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ABSTRACT

The stage specific behaviour of normal and nutant

panagreLLus rediuíous was investigated. Normal nematodes

were tested for attraction to bacteria and response to

osmotic stress. The behaviour of the nematodes depended

. on their stage of development. Larvae Possessed a

different array of behavioural patterns than adults.

ThecorkscrewmutantwasgeneratedbyN'methyl-

N-nitroso-Nr-nitrosoguanidine" This mutation vfas a

dominant characteristic which decreased the size of

adults, Iowered the fecundity and resulted' in abnormal

swimming behaviour. This corkscrew swimmíng behaviour

was expressed. most strongly in fourÈh stage larvae and

ad.ults indicating a genetic basis for the stage specific

behaviour ot¡served'-
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I. INTRODUCTION

Nematodes possess many characteristics whj-ch

render. them ideal for genetic studies (Dougherty, 1949) '

They are eutelic, have small numbers of chromosomes,

can be grown axenically in large numbers, have a short

generation time and. high fecundity., In addition, they

hav.e a great variety of reproductive patterns including

hermaphrodit.ic, diecious and. parthenogenic species. In

spite of these ad.vantages there have been few published

reports of genetic mutations in nematodes'

The mode of reproduction of hermaphrodites makes

them a logical choice for genetic studies. Spontaneously

occurring dwarf mutants of Caenorhabd.itis briggsae and

Caenoy,habd.å,tis eLegans have been described (Nigon and

Dougherty, 1950; Dion and Brun, ],gT]-). A genetic basis

for infertility at 23'C in the Bergerac straín of C" eLegans

was found (Fatt and Dougherty, 1963). Two spont.aneous

mutants of the free-Iiving diecious nematode PanagreLLus

red.íoiuus have also been jsolated (Lower' Hansen, Cryan

and. yarwood , !969; Lower, I'rillet and Hansen, 1970) . one

strain died when grown under deep culture conditions, the

other was selected to survive 32'C (as compared with the

standard growth Èemperature of 20"C)



The use of physical and chemical mutagens greatly

enhances the frequency of mutation. Ethyl methanesulfonate

(EllS) and S-bromouracil (5-BU) have been used to induce

muÈations ín panagreLlus siLusiae (Samoiloff and Smith, 1971).

A decrease in fecund.ity was associated with nutagenesis'

chemicals and x-rays were used to generate dwarf mutants in

the diecious phytoparasite, ApheLencoid.es compostieoLa

(Person , Lg73l . Exposure t,o EMS has result'ed in dwarf

mutants of C" eLegans (Cadet and Dion o L973) as well as

behaviouralmutants(Brenner,L973).Deve1opmenta1and

behavioural mutants of C. eLegans þave also been reported

(pertel , !973) . Some of these mut,ants express their

abnormalities at specific points in the life cycle, particularly

the third stage"

. There is an obvious difference in the stages of the

life cycle of parasitic nematodes; they often change from

free-living to parasitic forms. In the free-living species

these changes may not be as well defined" I-ndeed' many

experiments have been reported where the stage of the

nematodes was not consid,ered, although many d'ifferences

do occur. The cuticle of. P. silusiae differs Ín structure

in the various stages (Samoiloff and Pasternak' 1968) "

Isozymes are present in varying concentrations throughout

the life cycle of P. rediuiuus (Chow and Pasternak, 1969) '



T.n P. aiLueiae sex attraction is produced only by fourth

Iarval stage and adu]t. females and only fourth larval st'age

and adult males are compet,ent to respond (Cheng and Samoiloff '
L}TL). The change in behaviour of AneyLostoma tubaeforme

during its pre-infective larval st,ages has been documented

(Croll, L972). Developmental mutanÈs of C. elegans rohich

are expressed at the third larval stage as well as some

developmental and behavioural mutants which are expressed

only before or after the third, IArvaI stage have been

isolated (Pertel, 1973) " This suggest,s that there is

stage specific gene action

The concePt of stage specific gene action is

relatively novel. The mechanism by which genes do

contrôI the complex processes of development are gradually

being elucidated. In insects' the initiation factors

required for protein synthesis have been shown to be

stage specific (Ilan and Ilan, L97L). Factors isolated

from one stage of development witl promote formation of

the initiation complex only when the mRNA is from the

same stage of development. The specificity lies either

in the secondary structure of the mRNA or the possible

existence of stage specific oligonucleotides preceding

the AUG codon and recognizable only by a unique initiation

factor



Since insect and nematode development, have often

been compared. it is likely that stage specific aenetically

regulated processes also occur in nematodes. If this is

the case, it should be possible to generate a mutant which

expresses its abnormal characteristic at specific st'ages'

Several mutants were isolatedr one of which, the corkscrew

(cs) mutant, exhibited st,age specific behavioúr. This

behaviour was analyzed throughout the life cycle.

Coincident with this analysis other behaviour patterns in

the stages of normal P. redioitsus (such as attraction to

various bacteria and response to osmotic stress) were

examined.



II. MATERTALS AND METHODS

stock cultures of PanagreLLus redíoiuus N strain

were gror,fn xenically in autoclaved medium consisting of

threg parts whole wheat ftour to one part wat,er. Mutants

were gror¡/n monoxenically on Esbherichia eoli on Rothsteints

medium (Heib and. Rothst,ein, 1968) which consisÈs ofz

8.5g KZHPO 4t 4.2g KH2P O 4, L- 0g NaCl, 0'89 NaHnCl ' 0 " 19 NarSO4 I

0,059 MgCl, , 6Hr0, 0.019 CaClr' 0"00059 FeSon' THZO' 1.0g

glucose, 16 g agar per litre d.isËilled water' PH6,9'7 "0"

Larvae were separated from adults by the method of Kriger

and Samoiloff (in Press) using a Unichem Filt'er Sampler

(Unichem Corp. Fairburn, Georgia) .

A. Generation of Mutants

Larvae were removed from a culture of N strain

p. red.iuiuus. The remaining adults were washed'

centrifuged at 60009 for 10 min and. placed in 0"25 mg/ml N'

methyl-N-nit,roso-No-nitrosoguanidine (K + K Laboratories,

Inc.) for four hours. They were then washedin distilled'

water and centrifuged at 60009 for 10 min, three times'

The mutagen treated nematodes were then placed on Rothstein¡ s

medium in 100 x 15 mm plastic peÈri dishes and allowed to mate



at. random for two weeks (four generations) - Cultures

were then screened for any abnormally swimming animals.

Abnormal nematodes were crossed with other nematodes with

the sa¡ne abnormality or with normal animals. Individual

crosses were performed in 15 mm diameter depression spots

cont,aining Rothsteinrs medium. The offspring from each

CroSS Were examined.. In some Cases CroSSes between twO

abnormal or an abnormal and. normal individual were made,

in other cases the F, ind.ividuals of a pair vrere allowed

to mate with each other. !,Ihen offspring from Èhe same

parents exhibited. the sarne abnormality it, was considered

to be a mutant line (append.ix I). Þlany of the mutations

proved to be unstable and showed dampíng out, effects.

One mutant. showed a corkscrev,¡ type of motion following

a spiral path in fluid, with increased movement'of the

anterior end. This mutant was called corkscrew (CS)

and all subsequent discussion of mutants refers to

this line

Progeny of crosses of CS animals exPressed the

abnormal t,rait. in ratios varying from I:1 to all CS.

The corkscrev/ trait was more Pronounced. ín older larvae

and adult,s. Inbreeding of CS animals, with the exclusíon

of all crosses that, produced normal progeny, }ed, after

six generations, to the establishment of a Lrue-breeding



CS line. Breeding experiments using individuals from.

this stock were performed (Table 1) " When eit'her

parent. was cs the progeny expressed the trait,. crosses

of F, heterozygotes produced CS and normal offspríng in
I

a 3:1 ratio (Table II). Crosses of F, heterozygotes and

¡lormal animals produced a 1:1 ratio of CS and normal progeny

(Table III)

CS animals show decreased fecundity as compared'

with normal animals or het,erozygotes (Tables I .and III) "

Larvae from iS parents have a lower mortality rate than

larvae from normal or heterozygous parents.

B. Stage SPecific Behaviour

1. Stage Specific Normal Behaviour

a) at.traction to bact'eria

The response of P. rediUiUus L 2's, males and. females

to E. coli, Proteus morganii, Pseudomonas aeruginosa and

sterile nutrient agar was tested using the "Mickey Mouse Maze"

(samoiloff , McNicholl, cheng and Balakanich, L973',). Nine m}

of Czapex Dox Agar (Oxoid) was placed in the lid of a

100 x 15 rnm ptastic pet.ri dish" The mold was placed' in the

liquid agar (rig. r). rnto the test zone a 5m*2 btock of



nutrient agar containing a 24 hr bacterial growth was

p1aced,. Nothing was placed in the control zone. A

gradient was est,ablished by incubation at room temperature

for 18 hrs. The block of agar was removed, before adding

t0 nematodes to the i-nnoculation zones of six mazes. After

l, 2, 3 and 4 hrs the number of nematodes migrating to the test

or control zorte (or in the connecting channels) was recorded.

Response to Osmotic Stress

Males, females and' L2rs v/êr€ tested in each of:

a) distilled water, b) 0.1 M NaCl c) O-5 I'l NaCI

d) 1.0 ¡4 NaCI e) 2.0 M NaCl f ) a balanced salt'

solution, Zimmermqnn's medium (Dougherty, 1960) which

consists of 0.0759 MgSOn, 0.0759 KZHP}4t Q-2759 NaCl,

0.3g KN03 per 100 mI distilled water pH 6'9-7-0- One

nematode was placed in each cf 40 depressions containing

0"2 ml of test fluid. After 10, 20, 40,60' 90 and 120

min the behaviour was recorded as a) normal b) abnormal swimming

c) stationary d) stretched out or e) coiled"

b)



2. Comparison of Normal and Mutant Swimming Behavibur

a) frame by frame TV analYsis

Sing1e nematodes were placed in 0.2 ml of

Zimmermann's medium in a 15 mm diameter depression spot

and their behaviour recorded for 20 sec on a Panasonic

Tape-A-Vision (Mod,el NV-3020) or a Sony Videocorder

(model AV-3650) with a Panaview TV camerá (model wv-400P)

and â Sony Solid State television set using Memorex Chroma

L/4 in magnetic tape. The camera was mounted on an Olympus

dissect,ing microscope and recordings were made at a

magnification of 40X. Thirty each of LTrs, L3's, IJåts,

females and males of both normal and CS were recorded.

By slowly replaying the tape, the position of a nematode

in succeeding frames (f frame = L/30 sec) was traced onto

a transparency (Fig. 2). The length of the nematodes

(measured with a Dietzen PIan l"leasure) , the number of

frames required for a wave of contraction to pass along

the length of the nematod,e and the angle through whích

the head passed whilethe wave of contraction passed along

the animal lÀIere obtained from.this frame by frame analysis'
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b) Analysis of t'racks in agar

Tracks of nematode movement were produced as

described by Croll (personal communication) ' Czapex

Dox Agar (1.S4) was poured into and immed.iately out of

a 60 x 15 inm plastic pet,ri dish (the lid of a 35 x 10 mm

d.ish for L2 t s) . A nematode was placed in the center of

the plate and allowed to migrate for 15 min (10 min for

adults). In the darkroom a piece of Kodak Kodalith

ortho film type 3 was placed under the plate and parallel

light shone through. Everywhere the nematode had' been

resulted. in the refraction of the light and' t'he proóuction

of a track. Between 20 and 30 tracks for each of Llts,

L3's , LAt s, females and males both normal and cs s'Iere

obtained. Tracks were analyzed for the tota,l distance

travelled in 15 min (measured in mm) and the number of

loops, reversals, turns and waves for every 10 cm travelled

(Fis. 3 ) .
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III. RESUI,TS

A. Stage Specific Behaviour of Normal Nematodes

1" attract,ion to bacteria

Ma1es and. females showed no preference for .nutrient

agar and larvae remained in the innoculation zone (Table IV,

fig" 4') " Males r^¡ere more attracÈed to P" morganii and

E" eoLi than females while larvae remained in the ínnoculatíon

zone (figs" 5 and 6). Larvae showed a great'er response to

P" aeruginosa than either males or females (Fig , 7). When

the attraction was strong the numbers migrating to the

bacteria showed a stead.y increase over the four hours;

weaker attraction resulted in a fluctuation in numbers

found in the test zone during the four hours.

2. resPonse to osmotic stress

Adult nematod,es follow a .p""iti" Pat'tern under

adverse conditions first they begin swimming abnormally'

then they become stationary, and, finally they stret,ch out,

an indication of d,eath. The higher the salt concentration

the quicker they pass through the abnormal and stationary

phases and stretch out. Females are best able to maintain
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norrnal swimming behaviour under adverse cond.itions

äilthough after 10 min in 2.0 NI NaCI aII normal swimming

behaviour ceases (table v, Fig. 8). once females begin

swimming abnormally they pass through the stationary

and stretched. out phases faster than males or larvae

(Figs. 9, 10, 11). Larvae show a resPonse that is

uncommon in adults - they coil up (Fig " L2') " They

can remain in this state for several hours and after

removal fromthe salt solution begin swimming normally.

:

B. Comparison of Norma1 and Mutant Swimming Behaviour

1" Frame by Frame TV Analysis

By tracing successive frames of nematodes swimming,

a series of drawings which divid.ed motion, a complex process,

into its component event,s were obtained (Fig. 2) . These

component events could then be analyzeð. and quantitative

comparisons of swimming behaviour made" The number of

frames on the TV recording (f frame = L/3O sec) reguired

for a wave of contraction to pass along the animal varied

slightly throughout the life cycle in both CS and. normal

animals (Table VI, Fig" 13). The most. striking difference

occurs between normal and, mutanÈ females, The angle through
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which the head passes is different in mutants, Part,icularly

in the second larval stage (Fig. f4). In normal animals

the angle increases throughout the life cycle but' in mutants

it remains constant at a high value. The tracings also

facilitate measurement of the lengths of the nematodes'

Futl-grown mutants are two-thirds the síze of normal

animals (Fig. f5). CS males and females are approximately

the same length.

2. Anatysis of tracks in agar

The total distance travèIled by the nematodes in

15 min increases during the life cycle with the largest

increment occurring between L4's and adults (Fig" 16).

Mutants travel farther than normal animals except' mutant, adult

males. The number of loopsr reversals, turns and wavelengths

\^rere recorded. for the d.ist.ance travelled by each nematode and

then converted to a standardized. 10 cm path which was used

for comparison of stagesr Sexes, mutant and normal animals.

In the L2 and. L3 normal nematodes there are more loops than

in cs. There is a decrease in looping jnL4 and adult

normals but at the same time an increase in this characteristic

in the mutants (Fig. 17). Reversals -follow a similar paeÈern -
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decreasing in normals and increasing in mutant's,

especially males (Fig. 18). The number of turns

decreases in both CS and. normal but' the mutant adults

turn more than.their normal counterparts (fig. 19).

The number of waves per 10 cm follows a similar pattern,

decreasing throughout the life cycle but consistent'Iy

higher in mutant than in normal adults (fig" 20) "
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rv. DISCUSSTON

Few nematode mutants have been described in

detail. A dwarf mutant of C. briggsae was inherited

as a monofact,orial recessive characteristic (Nigon

and Dougherty, L950). It d.ecreased fecundity and the

viabitity of the offspring' Fertility at 23'C was

d.ominant to sterility at, that temperature in C. eLegans

(the Bristol strain was heat resistant, the Bergerac strain

heat sensit.ive), (Fat,t and. Dougherty, L963) " These

characteristics segregated as simple t'{endelian factors

giving rise to the expected numbers of sensítive and

t,olerant progeny. Two dwarf mutants of C. eLegans are

recessive and independent autosomal mutations (Dion and

Brun , L97Ll . Seven other A*"tf" of C. eLegans , one of

which also showed behavioural and morphological abnormalitiest

have been isolated (cadet and. Dion, 1973) " These also

exhibited monofactoral determination. Three recessíve

autosomal dwarf 'mutations of ApheLeneoides compostieola

have been d.escribed; one v¡as generated by X-rays and the

other two, which are alleles of the same genen by EMS

'(Person , Lg73l . Other authors have obtained mutants

but have not published the genetics of the abnormalíties

(Samoiloff and Smith, 197Ii Brenner, L973; Pertel, 1973) "
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The CS mutant of. P. reditsious is a dominant

mutation as evid,enced by the result,s of crosses of'

mutants and normals, crosses of F, hybrids and

backcrosses. The number of abnormal animals is

higher than expected. because even in normal populat'ions

approximately 3t of the adults show =ori" type. of non-genetic

behavioural abnormality. The CS characteristic does not

appear to be sex-linked or sex limited since sex ratios

râ¡ere always close to 1:1, however some of the aspects of

this behaviour may be more extreme in one sex than the

other. Associated with the mutation is a decrease in

fecund.ity which may have four possible causes:'

1) ineffectiveness of males in swimming or respond'ing

to females 2) inability of females to attract males

3). premature death of females followed by endotokia matricída

which occurs more frequently in-mutants - 4) d'ecreased

viability of fertilized eggs within Lhe female. The

first possibility seems unlikely because the crosses of

mutant males with normal females resulted in slightly

higher fecundity than the reciprocal crosses. The second

suggestion is also unlikely because if females are unable

to at.Èract males and mating is due to random collisions

the CS I x W cF and N ? x CS & crosses should show a

greater difference in progeny. It is possible that the
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small sLze of the female as comPared with normal females

accounts for increased, endotokia matz'ieida. If thís

were the case a greater differential should exist between

the fecundity of CS I x ¡l ð and N ? x CS dt crosses. It'

is also possible that the red,uced fecundity is due to a

decreased viability of fertilized eggs where both the male

and the female play a deciding ro1e" This is support,ed by

the fact that larvae of two cs parents have a lower mortality

rate than the larr¡ae of mixed or normal parenÈs, indicating

that almost all eggs that, complete embryogenisis and hatch

will uttimately give rise to mature animals

The stage and sex of nematodes used in an experiment

are often not clearly stated. There is a distinct difference

between males and females in life sPan, osmotic tolerance and

.nutritional requiremenÉs (Abdulrahman, in Press) ' The larvae

of free-living nematodes are usually . regarded' simply as

undeveloped adults and rarely- as-seParate genetic entities.

The response of the different stages to bacteria and their

behaviour under stress indicate that larvae do possess some

behavioural attributes unique to that stage. In response

to all the bacteria tested except Pseud.omonas aeruginosa

males and females $¡ere attracted to slightly different extents

but larvae tended to remain in the innoculation zone. When

P. aenuginosa was the test organism not only did the larvae
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respond, but' they did so to a greater degree than eÍther

males or females' This can only be explained by the

existanceoflarvalreceptorsvlhicharedifferentand

more discriminating than those of the adult' This is

notsurprisingwhenoneconsidersthatinparasitícforms

of nematodes the pre-infective and parasitic stages may be

opposite in ttreir environmental resPonses'

Irarvae exhibit another resPonse which is uncommon

in adults. - that of coiling up in an adverse environment -

whichenablesthemtosurvivethesameconditionsthatkill

adults. The dauer larvae forms of several parasites are

alsoabletosurvivehostileenvironments..Adultsare

abletocoilupbuttheydosorandomlyand.notasaspecific

resPonsetotheenvironment.Theabiliþroflarvaetocoil

upunderadversecondit.ionsinfersthattherearegenetic

instructionsatthisstagewhicharemissingorinactivein

ad'urts 
I rarvar'

The most impressive evidence for a specaa

arrayofact'ivitiescomesfromtheswimmingbehaviourof

thestagesofnormaland'Csnematodes.Theresultsofthe

framebyframeanalysisshowthat'althoughthetimerequired

forawaveofcontractiont,opassoverananimalisthesame

for all stages' the angle through which the head' passes

variesconsiderably.Normallarvaedonotmovetheir
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heads much indicating that they are not actively sampling

their environments whereas adults do. The mutants swing

their heads actively from side to side in all stages of the

liie cycle. This corresponds to the activated state of

behaviour as proposed. by Samoiloff, Balakanich,.and' Petrovich,

(1974). This characteristic of the mutant is the only one

thaÈ is exhibited by larvae as well as adults

crolt and Blair (1973) have demonstrated. that the

tracks produced by nematodes in agar are a reliable and

predict,able means of analyzj-ng the movement of nematodes

The tracks obtaíned for normal and CS Panagt'eLLus provide

much informat,ion on their movement patterns. Consist'ent'

with the Iarval head inact,ivity obtained by the frame by

frame anatysis and their response in the Mickey Mouse Maze

is the fact that larvae do not move a great deal on an agar

plate. This is true for both mutants and normals"

llowever, larvae do exhibit more looping' more reversíng

and turning than adult,s indicating that they are very active

although they do not t,ravel far. Sínce the wavelength is

a direct function of the body length it is reasonable that

Iarvae have more waves per 10 cm than adults, and mutants,

since they are smaller, have more waves than normals. These

results clearly demonst,rate that, for most paramet'ers tested,

mut,ant, and normal larvae are more similar whereas mutant and.

normal adults and in facË mutant males and females d.iffer widely.
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The CS mutation wíll be valuable as a marker

gene for further genetic studies of P. redíuitsus. It

is a dominant charact,eristic which segregates in a Mendelian

fashion giving rise to expected numbers of normal and. CS

progeny. The expression of this behaviour is dependent

upon the stage of. the animal second stage larvae very

closely resemble normal larvae. Perte1 (1973) has evid.ence

that genetically, the crucial stage for free-Iiving as

well as parasitic nematodes is Èhat of the thírd or

pre-infective stage. This study suPPorts t'his and gives

further evidence t,hat in free-living nematodes Èhere may

be a distinct set of genes which are act.ivated specifícally

for larvae and another set which are active in the adult

stage. The CS mutation becomes strongly expressed only

when the animal is an L4 or adult indicating that it is at

the third larval stage where the transition occurs.

The nature of this.mutation which primarily causes

the nematodes to swim in a strange manner could be due'to a

muscular or nervous defect t or both. Further experiments

such as electron microscopy to see if there are any distínct

lesions must be undertaken to determine the exact nature of

the defect. Because the organism is eutelic neither the

nerve nor the musclè cells are dividing" The means by which

an abnormality affecting these cells can be expressed. at one

stage and not another presents a problem fundamental to

d.evelopmental biology.
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Figure 1. Mickey Mouse Maze. a = innoculation zonet

þ=testzonet c? control zone,

fl = connecting channel.
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Figure 2" Frame by frame analysis of swimming behaviour"

1 frame = L/30 sec. a = angle at beginning

of cycle, b = angle at' end of cYcle

lcm = 110 u
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Figure 3. Analysis of track of

a=loop, b=turn,

d=wavelength¡ x=
track

normal female,

c = reversal,
.-þegr-nnJ-ng ot
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Figure 4" Attraction of P. redíuiuus to nutrient agar.
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Figure 5. Attraction of P" redioiuus to Proteus morganùi.
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Figure 6. Attraction of P. Tediuitsus Eo E. coLí'
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Figure -l 
"

Attraction of P. redíuiuus

aenuginosa "

Eo Pseudomanas
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Figure 8. Percent of nematodes swimming normally

after exposure to various solutions.

V - I = females, V V = ma1es,

o-o=Iarvae"
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Figure 9. PercerÈ of nematodes swimming abnormally

after exposure to various solutions.

V - t = females, V - V = males'

o =-larvae;
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Figure I0 " Percent of nematod.es stationary af ter

exposure to various solutions.

Y !=femaleEr V V=males'

o-O=lafVae.
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Figure 1I. Percent of nematodes stretched out af t'er

exposure to various solutions.

Y f,=females: V V=males'

o 
- 

e =_larvae"
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Figure L2" Percent of nemat,odes coiled after exposure

to various solutions.
V f=females, V V=males,

o =--larvae
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Figure 13. Number of frames required for a wave of
contraction to pass over the body of the

nematod.e" Vertical lines represent 95

percent confid.ence limits. Clear bars

represent normal animals, striped bars

represent CS animals.



No. of tromes requlred furo woYe of cor¡troctlon
to poss over the body of P.redlvivus

¡5

l4

t3

t2

il

7

6

5

4'

'5

z

I

o

G)

o
3
Ø
Q)

Eg

d
C

NLz CSLzNL3 CSL3NL4CSL4 N

s'to g e
csg Nd csd



43

Figure 14. The angle that the head passes through whíle

a wave of contraction passes over the body

of the nematode. Vertícal lines represent

95 percent confidence limits. Clear bars

represent normal animals, striped bars represent

CS animals.
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Figure 15. The length of normal and CS nematodes.

Vertical lines represent 95 percent

confidence limit,s" Clear bars represent

normal animals, striped. bars represent,

CS aníma1s.
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Figure 16. The distance travelled over an agiar plate

ín 15 min" Vertical lines represent 95

percent confidence limits. Clear bars

represent normal animals, striped bars

represent. CS animals.



15 mlnúl c !

E'
Ê

,
Ësoo
!!
3

Dlrlonca lrov¿ll¡d ovor

l¡l.2c3l2NL5 CSLSr¡L¡tCsL. flg CS8 ßô CSô

¡

¡roga



46

Figure 17 " The number of loops mad.e for each 10 cm

travelled over an agar p1ate. Vertical

lines represent 95 percent confidence limits.

Clear bars represent normal animals, strJ-ped

bars represent CS animals.
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Figure 18. The number of reversals made for each 10 cm

travelled over an agar plate. Vertical línes

represent 95 percent confid.ence limits.

Clear bars represent normal anímals, striped

bars represent, CS animals.
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Figure 19. The number of turns mad.e for each 10 cm

travelled over an agar p1ate" Vertical

lines represent 95 percent confidence

limits" Clear bars represent normal animals,

striped. bars represent CS anímals.
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Figure 20. The number of wavelengths for each 10 cm

travelled. over an agar plate. Vertícal

lines represent 95 percent confid.ence

límits" Clear bars represent normal animals,

striped bars represent CS animals.
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