IS lbe 
qmnula!' cylllp)asm (4~ O,...lonn 1ft dense cultures when 
food os depleled. Tbe cysl waD reduces warer los!. bot does 
nol prolOCilhe celllrom de!accaoon. Most ollhe Chanlcler· 
IStlCS ollhe aopluc cell (l'lg :111) are loSl wben encystment 
occms. DtJ!fmmllOI rnwflm!110e a>rmast 

B Parallel-sided, delicate anns with prominent emusomes. 

In the centrohelid heliozoa the supports for the arms 
terminate on a centroplast, a small body lying m the 
centre of the cell Most spectes have scales and/or 
sptcules. See BaJdele (1917) for an account of fine 

A Body coated withalayerof scalesand/orspicules. 

B Without scales or spicules. 

1 A Body naked. Usually small (less than30 ~). 

THE CENTROHEIJD HELIOZOA GO TO 190 

structure. It IS to this group that many new speoes 
are being added (see notes and references after 
Step 181). 

GOT0192 

GOTOI91 

Figs 400(a) & (b) OXNERELLA 

Members of Oxnerella are most easJ!y oonfusecl game sptcules (Step 192). 
with Heterophrys, a genus charactenzed by rts or-
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180 
(188) 

191 
(190) 

-



 

• 

I 

FlQaNo 400(&) & (b) O!Mt ..... A CI!Liltlllolloa1 (corum
hebdJ.aD lio!IJmDon) Willi llw p&Ia]Jel-soded l1lli8 (I) aDd 
prllC!unent ~ that are typoCa) ol the centrobebds. 
n. anna are c::onn:accde mBa~ upon •u••hle 5UU1Wus 
(e.g YibratiQo) 10 leeve only thee-evident at the 
aJ.doce oldie cell (2). Allo - ore - (3) aDd CXIO
tradlle ....,.,.... (4 b _, *"'*"w be diiDc:uiiiO dls:m-
QUiltla.nl:lets ollbe- HtlletrJplrr.t (fl9 -104) fn:m 
tbcee !II~ ......... -"'f''ir7S.,.., heft. pen
piaM ol delicate (almOII in-bie> on.JaNC apiCUieo. -
0011/tNl 

·~. 
b 

B Withalayero[mucusaroundtbeceU.I2-30 J11t1indlameter. Figs 401 & 402 CHLAMYDASTER 

Members of Cblamydaster are very easily confused 
with some species or tbe filose amoeba NucJeana 
(Step83J 

401 
'. \ 

• 

172 

n;ur. 403 Otlam}'d.wer The~ leotuteolthil 
{!Mlus ol oentrobelioloo • the layer oliTIJCUIS (I) that en
--the cell 'l'hnl<lola U..layer '*" 1he llll!..,.. (2) Willi 
- paillde-lll<e..-n.e_. • .-~y~ 
"'"' ...... --lid 6loee .,,.._ oucli - --•(})g. ISO)_,.,..,_ 



 

A Body (lO-SO J!lllin diameter) coated witll delicate inorganic spicules. Figs 400 & 404 HETEROPRRYS 

I 

Figure 404 Heterophrys. nus cenliQhebozoan gellllS,. dls· 
tlllgUJSbed by the presence of orgaruc sptcules (I) atound 
the body. Confusion wtth other oen110he1Joooan Qenera. 
such as Acanlhocysus (l'lgs 411 & 412) or OXmirella (F'tg. 
400). JS IJOSSlble AcanlhocysDs can be diSIUlqwshed by the 
presEmce of a layer of plate scales; and these are siliceous. 
Confusion wtth Oltnerel/a JS possible because Hererophrys 
may have sliCh debcate spicules that the eell may appear 
naked The sptcules of Helerophrys. may only aweat as an 
in-defined Oalo atound the cell. Some spec1es are said 10 
occasJonally lo$! all theu sptcules As wtth other spec.., of 
hel10200. the $Ull anns (2) and extnJSOmes are used m the 
capture of klod Phase o:maast 

B Body (10-150 J!lllin diameter) with scales and/or spicules. GOT0193 

A With llat scales only. Body ln-150 J!lll. Figs 405-407 RAPHIDIOPHRYS 

See Siemensma and Rot)Clckers (1988). and Panerson 
and DUrrschmidt ( 1988) for details of thts genus. 405 

.• I 
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STEP 

192 
(190) 

193 
(192} 



 

l 
1 

STEP 

194 
{193) 

Figure 408 Rap/lJdJc>phrys A cemrabebdlan behozooo 
(oeDJIOhebozoonl AD bebo210a of tlns rypa have tbm. par
al!el-soded anns: I) (<UOJ>Odlill Wltb p~ ex=mes 
(Z). '!be mJcrorubulal OliDnemes that suppon the axcpodta 
pass llncuqb !he cy10Piasm to lemWlale on a cenuoplast 
(3). a smaD body Jymg m !he centre of the cell The nucleus 
(4) "' d'""'aced 10 an eeceuuJC IX>SltiOn. M05I of the or· 
ganelles VlSlble wnb llle bglu D'llCIOSUJjle be m the outer 
part otthe cell Several genera 1n tlus group are ensl>ealhed 
by a layer {penplast) ol siliceous spones and/or ocales. Thls 
patllOl]ar genus bas sc:ales only (5) Dd!erell!Jill mterfer
~~ 

B With scales and spines. 

f'lgttte 407 Rspludlophtys. '!be natr<>W ann$ wt!lt pYOill· 
Ulelll emusomes (I) are e'lldeut, as IS the layer (penplasl) 
of &bc:eouss::a!es(2). ThJs genus IS~ by bavmg 
Oattened, sU!<:eous scales, bul DO 5i>'C111es As Wllh ac
nnophtyld bebo2:oa (<tg. F'IQ 398). many cells may ruse 
~er when leedm9 Mer leedm<;l. they draw apan and 
the scales (3) are dlstnlluted bel1!.'1!eD the two cells Pbase 
OMtr= 

GOT0194 

A Spines are ll'Urnpel-shaped. Body l() ... SQ l1ffi in diameter. 

See Diirrschmidt and Patterson (1987). and Rainer 

Figs 408 & 409 RAPHIDOCYS'I'lS 

(1968) for diSCUSSlOns o f this genus. 408 
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, 

Flgon .ail ~ 1llll (IOIU c( ...... t 'ilia 

--· lo.,..rol-l)loleacoloolymgc:looet>the 
body utoao. tu • • ~by the radianng "'""""'. 
shaped spme scales (I) The 1ypocal oontrol!eiJamon arms 
(nonow. ""' IOJ)ennO) and J)R)ItiiMnt extnl0011les &~e <m· 
dent (2} Phase OODtrast 

-

I · ~ 
\ 

B SplnesarefQI'lcedorhaveasinglepoint.Bocly20-150 jUll. 

See Ntcholls (1983). DUnsclurudt (1985) NICholls 

Figs 410-412 ACANTHOCYSTIS 

and Dilrrsclumdt (1985). Croorne (1986. 1987) and 
Rees eta/ (1980) for an mtroducuon to the bterature. 
More recently, some spectahs1s have diVIded this 
genus on the basts of the ultrastructural featu:res of 
the scales (Page and Siemensma. 1991). 

410 

I 
• 

flgln 411 Aaon~ A oenuol1ellooooo Wlth the typo
eel nen<>w '*"""">bdao aJDpOCi!l Ill and prQII\lM!U u· 
m- AD~111tlnsgenushave•~• ...... and 
- wlliCh IDQe!ber make up the ponpiMI (2) The d!l· 
feumt "'*'*' are ~ by the YaJYLIIO -
ance of the - and scales n.. cell contaJM ;reeo 
chlo~ ougg8lllJlg a""""" meol o/11918 Abo Vl$ll:lle 
are -•ral filamentS ol the Q%8<!n alQa. UloritnJr Phase 
contrast 
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STEP 

195 
{187) 

Figure 413 Acantbocysl>s. A oentrohehoroor. o1 a dllferool 
speoes &om lhal shown m Fig 411 1be plare scales (I) 
lorm a IIQblly padced layer lhal "'closely adpressed 10 the 
surface of the cell 1bexe axe suaogbt (c:! row <!OJ sp~r.es ol 
two lenglbs (2) and (3). GaTe m\l!!l be lal<en 10 dlsnngwsll 
!hem lxcm the """'P'CPOa (4~ wt.:h - exttusomes. Po6otNe 
ldeallficaball now reqw:res eleclmn-Dlla......,.,...... swdy of 
lbe siliooou!; anelacls. Wilhm the oeu the nucleu$ (5) can be 
seen Pbase conllasl 

A Amoeboid organism living in a Slalked, perloxated, organic test, through the pores of which extend 
tine stiff pseudopodia The pseudopodia bear small granules or exrrusomes. Lorica ~100 ~in 
diameter. Fig.413CLATHRULIN1 

Bar dele ( 1972) describes the fine structure and gen
eral bJOiogy of Uus desmothoxacid hehowon. The 
life cycle bas a flagellated and an amoeboid phase. 
Some aspects of the biology of a genus of smaller 
spec1es (Hednocystis; F'lg. 4 14) are discussed by 
Bardele (1972) and Brugerolle (1985). 

413 

ALL SCALE BARS 20 ~UNLESS OTHERWISE INDICATED 
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Flqure 414 Hetirloey.!m A desmodxnactd belmoon. The 
amoeboid oroan= hves Wlllun a stalked ( l)18St (2) Deb
cale anns (3) beanng emusames extend l!lrouQb small 
apert\Ues "' !be rest 'lbete may be a complex life cycle 
DM>IV1119 DaQeDared swumets. an amoeboid scage. and. on 
enqs~ed pilase Thzs Qenus CO!llaln$ re!atM!ly smaD 
speoes. bui a second QenUS (Clatlvubna) ol much Ja!Qef 
mganrsms may also be 4!llll!lWllered PIJase aroJtzast 

• 

B Organisms with rolmded or conical bodies from which radiate fine anns, each of which ends as a 
slightly swollen knob. The oells may be housedina lotica.ln some species the arms emerge in clusters, 
sometimes from raised regions of the body. SUCTORIA GO TO 196 

SUctona are cthates that lack both locomotor elba have prehellSlle arms. used to collect debns. Ciliate 
and feeding clha. They have adopted a sesstle life ai!'IIUttes are eVIdent from the fine structure and 
form. and most species prey on other Ciliates. Each from the Ciliated molile larvae (Fig_ 424). wluch 
arm ts an extended mouth the knob at the end con- develop m a brood pouch, and/or bud from the apex 
tams exttUSOmes that will hold food ciliates (Fig. oftheceJLSeeMattbesetal(l988)1oragmdetothe 
423). Once the food is captured, the cytoplasm is literature and genera 
sucked down the arrrts into the body A few suctona 

A The body is attached to the substrate by means of a stalk. 

I! Without a stalk. Size variable, 10-400 IID'-

There are several genera of non-stalked suctoria 
Others are, e.g., Hebophrya (fig 416) and the 
ectocommensal Dendrocometes (Fig 417). 
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Figw• 415 ~and- '1hc:llop/ltJol (I). 
a .-nan CliMe bucU!l!A! ,_oenenol--. d._ 
..,-.-' lbe body..... ,_..""' _.,., ,. 
DDIIIIO ar arms (2) - from 111e body !Ad~ fl1ll • 
rwoJieD aa ""UF wbere ll>e exiiUICrmS c-1 !D 1118 Qj)CIIre 
oi-)-<X>!!Celltlall!d. r:-iethec:elllbeW6Ci ,....., 
(3). IDICiormclei { 4 J and con'IT!!"' vacuole (S) can be
Allo-... small spec ... ol the"'-""""' eagl""id 
,.._(6)<-eF~g 711 Wllbt13SU!Qieantenor~ 
,_ conttast 

f'iqure4U ~ 'lbll•'"""'",.,_ootbe9'o 
pla:es (l)ol tbe hwliw- cn-n Qlmmams. Slnaly 
lbe-IS-a!r-lmnQar; (aJ!IpigiJ!loalyuses 
tbe Qlll plaJes bt IUilPQit). bul • a - ID "'-- a 
less familiar laD:! ol SICIOCWI Oi~QC!Cl Tbe am>$ !D til:!" 
Q1!11US are arbOr_,_ te lbey l:!nDcll Ill..,... IIDill !Ia 

cem:ral canal (2). lliOi>o """"' loocl - c:an be ...... 
ODiy port ol die body ol ""' ala ... lliOi>o W1lb ........... 
ClC<U1'ICI:le ..,.-(3~ II m far:ul. DtffereatJal Wt!J'Iitr8!XIP 
CODtlaSt 

A The body IS lodged in a test or Jorica (20-300 liiTl long) shaped lilce a stalked egg cup. 
Fiqs 418 & 419 Ar.TIIIP"''i 

See Bal:dele ( 1968. 1970) for detailed aooounts. and 
Curds (198Sa & b) for laXooomy. 
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Fiqure419 Ac1na4 A--.Mambeaoltlusgeoll5.,. 
COOiiimed Wlthon an .,.....,..llular lanca (I) and -
oa a .U: (2). The a:ma (rrQIIhs) (3) aaa _,. deadr ilml:i

oedmeht'OP"(• &M} r..charm••rw , ma~ 
la!Db---die ..,.,_ .-liD IIDid """'prey 
<Oibe< a1ares - ~ r""'*> Tore Wldholml 



 

STEP 

B Without a lorica. GOT0198 

A The arms are grouped in clusters, and the body is drawn out where the clusters arise. Cells ao-200 l'lll 198 
long. Fig.420TOKOPHRYA (191) 

B The body is almost spherical. arms not clustered. Cells IS-aGO l'ltllong. Figs421-424DISCOPHRYA 

420 

f'i9ure 422 Prxlophtys. A suctooan ctlsate. The ttophi<: or· 
ganism (as ulusuated here) has no cilia The organism os 
atlaChed to the substraJe (I) by an extracyiOplasmic (sec:re· 
ted) stall< (2~ A nwnber of arms (3) ra<hate rrom the body, 
each of which JS a moutll; the knobs ( 4) at the upa or the arms 
contalll the numerous extrusomes used to hold onto ciliate 
prey. Phase contrast. 

• 

f'i9ure 423 7bla>p/Jry!t Ceedmg. The tncltvldual shown here 
(I) os atypocal because the~ (2) ts very short. Tbe arms 
(moWJ1s) (3} radlate m clustem from the aboral encl. Each 
arm has a swollen bP where the exlrU'JOIDOS used m captur· 
mg ciliate lood are located. One tentacle (4) has a finn ~P 
on a Ciliate prey, Co/p.dJum (5~ The ctbate rematDS ahve as 
cytoplasm JS sucked olo1J9 the arm and mto the body of the 
suctor1an. As is usual ailer feeclmQ. the cytoplasm or the 
suctonan looks granular. Tbe prey may be released (ahve) 
after reeding is complete. DI/Tere.otJa/ mterkrence oonrmst 
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ngu,. 434 llwc-c>pQ.,a aDd swamJef Many - alia• 
pracluce -· olliUBd-.aim called -.mots) upm 
dl•w• The swanner ud:la! !lie aopiDc cell. • able 10 
8111Pk OUI oew st.M lD wbldJ.I) EWe 'l1:as ~e erw,bips 
~clUte tlcpluc!laQe (I) wnb IIIII cllbe ....,._ 
(2) 'nleiiOilbK: oallauoaba aDd-..-•
one cl wlloeb ( 4) • anacbed 10 a ohare (3). ~ whadt !be 
IUCIOOM • laedmg After beulr;J rei S !he IWVll* 
.......,. IU'CIW>d una! !ll!nds a smtable place 10 ..oo_ Meca 
mo~ Jt.J OCC\IIS, as sbown bere Qlle (5) aza l!lll1 
sn-tt. but l!!e anns(6)arxl SJalc (7) have beg.Jn 10~ 
DU!ereno.J u11tJI1ereooe CQiltl'a$t 

Asmallnwnberofciliatesareooloured.Agreen<X>IorationisusuallycansedbyaymblO!ic:greenalgae. 
Molt QeMra tha1 have green species, abo have colourless speaes (e.g. CluMcosromum, Step 136; Coleps, 
Step 180;£llplctes, Step l38;Emnroni.l, Step 150; P&lantec:mm.Step l12;.Pzorodon, Step 182;SI'enw, Steps 
118 Uld 183; Vl'gU'icola, Slep 130). Olfrerent ~ Wl.th aymbioCic algae are often enoowuered togelher. 
Care shoold be Ween to distinguish recently IDIJ-ecl algal food from symbtoniS: food pamcles Wlll b&ve 
different colours and be of different sizes, while symbloac algae are similar in SIZAI Uld colour many one 
c:el1. A hst of cibates trithsymbioCc algae is gwen in Christopberand Patterson (1984). Other coloranons 
mclude pmk (Bleph&risma, Slep 164; Uld -SI'entocspecies, Steps 118 & 163) Uld orange (I'eronopsis. a 
hypotnch.Step 136). There are also blue, brownandblacltspeciesofSI'eni'Ol(Steps 118Uid 163), and some 
species or N~ (Step 181) andLorodes(Step 148) are golden. Cenain algivorousciliates, e.g. Nusula. 
may have a polka-dot pattern (Fig. 380). 
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Protozoan communities 
Planktonic communities 
The diversity of protozoa and the numbers of or
garusms m the water o:>lwnn of bodies of fresh water 
are usually a function of the amount of available 
orgaruc matter. Oligotrophic lakes and over
wintering lakes typacally have a sparse o:>rrununity 
of orgarusms. but this gets richer during the pro
ductive seasons and/or in richer eutrophic lakes. !n 
enrici:Jed lakes, aggregates ofbactena and detritus 
may ~pn in the water ~ a result of nucrobial actiVity; 
these aggregates may support a more dJverse 
community wlucb resembles that found in and on 
the benthos. 

The water column typically contams autotropluc 
and he terotrophic flagellates. Colorual forms are 

PLANKTONIC 

9 

common. In most cases the colonies are spherical 
( 1 & 8); the feather-shaped colonies of Dinobryon 
(2-4) are atyp1cal. The heterotrophic flagellates 
most usually consume bacteraa, whereas the larger 
ciliates (15, 16 & 19) and heliozoa (12 & 13) may 
prey on tJageUates. Most of the larger ciliates feed 
on smau algae. II the oxygen content of the water IS 
low, species of heliozoa, Coleps (14). E:up/otes (18) 
and others WJth endosymbiollc green algae may 
be presenL The algae produce photosynthates 
wbicb may be used as food by their hosts. but the 
endosymbionts also generate oxygen which may 
secure the SUMval of their bosls. 

8 

1 Volvox (Figs~). 2-4 Dinobryon (Figs 24 & & 409), 13 Acanthocystis (Figs 41~12), 14 Co/eps 
36), S. Paraphyromonas (f'lgs 28. 100 & 101), 6 (Figs 375-377). 15 Phascolodon (Figs 314 & 315), 16 
Kathablephans, 7 Trache/omonas (Figs 116 & 117). Lembadion (Fags 318 & 319). 17 Hastatella (f'lgs 372 
8 Synura (Figs S4 & 55), 9 Gymr!OdiilJum (Figs 137 & & 373), 18 Eup/oles diadaleos (f'tgs 2SS-281). 19 
138), 10 Ceratiwn (Fags 128 & 130), 11 Amoeba 'liDIJimidwm (Fag. 370), 20 Ha/tena (Figs 304 &305), 
radiosa (Figs 141 & 142). 12 Raphidocystis (Figs 408 21 CyclJdium (Figs 331 & 332) (Scale bar SO 11ffi} 
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Attached communities 
Submeroed surfaces. whether lllert. of plants or 
anunaJs. or or demtus. often hartxn ncb and chvei9e 
conunwulles of pro:ozoa. Some speoes are per· 
manenlly fixed 10 tho· surfaces; others browse over 
11 

Auacbed speoes typiCally remove food (ID the 
form of suspended parucles) from the surrouncliDg 
water by USIDq Da91!1la or cilia 10 create a now of 
fiwd and then extracllng the bactena wuh some 
lcind of filter system 1-lebozoa rr &c 8\ adopt a dlf· 
rerent approach. retymg on the ID)vemenlS or lhe 
prey. usually flagellates and small Ciliates. 10 
guarantee contact With the food Food IS napped 
after 11 touches the 'adhesive' anns Smaller 
speoes (llagellates. (I~) and pentnch ciliates 
typJC:ally consume dispersed bactena. the larger 
~ .... prefer lw;Net ilod (usually otla pt't)ID2Da). 

Many attached abates have speaallzed dlstn· 
bunve stages (larvae or swaxmers) wtuch are pro-
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duced after ceU diVlston These stages are usuaUy 
fully Ciliated and WID swun away from the parent 
ceJI. enalimg the <p>oes k:l dJspeJ3e and k:l ooloOize 
new babi:ats. Many larger speces ( 17-20) have the 
ability to contract. a deVICe wbJch pi'O!ects them 
from IUibulence 10 the surrounding water, or from 
larger predators (Datworms and snails) w tuch may 
gbde over the submerged matenal 

Orgarusms that move over the unmersed sur· 
faces mclude hypastome Ciliates. wuh tbeu ventral 
mouths (IS); hypotncb clhares ( 13 &c 14): and 
bodorud and euglerud !lageUates (J-10). 'J'hese 
usuaUy consume IndiVidual attacbed· bactena. 
other small adhenng parttcles. dtatoms, other 
algae. or ftlamentous cyanobacteria 'Auached 
protozoa may also be encountered 10 the war.:.: 
column. where they tend to be assooated W'.lll 
aooreoares of derntus. 



 

ATTACHED 

d/ 

17 

1 Monosiga (Figs 29(a) & (b) & 30). 2 Codosiga (Figs 4L0-412). 13 Aspidisca (Figs 246 & 247). 14 
(Figs 43 & 44), 3 Amhophysa (Figs 45-47). 4 81- E:uplotes (F'lgs 259-261). 15 Trithigmastoma (Fig. 
coooeca (Figs 31 & 32), 5 Actmomonas (F'lgs 26 & 299), 16 Acineta (Figs 418 & 419), 17 Vorticella 
27). 6 Paraphysomonas (Figs 28, 100 & 101), 7 Bodo (Figs 232-235), 18 Vaginicola (Figs 242 & 243), 19 
(Figs 25. 67-69), 8 Rhyncbomonas (Figs 62 & 63), 9 Stichotricha (Figs 218 & 219), 20 Stentor (Figs 
Urceolus (Figs 87 & 88). 10 Entosiphon (Figs 75 & 21~16), 21 Chilodonella (Ftgs 297 & 298) (Scale 
76), 11 C/athrulina (Fig. 413), 12 Acanthocystis bar 50 IUD) 
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( Benthos 
The benlhtc envuonment accumulates energy m 
twO ways; from oroaruc rnaner that settles from 
above, and by phclosynthesls of oroarusms m the 
sediment In most s:anclmg bodies of fresh water. 
the p!OVISIOn or energy through detntus usuaUy 
exceeds that produced by photosynlbesis. Con
sequently, there tend to be larQe numbets or 
bactena and of the prolozoa that feed on bactena 
The parocular compoSIIIOn of the protozoan com 
rnnty •;jej enrts on the season. the amJWII oC orgaruc 
matter , and the depth of the overlymg water, eiC. 

The commurury illustrated here IS or a rype bund 
m relanvely clean waters. A wtde range of raxo
norruc temtory and or SIZe IS represented. from 
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large amoebae (12) to flagellates that are no mort: 
than a few rrucrons m SIZe (7). Bactena tend 10 be 
most numerous m the IIDIIledlate VlCI!liiY of delnlll. 
and the pJ'OlOZI08 that explon them are therefor~ 
usually bund embedded m the detntus (25 
loosely and temporanly attached to u (1 & 5), or 
g!Jdmg over 11 (the rna}Onty). Unhke the attachetl 
clhates. the benlhtc commurury has relauvely fe"' 
speoes that are permanently fixed to the subsuate. 
In contrasl. thear movement protects them !roc 
changmg physacochermcal condallOns and allows 
them to eso a~e 8llbmersDl under fresh or dlsru:rbec! 
detntus. 



 

• 

BENTHOS 

~19 

1 Paraphysomonas (Figs 28. 100 & 101). 2 Noro- 159). IS Actmopbrys (F1gs 396-399). 16 Actina· 
solenus (Figs 79 & 80). 3 Entosrphon (Figs 75 & 76), sphaenum (Figs 394 & 395). 17 U:lxophyllum (Figs 
4 Peranema (f'lgs 7~72). 5 Bodo (Fi9s 25. 67-89). 6 282-284). 18 ClDetochilum (Figs 250 & 251). 19 
Protaspis. 7 Rhynchomonas (Figs 62 & 63), 8 Peta.Jo. Cyclidrum (f'lgs 331 & 332). 20 ParameCium cauda· 
monas (Figs 82-84). 9 CryptodJ1Ilug1a (F1gs 166 & tum. 21, 22 Aspidrsca (Figs 246 & 247). 23 Eup/otes 
167), 10 Arcella (Figs 171-173). 11 Difflugia (FJgs (Figs 259-261). 24 Srylonychra (F~gs 256-258). 25 
186-188), 12 Amoeba (Figs 194-197). 13 Mayorella Sp.llllStomum (F1gs 321-323)(Scale bar 100 jlill). 
(Figs 192 & 193), 14 Pompbolyxopbrys (Figs I 58 & 
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.. 
(, Organically rich benthos 

Benthic babttals are penocbcalJy Wcely 10 accu
mulate Iaroe quanll1les of orgaruc maner, such that 
the pbyslcioglcal demands made on the orgarusms 
become much greater: sumval may depend on 
101erance 10 low oxygen levels or aadny 

In orgarucally overloaded sedunents, bactena 
and dissolved orgaruc matter are the Pl1DC1pal 
SOUices of food. and most speoes of Uldtgenous 
protozoa are bactenvores or OSI'IlOO'Ophs. Compared 
wnh weU-aerated Sltes. !here IS bttle dtvei'Sity 10 
the axnrnwuty and fawliar and wtdespread spectes 
become ooJJUDOn. These s:pec1es are largely the 

1 Hellt:eslma.sta (Fig. 81}, 2 Bodo salrans (f'tgs 25 & 
00), 3 Bodo caudatus, 4 HeteromJra. 5 Cen::omonas 
(f'tgs 65 & 66). 6 Chilocmnas (f'tgs 96 & 97), 7 
Trepomooas (Figs 104(b) & 105). 8 Hexarrura (F'lcp 
103. 104(a) & 106). 9 Bodo sallallS (Figs 25 & 00). 10 
SpumeJ/a (l'lg 102), II Po/yroma (flo 95). l2 
Astase (F1g5 00 & 92). 13 Gryplodllt/ug18 (Figs 166 
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most weed-Wee of proiOZIOII. 10 that they are the 
~e ..... wbJcb can usually be exttacled l'rom almo6t 
arry permanent body of water They appear 10 
samples brought baclc to the laboraiOry where 
lugber tempemnues snmulate the growth of 
bactena and lower turbulence '-is 10 a dechne 10 
oxygen levels. Often. these are the speoes (drawn 
from genera such as Panunec:zwn. CluloiDOnas, and 
Astasia) winch will grow readily m culnue. Some of 
the s:pec1es illustrated here are also encountered 
10 waste-water l!'eaunent plants, whlch have a high 
content of organic matter. 

& 161), 14 Colpu:bmn (f'tgs 337-339). IS Glaucomi! 
(Figs 248 & 249). 16 Pa1llmeaum cutdan.m. 17 ~ 
mecrtUD putnnum (f'lo 348), 18 Cyc/JdJum {f'lQ:t 
331 & 332). 19 Haltena (f'tos »! & ~ 20 Hole 
svcba (Figs 268 & 269~ 21 Dlplophrys (Figs 146 s 
147). 22 ~ teres (Figs 321 & 322). 23 
Cornrfes(f'tos280& 281) (Scale bar SO IUJI).. 



 

ORGANICALLY RICH BENTHOS 

0 

187 



 

Anoxic benthos 
As the orgaruc loadmg m a babuat rises, so the 
amount of oxygen reqwred by the nucrobial com· 
muruty. wlncb degrndes the organic matter, nses. 
In benthic envuorunems. oxygen is only supplied 
from above. As tt ddfm es into the sediments. u IS 
oonsumed by the microbial oomaumity. At a oer1ain 
depth, no funher oxygen is ava.Jiable lOr nucrobjal 
respuanon. At this porn~ which varies m position 
from above the sedunenl to many metres below 
the sednnent surface, the babttat beCX>mes aomoc. 

Deeper m the sediment, the metabobsm of the 
microbtal oommwuty has to rely on other oompounds 
to take over the role of oxygen as a termmal eleclron
acceptor. Ultunately, carbon dioXIde and various 
sulphur compounds are used (with methane and 
sulphides as by-products); metal salts, espectally 
iron, are oonverted to metal sulphides (usually 

ANOXIC BENTHOS 

black) and hydrogen sulpbtde gas (wbicb smells 
bad to iruliates. but promising to the cognoscenn) 
JS given off. This kind of eovuorunent is referred to 
as bemg 'reduced' The physiological oonditions 
are very chfferent to those of oxygenated areas. 
and most orgarusms tbat require oxygen dte rapidly 
If placed m a reduced habital 

Protozoologlcally, the reduced enVlfonment IS 

very mteresllng as a vanety of speca1ized protoroa 
eXlSt m sucb oondJnons. Some of these (pelobionts 
and dtplomonads. 1-0) are believed to have 
evolved before oxygen was ava.Jiable on the earth. 
and to have survJVed m anoXIc envuonments ever 
since. However, most. for example the ciliates 
(7- 14), have adapted aerobtc rnetabobsm to suit 
life in reduced habitats. a maJOr benefit of wlucb IS 
reduced competition for rich supplies of !bod. 

1 Mastlgamoeba (Fig 81), 2 Masagella (Ftg. 86), 3 9 Spuosromwn (F•gs 321....323), 10 P/agJopyla. 11 
Pelomyxa, 4 Hexanura (Figs 103, 104(a) & 106), 5 Loxodes (Figs 280 & 281), 12 Saprodmium, 13 
'ftepOmOnas(f'lgs 104(b) & 105), 6 Tngonomonas. 1 Myelastoma, 14 Caenomorpha (Figs 306 & ~ 
Bracbonella {Ftg. 310). 8 Metopus (Figs 308 & 309). (Scale bar 50 llffi}. 
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Sewage treatment plants 
SewaQe treettnent pl.mts rP.Cetve water comauung 
dl.s9olved and particulate orgaruc maner lllld 
bactena m suspellSIOn The purpose of the plant tS 

10 remove tlus matter, a process !&Ially earned out 
by a rrucrobtal community of (pnnctpally) bactena 
and proi02Da The COillnlUilll'f rermves the mcamng 
orQillUC ma:ter by convenmg n 10 a form (!locs, 
shme. etc.) that can easily be separated from the 
Qwd. wttb the result that a relanvely clean et!luent 
IS produced. 

Because thiS process IS btologJcal, 1t IS senslbve 
to factors winch may affect orgarusrns. The process 
will change as a functton of the remperarure. the 
nature of IDCXlllllTIO matenal. poUula!lls. and the 
nature of the IIllCfObtal commurury etc '1\o.;o factors 
have a ma)Or mfluence on the t»ologx:al corn
mwuty and the peltrmance of the process: the 
lenqtb of nme that II'ICO!lllTIO sewage IS exposed to 
m1crobtal processmg (the retennon or residence 
ume); and the concentration of orgaruc maner 
bemg added to the process (orgaruc loading). 

In normal water bodies. rrucrobtal conunwuues 
that rece1ve an mput of orgaruc matter are normally 
subJect 10 a predx:table sequeoce of challQE! a 
Suoc: • m, wtuch begms wuh the growth of 
bactena Predators that eat bactena. grow fast. and 
are most tolerant or the consequences or luoh levels 
of orgaruc maner (low oxygen, actd!ty) will appear 
next - usually thiS meatiS small Da9eUates The 
QageUates .,.,,ill reduce tiM! numbers of bactena so 
that the demand for oxyC}E!n IS lessened and the 
water body can become more oxygenated 1lns 
reduces some of the ph'fSIOiogtcal consttam:.s on 
orgarusms. allowulQ the commwuty 10 become 
more dtver:se. Rapidly growtng ciliates winch also 
eat bactena. and some smaU amoeba are usuaUy 
next to appear They are followed by slow-9r0wm9 
Clltates and amoebae. winch are often spectabzed 
10 eet restncted types of food (e.g filamentous 
bactena other cili.ltes. etc) Given that e!lVITOn
ments are llOl bo11100tr.eous. 11 may be posstble to 
find a few representanves of any pan o! the suc
OE!SSIOo at any one nme. 

Most sewage ueaonent works are btOicxncal 
systems wtm:h are subJect to an mput of orgamc 
matter Beca\ISe the mput IS conunuous the normal 
development of a succ e rr 'n does oot .x:cur ln
Siead the succ ton IS termmated at a S1aQe that IS 
determmed by the rate of flux of fhnd th:OU9h the 
system The pamge or llwd through the sySiem 
removes some of the orgarusms or the COilUl1\llllty 
8lld any speCies winch cannot reproduce QUICkly 
eoou9h to compensate for such a loss will be re
moved from the sySiem Thus. sewage treatment 
systems With rast Dow rates wt11 tend to favour or-

gamsms With rap1d rates of reproductiOn, USUdJy 
the smaller protozoa such as QageUates (Zone AJ or 
small ctltates (Zone B). If the passage of flwd IS 

slow, then a greater diverSity of organlSIDS IS likely 
to appear, ulnroatety extending to meta2Da wluclt. 
m contraSI With proklZoa, have slow rates of repro
duction (Zones 0 and E) 

An lllCfease m the oroamc loadtng leads to a 
lugher demand for oxygen Oxygen levels m the 
process may become depleted, and the plant may 
even become aooXlc desptte mechanlSIDS to keep 
rt aerated Over-loaded sySiems will tend to har· 
bour orgamsms that prefer artoXlC condmons (Zone 
A) (pelob1onts I, dtplomonad.s, 3 ~ HeaVlly loaded 
sySierns wtth low levels of free oxygen wt11 fa'o'OUI 
those Cagellates. amJebae. and sman Qtra;es (3-17) 
normally found m orgarucally pollu!ed hab1tats. As 
the loedm9 of orgaruc maner decltnes. so more 
oonnal condtnons prevail, and the dtvelSl.ty of or
gamsms wh1ch may hve under theee condtnons m
creases. The number or mdtVJduals encountered IS 
usually smaller m underloaded plants. 

The :zones Illustrated over the page t.ndlcate tile 
lands of orQB= that are hkety 10 be prevalent 
under parncular =c:umstanoes. The boundanes 
beTween :zoneslcommurnlles are not clear cut. The 
orgamsms m Zone A are m:lSIIy anaerobes or tniClO
aeroplules and are found m !ugh-rate sewage 
treatment works that take m very lugh concentra • 
lions of orgamc matter SUch plants are usuaUy 
found m urban areas. wbere the pressures or popu
lanon tend to nee tate a raptd Dux ol matenal 
tllrougb the plant SUch plants often produce a 
rurb1d • poor) effiuenL 

Zone B con1amS many bactenvorous spaces 
winch are tolerant of orga.ruc poUunon; these or\jan
ISIDS are usuaUy found m plants With a moderately 
lllgb organ1c loadmg and wtth a fall' quahty of 
eJDuent m that the orgaruc matter 9eparates readtly 
from the Rwd Sewage plants wt:h commuml:!es 
dorrunated by or1J8n'sms m Zone C and above usu
aUy produce a relatrvely lliQh quahty of effiuent 
The types and dtvelSl.ty of oroamsms IIICl.lcate a 
relattvely long restdence ume and. therefore, the 
opportwuty for the community to metabolize and 
conven 1llCOllllll9' orgamc maner Syste= harbour· 
mg orgarusms mostly m Zones 0 and E muSI have a 
fairly lofl9 reSidence nme (e.g dttch systems,. 
Socb sySiems produce l1llll1T!IWll amounts of shtdge 
and so reduce transpon and dt'JI'OS'I costs. How
ever. they are meflioent m that relanvely small 
aroounts or sewage are treated. and at a low rate, 
and they can etther be 91ven more orgaruc maner 
or be run at a raster rate. 
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SHORT RE~DENCETIME 

~~------------------------------------
SEWAGE 

A 

5-

~ 11 

18 ~19 20~ 
25 .aY' 24~ 

27 

) 

IS~ 

16 

0 
21 

B 

23 

1 Mastigamoeba (Fig. 81), 2 Hexamita (Figs 103, Cinetochi/um (Figs 250 & 251), 14 CyclJCiium (Figs 
104(a) & 105) and Trepomonas (Figs 104(b) & 105), 331 & 332), 15 Aspiclisc:8 (Figs 246 & 247). 16 Trachelo-
3 Paraphysomonas (Figs 28, 100 & 101) and Oico- phyllum, 17 Mayorella (Figs 192 & 193), 18 Petalo
monas, 4 C/uJomonas (Figs 96 & 97), 5 Diplophrys monas (Figs 82-&1~ 19 RhyncllOITJOnas (F\gs 62 & 63), 
(Figs 146 & 147), 6 Pampha.gus (Chlamydophrys), 20 Thecamoeba (Figs 209 & 210), 21 ParamecJUm 
(Figs 169 & 169), 7 Vablkampfia, 8 Bodo saltans putnnum (Ftg. 348), 22 Vorticella microstorna, 23 
(Fig. 69), 9 Monosiga (Figs 28(a) & (b) & 30), 10 Vorticella spp. (Figs 232-235). 24 Chllodonella 
Cercomonas (Figs 65 & 66), 11 Goniomonas (Figs (Fig. 298). 25 Bicosoeca (Figs 31 & 32), 26 Poteno-
98 & 99), 12 Cochhopodium (Figs 161 & 162). 13 dendron, 27 Peranema (Figs 7~72), 28 Arcella 
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LONG RESlOENCE TlME 

D 

(J) 

0 36 50 

35 

37 

('fl9s 171-173), 29 Tnnema (Figs 180 & 181). 30 Coip1d1Um (F1gs 337-339), 43 Tokophrya (Fig 420). 
r..rcnorus (F'lgs 28S-287). 31 Actmophrys (F1g5 « ACU!6ta (F'lgs418 & 419). 45 Paramecium cauda· 
~). 32 Opercu/ana (figs 226 & 227), 33 rum (F'lq. 334). 46 EuplniP.S (F1gs 259-261), 47 Spuo 
F.hiJJ:xio<;tyiiJ (Fig. 237), 34 <:archesJum (F'tQS stomum (F'lgs 321-232), 48 PleiL'Onema (Figs 333 & 
Ul-225), 35 Tnthlgmostoma (F'tg. 299), 36 He.rrucr 334). 49 Stentor (F'lgs 213-216), 50 rollfer (F'lg. IS), 
pbryS. 37 Oxytncha (l'lg. 263), 38 ZOothammum 51 nematode (F'lg. 18) (Scale bat 100 11m) 
Ftgs 220-222;, 39 Vorucella hamata, 40 Prorodoa 

QS 384-386~ 41 Spathld1um (Figs 275 & 276), 42 
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Glossary of terms 
-....a~: reJanng 10 posmon-away from the moulh (cf: Adcnl 

.._ ;emanc:: rela11n910 llagellum-wtth m.ru.r regJOD'*<t the up(d.lslal~ 

~a type ofhe""'''>O"' (see Slep 188) wtth capenno anns. e.g ACIUJOphrysand ~num. 

Ao • pod· pseudopodium wtth an mtemal suppon. usually or trUCrotubulee; or orgarusms (hebozoa. racbola.na) With 
paeudopocba. 

~ ""'~~Je plaDt: pan ofoae type of modemseW1191! treatmem prrooocao•m winch ••rage JSYIOIImUy aeraJe<l and 
"typiCally)supportslarooopop.taoo<>SofallaledprO'OZIOe 

~lillillegy:a:suueollmloodpl'OJ)Crtlccorano~wlucb-lll'r'""l<P"""''"compenllve.Oftensaldof 
..nonary trendsmwluchconvergeooe LSGV!dent(e.g -le habit. colorualhabn. etc.) 

&re.nng:auacbed 

'' a!:relannolOposmon-.-rthemouth(c! Aboral} 

ldcnl zone of membraneDec a bandofmembranellesfound m polyhymenopboran (spuotnc:b) Clbatas(Slep 116). It 
• e d•fromthefrontoftheceU IOtbecytOStome. MostlyusecHor!eedmg, butoo • as'OnaUylorlocomotJOn. 

k;llc a commeraally avadable oeDm9 matenal used as a b8ms i:>r culruree of bactena tuno1 and some protozoa Add 
gper 100 mlofwater. Heat IDdJrealyma water bath When molten. pour uuo Pem~orequJvalentcontamPill 

kwl uar...S:~toQether Oftenaadofthete&ISofaomeproiOZ!Oa,wlncharemaoefrompoeo:NBoffiel;e 
• •mes) that adhere 10 each olher (Fig 187). 

&;;g.:orgarusmscapableofpholosynlhesiSWJthoutreiYtnQonsymbiOCtCOfllillliSUIS. Mdybeprolcaryot!C • bactenal 
~eenalgae- cyanobaclena). oreulcaryobc, mwluchcaselDClt911y (somesayexciUSlvely)protlSIS Sa.Jdot e.g 
=enalgae. brownaJgae.dialoms.cbrysopbyles(cbrysollaQelJates)andcrypiDpbytee(cryptollagelletee). 

,. no lonca pcesenl. 

:sooet>a: pro!ISIS that move llSlllg pseudopodia. 

,_boid· like an amoeba UsuaUy means that the orgarusm has the capaCity 10 produce peeudopodl(l 

:-pluzoio'arnpluttopbic:satdoforgamsmscapebleofoauunoenergyanclnutneniSbybothautoll'opl\lcand 
• tn:tpbJC muans ( ·li1DIDUOpbac~ 

c:;-o:wn~aae=e: part of the coottacnle vacuole complex of some proiiSIS. OlstPOBible cbannellllound m the YICUllty or 
· ..cnJe vacuoles (F'ig. 288). 

..._.a""""" Mid of pseudopocha that branch and fuse. thereby fol'IDillg a network. As m 8Jomyx;a (f'IQ 144). 

' •Js-muluoeUular eulcaryotes. mosUy with oellsananoed m epubeha (layersatlaChed tocollaQeDOI.IS base). 
• ng energy and IJiliDenlS by ll'9"S""9 paruclesofbxl.or clearly related IOsucborgarusrns. 1be mvertebralesand 
~rates. lnappropnatety~m reference •oprObSIS. eo whenproL.:I2l08arereferred IOaswuceUW.U ammaJs 

"' -= no tree oxygen present. a saruaoon that commonly .u-ases m natural hab!la!S wbton the bK>loglcal demand for 
JfO&UexceeciSthesupply e.o msedtmentsorwbenasneiSorg;uucaUypoDute<l 

,! aa. the front partofl'>ecell UsuallydPtei'IJWledas beU>Qm the<brecnonofnoonal rnovemenL 

A;latwe: an operung. ll9ed Ull--IJuU 10 MM:aor- klnc:ee- 10 refer to tho sto of C"fl:llel'ge~ of 1 -d .. r1. o...;;,.11a. OT 

~the mostantenorpomt or a ceO. 

"z ••· pertall'UnQ to the apea (the antenor pole) 

M enr· tela11n910 type of colony Wlth a tree-like. branc:hloo pal' em 

A:-bag thm. non-motile pro)8Ctl0n from a oell. pseuclopodta ofbeiW>?fW <F9 3!17)m fcedmo :eutacleaofsucsona 
419). 

:!al.anUda: a type of amoeba Wlth filose pseudopochaand no shell Usually regarded as beu-,g related 10 forannrufera 

h hed:ac:lhenno to a fixed po!D1 of the subeuate. either pennanen.ty (cannot easalydetacb)or temporanly (can 
-.yietgO). 

:n-:aJ;:nnn••l Nar:mally aad of anorgarusm that !SqlDio) wWlceother members of !IS group. 
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Autoaopbac:orgamsms that IJ'8J)enerQY !tom pbysacaJ or c:llemJcal aouroesand 1111! theene.gy toas9emble the 
macromolecules of winch !My are made. e.g pbotosynthests(ci Heterotrophic) 

AJ<enic: said of cullures.IO tnellcate lhat no other speaes !$"are pr : 11 11. Ulal111. Wll'loul bactena. pure. 

Allis: a OOtlLJ8PIIIilllme p =mg froaatbe-norpoleo!the ceB 10 the '"""""!lXli pole. 

Aaonenoe: a O""""'tt'C"0y packed assemblage of mx::rotubules (subcellular liCdoldmg) used 10 suppon flagella, tbe 
armsofhel!mtla ete. 

Aaopod:ia: .-udDPo<ha With uuemaJ slcelelatmuc:lw'es made of tlUOQIUl:lule& 

AZM: abb . 'lfJQa lor adoraiiDI!eof ll'l8lllbraDe!l 

8oclc dora! (cf Ventral) 

lact.eria: prokaryoncoroarumlS. Typ>e:ally used 10 refer 10 tbo9e oot havmg pboiOI)'IIIhenc: poomerus. but stnctJy 
anc:ludmQiheb)ue.greenelole(cyanobectena). 

lw:teiJ\00.-.: eats boclena ( • bociivorous). 

Baaerivoroas: said of bectemores. 

Buk:eeacylmdncalassemblllgeofllllCIOCUbularrods. wtud!sunow>dsthemouthofsomecynopboreobatea(f'IQ. 
379). and asl.eddlmng theupak:eof food 

1ent1uc: ase-oal"!d With tbe benthos. 

Benthos: the bottomsedunentsof nvers.IB~ IXlnds. e tc. 

Bic )so;oeclokarypeofliller feedll'lgflagel'-te(FiQ 3:.;) 

l'>odiX' par of a processor w::age tteaanenL llsua!ly SJPPOrtsa fllm ncb m pi'OIC*JL 

Boog._., produced by IJvillQ orgaJIISIIl5 (e.g OOgemc:allydenved macromolecules) 

Black: mud: r&duoed mudalound below the swfaoeofeedunentsm Jal:es. nvem. eiC. 'nle blaclcnessiScaiBid by the 
OCCUirenCe ol(l!lPtal~ 

Bloom: denMo:rOWtbsof oroa=ms.IIIIUII!y elgae. TypocaDy short ·bved and rypocallyof ooe~ 

BJDe.green: a colour due 10 the phoiDSynthellc PIQm8nts of prokazyollc algae Thfl blwsh llnge IS caused by ace : s: :ory 
pholosynthatJCPlQDlents<r•o 4) 

J11ue.o:reen aJQae: the only land or alga lha: IS prokaryoOc. Sane prefer the leimS 'cyanoboclena or biiJe1jreen 
bectena to emcbasl2e prolcaJ'yoOc alflrutla 

llodonxi: a type of smallllllgellale cr10 68) related to uypanoso.._. 

Bright-lleld optics: a method ofsetnng up llllC1'0900.-IOoam maaunum resolubon Corurast IS low. soswlable br 
&'alnedmalfaiAI.IIOiswtabla b obsemno most proiOZlOa (f'IQ. 349). 

Jlncca}: relaiJ.Dg IOID:>UliUUUC111res(e 0 buocal alla!me) 

Captwe: wttha head SaJdoftentadeaol eo Mesodvuwn (f'JQ. 274). 

Cell:massofcytO,:tlasmboundedbyplasmamembrane orrwo~ prokaryottCoreulcaryouc Eulcaryobcoroarusms 
are thearumall. plams. !\mol ADd probSI:I. Mo8t prolliiSare<Xl!D~ of a smolecd. and wtth proos:s. the "'"" 
''"'fOI'msm· 11 IJTMIJiLOi.B wutr: 'c:elr 

CellnJo-: polysacchandeusedtomalcethawalls(oormaUyarouodtheoulslde)ofoenamtypeaofoeO. 

Centric: a type of cbaiOm(F'lg 8) exlubmno radlalsytlli'Mtry e.g S:ephancx:b$cusand MeJasua 

Cemrobabd. a typeofbeiJomon wub tlwl. parallel· Sided annsand WllhprCimlDII!ot ~ e ~ ~ 
(f'lg. 411,. 

Cllloropbyll: a farrulyof PIQlli8I1IS used m photosynt~ to ttap tadlant enerQY Normally located wtthm chloroplasts. 
Cllloroplasts wtth cblorophyU bbave a bnoht green colour. wlnJe lholle Wllb cblorophyllsa and care off.qreen or 
}'"'~low-green See Coiola 

Ctlo:aOi ' r en ()(()anelle found m euk:aryeoc: algae ADd plar.ts(aod • <OGaSIOoally • symbo:mtsm cenam proaozoanand 
ananalcells' Thesaeofpho~andofcbloropbyU See Colour and Chloropbyll 

Chooocricb:a type ofctbate found as an eaosymblont oncrustacee criQ 381). 

CllromaDc oberrabca: a lault m ~that IEw!s 10a failure m the object bemQ llDliQed bilhlully Colooirs are 
P"'lrly CDaQI"' · so tnat the 'WrolvJ colour IS seen. or a colour maybe-.. wbea none JSp<eseot m theob!ecL 



 

~--ISS ublages(l{llle mc>lecWe DNA Ill nuclelofeubryo!lecellll Oeneucmforma'lDIIISioc:a•ed~:~t~ 
cluon• • ,_ OJr•••• .. • ileSof~ba..,a pende• r.rrugaJICill. ~-~ VIIMI:I!:Ieella(FIO 
132'~ 

~a typeofllageDat.,(f'l9 23). &utottopluc.~cr beterc:roplnc. Plastid$ d prescm "llh 
chlorophyUsaandc. wtthtwounequalfiaqo!la AlaorelerrediOasc:bryliasorchrysophytes. 

Chymda: a type of proliSI beheved to be rel<tted to fungi W11h a ~lla!OO Sla98 which seulesonolbCr e>rQO.nl$UIS. 
sending a branclungsys~emof'rluzoid:s' mlo the host cell. and usmg lllem to dtaw up enerw and nutner.ts Flagellated 
SIIIOe has a smgle long postenor llagellum •• 

Cilium; a bP.haviOUial type of eul<aryonc llaQellurn <ilstlncnve bec:aUS&Ilooc:uts m larQe iliDllbers. hae o OCH>rdulaled 
behaVIOur and IIIUally directs llwds parallel to the Slll1ace 

Cingulum;alxi11D:>n:al or spual c:r-oov• on !he surl;,c:e oi dmpO'~Qe'JAie cells. mwblch lies a ilaQellum 

Cin:umferential relalmg 10 the arcum~ ·renee. Usually~ r no round !lleoellm a plaDe DDJmaiiD tile 
(lonol'lldlnaiJ axJSof tbe cell (aso! Cm;ulum\ 

Cimls:a ••comcltOr SII\JC'tUre typiC8! • : h rpolricbabaleS. imned from a tiQ!:t cluslerof mdmdualcllla (f)g.26Jllbal 
rTII"'VAMIII .lnQIP.PMnty 

Coccoid· rounded m shape. ball-lil:a 
'(' 

Collar. a Uun Dange enc:uclmg a strucrure, aq !he collar of pseuct>pod111 around the Dagellllmofcollar DaQei!Ates(FIQ 
29~ 

Coll&rllaQellate;a typeofDagellala(FIQ 29). e.g_ Monoslga 

Collecono canal; penoltbe contractile vacuole complex of oenam Cilia- One or more ollhese suuctwes may lead 
from '"" cyt.oplasm 10 the con!I3Cille vacuole (fV 345~ 
Colnn•l arypeol~mwhlchmenycellsarebouno~rby..aeuonsozC]'lQPiasn:x:exten:aons. The 
cellsareU!JUallysmular andsooompelewllh~otberlorr_,..,.o.. butsomedeo;iieeoldl.lfcnmlln:.On(ceU'.llar 
speaalaallon) doesoccw: m a rnamber of colorual speaes. Cololllesareusually aphencallf plank1c:uc. or 8Lborescertl 
If ai1aCbed. 

Cdour. colour m pronstscan be a usefuldlaQno611c feature II may becau:tod by' pboiOSJtltbelic P•Qin(!nlsm 
chloreplalRs(e.q fV 121): byolherP~Q~T~eniS!Illhecytoplasm(fiq 325). bymetalsallswh1Ch8CC\JI'Ilulalem.acreuons 
(e 9 Tnlchelomonas. l'lg. 117): or may be ar1lfiaally crealed by chromauc aberranon. Many colour bbncl people W'.ll 
nor be able 10 cilsllnguJsh between c:WI'eren1 p!Qment combmanons m chloroplasts. 

Cnlpodld arypeofabaledprol02l0an(F)O 328~ e,q Cclpoda 

Coau>ound """''*"""'-a tYPe o! rrucroeoc:pe Kith a SBiecnoo ot::ll<lCilVe and eyep~ece Jer-. as illu:tta!ed an p.lS

Ccmdenar:putofacom)X"mdidk!IQkXIPii.SIIIl8tedbet;;aentbebQhi.IDIII'Ceandtbespeo H!h•" lhedtotxusi)Qhl 
or'O t"e spoco.men 

~a typeofSI!X!lillevemdurmg wlucb two cells lu!le (flo 344~ It mayor may not lead 10 reprod-.>e:.on 

Coounoct a land of cellular monhty m which !he wlx>Jeor pen or a cellab;r~ens at a ~le ra:e mone"' mar~ 
direcnolll> 
Conttaenle vacuole: panofthecontracule vacuole complex; often the only pen that IS vlStble wt!h !he hglilll!JCIO«llpe 
CollectS DuJdand penodK:alJy allows!he llwci 10 be dtscharQed lhrouqh 1he cell surlace(FIQ- 283) 

CorlttaenleftCUO!eCX>IIq)lex:an~I'QIIIlellnlllvolvedmosmoregut.,oontnprous:cell<; ~acoonrD&ViiiCIICie. 
spollQOOil18 (aiDI!Uil:ind)ussyst= no!IIIIUally VlSibleWllh tbe bQhtauaOIOOpe). flOSS!bly a pore, colloc:!mQ canals. 
ll!ldam~ 

eo.._,...,.. refexs 10 smnlanty m tlnn (cr oJ.OOr lea ":!reSet C'r\ji3llisml) !hat basbeeDadueved mdcpcrccle!l:ly 
U!iUi1lly as a meensctadapnng tbe orQ!'r"'" 10 a partx::ular We style, e.g thellar 'Sbapeof acllllOplo.:JI(h(FIQ 397) and 
~trnhi>!Jd> ,l'lg 411 ~ 

Crawtmg: a type of movement m which Ulo orqarusm moves across !he subGna!e y,;lule maJnlal1llnO cxmtJI1tlOUS contael 
W'tlh 11 Maymvolve oov1Stbleof9<111Clle:J (IJbdmQ~ orabaor 1Ja9811a 
Cranulated; wt!h a reqularly mdented matpm 

er-.ce&: a type of arthropod (melaZOall). lllCiudinq cope pods and oenacods. 

Crypcot:nonad.:arypeofflagellale(fiQ 126)WilhtwosumlarDaqellaernerqmq!romanantenordepreaston.andWJth 
e'<UUSibloc ~...,..,.,_assoaatod w1th lhedepr oa Also referred 10 ascr yptosandcrypooph~a 

Cyanobec:tena: blu&ilreen al9ae 
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Cyrtophorine:atypeoflanetoliagmmopbonmclilatewuhanasseassoaatedWIIhtbemoutb(Fig.298).e.g 
Cllllodonella. 

Cystadllferenoatedstate mwluch !be body IS enclosed WJtluna comuwousextracellular Jonca. and exh,busvery bttle 
acuvlly(Flgs 15:!&399) E:xplouedonly by some Species. Often used lomcreasechancesofSUlV!Valmunfavourable 
conditions. 

CytopWm: tbemanertbatmakesupoells. wuhmwlllchorganellesoccur 

Cytopbacynz:panoftbefoodmgestJonapparntus(moutb)ofsomeoells. Usuallyacharmelofnucrotubulestbatdrnws 
newly bnned food vacuoles away from thecyttJStomeand mtothe oell (F'ig. 342) 

Cytoprocc !be stte at wlucbold ilod vacuoles fuse Wltb !be cell surface, and undigested res.dues are excreted round 
msomeciliates. 

Cytoskeleton: intraCellularcomponentsused to !JIVe shape to a oell or to create trac1S along winch oellular orgaoelles 
may be moved Mostly compnsed of llllcrotubules and actm filaments. 

CytOSlome: llletally, 'the oeU rnouJ!J' Used only m reference toorgarusms tbatlllgesl food atone or more partlCUiar 
locaooos (and then best used m reference to !be regJOn(s) of !be cell sudaoe tbrough wluch ilod gains entry mto !be 
cell). Part of the 'mouth'stnx:tures. SeealsoCytopharynz. 

Dark ground: a rypeof unagmg m 11l1Cl'oscopy, m wluch tbeob)eaappeaxs bngbtagamsta dark background (Fig. 353). 

Daugbrer oolonles/daugbrer cells: !be productsoftbe ceD dtVlSion ofprousa 

Oe$icc:ation:drymg out Dehydrnuon. 

Dichatomoos:apattemofbranctur\9mcolomalorgamsmsmwlllchoneelement(stalk)gJVesnselotwoequaland 
divergent branches. Also used m reference to ldellllficaiJon keys m wluch !be ldenutyof an orgarusm IS estabbshed by 
presennng quesbOns br wluch there are only two acoe}){ableaoswers. 

Dif!erem!jarion; !be act ofbecorDJng Spectabzed (differennated) 111 brm or function Protists may bespeciabzed to feed 
(uop00rus), IOweaJher unfavourable cond!tlOns(cysiS), or to huntoul new resouroes(tberorliS). Each of these states IS 
acbl.eved tbrougb differeniJation 

OOfu&ian feeding: feeding littlltegy 111 whlch the predator relies on !be movewemsor the prey 10 ma1<e comact, as m 
hebo2oa and SUCIOrla. 

Distal; away !rom(ci Proximal). 

Dmsion: tbemostcommonmecharusmofreproducoonofproUSts. mwluchaoeUiepltcatesuselfbydJVJdmgmrotwo 
The planeof<hVlSIOnor ciliatesiSusuaUyacross tbeoeU body (traiiSVetse. f'ig. 34l).llagellatesusuaUydJVlde 
longitudmally (Fig. 92). 

Desmld:a type of green alga (f'igs9& 10). 

Desmctboradd:a seSSile protist m wlllcb a bebozoan.bke organ !$Ill IS located wttlun a lonca (e.g CiarbruhrJa, Ftg. 413) 

Dettitaro"" ealsdetnrus. 

Oetrltus: fragments of dead plan!andarumal matenal beilre. dUIU19andafter breakdown by agents of decay May 
lDCOrporate morgaruc matter (such as mud). 

Olagnostic:usedmrelanontoapartiCUlarchalacteDSilc({eature)ofanorgamsm. wluchJSquUedlstincUveand 
therefore can be used to tdenllfy thatorgamsm. 

Diatom: a land of prollsl With chloroplasls and a siliceousloncalwaU (FJg. 6). Of two larlds: centnc and pennate. 
Coromonaod Widespread ' 

Ollferential inlelference c:ontras1: a type orunagmg used m bghtmoscopy. m wluch !be boltnclariesof re!ractJve 
mdexdllfereoceare revealed as a bQbH:Iark boundary(f'tg. 352). Ideal i>r the study ofpro!ISIS, as a very tlunopncal 
sboeiStakenthroughtbespecunensothatorganeUesaresbownclearly(alsocalledNomarsla) 

Diplomonad: a rypeofflagellate(f'ig. 104)wtth two nuclei and twoseiSoffour 0ageDa, e.g. TrepomonasandHexanuta 
Dispersed; satdofbactena !bat float freely or swun tna lhnd eiiV!l'ODll!enl (mcontrasl to Attached or Adhering). 

Disse tittg-micrcecope:a DUcrosoopeWUbrelaiJvely Jowmagrufymg powers, btU wttba very Wide fieldofVJewanda 
loog worianc;J dlstance between the ob)eCiand the objeCtiVe lenses. Suuable br low-power ..,.nntngof samples. Al9o 
referred loasa bmocalarrrucroseope. 

Darsal: refers to the backoftheoeU, Le. !be faoe of !be cell away from !be ventral (ci ventral). Tbeconoeptdoesoot 
always apply. 
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Ectoeymbiocie: an OtQanlSID bvtDg on lbeSII'faceof anolber OIQanlSD. 

Ejecci8ome: a cypeal expial!llveexuusome found m c:rypiOIIICIIlads. 

Elo~ relatively long sbape {lencJth more than three llmeSQleater lban 1be breadlh). 

Emergent:refen'mg roemergmgor commg OlD, e.g. euglerudsrnay have two Oagella, bu1only one may proJeCt from 1be 
frontolthecell, •e lbeemergentflageUum. 

Encyll: 10 change from a troplucor olber Slate lOa c:ysa (ci DilleremMiorl). 

l:n; olope: used 10 referro eoc:lollures. such as a IIJUC>I.Iglnousshuath etd»•IQ a cell body AlsosaJd ol the space used 
by 1be llageDum when beallDQ normally In profile. the beat envelope may have a pecuharshapewhtch mayassastm 
thetdenllficanonofanorgaruSm 

EquK 3llld olllageta wben IIley areSU1lli.ll' mleogth and 1n behdVIOUJ (d ou.quaJ). 

Equalorio1 oroo••· a groove that passes around 1be llllddleo! 1be ceO m a pWn8 at nghtangles 10 1be longJIUdJnal aXJSal 
thec:eU 

Erupcrre: refels roa rypeolmovement by lobose peeudopocha, m w!Dch lbepeeudopxha ptOQless by a~al 
suddo.., bulges. r<llher than by a qradual and amnmoa tlow 

Ellglemd:a rypeo!Oagella!e(Step32). mostly Wllhanabohty I09C!Uifl1l. and/or With a hebcally sculpted body. Some have 
chloroplasts. Typ1caDy With mlher !luck flagella. e g. Euglena and PeranertiiJ Also referred to as Eugl<'nophyceae 

Eng' -4 IIIOCIOll: a land a1 ~ mooon typocal ol aome euglenods Abo called met.lboly 

Elllwyooc: re'ersiOoeDswtth nuclei and Other membmmusorganelles. the plants. anuna1s. funt;jl and protlSIS 

EumycoMozoa:arypeofsbmemould(f'lg 20). 

Excr-.:roe)eCimarenalsfrcmcells.Bellusedmre!e~IOIJIICbgestedr-Kbeolfcodfromilodvacuoles.orm 
reference IOll:.lld (d Sea-and £mude 1 

Excyo~: 10 change !roman encysted state roanother VIable state (ct Dlllexendatlon). 

Exoo ....... on:a aupporttve suucrure lymg ou!Slde the ceU or body 

~0'"\oiclelbecell 

Extrude: to push our 
Emwlorne:a liruldolorganelle. thecontentaofwblcb can be emuded. e.g. 10cetchor laU prey, or for pro:ecnoo. 

Exu.. • ••a: paeuclopodla that beai extniiODleS{FIQ «14) . 
EJ'e!>** 1be lem(es) or a llliCI'OSOOP8 that cast(s)an lrllilge UliO the eye. Also referred to asoculam 

Eyespoc: a struc!We found m .,me flagellated algal cells IJsually a red or orange collecbOn of oil d.toplets. BelleYed 10 
beablo to detect l!Qhland 10 lllllueocetbe movementollbe oell Abo referred toasaSUgm& 

F~:opbOMI.saJdolastatewtuc:hanorgamsmmayormayllO(adopl.dependmgonarcumstaneeS(d 
Obliga1e) 

F'ielcl ot oriew: 1be aiee that m.~y be seen when loolang dawn the eyepoecesola miCI'OSCOpe The Wldthallbe aree 
depenc:tson the deaiQll of the aucr• e • ~and lbecboiceolob!ectlve lbwever , It ts aJwarlbesame for a 91ve11 
atJ,ecoveon one rruareoope and so can b& used 10 make rough esnmaJes of"' ·U saze. 

F'ilamAml: a thm Sttand. May refer to 1be appearance or an orgarusm. a srrand or cy10plasm. or 10 the llun metal WJre 111 a 
bulb. wlDch lS heated 10 enut bghl 

~ reiers lOa rypeallbm.lbte.i-hkll peeov;lopod•m wttbo.o- an 111leiDa.l....,letoa (f)g lSI) 

Filter r-lmg:a rype of feedmg 111 winch suspended parttelesare consumed Rectwnlsa propeller (usually cilia or 
flagella) todtrect a currentolwater 10 theoo·ll and a rllter(orother)dev!ce to concentrate the parttcles before 
enckwrre Wltlun a ilod vacuolo> 

Fix:IOatlach (e.g to tbesubllrate] or 10 klluuld~reeerve 

flagellwn: afilamentousSU\ICIUre used lor mo110n 11ageua or prolcaryotesare biOCberruceUy. slrUCt\lraUy and 
lw>ctJonaUy very dll!'erent from llage!la or eW:aryot~ The eukaryouc flagellum has a skeletal cmnponent comp.--iol 
IIDCfOIUbuJes. ...ct • flexed by an m:eracllOilof the pro<euldynem wtth the moct¢11ll:Jula "nlenucrotubulesforrna 
C')'lmdncal struc!We. :be wue IIISide the llageUwn Cilia are a rrxx!-!ied kind ol eul:ary"Ooc !lage.Uum. Prokaryotes 
have a snlfllagellum that IS i'OIQttld 10 propel theoeD 

FlAgellar membrane: 1be membrane encioang 1be axonemal pan or a eukaryouc Dagellwn 
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F1agellar pocket: a depressiOn'" tile cell swface of C!Uillerudsand cryptomonads. at the base or wh1ch are msened the 
OaQo lla. Maybe referred toaaa reservOir 

f!aQell""' a landofprOIISt thai bear:sllaqe!la. Re!ersna verydm·rse<}IOUI>wnhuncieai boundan.s DlstmQwshed 
Crom cilia1es because tile llac}eUaare fe·lf m number. and U!Uallycreatea thruslalono the lenotboftheorganeUe. ratl!l'r 
than parallel to the body SUJface 

!'1.irwomr a tyJ)e of mewoan (rJQ 14) tbal uses aha and muscles t>r roovement. and IJl98IIS bxl tlu011Qh a muscular 
cilGl MI. liJc!. phaiynx Soft bodied 

Flcuoon; pet'1amll'l9IO lloatlllg l'lutJstsmay be modBed k>laVQW !loa.?Dg ra!/ler tllansmbPQ 'l'ypicaladap&atJO<lS 10 
llolw. "'>n mdude long annsor 11J>1MS 

Focal plane; a plane m wlucb tile unaqe procluoed by a llUCII)SO:ope tS m focus. U9ed. e o m reference to the locaoonof 
tbe.,;..ttter >f C<I!Ilera 
Fooclweb: ""eooloQocalcoDOPPicooveymga~enseotlhecomplexmteracnonsW1rhmacommuruty. whereoroarusms 
can mdtrectlyorchrec:tly aJfecl othern by acttnQ asbxl or as predators. or bycomP'!ong W1the&eh01her lor food 

Fua bvrug. refemnoiOOf91D1SnStbatlrn!mmenba.DIIa1S(water bod- Dis. sands. etel move. andgamlherrbxl 
'WlU>JUt relyulg on the !nlerventJonol other speaes (as opposed 10 parasltlcorsymbtouc~ The category does not bave 
sharp boundana 

~relersiOanoryamsultiiiiiJSatlelomovelreelyltlloughthe!hndpbaseolmeamm Compoorewnb 
craw.mg or Qhd111Q. where tile orQallllm requrres conlact wub the llllbsttate 

From; tlleanr"nor That panoftheoeU projeCUIIQ lonrardswben the c:eU ISIIIOVUIQ 

FriiiiUle: the Slbceous lonca of a dJaiOm 

Gulroaicb:a typeoftnera2l00ll Resernblessomeahates(Flg 16J 

Cel•!mclo:zs: "':tha Jelly· ..ke COOSlSteliCY 

Ge.nua:a tax >normc rank above the levelofspeaes(a QenuscontalnSone or rooreliJ)eCieS~ OrQan~SmScarry two 
natni'IS(e.o ~fJIJIJK»8 or Par..mecrumaureha~ U!Ually wnnen mllilbcs. n.e firsl nameJStbeQeDUS 
oamo: and the second IStbatofthe speaes Theoenusname may be abbreVIated to a SJnole letter where the mearung 
JSunambtguous(P aure/Jaor H sap.ens). SmctJy. aUgenerabavecWferentnames. butOCCASJonallythesamenameJS 
used tw10e (e.Q lor a ~and lor aniLIUIDal~ 

Qvbng: a type of rnovwnem m wlucb the orQalllllll remams m contac1 With the substrate 'The movemen1 tSQTSdual. and 
tllecontnbutton made by mcllvtdualorQ(Inelleaollooomobon lS not evldent(ci Crawlil1g~ 

Coldea:a col ""usually used 10 descnbe chloroplasls that conwn cblorophyllsa wid c ("" 111 c:hrysomonac:b) Olher 
c:oloura 81'!1 t;11 een. oti-Qreen cr bllle-<]1 een 

Gtarwles: solid mcJusiOns m cells. ar uemsadhenng ID the surface of cells. Uslally relracule. m !bat they may look 
bnQ' • wher ""'"'-eel wilh the llliCI""""'"'''Q 

GranuloreiJCUiose: refers to a rypeofp$8Udopodrum U!UaUy found 111 the manna rorarrum!cra The peeuclopodl!l have a 
granulart~u:..reandlorrna..,..rworlc~Ueboofkuebma F1Q 170). eo Qra11111orebCtllo9eamoeMe 

Qaoc:ule: a OIUSd.ec Willi a .csle, qnd or Oilier pen em etched 1010 the surlace. Placed m the eyepteoeol a 
rD!Cl08COpe. tlJscahbrated aaaJnst a ac:ale on a abdeand used (mostly) 10 measure the SIZeS of nucrOSOOPtc obtect!t 

GrMa:acot.Aitused IOdescnbechbopiasls. "'~ thatchlorophyQ b JS pr-Plalllldswnhoutchlornphyn b 
are lellsbnQitt mcolour. and may bec;ll-<;~teen.Q'"Jden or~ Chloropla:;ts thatconramchlorophyD bare hand 
meu?leruds,Qreena!Qae(tncludmqYOivOCJds)andsomesymbtoocalqaeofaltatesandamoebae. 

ec-&~gae. ~Cb.J~-aloaewnh<lf'"'!lld.. ~I rsandanextemalceDwaDII*Ieofce~ Tills 
QZOUPmcluc ""'"desnuds. YOIVQQcfsaod fllamenM.JSqr..,n algae, and oave ItSelO the land plants. 

Grombda; a rytlllol amoebae .,.,lh filoee J)SI!IIdopod'a and a 1onc:a 

Grocrre::a lo; '1. sbaflowdepr-.nona Sllrlaoe. 

Guile~; a term thaiJSsomeumes used 10 refer toadepr8SII!Onona oeU surlece. pertlCUiarlyooe UIIOwlucbllat,Jellaare 
...,11<'1d :se.. fhgeQar poc:k:ec ~ Not a deeuable term as1t ned "trviY•IQO a role m bod upcalce. 

~peond:a type of c;IIJate Ulat preys011other prQICJ2JOa usuallyolherciltatee. caprunnoanc:Vor laiJmo themWJth 
exploblvee.:trusorr.-(eo /)JdmJum rtg 283) 

f!aiK"'t of ,. .J:e a bebx. Like a sptial.llut ex1end1Dg m Cia tlnrd dunenslon 

RelJO(I.agellales: llaQellares Wlthstlf[ racbaong arms around the OaoeUwn Ofrwo cateoor- pedlnelbd ce.o 
Actu>- >1D00o110 F~ 27) and cllmorphad. 
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Heh~n; a type of proos1 WUb stiff. radaaunq arms(e.g AcanthocysriSand Acanop/:ltys; l'lgs412 & 397). The heliozoan 
body form has evolved on several o<:cas1ons 

lieCerocylta<Merennared. tluck·walledceU.Ioundmthelilamenaolsoroob~eenalqae. 

Heterottich:atypeolpolybymenophoranCI.Iare(Siepll6)thatiTIO\'eSbyliiMIISOimdMdualCibaananoedmlaneoes 

Heterottophlc: refe.s to a mode of nutnuon lll wluch the consumer rel19S upon rmleculescreated by oth<:r oroarusms 
lor ener<n and numenrs. Of two careoones osmouopluc (abi9orbi!IQ soluble orQalllC mauer) and phaqouoph&e 
(mgestulQ peroc\es of food) 

Hymenostome:atypeofohgohymenophoranClharewnhbuccalc~taturecompnsedoftlueemembraneollesandan 
undulaunomembrane(e.q. Cclpldlum, F1<1 338). 

Hypostome:a rypaofctl!atewtth &he mouth loaned vennally Us:ed tn reference tocynophonne C'lllates 1ha1 use a 
basl<erofnemarodesrna.ta to aid the moesnonoffood (e.g Pseudcmrcrorhoraxand 'l'nllugmostoma, Flqs 292 &299). 

Hypoaiell:a type or potybymenophoran Clllate (Sio:p 136) lbal moves ustnQ om 

Jdloeome: aSII'IICIUre produoed by theorQ&Jusm as opposed to a xellO&DIIl8or foretgn body. Used 10 refer 10 the 
elemt!nts that compose (or adbele 10) the tcs~Sol aome amoebae 

1rnmen1on oil: a specsallond of od used 111 nuc:r08Cl0!)Y a drop of whiCh 11 used between thecoveJSI!p and Iron I face of 
some obtectJVes. 

lmmolile: nor movtng ~metunesused to refer to cells that are lUted 10 the substrate 

Inclusion~: structures located WJtlun cells. such as food vacuoles, 9JRnuloo, ere 

lnQes~a: ncms !hat have been •noested by a proust, usually while they reraan !hear tnlegmy so lhallhey may be 
ldenufied 
Inoestion appuarus: lheeqwpmenl used by cells 10ald rn the mqesuonof food Normally used rn relauon 10 rods of 
rrucrolllbules lyrnQ near the cy106«)me (mouth). but may also rnc:lude exuuscmesanclthe cyropbarynx 

lloo-tlon organelle: tn99Stl0° 8Pilill8tll$ 

~:ng<MtJon rods: md!Vldualcomponenl3of 1hl!l rnoesnon appararus. as m cynophorrne (hypostome)oliatea (F'lq 298)and 
80IDe euglenld flagellateS (.Peianem.t, r10 11 > 

Inorganic: nororoaruc (carbohydrale, proteLn. ere.). Refers to. e g. sand. mud. stbca, ere. 

lnlerlerence contra.sr. a type ofl!llaQtnQ for IOQht mLcroscopy, m wtuch areas or daffenng opllCal properueeappcar as 
dlfferenl colours (f'lg. 354). 

lluraceUular: tnsrde !he cell 

Iris: pan of a nucrosoope. A diaphragm thai may be closed or opened at wlil Usually there tSonetrtS m the lamp 
hoUStnQ and one mlhe condenser 

jump: a type ol movement exlubtted by aome cells. chaJacrenzed by sudden (InstantaneOUS) changes an poeauon (eq 
Halt.ma. FlQ ;J~S) 

lacyorellct a type of Clbate rn whiCh the mac:tOnuclel are Wlable 10 clmde (aq Lcuodes. f'l9 280) 

Jtlck: a typeofmovernentexlubued bycelblhal Slltnoneposmon. butmay)Crkorflrckpanoflhecell body(e 0 BoOO 
sa/taM, f'l9 69). 
KOhler: a mu;rO$COp1St whose name t!as90Clated walh a typeohllummnt&On rharouarameesmrunmum bnghUteSS (bur 
low contr~); 11 uwolves centenng all optiCAl comp;:memson lht:: vptiCdl d.XI.:iur tJtttiUICJc.x:iCOpe (thtt a.x~.:; ur tho 
ob]E!<:ILve), and posmonrng the condenser to focus the bght omo I he specll'!len 

Lamp housing: pan or a nucroocope cont.llmnq the lamp. Now burlt rnto th<> body or compound rrucroecopes. 11 was 
pt9V10usly a lree-sra.ndl.nQSlJUC1UI'e (and SttlliSfor somedlssectmo miCloeoopes) Older rruc:roscopesused tnlll'OlSIO 
dlrecl the IOQht rn10 the llllCfOSOOP8 !rom Uldependent lamps. candles. or the sun 

Large:adeecnpbOnoiSJZe,theexactmaerungolwluchdependsonllleranqeenoounleredrnthegroupoforQiUUSmS 
uoder consaderaoon. Bodomdsare relauvely smaD Of98IIISI1lS; lhusa cell WJth one dimension measunno al~tm would 
be Lhoughrlaroe In comrast. amonq lheallales. a cell rneasurtn~~all'fll would be regarded as small. and a olrare 
would need to be well over IOOI'f!l before belnq thouqhtofaslalve U8ually, proiiSIS WJ!hone dunetlSIOn !hallS 00-100 
l'f1l or more are referred to as large 
Lens tissue: a specrallonod ofussue recommended lor clearungglasssurfaoosrn mrcroscopesand other O<PILCal 
rns1ruments. AvaL~ble lromopucrans and chemiSts. as well as from laboratory suppliers. Each sheer should be used 
once and then diSCIItded 
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Ltp: a shallow ledge or a long proaus10n from a cell. 

T""ose: a Jypeof pseudopodJUm tbat IS relauvely broad (f'lg. 139). 

Longimd.lnal: refers to theaXJSoftheoeD from the from to the postenoro!the cell 

Lorica:anOf9iliiCOT morgaruccasmgor shell. mcompletely surroundmganorgarusm. Usually loose fitting. Sometunes 
called a test 

Macronucleus: one oflwo typeS or nuclei found m ciliates. TypocaUy, the larger of lhe two. It may be rounded. e.ther hke 
a long sausage or lil<ea SU'lllgofbea~ It ISmvolvedm the producoonofprotems. but not m sexual reprodllCIIOn. 
E'.ssennal for theday-10-day acuvlllesofthe ciliate {ci MicronDcleus} 

MagnificaDon:ameasureoftheeolargernentofan imagerelabvetoanobJeCt. Normally,ttJSsunplerandmore 
informatiVe 10 refer ID the real =eo! the object. 

Margilla) row: relating 10 thecun of hypotnchs (Figs 254& 260). refernng to the one or two rows nearest to the lateral 
margm of the oeU. May be conunoous around the J)05IerJOr end o!theoeD (one row), or broken at the postenor end (two 
rows} 

Mastax: part of the dlgesnvesystem or routers (f'lg. 15). A gnndmg structure Jymg Just bebmd the mouth. 

Mastlgamoebae: a land of llageUate wub asmgle Jlagellumand a ceU body tbat produces pseudopoc:ba Usually from 
anolOC sites (e.g. Mastigamoeba, ftg. 85) 

Mattix: relatmg10 the structure or oollSIStency of matenaL 

Measuring eyepiece: a type or nucroscope eyepJeOe !bat tnChxlesan etched scale. Aller callbrationagamst a 
rmcrometershde. theeyepteoernay beusedtomeasuretheszzeohrncrosoopicob)eCIS. 

Median: near the cenue (as of oeU. e.g median nucleus} 

Medium: thellwd envuorunem m wlucb protiSts bve, or the soluoonof salts and Olber matenals tn wbtcb they are 
cultuied Also used 10 descnbea relahve szzeoforgamsm. dependent upon the group under OOIIStderaoon. 
Med.Jwn-szzedDageUalesare IO-JO~andmedlum-SI2edarooebaeandobatesare40-IOO~ 

Medusoid: umbrella-shaped-bke a Jelly·fisb. 

Meiosis: a form of nuclear dMslon usually as ~:aated wtlhsexual acu'llly. 

Membranelle: a COUJP()IUld suueture oompliSed of many alia, and assoetated wtlh the DlOUlhof a ciliate. Ettber preseru 
mQTOUPSofthree (Obgobymenopbora. FIQ 342)orasa band of many more(Polybyroenopbora. f'lg :>.56). 

Metaboly:change. Usedettber m reference 10cbange mmolecules (metabobsm), or 10change mceUshape, asm 
euglenotd mooon. 

Metal salts: soluble or lfiSOluble cbem>eal compounds that mcorporate one or more meta110ns, sucbas uon. 
ID8Jl98Ilese. calctum or sodium 

Metazoa:amrnals(d Proto2oa). 

Microoerophilic: prelemng low levelsol cbssolvedoxygen. 

Micrometerslide:aglasssbdewtlhasc:ale(usuaUy I mm)elcbedon ti.Ssurlaoe. Used tocab.brate the field of view or the 
scalemameasunngeyepiece,suchlhattheStZeofobJectsvtewedwubarrncroscopecanbemeaSiued. 

Micromette: a umt oflength eqwvaleru toone milltODlhof a metre. Abbrevtated to~ 

Micron: a nucrometre. 

Micronucleus: one of!WO lands of nuclei Wund m clltates. dlVldmg to produce two sllllllar nuclei dunng asexual 
reprodueoon. and produc:mg nuclet wtth balfthe oomplemeru of DNA li:>r sexual acnvny. Usually the smaDer of the two 
typeSofnuclabutmanymaybepresenLSomecellslad:anucronucleus.sumvmgquJte weU wt.tboutu(ct 
Macronucleus} 

Mlcroscope: m the context oflbJs Guide, a devtee wtth glass or plasuc lenses. the functtonof wbtch IS 10 p roduce a 
magnlfied unageofanob)E!CI. Ohwooommon rypes: compoundanddlssectmg. In a broader context. the above are 
landsofbgbt llllCI'0900pe. However, rrncroscopes producmg unages from 90U1ld. beamsol elecuons. etc. are also 
available 

Miaolubole: a subcellular struC1Ule compliSed of the protem IUbubn. Used for suppon, It IS part of the cytoskeleton. 
lndlVldual rrucrotubnlescarmot be seen by convenDOnal bglu rrucroscopy, but aggregatesofrmcrorubules can. 

Milrouopluc: used m refereooe toorgarusms lhat useaiiiiXIUCe of nutnoonal strategtes, e.g orgarusms !bat bave 
cbloroplasls and carry out photosynthesis. but whtcharealsoable to feed by phagocytOSIS. 

Mobiline: a type or pentnch ciliate wtlhouta stalk auactung u to the substrate (F'lg. 313). 
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Moq>hulogt . lhe ape and brm or an orgamsm or pan or an orQanJ3111. 

Molile:ITIOVIllQ. e 11 by SWU'IlllliDQ. gbd•ng. aawlmg.IUIJlPID!j or laclong Panortbe body(e.g. abaJ may be mollie m a 
cell wluc:lla not liiOCIIe and wtucb IS lixedmooe p ,..., •"' 

lloulh: pan or the body lmiOMid m theacQIJSlOO and unemalzzabOIIol i:lod. '!be moulh llSIJa!ly mc:ludes aC)'IOIIIOmOI. 
bal may allo mvol"leelementsextemal (e.g bxxalala)or mlemal (eQ • .........., rods. ext:ni!!CmeS. cylopharynx) 10 
cbecp•411E 
Mnclog....,...madeo(orwuhtheleX!Ureo( ~ 

Mun•raw:tJ·bh!Sibstanceprodnrwlbyorgamsms Textmemayftry!rombeingwtuallyllmdiO&Uiand 
rubber·hk& 

Mycelia: the orgamzabOn or the feeding stage or funQI. m wluc:lllhe CJ'OC)Iasm a encbsed Witlun a radlaung '13tem ol 
walled tubes or hyphae. 

Nalced: u.d an relatiOn to cells that have no ceU wall.lonca. or olher co.ttlnQ 

Naae: cybndncallnQeS!IOnappararusor some c~·~ues. The walliS made up ol rods of rmcrotubules. Also referred 10 as 
a basket 

Neck: a narrow, anlenor panoflhe body, often With an ll"9""" mappmnusat tbeantenorend. Also used 10 refer 10 a 
narrow ri!QIOn of alcmca or-. leading to the openiDQ(s). 

~~dawt~esofmanymx:rob•bo•lee foundaroundthecyiOS8)meolsomeCIIIa!es(eg f'IQ. 298)..00 
used dllllDg the Ul\jMIIOn ortJod A rype or u if"• "'rod. 
Nematodorarypeolmelal!llOD. TypocaJJysmoo!b-bcdoed(f'IQ 18). 

Neaslon; the ellVU'ONIII!JllorthelrdeJfac e berweenwa:eund IW' It aollen ncb m bactenaand pm1JS1$ 

~ • JA!od Wllhtheoeusa:n 

Nomanla: a Pobal'. (la~er F\ench) J]]]CfOSCOpiSI who gave his aameto a rype or oontras> eohanoemenl <-Dl!fercmal 
iDierference OOIIIIUI~ 

Nomanci&Nre: tile rel'l'n11101oQyofasoence. Asystemornameebrob,ecls. In biology, nomenclature usually relcrs 10 
• the rulesooverrunQ the namesofananalsand plarus. embodoed mlhe lnlernaoonal CodesofZooingJcaland llot.wc8l 

Nomenclawre 

Non-motile: not ITIOVIllQ. May be saJd or a wbole cell wluch may yet have moille pans, or of orQaDelles. 
Nucleolua:an opucally dense reQJOn (or reQ101'1S) an a nucleus. -.<:~ated WIIh RNAsyntbeSI• Not always VISible 

Nuc:leur anorQanelle found only m eulcaryDIJc cells. m wluch 111051 or the cellular DNA (Qeoeuc matenal) IS located. 
McJ5I cella bavea sngle nucleus. butcenamspeoesmay have many 

!fuchpod..,-a rype or unsupponed pseudopoc:hum Wllboul eVIdent exttuoomes(c:! £mUSG, o d11 

Nulnent: U..ol wluc:ll provides nullliXICI. '!be ~J~~tt~en~SorbererocropluccrQan~SmSare pnmanly boJgenx:ally derMid 
macromolecules. wbl!rees thoseoratlllltropi:Jsare usually more mnple oornpounds, suc:b~dlssohed pixlepbatel and 
lllttates. 

.,.,...., ..... aiiiiiQruft lfl\l lens or a UDOosr::ope. Most tniCioecope&carry a selecuoaof ob!eaJves. 'lbeob,ec:live IS 
localed .-r theobtect besnQ vteWed. 

~tr. >aid of a Slilte wluc:llan orgamsm must adcp: (c1 r.., ....... ~ 
Qc,Jar refers to the tensor a riucr........,..,. mtowhlcll •ne looks when tr'fiii'.IIO YI8W the mageoranobJecl. Also called 
aneyepaece 

Odontoatome: a rype of polyhymenopboran (spJtotncil) abate tha!ISd.ISIIIlQUISbed by a Dattened. liCUlpled body and 
fewsomauccdla (e.~;~ f:palxeUa.l'tQ 312) 

Off-qreen; a colour used rodescnbesomechloroplasls thatlaclcchlorophyll b. but which usually haveanobveor 
browniSh hue 

ObQollymeDophara: a rypeorCJbare With buc:c:al CJbalure oompnsed ol an undulaDng membrane and three 
membranellee. e.~;~ pentnchs (Step 119). ~um(f)gs337-J39). etc. 

Oboua icl• a lwld ot polyhymenophoranCIIJale (Step 118) m which tho adoral zr:meor membianelles IS Ul8d not ollly m 
!h. dCQUil"'""noli:IOd but abo 10 propel theoell (ec;J I:Wtena and llnll:liDds. figs305&310} 

OWryc«e:a typeollungus. '!be marureorgarusm takes the form of walled ruJU!)w. butprocb...,.Dagellatec:ISIBI;jea m 
the 11:e cycle. Rcla:ecl10 thectu fS!limnads. 
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Opalhe;P""fenorda~cellproduced by~drlaooofaallate 

Qrvanelle·. a dlliCiete SII'UCIW'e found WJIIun eukaryouccells 

Orv&nlc: c:hwnicalcampounds rbat have been pr• .duced by otgamsms. Said IDOStly of sugars and polysacc:handes. 
protems. !'!<' rt es s "'nally referstolbe bydrocarbons. Does llOIUICiliQe lbe mend...,•+ a!caaljhrds socii assabca 
prodllced by occne or9IUlJSIIIS 

Oamouophic: refers roa form of nutnnon 10 wlucbaolublecomponnrl•are taken up by ibeOIQalliSill. erther by 
po~orbymec::n.:usmscapebleoftransponmgoneoralewmoleorlesalatlllle(membranepumps 

o.-doaded Uoitld m rel&rence to.waqeWOl'lcllbal havemorelDCXlil&IIQWW-ilaD the plant &a• tesgM(IIor (d. 
Underloaded). Overloededsys~emsareeqwvalem to polluted natutalenvuonmenas, and usually have a poorquahry 
el!luent 

Ozadlze: To aodo"YQeel 

Puasinsm:an s • eiV'!r1oforgarusmemwluchoaeparllllor tee6•stothedeauneNoftheother 

Panicles: small ilems(e 1J bac!erra. proUSIS. or !IIQr1 matenalsuchasclay). May be tnsuspei!SIOn m Ouid, bea'I90Cialed 
Wllb c1em1us. or be used m ibe manulaciUre oflcncae.'tesls Relened toM 'pamcula_. by same !*>Pie 

PsDo :W. llle ooaer regaon of cy1Cplamlof931De pt<*Wa. '!be romn IS ...,.oed Ollly wbloo ibe teQtoncan be dxMrngonshed 
because u appecus 1o be relauvely Sill! and lughly sttucnued 1be term 'cortez' may also be used Used IDOSIIy m 
reference to el)IJierudsand abates. 

f'oornn!b- a type of oiJQohymenoplaoran abate lhat osdslnQwsbed by the parbCUiaz anang&lllf'.Nofthe 
membraMIIes (e.g fllrameaum. fiQ 345). 

PeMate: refers 10oneo!tworypesofdlluom (f'IQ 5). Wnhout radJal symmetry, andot..,nable to move byQlodtnQ 

"-nplast: the enlli'e asaemblaQe of s::ales. spmeaarod spoculea !hat encues some hebozoa. chryaomonads. ere 

Pansralsis: rer;r.Jlar mnrracoonsol a body or pan o1 o body Ueed !D!)!!lly m the conrex~ of the m1.--1 systrm of 
vertebrateS. bul also r•rs 10 the sqwmung behaVIOUr of some euglerud& 

Perislome: the reQlOnoflhe bodye.rouncl. and ext"mallo.lhe mouth. Smelly. the reQ'IOn !lii.ISI be modlfied to favour 1/ie 
acqulSIOOIIol food 

Pomlncb:atypeoloboohymeoophoranallate(Siep l9)mwtudlonemembraoelleandthenncluL•nf11Jmembraoeare 
QteaUylenqthefred, !!plfallmgaround theoralenclofthebody(e.g Vorrx:e/Ja. F'lg 233). 

Psui dish: a lew. Oat. arcular dish Willi verncal Sides. Made o! Qlass or piastJC. 11 IS used extensively for 1/ie culture or 
• " ocr~ and ISSIUI!Iar msbape10many c:enmcdlatams. 

PhaQocfltAe.IO take f od by phaqocytOSJS. te 10 lfl9E'SI V!Stbloo partJcto.Jofbod by eoc;losl!lg them wttha membrane 10 
forma food vacuole 

Pbagaaopb; ..norgamsm rbat feeds by pbagocy1osls 

l'tlarymc a r8QIOII of the UIQeSilOII ac:oparams that besmremal k> ibe IDCU'.h o( a melaZI)OD cngarusm. or 11Uefl16110 ibe 
c:yiOSIOme of a proi!Sl Involved 111 theswallowmQ process<-Cytopharynr:, 

Pllase cantl'UC:a rne:laod of oonttas1 enhanoement used wtdely m hght mtClQS!COPY It IS parucularly useful on 
protoD • • <Jt ka tlus .,., •: areas WJth d!fenng re!racave llldioesappear darker C>r bgb:el than the baci<IJlu<mcl (f'IQ 

·I~ 
PbotomicroQtaphy: the prooessol lalong pho109f11plls throUQh a !Dlcroec:ope 

PbotOSJ'IIl)laiM: the prodUCISof pholosynthesls. 

~a meansoliiCQIIII1liiJeoettJY ilr meliibo!:m It tiJVONeS trapptn!l radiant energy on chloroplasts. the ... 
~that enetgy to break up water molecules (hydrolysiS) arid the CODV\"I'SIOnof re'-<1 energy ll!IO an ace l'e !orrn. 

such as the molecule ATP. The only form of autotrophy on eulcaryonc cells. Some heterotrophtc proUS1S bave symb!OtlC 
WQae rbat al. >W 1/iem to exploit pholf16Yn~ 

Pbot()SJ'IUhaoc pigrtoer!ll: lal:9e molecules 111 cbloroplasrs They ab!orb radiant ener9Y hence IIIey have colour MaitJy 
cblorophyU. arid car<"'"nes and. OCC8SIOIIally pbyoobolms~ 

Phycobilin: a rypeof photosynthencprQtnent.lt'I08tly found rn bl~een al9ae. red algaeandsomecryptomonads. 

~-M- ""'des lhar.oppear o. >loured 
l'lriocy&tolllo~ prooe!ISof rngestlliiJ matenal by enclcoo5mQ 11 "'1lb a membrane. 'nle resnlDriiJ suucrure IS usually 100 
smaliiObe-nwtlhlheltQhtiiiiCIWarodiSmosdysutt.:ible!orthetry::st~onofOwdormuoa 

-



 

Plpeae:aolassor plaaQclllbe<' 111 ~ued 10111cWa•e !be p~ol d•Sj E#YhJ llqu:d. May beQ111dualed.IOiha' 
rr. saswed volumes can oe dl3pensed. ~ P&PE~t:el have a narrow up. but can be 'pulied 10 a finer up af!t!T beaiUIQ 
" that !bey can be used br handltngsmaD volwnesofhqwdor tnd!Vldual cells. 0rOPPII'lQ ptpenesareavallable from 
dleiTUSlS and pharmacists. and have a rounded 11p lor safelY 

l'llllw:: m • ne plane, e 9 saJd olllaoellar beatlDI;I 

I'Wikton:orgamsmshvmgmtt•watercolumn(above!be9edJment) 

l'larlll:loiUc: from the planlaon. U pi'OCISIS. lbey may etl!lCr beswanrtlltiiJ or lloetmQ 

Plana: ru.JIIoo·.tular ..ukaryote Nnh lhecapaenybr ~usmgehlorophyD b. and WJthcellsswrounoed by 
• ·.Julosac wdlls. As wath the term 'aruma! plant>Ssornetunes tnappropnately applied to wucellularofQ8ll81lS. To state 

!hat algae are uruc:ellular planiSJSconfusuiQ n .... -ou~d be morea::curate 10say tbata!Qaeare wuoellularorQGIUS!llS wath 
'lXIIE!speabed cllaracte« sr.s (e.o pllotosyntbesls) thai are also found m plams (Ol that planlsare mni!XY!Ilular 
>r;J801Sma wnh some specified chaJae:ensiiCS tbatue also found m agae~ 

Plumochum:a rypeofamoeboad oroamzauon anvolvtng a large mass of cytoplasm and. usually, manynuc~ A type of 
body i:lcmadopted by SO<rEs me moulds 

Pludd: WIOU!e<word br 'dllocoplasr Fr-uoome tho terms'llptasudac and piastidr" meanmgWJ:hand 'A1thou:t 
tlbroplaasls respectiVely. See notes after Step 5 

Pla.tv~ a narworm. 

l'lxllte: a narrower.·•llSIOIIfrom lhepcl5h000r endolxmeabates(e.g FlQ 295). used lor a&j)_,n Foot,!ilce 

Polarim>g INCiosoopy:a rype olrrucroscopy that produces bnoh• unagesolobJeets With a c:ryslalhnesubmuclllre. The 
process rebes on lbw use of polanzed hQh:. hence the term 

Polybymenophora. a tYPe of alla!e <SieP" 136& 161) .n wlucb the buccalabc.,.e UICiodesmoru !han three 
membran<'lles. AI:Jo called a sptrotnch 

Polysacehande:alalrlylargemoleculeoompnsedolmanySUQarmolecules(chenucaUy)JC>medtogether 
P.,lysacx:handesan. relaavely men and rMYbeused by cella 10 brmexlemal walls, etc Poi'iSkXJ!arx1M mdudp 
o~andSiara 

PormfO<Tn: shaped like an apple (as of some hehollaQcUates). 

Pocenor. thai panolthe body away from the drrPCtlOilol norrnalmovemeru. or away hom the nxrJ!h. n.e lt'mt back 
may also be~ bullhereJSaposs"'lllyolcont.m:x~wnh dorsaf 

Puaxlal rod:arod olmatenallyulQ wrthln the OaQeUum parallel to the axoneme It IS only bund Ill some prollSI.S(ttO 
euglerudll). andca\lleS the Uaoellum 10 appear relatively tlucl: (Fig 71~ 

Prolwyooc: refers.,at}'Peoloroamsn li'eceUsolw!Dcharewtthootoucletorolhermemb,_.boundorQanelles. 
le bactena 

Prostome: a type of cllllltewrth the mouth IC>c:atedat theantenor end of the body Ueually moes~ larQPI pamcles<J ixxl 
ieg.~Siep316) 

Prtter: ...,tenor daUQhteroell pr')duoed by t:rar!S'Iet88 dlVlSI.)n of a abate 

Procostebd: a t}'PeolslunemouJd. Spores usually produced by aSII'lQieceU rather than by a nlaSIIofey!Oplasm. as IS the 
case Sot I'D08! slime moulds 

PmiW»' those he~otrotropluc ond (a lew) .. .notropluc pro- that have. by lradlllon. been srudled by prolozooloQisls 
(seep. 9~ Some people prefer the broader term 'protiSt, but 'prot02Xl8'1SS1~1 Wldelyused 10 rPr.. .. to ~I ~<it.._ ablot-. 
~ dndspon'208 wrmoutchtoropl.j!IS. 

Prasimal; ..-rto (c{ DlsW). 

Pleud.opodiurn: a !JanSlem extensiOn of the oell sur!a~ used br locomotiOn or leecllng Pseudopodia may be 
supponed mlemally(acunopods)or not (rtuzopoda). they may be thread hlce (W..C)or broad (IC>I:xlsel mayor may not 
'-r ellll'tlllt)mes (8ltll\l!lop0dia and rmd.apodlil tMj « •• vely). and then; ttay be one (rrr"" 'PA"'I)or many (polypodia!) 
pmdax;edatCRletur 

Punaate: wrthadampledorsponedappearance 

"'-le:a sysle«DIIIVOIVUIQ a !IIIC and cbanneb. buDd tn some dlnollagella!es 1be l'unctlorus DOt !llldet • cd. but u may 
~asan0111l0tPQUI..·'>ryorganeDe 

Pyrenold: a pro< em body lyu1Q I1ISlde some !}'PeSo! chloroplasts. 

Raphe: a wttnlhe 'P """"US shell of most pPMate dJatomS. MoiJe dlato1111 always ha'f'Pa r"')be.lr appears., be 
lli'IOived m thesecraoonoi mucas tbat pushes tbeceU around 



 

Raptorial: refers to a typeoffeedlngm wlucb !he consumer moves around m search of SUJtable nounsbment (cf. 
Dilfusjanand SUspens;on feedin!l~ 

RecwretU DageDum:a Oagellum that curves posteoorly from nssue of msertJon, to traJ!along and/or behmd the body 

Recluc:ecl: a che1JllC81 Slate of some envuomnents. m wluch free oxygen IS absent and limade available Wtllbe 
cberrucaDyconsumedbylhemoleculespresenlTypically,aSitenchmsulplndes(e.g.bydrogensulphxle)and 
methane, usually bladcm colour and WJlbastrongsmeJL Also applied to some parts of cells to llld!cate smaD sazeor 
absence (reduced flagella are short). 

Refrac:tile: capable of refractu>g bgh~ thereby acWIQ bke an meguJar lens. Refractile granules may appear bnght 
whenVJeWedwtlbanucroscope.buttheymayalsobeasourceofcbromancaberratiOn,appeanngcolouredwhenlbey 
are not 

Reservmr:a pan of euglerud cells. A depresSIOn from wluch the flagella anseand IDID wlucb the contractile vacuole 
eropt!esttscontenlS. Also referred to as a Oagellarpockel 

RIUzopoda: those amoebae that have pseudopod)a wub no sulferung axoneme (Step 72). Polyphylehc. 

Ridge: Slightly ratsed, elongate regJOn of a sttuciUl'e. 

Ratiler. a type ofmeta:zoon. also called a "Wbeelarumal' because of the rwoclustersofmoUle Clbaaround the moulh (Fig 
IS). 

Sapropelic: said or Sites (or of orgarusms mbabmng such snes) that ate very nch m orgaruc matter and that (usually) lade 
oxygen. Usually relers to sedtments. 

Sc:ale: a measunng deVlce (as on a mtcrnmeter sltde~ or a Oat plate-like SIIUCIIIJ'e produoed.by some probsts. 

Sculpting: used to re'er to a body that has a fixed. trregularsbape. e.g. grooved. ndQed orspmy 

Scuticoci!We: a type of obgobymenophoranciliate (Step 168} TypJCally WJth a well-developed. undulating membrane 
(e.g, Cycbtbum, rig. 332). 

Secrete: to expel an artefact ormatenallabncated ma cell to lbeextenor. e.g. scales, spmes, mucus. CompareWJlb 
Excro!le, wlucb refers 10 lhe extrusJon ofbodles ongmally produced elsewhere and temporanly mgested. 

Sessile: re'ers to orgarusms that are fixed 10 !be subslrate. by e.g. a stalk or lonca. 

Sheath: a loose covetmQ (usually of mucus). A more ngld orSI,bs!annal covenng would be referred to as a wall or lonca. 

• Siliceous:()( relating 10. ortncorporatmiJSihca. 

Sine wa-.e: contiguous waves. e.g. m a beattng flagellum. that are equally spaced and all of the same hetgb! (arnp btude). 

Size: see Small, Medium and Large. 

Skip: a type or monon tbatiScharacterisbc of some lliogellates. The cell moves near !be substrate. progresSing quicldy 
klr a shon diStance. sloWJng down as the flagellum touches the Sllbstrate. and then speedtng up as the coruact between 
Oagellumand substrate IS loSI. May !Iansfonn mto swunmmgor gbdmg. 

Slime mould: a type of<UllOOboldorgarusm that produces a walled stage (cyst or spores)a! the end of an elevated stalk. 
The life cycle may mvolve flagellated S1aQeS. or orgarusms resembbng conventtonal amoebae. 

Small: a relanveS12eororg:arusm; the absolute SlZe depends on the groupoforgarusms under CORSlderabOn. A 
Dagellareof 5 lllD or less tscoliSidered to be small, bu1 cthatesup 10 20 lllD would also be desc:nbed as small. 

Solirary:organiSIIISoocumng llldJVJdually. not m c:olorues. 

Somatic: relating to the body surface. e.g somatic ollature (cf. Buccal). Also used m the sense or non-reproductive 
(structuresorat:ttVllles} 

Spasmoneme: a coonactile element tn the Sla!k of some pentnch Clbates (fig. 222). 

Species: a ta.XOnormcrank. represennng a rnorpbologl(::ally dJslmct type of orgarusm. One delimuoo states that 
mdrVJdualsWJthmaspeclescanmterbreedWJtheacbotherbulnotwtlhutdivtdualsfromanotherspeetes. nus 
defmtltondoes not apply to many prot020a, whlcb are not known to mterbreed. Each species has twO names. usually 
wnnen m ttabcs{ag. Elaster plaster), the fi.rsl bemg the name of the genus. and !be second bemg the name of the 
specieswnlnnthegenus. Thegenusnamehasacapnalllllllallener,andthespeoesnamebegutsWJthabwercase 
Jener 

Splcules::debcate, pomtedS!IUCIUies lymgextemal10 the body and usuaUydlrectedaway from tl Likespmes, but 
mvanablyexcretedandmoredebcate. 

Spirur. a pomted suucmre. Ellher part of a cell, ora structure secreted by a cell 

Spine scales: plate-bke, secreted strucrureswl!ba spme-bke protrusiOn. Usually sthoeous. 
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~ooicb;a kmdofaba!<!> (Sieps 136. 161 & 118 Also called PolybyiWIOj)bota. 

Sltallc a Uun structure aJISUl9 from the postenor pan of aoell or lonca. Used br permanent or ~tomporary attachment 10 
thesubstrato. EllhercytOpiasmJ<::orextrac:eiJular. 

Starch gramc at~m~~\IIIK!Icasely 10 refer 10 tef!acole of polysaccbandes. *"""''Ia·~ as Sk>taQP produas m 
tile ceO. 

Statocyst: a sensory orQ811elle used !or onentaoon. Typtcally Ulcludes a heavy wetght winch falls under too tnlluence ol 
oravuy, and thedlrecttOn olfaU tsthussensed. fowxiooly moneQIOliPolprotiSIS. the lcaryorelx:tciliates 

SbQma: (pklral Sllglt re)~U!IE!d m pbo~ by some pholosyntheac llagelk- Also called an 
8Jespol 

Stomalocyst: a typeolcysJ wtth aSihceouswall and a s.nole pluggedoperung,lormed by some chrysomonlds (Fig. 24) 

SObapicallymg slightly away from the apex. 

Sllbbmg: a pen of a 0111\Jnno 10I.IIlDe lor OJVIIIl8llS. m wbach a poroon ol an~ culnue IS moculated tnto a fresh 
lll"dJUm. 

S>•bsttate:e~toor thesolld pbysJcalstruc:ture~wlncha Owd medlwn hes, or the matenaJUM<I as a basiSt>I 
metabollc> 

Sllaona:a type of cwate (Step 195). wtth alta only bemo formed m the swarmerS1aQ8. It leeds by meansolpro)eCODO 
arms(e.g Podophrya, flo. 422). 

SUicus:aarcumferellllalgrwveotaomedmoflagellates. ThegroovecemesallaQellum. 

Salphldes: lilts of sulphur m the reduced s:ate. e g lrydrogensulpludQor metal sul;llades. Olaraaensllc: of reduced 
envuonments where there IS no free oxygen. Sulpludescause muds to become black. usually wttba smell that many 
non-prol$0loglSis regard as belDQ 'bad'. 

Slllplarr bo!Ciena: prolcarjotes !bal 011111 entf!!¥OY by medWtng the oxx!a•nnor reducbonoC ~ axupounds. Some 
lllecap!hlwofalondof~andar"greenorpmk(porple)llllphurbo!Ciena.Oihenclepc::Qielemenlal 
aulpburm tlw!tr bodtee Sulplarr t.ctena may be abundant msomes••• bemg VISI.ble to the naked eye as a purple 
~nonthe~te. 

SaspeDded: aatdofunanached J)8l1lCies !bal floool or swun m waler 

~he 1iug; laedmgooS"spendedparocles. The 10051 usual.aateg-f tSfilter-leedmg. bul oot al~n 
feeders employ tins method. 

Swarmer. a stage m the hfe cycleolaomeprolJIIS. ItsfunciJOn ISdlslnbunve.te 11 moves away from the loc8llonottbc 
pwemoell porenhi1Dytocolnlll2eothersues OccursiDC8llyllSthemo<"-!stageol-.Jeoro;wsms.SIEb•l*'" ' d' 
o!Jates(f'lo 236)orax:tonano•e!eS flo. 424) 

Swunming:a !arm olmooon m wluch theorgamsm propels uselltbrough flwd. wtlhow reqwnng c::ontact watha sohd 
substrate 

~bvmg m )OI!taonwnhllllOlberoroamsm. normally to the lmiUaladv.omageotbolh. ortothead'ranlageol 
one- the other betngunaflected Wheretbete osa !101abledl3crepancy ;nsue, !be tenn 'symbiOnt IS used to refer to 
thesmafler member m therelai!Onshtp. wluch may occur IIISide(endosymbtont)or on theoul$deswt>ce 
(ec:tosymbnnt)ofthe laroer 'boot' member 

Sy-wlhol!le cbryaomonads [Siep 123) Wltba penpillsl ot•taceous .:ales. SjX\IIeS, etc. (e.!J MaJJomonas. f'lg. 128). 

Sysaerttali<% an area or biology diJI\bng With the classificatiOn. nammg (nomenc:l.lture) and evolutlOI'I ol orgarusms. 

Tvdigzada:a type of very sman mcrazoa thai has an elCOIII<eleton and eoght SIUbby leQSenc1tng m claws. 

'I'"'IWV".y:anareaclbtologyde'lmgwuhtbenammgandclassafymgolot\ldlldiiS(roogblyeqwvalenttoQilemabCI~ 

Tee a 0Q!C1 sheD around anOf9WIISlll, lesscble-fitllng INn a wall. Also called a lonca. 

T-.ue:beannqatest 

Tbeca: a layer eac • ISing a body May reier ~a closely adpressedllQid waD.. or II.> a li'Ore looeely attached rlold lonca 
or rest. or IIW!D to a soli enc:tc sat ~ st.atbol matenal 

'l'lleronl:: a 51age m the hie cycle ol some speaesor cibates. 1n which the orgarusm typteally does not feed but ntoveS 
qwcldy M.oy be thought of as an &dapranon m response to a laclcollood. lhelaSI< >fwbocb IS to bunioutlllltWsourcesoC 
food. 

Tncltocys!; a typeol extrusomewhlch. whellextruded. talce8 the(ormof a fine. dlilameot. TypocalofPIIl'ameciurn, 
butusedmaclvenentlytorefertoothertypesolextruso~ 



 

Trophic: sa!dof OTgarUSms lbdta.reac11veand feedlno Contrasts Wlth !he encysted state. theromsand IWalDlets. May 
abo belll!ledto refer tothoaeaspectsofmetabobsm .:~ated Wl'hgroWlh 

TlopboiL the leedJng SlaQeof anorganlSID. For heterotrophiC p tollSIS. llusSiaoeoompnsesmoel oCtile We cycle. 
Alternative SlaQeSare theroots (rare). swarmers and cys1a 

Onequalsa!d >ffta9e!Jaofddfenno lenQth ononeorgamsm. AlsoSIIIdofllagella which beat cWrerently 

IJndprloedecl usedtnrelefencetosewaQE!trealment'ROrlallhathavelessiiiOOIIIlnQsewaoelhantheplantJSdes.gned 
lor(d.~ 

Undllhpodia::aterm prefeaed by .ame ~ •peoany mlhe US. lor eWalryoOc Cilia and llagella 

UnclulaDnQmembra~w. apartoflhebucx:alctllaiW'eOfollQohymenopboran(andsomepolyhymenophoran)Ciba-.es A 
lmeaf alia 10 !he left ollhe mouth. used 10 tolercepl paruc;lee beonQ earned m currents of wa1er The periJCies are 
311C1f"9<1tad. and pas 1 cliO thecytoSiome br UICIUSIOn m food vacuoles. Some SlnJCIUresofpan~~>uc llaQellatesa.realso 
referred 10as undulating membtanes. 

Vacoole:ac:aYlfymaoeUenclosedbya membrane, e g fooclvacuoles(8SSOClaledwllblhedJgesuonofiOod)and 
oontracnle vacuoles( 55 xaated With !he ezc:rellOiloftbd~ Small vacuoles may be called Yes>< 1e5 

Ventral: relallnQ tooneS>deofthe body lflheoellJS flattened and bas mostolatslooomol0r0f9allellesooasurfaoe the1 
IS directed tomrds !he SUbalralewheo mavmo thea lhatl8the ventral••rface lftheoeD • rounded. but the moulb hes 
a "#fay from the apex, lheo the surface With the mouth as usually referred 10 as bemg vemral 

Vleble: able 10 hve 

Volvoc:ales: lho<!egreenaiQae(plastidsWIIhchlorophyUbandaoeDwallincorpotallnQoellulo.)tbatnonnallybave 
IWqella and swun around 

Wall: a J19>CIIayer that completely en• h esa cell and pr-8Q<ii!ISI the cell membrane 

Wallr::a lclm ol moaon whereby !he oraarusm IIJO\'Mac:rc:a. the IUbstrare. propelhno nseJI With a 10-and·fro movement 
ofolJaorCJm. 

W~c:llglas:a small. c::ancavedish wtuch may be.-ltoconlaln llwds. cultures. etc., for e>bsetvauonunder a blllOCUlar 
nucr(«Xlpe. SobdwaiChg,.._are5QWitparall&leptpedswithaoonc:aveCUl'VIngoloneltlrlaoe lheyaremorellable 
(andlherefort~more•• ' rory)lhanwatcboJ• tbalaresunplyalhm.curvedsheetofglass. 

Water column: thepano! a lake or pond lymg between the bentbosand the water-an IDII!rface. 

Wlapluh; a typeolllaQellw rt'lOOOn found only m901ne eugleatdl. 111 winch a IIQhlloop proc]res:sea from the bese or the 
Da<}ellurn 10 too Up. 

Xet -=a fore'llll body U9ed to refor both 10 botsofdebns (wbtc:b may be moorporated 1ruo theshPUsor 901ne 
teeaate amoebae). and also 10 symbtouc algae l'fi.OO IIISlde olheroells Probably best restncled 10 the flrsi-

Zoocblcnlla: endcsymbtoacgreen algee 

Zoogloea: . slime produced by bectena. 

• 
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• 
This exquisitely illustrated book is the 
definitive guide to the identification of 
protozoa. As weD as over 230 high-qualiry 
colour photographs, it contains 500 detailed 
line drawings, showing essential features and 
making speedy and positive identification 
possible. The succinct and authoritative rexr 
is supported by extensive references. 
Communities of protozoa ate dealt with in a 
separate section, which covers a range of 
environments and contains information on 
the significance of these communities as 
indicators of contamination and pollution. 
As well as being an essential teaching aid, 
Free-Living FresiTWater Protozoa is a 
valuable guide for professional biologists 
involved with water. sewage treatment, rivers. 
soils and environmental management. it is 
also an important reference source for food 
science laborarories and public health and 
regulatory bodies. 

Free-Living Freshwater Protozoa includes: 
• Collection, examination and recording of prorozoa 
• Classification 
• ldenriFicarion- using rhe highly illusrrared key wirh supporting text and references 
• Prorozoan communities -covering a range of man-made and natural envu:onmenrs 
• Glossary of terms 
• Extensive bibliography and reference lists 

From the Reviews: 
• ... The pllotom•crograpbs ate general!) of excellent qualiry, and these, with the equal
ly excellent line drawings and complete descriptions, make for a very easy-ro-use key. 
This is about the best reference one could have, short of an actual, living specimen ... 
This is ~ot a specialist book and can be easily used by amateurs; bur it should also 
prove a valuable guide to professional biologists involved with water, sewage works, 
rivers. soils, environmemal managemeor., food science. and public health; it would. in 
addition, serve as a dandy reaching aid for classroom use, as well as for self-study.' 
-The Mu·r(lSt:npe 
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