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ABSTRACT *

-

3
N

Previous experiments déne by other workers indicsted that
associative learning in 5 complex maze could be demonstreted to

exist for flles of some straips of Drosovhila melanogaster. The

experiments 6f this study gave similar results for the Canton S
strain, however results indicative of leérning, whether they are
actually due to discrimination learning or pseudolearning, are only
obtaineh for flies run through a mazé with olfactory cues present .
in the path. The behaviour observed is shown to vary between the

strains (Canton S and black) used.
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‘ - INTRODUCTION

The study of the bilological bases of animal behaviour is one of the
more interesting and'active areas of indﬁiry found {n science today.
The physiology of behaviour has been studied since the beginning of the
century, when Sherrington (1906) intruduced the science of neurophysiplogy,
while the study of behaviour as an ecological fadth has been undertaken
by many zoologists and ethologisté\%éﬁce the early works of Tinbergen (1952)
and Lorenz (1958) and less systematic observations\:r'naturalists sinc?
time immemorial., Behavioural psychology, thanks tb such notable investigator
as Pavlov (1527T'and Skinner (1971) gave useful insights into the nature
of behaviour, especially that type of behaviour commonly known as }earningx

Much of “the work with learning, however, hos involved vertebrates or

the hicher aznimals in gemnerel, which are possessed of much more complicated

‘nervous systems than simplér creatures, such as the insects, If behayiour

could be studied in” tre neurally siapler insects in an anslosous manner
to the work done with higher animals, 1t may be possible to discover much
about the innate bases of behaviour; and many studies of this type have
been very successful in this respect, eg. Roeder (1963),

The genetics of behaviour hes already b%rn extensively studied in the

i
fruit fly, Drosophils melanocrster, an organisn® whose genetic constitution

has been well worked out oyer years of investigation. The work of Benzer
et al (1973) with mozaic mapping and Suzuki (1974) with various mutants,
haye shown the existance of behavioural autants in thié species, end in
many caseg the genetics and physiological bases of the aberration have been
well documented,

Since the genetic ;nd physiological bases of simple Yehaviour have been
studied so Succeaqrully in Orosovhila, verhaps learning behaviour in this

organism may also be investigated in a like manner with similar success, e

-1 -



2.

The first step in any sucn investigation is to determine if learning is
indeed part of tihe behavioural repertoire of Drosophila, and if it is, ’
what types of learning behaviour is this organism capable of?

Ideally, the search for learning behaviour would be best accomplished
b: observing the animal in its natural state, %o see if individuals ex-
hibit behavioural adaptation; to their environment over time, as is ob=
served in the higher animals; however, the in situ observation of Drosophila
in this manner would obviously be very difficult, due to the small size,
hign mobility and indistinguishability of individuals \GQ\iyis species.

Since the ethological approach*to behaviour study is not too well suited
to Orosophila research, investigators have attempted to adapt expefzmental
systems from behaviour psychology for use in the study of learning behaviour
in these and other insects; some of these attempts are described below.

>

One of tha)earliest studies of learning behaviour and its genetics in

Drosophila was done by R. M,Murphey (1967), who claimed to have demonstrated

instrumental conditioning, or learning, in Drosophila melanggaster. His
experiments involved a T-maze, in which flies were trained to turn in a
specific directlon by rewarding them for a correct croice (peinforcement)

or punishing them for an incorrect choice (instrumental conditioning).
Replication of these experiments by Yeatman and Hirsch (1971), however,
showed no evidence of learning whatsoever; and further attempts by these
investigators‘go selectively breed for strains differing in learning ability
(sinilar to earlier selective breeding experiﬁents for aother behaviours

- such as geo- and photo-taxis) gave no significant results:over 10 generations
for the type of learning bepaviour sought,

Conditioned behaviour in Irosoohila melanogaster was later investigated

by Quinn, Harris and Renzer (1974), who managed to train flies to avoid

a particular odor or colour of light by exrosing them to the stimulus

sinultaneausly witu: an electric shobk, 50 that in subsequent tests, the
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flies avolded the odour or colour which they had assocliated with the shock.

-

Similariresults were obtained by Spatz, Emmons and Reichert (1974), who

v

observed associative learning in D, melanogaster in a system which had the

flies move along a training alley, in wnich they passed through two zones,
each 1it with a different colour of‘light; in one of tne zones the flieg
were given an electrical shock as they passed through, and it was observed
that flies which had been shocked in a particular zone of colour tended

to turn in a direction away from that colour when they encou?tered a free
choice T-junction at the end of the maze, whica had each arm 1it by one

of the colours of the two training zones, Pré%umably the flies act in this
way because they assoclate the shock with a particular colodr, and they}
subsequently avoid that colour.

Both of the above conditiéning studies involved aversive training which
tests ?br the ability to learn to avoid an unpleasant stimulus ( shock)
and/or a normally innocuous stimulus associated with it; this is a type
of learning commonly gbserved in nature in other animals and it is known
to be adaptive, for example birds learn to avoid poisonous butterflies
by asaociatiné the oprearance of the butterfly with the unpleasant after-
effects of a previous ingestion of one,

Another type of conditioning involves rewarding the subject for a
desired response (the "correct" response),. thus forming an association
in tre subject betwven the correct response and the reward, with the reward
acting as a reinforcement for the desired behaviour, 3Since Dro:Ophiia is
a emall insect, with perceptual mechanisms different from those of higher
animals, it is difficult to know just how an aversive stimulus, such as
a shock, really does affeé% the overall behaviour of the organism. Possibly,
until more is known, the best systems for studying learning beraviour in
these animals would be the least disruptive systems - those with little

potential for raaically altering the physiblogical/behavioural responses

)
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of the subject due to after-effects of intenge stimuli. .
Experiments have been done using Bimplé assocliation systeﬁs, such as
those of Threlkeld et al.‘(l976), involving a T:maze, thfoggh which starved

D. melanogaster were run for three trials, each time with a food source
: A

located at the end of the same arm of the free-choice turn. It was found
that when these '"experienced" flies were run in a clean fqaéLfree maié,
they reached the previous food-source area faster than they did in the
first trial, and faster than flies which were not experienced, This could
indicate assoyiative learning,iwith the flies associating‘one direction

fx »A

of turning with a reward (food). Strain differences in this behaviour

were observed, indicating a genetic basis for the quant;ty studied, *
An experiment involving a’Hi?ferenF bengvioué/;;tiern was done by D. A. Hay

(1975), and it is his system which my own expériments are patterned after,

Hay's experiments involved running flies in groﬁps of 200 (100 male, 100

female) through a multi~level maze which-coisisted of two separate maze

_paths, one left and one right of the 'starting point, leading away horizbntally

to .2 light source at the end of the maze, Flies entering the maze were
free ﬁ%'turn in either direction at the start, but once they had entered
a gpecific maze‘path, they were forced fo turn in the same direction at
six consecutive tufnhpﬁints as they advanced through thé naze,

Once the flies had passgd through the forced turns (over a span of 24
hours) they were once again ;Bntronted by a f%ie-choice turn, which allowed
thenm ;o EQ in either direction and on, to a collecting system, ]

The flies were observed to have a higher probabilityko<: urning in the
directidn of the forced turns at‘tge final choice point, after traversing
the forced turms, than they had at the first choice point at the start,

and the degree to which the probability of turn’ direction Ehangédiwaé 0b-

served to vary significantly between strains.

Hay hras interpreted thése results to be evidence of associative maze- '

o
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leérning in D. melanopgaster, with flies being more likély‘to continue

a sequence of turns which they were forced to adopt for the preceding six
forced turns, since they learn that this sequence of turns enabies,them
to proceed through the maze towards the light, whiéh acts as a phototaxic
attractant and possibly an orientatigs cué for their turning. The uses of
such behaviour by Drosophila in the wild are not gpparent, but 1t would
arpear to be involved in some type of motion orientation system,

The éxperiments to be described herein used a system similar to that
of Haey's. A multi-level maze was used and the type of learning behaviour

looked for was similar to that which Hay has claimed to observe.

-

W .



METHODS

Apparatus - experiments wefe done using two identicaliy con-
structed plexiglass mazes. Each maze consisted of a 15.8 em X 34,3 cm
X 1,2 cm thick base plate with a 0,3 cm thick face plate being attached
to this base plate with four screws, thus the face piate is easily re-
movable to facilitate cleaning of it and the maze path, which was milled
into the base pla£e. (see figure 1)

With the face plate in place, the actual maze path has a q.h cm square
cross section area, and th; path itself is laid out in the configuration
;hown in figure 1, Due to the milling process used to make the maze,
the recessed part of the path (that portion within the base plate) has
rough~textured surfaces as Oppbsed to the surface of the face plate, |
whic¢h is smooth and transparent when clean.

The exits of the maze are each fitted with an adaptor section, a
short length of plexiglass rod which has been machined to a tubular form.
The adaptors were attached permanen@ly over the exit holes with chloroform
(a blgxiglass solvent) and it is over these adéptors that the collection
vial collars fit. (see figure 2) The collection vial collars were also
machined from plexiglasé tubing, and were made s0 ihat their inside dia-
meter.was of sufficient size to allow them to fit snugly over the exit
adaptors, The collars were glued over a hole drilled in the bottom
of the plastic co}leétioﬁ vials with styrene cement, giving a complete
collection system unit as shown in figure 2, with the flies leaving the

exit, passing through the adaptor and into the collection vial, which is

held in place wifh the ‘collar,
The collection vials were each fitted with a sponge plug to keep the

flies in and allow them air. Each maze was fitted with a suspension

-6 -

Ey

RS L PRGEPISIEIPS TS L ol S Sl

e oot e e e e P S S

- -,

e .
o e o oo o e AP R A e

O T S et

K 2 -
PRI +



LR

COLLECTING VIALS

2

M)

—

ENTRANCE

FIG. 1- Maze Path




Sponge plug

Vial (diasécm) |

"1.2¢cm dia,ﬂole—-\ |l 64cm
| | ‘\;
’ -

1.D=1.7cm - |
Co?!ar 00=19em - 4 1.2cm
- 1D=14cm . 1 T
Adaptor QOD=15cm fzem
Maze Exit

FIG. 2- Co“ectfon System | Seale = 1t

-



9.

attachment at the back of the base plate, which ygs situated in the
. Pe

centre area to prevent its obscuring any part of the maze path,

The maze entrance was fitted witn an adsptor of the same dimensions
as the collection vial collars, The entrance adaptor was pa'nteé flat
black inside and out, as were the holding chambers, tHe ends\of which
fitted into the entrance adaptor tightly enough to suspend them from it.

The holding chambers were constructed of variaus plastic comvonents
( vial lids and disposezble syringes )} in such a manner as to allow them
to hold the flies in a iight»free énvirOnment for several hours (volume
of the holding area was 2ml as measuredop the syringe barrel) and then,
once a chambe; is fitted into the entrance adaptor, the flies are re-
leased into the maze by siaply rotating the assembly until.the end of
the holding area matches up th the hole leading to the ﬁéze, alloﬁing
the flies to lecave, (see figure 3)

The holding area volume wes kept small to crowd the flies and~induce
them to enter the naze. Before each run the chanber end, ﬁhich'was
stoppered with a2 sponge plug to allow air in, was plugged airtight to
cut off the z2rflow, adding snother inducement to the flies to leave,
The chambers and entrance adaptor were painted flat biack} highlighting
the maze entrence, which the flies moved towards due to positive photo-
taxis, negative geotaxis (the flies moved upwards to the entrance in
the vertically mounted maze) and the crowding in the chamber.

The experiments were run in a light-tight 50cm X Sﬁcm X 26cm plywood
box, painted black inside and out, The light source, mounted inside
the top of the box, was a 43 cm long fluorescent tube fixture, 10 cm of the
centre of the tube was covered with black tape to give a split light’
source, witg;each arm of the final turns receiving approximately equal

illumination.

\
\
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The front of the box opened via a hinged ddBr, which was used when
placing the maze inside-and }em6v1ng it from the box. The maze was
suspeﬁd@d in the box via a 3«fingered holder, wnich srasped a pi;ce of
plexiglass rod mounted on the.back of the maze with two standoff blocks,
The box waslalso equipped with a simple heating device, used to main-
tain the insidg temperature at a constant level, (this was employed
to keep the box at 25 degrees C .) the heat was supplied by a 4O-watt °
incandescent buldb placed behind a black, light-tipht a2luminum shield,

50 that the bulb gave no light into the box,

General,g;ocedure - the}same basic procedure was followed for
each maze run., The flies were divided into groups of 120, consisting
of males and females in approximately equal proportions (60i 5 of each)
all 3 to 5 days 0ld, for each run. The elapsed time between rémoYal

from culture (3mall holding vials where the flies were kept for two days

hours in & holding chamber ’ ‘before their release, QImmediac-

ely prior to the start of each run, holding chember containing

the flies for the next run was blocked off at the air input (see Fig, 3)

thus halting any air currents going throurgh the maze,.Immediately,_ -

L4

before the run, the chamber was sttached to the maze, which had Yeen

P

mounted vertically in thesbox with the path leading upwards to the fluo-
rescent light source which symmetrically illuminated the area of the
meze, Next, the chamber wes turned (rotated) to natc?fihe.holding area
exit to the maze entrance, releasing the flies into tﬁe maze,. and the

. ]
door to the light-tirht box was closed for the duration of the run (S min.)

»
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. The atmosphere inside .the box was maintained as constant as possibdle
at 25 degrees Celsius (plus-or minus one degree) and 50 to 60 per cent
relative humidity. The exrerimental runs were all done within the same
time éeriod ¢ach day,’between 1100 hours and 1400 hours,

At the en ofheach run, the.flies were anaesthesized with carbon di-
oxide, and thkn collection vials were scored according to the number of
flies of eesch sex found in them at the end of the run, The collection
vizls are labellad in “ig. 1 énd are referred to in the text according
to the cirections which the flies turned et the initisl and final choice
turns to reach the vial - eg., vial LL (for Left - Left) was reached by
\; {ly wnhich turned leqt at the maze entrance (initial choice turn) end
turndd léft again ét the final cholce turn, The collection vials were .
cleaned (washed and dried with cellulose wipers) at the beginning of
each day on which exgeriments were to be done, and when a different
strvin of lies were to be run, but they were othervise unaltere@{ exceopt
for clearins of flies, from run to run. The sponge plugs atop each vial
were th» same for each run, and they were inverted when the strain of
flies b~ing run was chenged, thus each curface of each vlus was used
specifically for one strain of flies (Canton 3 or black).

Some avecial points to remember concerninz the effects of the experi-
mental methods upon the behaviour of the flies are as follows:

i) the’flies were dark sdapted in the chambers before they entered
the maze, which was mounted vertically with the light saurce at the tOR’
thus the flies were expected to be motivated to move up the maze path

due to positive phototaxis, negative geotaxis, and a desire to escape

the crowded chamber. (iiay 1975)
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ii) to maintain a consistent level of agifation of the flies, each
chamber was tapped lightly on the'table 6 times in rapid succession;
this type of trcatment is known to affect (Antensify) positive phéto-
taxis behaviOUf in some Drosophila (Lewonti 1959) hence it was important
to control the mechsnical stimulation whichleach fly received, to limit
the effects of smaller perturbations incurred due to handling,

1ii) the chambers were plu-ged at the ends immediately before their
flies were run, thus there was little chznce of anokia occurring in the
flies before they were released into the maoze. The plugs were inserted
to prevent flies from remzining at the bottom of the chamber, where the
fresh air had been coming in previously, and also to prevent air currents
being set up in the maze path, which may have altered the flies' behaviour,

iv) all flies run were approximately the same age (3 - 5 days), were
starved for the same length of. time (3 to 3,5 hours) and were run at the
seme zpproximate time each day (1106 to 1400 hours) hence they were all
in approximately the ssme physiolosical state and at the same point in

their diurnal behsvioural rhythm (Hay 1972).

»
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Strains of Flies Used.- two strains of Drosophila melanogaster

L 4

were used for these exveriments, they were: (from Lindsley and Grell 1968)

1) black body - designated b, a spontaneous recessive
mutant discovered by Morgan, located on chromosome 2
(map 48.5).

Phenotype of homozygote: black pigment on bgﬁy, tarsi,

and wing veins.

2) Canton Special - designated Canton S or C5S

Phenotype of homozygote: wild t}pe

Both strains showed approximately edual mobility through the clean’
"maze in the experimental system used.
The flies were raised at 25 degrees Celsius in darkness on a cornmesl-

molasses-zgar medium made as follows: (from Strickberger 1962)

%8 gms agar dissolved in 875 ml distilled HZO plus 125 ml
molasses
added to

125 nml cornmeal plus 50 ml Brewer's yeast plus 250 nl HZO
this mixture was kept at o boil until the proper thickness was acheived,
and then 7.5 ml of proprionic acid was added (mold retardant) and the
medium was poured intc culture bottles, in which the main breeding stocks
were kept, a2nd smaller holdings vials, where the flies were kept for two

days before running throughn the maze, /
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Puta Analysis - testing for significant differences was done using
contingency tables which were compared in a computer program via the
G-test (Sokal and Rohlf, 1969) which calculates the value of the G

statistic from the formula: (shown for a 2Xn table)

a f
G = 2xY fiJ:n(-f%- , where a jiclasses
i fip fi data compared
The formula for determining G is similar to the one used to determine

2 in the X2 test:

a 2
x% ¥ 1)
f§

however, the G-test more closely approximates a true Chi-square dist-

the value oftx

ribution compared to the Xa test, and since the tests in this case were
done on a computer, the added complication'of obtalning logarithms had
no effect upon calculation complexity or time, indeed, even if the tests
had been done‘py hand o} on a desk calculator th; G-test would have

been faster and simpler for the size of tables (up to 5X4) used,

The values of G obtained in each test were compsred to a standard
chi-spare distr;bution to give the p (probability) vaiués given, and
a p value less than 0,05 was considered to g%Aggg:§}icant.

Homogenéﬁty tests were done for each ¢lass of runs using large contin-
gency tables and the same G - test, The méan distributions and standard
deviation.s of the data in the Totzl columns of the data tables (to follow)
which are listed at the bottom of cach data table were found by the follow-
inz method: 1) each number in each column was divided by the total number
of flies whicia had completed its corresponding run, which was listed in the
column headed TF at the extreme right side of eac. 2ata table, ii) the mean

and standard deviations of these provortions were then found in standard

fashion.
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The results of these calculations are listed under the appropriate
headings (eg. results for the mean proportion of flies in each run which
ended up in collection vial LL are listed under LL/TF). The means and
stendard deviations of the proportions, ;ather than the raw data, were
calculated in order to correct for the differing activities (as represented
by the number of flies finishing the maze in each run as listed in the
TF columns) observed among the experimental groups of flies from run to
run.

The _mean proportion distributions were used for each class to indicate

the basic pattern of .behaviour observed for flies of each run class.



RESULTS

EXPERIMENTAL SERIES I - The Effects af Maze Status Upon the

Final Turn Direction Preferance of Canton S Strain Fliesf

. Description: This series of experimental runs involved two
different fly status conditions and two basic maze status conditionsg
ds follows:

Maze Status A - refers to a maze which was thouroughly scrubbed, N
rinsed and dried using sterile cot on swabs and water (the face plate
being similarily cleaned with cellulose wipers) immediately before
the run,

Maze Status B - refers to a maze which ﬁ%s cleared of flies from
a previous run and aired but otherwise unaltered, The‘number of pre-
vious rums since the maze was last cleaned (i.e. at status A) is giv-
en in parentheses to denote the precise status of the maze, for exam-
ple B(3) refers t? a maze which has had three sets of flies run through
it since the last cleaning, ’

Fly Status I - refers to flies géiné run in a maze for their first
time, &

Fly Status 'IT = réfers to flies being run in a maze for their sec-
ond time, after a previous run in a maze of apposite status (maze
status A is opposite éo maze status B),

The combinationlof the strain name (eg. Canton 3 ghortened to €S), ° -

fly status and maze status prior to the run gives the different run

classes as follows: CS I - A, CST ~ B(1) to CS T = B(h), .

-~

‘.

€5 II - £ and C5 II= B T
(eg. C3 1 - & refers to flies run for their first tihe’{n,a status A+
maze, while CS II - A refers to flies being run in a status A maze

after they have previously been through a status B maze)

- 17 -,
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Results - a) Raw Data and Homogeneity Tests: the results for
the experimental runs of each class are givcnlseparately in tbé follow=
ing set of tables (Tables 1 to ?f. Each table lists the botal numbey
of flies (bnder Toﬁal) gnd the number of eachlscx (under Male and Fe-
male) found in the different ‘collection vials at-the end of each ind-
ividual\{bn. The coYumn headings (LL,LR,RL,RR) refcr to the collect-
ion vials (eg. LL stands, for Left,Left) éé previously described (page 1l2).

The extreme right hand. column contains the total number of flies
which conpleted the maze in -each run.)’Runs in which les° than 30 flies
(25% of the st@rting number of 120) completed the maze were not counted.
At the bottom of. each column the overall totals of all runs of  the class
are printed. _ ‘9_ '

Teats for homogeneity of the data were done for all the runs of each.

class by running them as’ a group in a contingency table to find-the

value of the G-statistic (page 14) which was then compared to a Chi~-
squabc distribution to find the probability (p5 that tbe data con-
ctitcte a homogeneous class, with results listed below each table.

The recults fcr male and female flias,aré récor&ed here for éll classes,
and although in all cases the data were hcmogeneous and no sighlficant
differences bctween sexes were observed the small numbers being con-~
sidered here may limit the validity of the tcetin - Hence a&ly the
combined tatal data (under Total) hompgeneity test results are listed.

.

g In cases where the run set for a class wag found-to glve a sisnif—

vricant probability difference from hOmogeneity (p less than 0.05), sonme

of the runs (those wnich gppeared “to deviate mOst obviously £rom the

pattern of tha others in ‘the class|-the mean distribution ) Were ‘re-

moved (marked by an ') until the set became homogeneous Ap larger than

»

o
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*

0.05), and the totals of the columns of this homogeneous set are
given as the corrected totals. These corrected totals were then com-
pared to the original overall totals in 2 X 4 contingency tables,

and for all classes there was no significant difference between then,
thus the overall totals will be carried forward for the inter- zand

intra- class comparisons to follow, (Overall Totals are listed in Table 8)

TLZBLE 1 - Results for Run Class CS I =~ &&b

TF
# flies
Male i Female Total finished

LL LR RL RR LL LR RL RR LL LX RL RR '

11 9 13 11 "8 6 13 8 19 15 -26 19 79

9 14 13 9 9 11 7 7 18 25 20 16 79

12 10 11, 1) 9 9 10 11 21 19 21 22 83

10 14 16 9 10 8 15 18 20 22 31 27 100
10 15 19 20 15 15 9 10 25 30 28 20 113
12 19 21 9 12 14 13 7 24 33 34 16 107
10 10 lz 10 g 11 15 8 19 21 27 18 85

1o 8 10 8 8 9 7 7 18 17 1?7 15 67

12 19 11 1® 717 15 10 19 36 26 21 102
13 15 18 14 22 11 14 12 23 26 32 26 109
11 16 13 13 9 13 12 9 20 34 30 21 105
10 12 9 7 5 6 9 5 15 19 18 12 64

9 12 9 9 8 13 12 7 17 25 21 16 79

12 16 12 15 10, 14 9 9 22 30 21 24 97

7 1 11 & (1 1 ? 6 17 21 18 12 68

11 2 5 13- 6 p) 7 5 177 13 21 18 69
8 9 10 11 12 7 11 12 30 16 21 23 90

6 5 h b 3 2 3 5 9 7 7 1 34

6 5 Lo 3 3 "2 i 2 9 _7 _8 _15 39

365 416 426 362 1569

Honmogeneity test: G is 44,8359, D.F. are 5%, p is_0.80386

LL LR XL - RR (see page 15)
TF TF TF TF
Mean. - 0,2351 0.2594 0.2681 0,2328

tand . =
Standard o 53550.0563 0.0379 0.0552 - . » :
deviation, ' . . :

r

’ - ‘ o - T Sl ——TT o
TR i T SRR A A T

i
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TABLE 2 - Results for Run Class CS I - B(}l)

Male remale Total # flies (7

LL LR RL RR LL LR RL RR LL LR RL RR finished
9 7 9 19 7 5 11 15 16 12 20 30 75

8 5 3 12 6 A 9 14 10 7 21 52

13 15 7 110 8 11 11 11 21 26 18 21+ 84

9 9 10 9 3 7 9 5 12 16 19 14+ " 61

9 2 -k 6 8 2 4 9 17 L 8 15 Ly

7 6 6 6 6 k S 13 12 10 12 47

22 3 9 13 1L, o 8 13 36 7 17 26+ 86

17 10 3 18 13 4 3 11 32 1, 6 29+ 81

15 11 8§ 15 15 ? 6 11 30 20 14 26 90

lo 12° & S 9 11 3 6 19 23 7 1y 63

11 10 7 1 . 9 ) 5 12 20 16 12 22 70

14 7 8 8 14 5 6 9 23 12 14 17 <71

15 8 3021 11 7 3 18 26 16 o6 39 87

19 10 6 15 13 11 L 20 32 21 10 35 103

13 10 7 10 14 3 7 9 32 18 . 14 19 83

17 9 11 15 2 4 9 12 29 13 20 27 89 «
11 15 1. 10 11 11 12 10 22 26 26 20~ 9y
21 8 L 18 16 5 5 12 37 13 9 30 89

11 100 11 22 10 3 8 15 2 18 19 35 93

21 10 9 15 15 11 7 10 36 21 16 25 98

17 9 11 13 14 5 9 16 3} 1y 20 29 9l

Oyerall Totals 506 333 285 492

Corrected Totals 387 220 199 382

* - runs removed for corrected test table,

Homogeneity Tests: G DeF. D Table dimensions
A11 Runs 119.6200 60 0.00006 21 X 4
Corrected 57.0508 42 0.06561 15 X 4

Overall .

Corrected - . . -

o 1L LR RL __3R
( BET TP TF TF
Mean 06,3123  0.2020 ~ 0,2006  0.3047

Standard Dev, 0.0680 0,0681 .. 0,1291 0.0662
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TABLE 3 - Results for Run Class CS I - B(2)

_TF

Male Female Total # flies

LL LR -RL RR LL LR RL RR LL LR RL RR finished
5 3 6 9 5 4 6 8 10 7 12 17 46
12 I 12 9 6 7 11 21 10 11 23 65
16 ? L 12 9 5 4 13 25 12 8 25 70
13 8 11 14 & 11 15 27 12 19 26 8L
3 10 8 9 14 6 12 15 26 14 21+ 76
9 13 11 1§ ?7 8 7 12 16 21 18 28+ 83
11 6 8 9 16 5 7 11 27 11 15 20 73
25 6 9 15 18 6 7 18 43 12 16 33 104
10 3 11 17 9 2 9 14 19 5 20 31 75
28 6 7 14 13 3 7 14 41 9 1y 28 92
-13 4 7 11 9 4 4 7 21 8§ 1 18 61
23 8 11 7 19 6 9 7 42 1y 20 14 90

Oversfl Tgtals 307 147 181 284
Corrected Totals 276 100 149 235

* ~ removed for corrected homogeneity test table

Test between Corrected and Overall Totsls: G is 3,30859, p is 0,34712

Homogeneity Tests: 1) All runs: G is 71.7266, p is 0.00029 for 33 D, F.

ii) Corrected table: G is 38.5566, p is 0.07303 for 27 D. F.

LL L2  RL  RR
TF TF TF TF
HMean 0.3252 0,1611 0,200 0.3136
Standard Dev. 0.0936 0.0725 0.0462 0.0644 oot
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TABLE 4 - Results for Run Class CS I -~ B(3)

Male Female Total
LL LR RL RR LL LR RL RR LL LR
12 6 12 12 8 b 6 9 20 10
6 11 9 4 8 7 9 6 14 18
12 3 2 10 8 4 4 7 20 7
10 9 14 13 9 10 11 12 19 19
16 7 4 3 22 8 9 5 38 15
9 7 8 9 10 4 6 10 19 11
12 6 5 16 8 2 2 14 28 8
15 6 4 17 19 3 2 1y Sh 9
25 11 5 19 15 6 4 11 L0 17
19 6 12 18 12 3 15 12 31 9
13?\\\7 6 13 13 7 3 8 26 14
1z 6 5 16 8 2 2 1y 20 8
Overall Totals 309 145
Corrected Totals 204 83

A
159

97

* = removed for homogeneity test with corrected table

RR
21
10*
17
a5*

8-
19
17
31
30
30
21

_30

259

185

22.

Tk
# flies

finished
69
60
50
78
74
63
59
8o
96
97
70
65

Test between Corrected and Overall Totals: G is 2.08594, p is 0.55844

Homogenelty Tests:

Hean

Stendard Dev,

i) All runs: G is 90,2383, p is 0.00001 for 33 D, F.

ii) Corrected Table: G is 32.2521, p is 0.05770 for 21 D. F,

LR
TF

RL
TF

0,3581 0.1706 0.1334

0.0895 0.0592 0.0883

RR
TF

0. 3000

0.0908
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TABLE 4 - Results for Run Class CS I -~ B(3)

* ~ removed for homogeneity test with corrected table

Male Female Total
LL LR RL RR LL LR RL RR LL LR RL RR
12 6 12 12 8 4 9 20 10 18 21
6 11 9 A 8 7 9 6 14 18 18 10+
12 3 2 10 8 A 4 7 20 7 6 17
10 9 14 13 9 10 11 12 19 19 25  25»
16 7 4 3 22 8 9 5 38 15 13 8*
9 7 8 9 10 L 6 10 19 11 14 19
12 6 5 16 8 2 2 14 28 38 7?7 17
15 6 L 17 19 3 2 14 3L 9 6 31+
25 11 5 19 15 6 L 11 L0 17 9 30
19 6 12 18 12 3 15 12 31 9 27 30
13ak\\7 6 13 13 % 3 8 26 14 9 21
1z 6 5 16 8 2 2 1y 20 8 7 _30
Overall Totals 309 145 159 259
Corrected Totals 204 83 97 185

22,

TF
# flies

finished
69
60
50
78
4
63
59
80
96
97
70
65

Test between Corrected and Overall Totals: G is 2.08594, p is 0.55844

Homogeneity Tests:

Hean

i) All runs: G is°90,2383, p is 0,00001 for 33 D. F.

ii) Corrected Table: G is 32.2521, » is 0.05770 for 21 D. F.

LL LR PL RR

— P

TF TF TF TF

Stsndard Dev. 0.0895 0.0592 0.0883 0.0908

-

P
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TABLE 6 - Results for Run Class CS II - A

Male Female Total # Egies

IL LR R RR IL LR RL RR LL LR RL RR finished
6 9 4 6 5 7 4 9 11 16 8 15 50
72 5 6 5 7 4 7 8 1. 9 13 13 49
9 8 14 7 8 7 13 6 17 15 27 13 72
13 16 12 11 10 11 7 13 23 27 19 24 93

9 6 1 8 11 4 8 6 20 10 19 14 63 B
10 11 5 7 8 13 6 11 18 24 11 18 71
13 9 10 12 7 10 1k 10 20 19 21 22 82
12 2. 8 13 9 20 7 12 21 44 15 25 105
13 10 12 7 11 10 10 10 24 20 22 17 33
7 10 1% 9 9 12 119 16 22 24 18 82
Overall Totals 184 206 179 181

Homogeneity Tests:

/

All runs: G is 39,2129, p is 0.056392 for 27 D. ~.

LL LR
TF TF
Mean - 0.2483 0,2659

Standard Dev, 0,0395 0.,0786

RL
7

ER
TF

0.2418 0.2410

0.0750 0.0350



TABLE 7 - Results for Pun Class C3 IXI - B(1l)

Male Female Total

LL LR RL RR 1. LR RL RR I LR RL R®R
11 3 5 6 9 2 4 6 20 5 9 12
17 3 8 10 16 4 11 9 53 7 19 19
12 6 6 14 11 8 4 11 23 1, 10 25
19 7 8 13 15 ? 6 12 3 14 14 25
20 7?7 5 21 1, 7 6 13 34 .1k 11 34
5 2 2 9 6 5 3 7 11 7 5 16
12 7 L 15 11 6 6 11 23 .13 10 26
5 3 5 12 v 3 5 8 9 _6 _8 _27
Overald-Tetails 137 80 86 "177

Homogeneity Test: G is 22,4072, D.F. are 21, p is 0.3783

L L2 R, ER
TF T F TF

Standard Dev, 0.,0759 0,0365 0.0422 0,0765

25.

TF
# flie:
finishe

46

78

72"

87

953

39

72

43
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TABLE 8 - Overall Totals of All Classes

gggig LL LR RL RR Left Right #runs in class
CSI- A 365 416 426 362 781 788 19
€S I - B(1) 506 333 285 492 839 777 21
CsS I - B(2) 307 147 181 284 L5y 465 12
CS I - B(3) 309 145 159 259" 454 418 12
C3 X - B(4)  .269 130 134 245 399 379 11
CS 11 - A 154 206 179 181 © 390 359 10
CS II - 2(1) 187 80 86 177 267 263 8

\
Total CS I - B(1 to 4) 1391 755 759 1280 2146 2039 56
The Left and Right columns contain the data for numbexr of flies

turning either direction at -the entrance choice turn, which were
derived by adding LL plus LR and RL plus RR respectively, {(thus only
flies which completed the maze were recorded, in order to make further
comparisons between the initial and final turn direction preferences
valid, ) ’ '

- - >
B uid
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b) Inter-class Comparisons - these were done, using the totals for
each class listed in Table 8, in order to find if any differences
existed among the various run class results, Table 9 below lists °
the results of contingency table tests, with the clésses conpared
listed in tﬂe left side column, and the prgbability that the totals
compared constitute a homogeneous set are listed in the centre

- for each test. Significant differences (p less than 0.05) are
markxed with an *, and the dimensions of the contingency tables

for each test ‘are listed in the right side column (rows X columns),

TABLE 9 - Results of Inter-class Comparisons

Classes Comnpared Probability Table Dimensions
1) ¢S I - B(1 to 4) 0.08136 L X &
i1) C3 I - A
*

CS I - B(L to 4) total 0.0 2 X4,
134) €5 I - B(1) 0.16092 2Ky

CS I -« B(1 to 4) total
gv) C5 11 - 4 0.58797 2 X 4

CS I - A

From the results of these comparisons, we see that there are no
significant differences between runs done in a maze of status 3 (Table 9,
i,1ii), nor between runs done in a maze of status A (iv), how-
ever, there is a highly significant difference between runs done

in a status A maze when compared to those done in a status B naze,

(11), ’
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Further Comvarisons - these comparisons were done in order
to find the nature of the differences and similarities observed
;;Ong the clasges which wefe compsred in Table 9,

The first test involves comparing the overall totals of each
class {from Table 8) with a 1:1:1:1 distribution in 2 X 4 contin-
gency tables, The 1:1:1:1 distributions were derived by summing
all the totzls for the class under consideration snd dividing by
four, eg., for class CS 1 -‘B(l) the quantities compared were:

Overall Totals 506 333 285 492 sum is 1616
1:1:1:1 Dist, LO4 4O4 4LO4 4OL  sum is 1616

The results of these tests are listed for each class in Table

10 following; sisniflicant differences are marked with an *,

TABLE 10 - Results of Comparisons of Class Totals vs, l:lil:1l

Class Tested \ Probability of LL:LR:RL:RR being the same
as 1:1:1:1

CSI-~-A 0.23196

C5 I ~ B(L) *0,0

C5 I - B(2) *0.0

CS I - 8(3) .O‘O

C3 I~ 3(4) *0,0

C5 1I - 4 9.75409

C3 It - B(1) *2.0

From the results of these comparisons we see that the status B
maze run classes all show a highly significé?::feviation from a

1:1:1:) distrioution at the collection vials while the status A

*

maze runs do not,
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Having established from Table 10 that the maze status B runs de-
viate significantly from a2 l:1:1:1 distribution (the mean distribut-
ion is actually 1.8:1:1:1.8), the pattern of this deviation will now
be investigated, A contingency table test done wih the entrznce
turn direction data (Left and Right columns of Table 8) for all
classes gave a p value of 0,11599 for homogeneity, indicating that
turning benaviour at tie entrance does not vary significantly among
the clesses. The mean ratio of left to right turning at tne entrance
is 1,042 : 1, thus if the flies continued to choose their direction
of turning 2t the final choice point with tne same probability, the
distribution of flies in the collection vials at the end of each run
would be about 1:1:1:1,

The msze status A run class totals do not deviate significantly
from the expected 1:1:1:1 distribution, hence the probability of
directipn of turning of the flies did not change sisnificantly be-’ )
tween the entrznce and the final choice point in these runs,

The maze status B run class totals do deviate significantly from
the 1:1:1:1 distribution, indicating that the probability of direction
of turning of the flies was different at the final choice point when
ccmupared to at the entrance., The symmetry of the collection vial
distribution for classes C3 I - B(l to §) ig shown by the following

comparisons using the LLL,LR vs, RL,RR (2 X 2 teble), p is 0.0
combined totals (Table 8) LL,LR vs. RR,RL (2 X 2 teble), p is 0.15577

thus the distribution‘{; symmetrical with respect to the maze midline,
with a significsnt turn direction preference towards the outer coll-

ection vials (LL,PR) occurring at each final choice point.
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L4

General Observations: scme test runs (data not recorded) were
done with the front door of the maze box open in order that the be-
haviour of the rlies could be observed as they actually moved througn
the maze, Some of the observations made were as follows:

3tatus A Maze: both Canton S and black strain flies ?ppeared to act
the same in .the clezn mezze, Fliesg left the chamber i-~mediately upon
relzase and travelled in single file, with flies seldom moving side by
3ide in the szme direction, Very little retracing or movement back
dosm the maze was observed, with most flics'tending to move rapidly up
the naze, while a few stOpped, usually in the blind alleys, Most (~ 696)
2f the flies stayaed mainly on the face plate and the surface of the maze
psth parallel to it, The bulk of the flies which finisped the maze ;;:§
run reached the collection vials in less than 3 minutes on the average,
and once in a vial, the flies did not leave, By monitoring the blind
alleys, it was seen that about the same number of flies entered each one
during the course of eacn run,

See
Status B Maze: the black strain flies did not appear to act different

in this type of méze, except some flies were observed to enter the nmaze
briefly and then go back into the chamber, The Canton 5 showed slightly
different behaviour f{rom that observed in the Status A maze, in that
their preference for'walking on tre face plate and tne parallel maze path
surface was more marked, with about &0 of the flies being on these sur-
faces at any Oné time; also, far fewer flies turn®d into the blind alleys,‘

eSpecially'the upper ones, in these runs than in the Status A runs.

W At o o e o - .

4 o e Bt el
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Preliminary Discussion: the interclass compgrisons indicate
that for the two basic maze status conditions: A (Just clesned maze);
and B (maze previously occupied since last cleaning); ‘_

1) runs in @ status B maze do not deviate significamtly from each other
and thus follow the seme pattern regardless of whether only one or up
to four groups of flies preceded the run through the.maze.
2) results for status A maze runs and status B maze runs differ sig-
nificently from each other, indicating that the flies behave differeﬁtly
at the finel choice point (turning behaviour at the entrance did not
vary significantly) according.to maze status.,
%) the status of the flies; within the limits tested here, does not
alter the dependancy of their behaviour (at the final choice point)
_upron maze status, Flles which were run in a status A maze first and
‘then in a status B(1l) maze (class C3 II - B(1l)) show results consis-
tent with those obtained for first run maze status B flies (=nd vice
versa for CS II - A flies). )

The intraclass compariéons indiccote that
1) for flies run in a status A maze, no significaznt difference in turn-
ing behaviour occurs between the initial and final choice points,
2) for flies in a statud B maze, there is a significant alteEation in
turn direction preference at the final choice poinés; with the direct-
ion of the initiel turn and the subsaqueat forced turns being favoured
over the opposite direction. (eg. flies yhiéh turned left at the

start tend to turn left again at the final choice point,)

The results for the maze status B runs in these experimenté ére

similar in pattern to those obtained by Ha& (pg. 4 thié‘thesis) which, he

L]
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interpreted to be an indication that the flies had learned to turn
away f{rom the blocked off eﬁdé'of the farced turns while going through
the maze, and continued to show this turn direction. preference at

the final choice point, giving the type of distribution (here approx.

1.8:1:12:1.8) observed, . o

. . -

1f the status B paze run résults are indeed due to learning by
the flies, then why do the maze séatus A run results not éhcw the
g;me pattern? This question will be examined in the discussion of - .
Experimental Series III, while Experimental éeries II examines the

'Y &

maze behaviour of the black strain of D. melanogaster and compares

it to the results ‘for the Canton S strain,

» B ’ . . N ! ‘
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EXPERIMENTAL SERIES II - The Effedts of Strain Difference Upon L
the Maze Behaviour.df Drosophila Melanogaster. ,
Description: this se£ies 6f experjmental maze runs was done
with black_strain flies in a mapner simil to,  that previously de-
_ scribed for the Canton S strain,  The basic maze status conditions 435
(A a;d B) were;the same, and the‘thrée classes of’puhs, using sime -l
ilar notation, are: b T -~ A, b I = B(1) and bI - B(2)
. (egs d I = A refers to flies of the black strain ishorﬁened to b)

run for their first time in a just cleaned maze).

v

Re§ults: a) BRaw Dataﬂén& Homogeneity fests - thg fesults‘for
each Tun clasg‘are given separatelf in Tables'lli'lz and 13 following.
The hoﬁcgenei@y tests were done in the manner previdusiy described %i
for the‘Canton's straih reéults, an; the oGeféil totals for each
class are listed in Table 14. " (the overall and corrected‘to£als’f5r i
‘¢lass b I - B(1) did not differ sisnificantly, 50 the overall totals
-are carried forward to, Table 14) L _ s : e

Some Tung Of class b I - B(}) ‘were attempted, however the majority
':of these gave :a total number of flies completing the msdze of\iess ot
thay’thirty, therefore only the results.up to elasg b I~ B(2) are xxkx ;Yx

" - .

listed and used here. o . L A T : RN



TABLE 11 - Results for Run Class b I - A

Overall Totals 229 236 221

Male Female ' Total

L IR R, RR LL LR RL:- RR. LL LR RL RR
12 8 1 3 9 11 18 8 .21 19 32 - 11
12 11 12 13 10 14 14 12 22 25 26 25
13 11, 13 6 9 11 10 10 22 22 23 16
12 10 6 4 9 1y 6 5 21 "2n 12 9
13 24 23 11 110 12 13 .14 24 36 36 25
5 16 8 5 72 8 8 6 12 18 16 11
6 9 2 1 10 9 Lk 5 16, 18 6 &
9 1 12 5 9 8 8 5 18 22 20 10
6 6 3 8. 5 & 3 5 1 10 6 13
11 1 ° 1 1 5 5 13 22 16 16 24
10 8 13 9 10 1 5 19 18 27 ¢
7 6 6 %7 14 8 10 11 .21 1L 16 _18

) 171

Homogeneity Test: G is 47,5625, D. F, are 33, p is 0.05199

f

Mean’

TF . TF TF TF

#  0.,2711  0,2852 0.2622 0,2055

Standard Dev. 0,0383 0,0668 0,0869 0.0743

3k,

ITF

‘# flies

finished
83
98
83
66
94
57
46
70
40
78

N
52
857

4
}

k'
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TABLE 12 - Results for Run Class b I - B(1l)

" Male - Female Total C# ;?;e .

IL LR RL RR LL LR RL -RR LL LR RL RR inishe
?7 10 1 5 2 6 7?7 7 1, 16 19 12 61

5 1 10 9 S5 ‘s 6 8 10 15 16 17 58

3 4 6 4 & 9 5 4 ? 23 1 8+ © 49~
11 10 9 13 ¥ 5 6 15 15 15 15 28 73
15 10 6 8 8 6 6 10 23 16 12 18 69

8 6 7 6 9 8 4 - 6 17 1w 11 12 5k
7 11 18 17 ? 11 13 31 1y 22 31 98

11 11 6 & 8 7 7 19 18 12 1 60

7 9 2 13 3 8 9 10 17 5 .22 54

12 11 10 14 9 12 14 18 21 23 2, 32 100

3 9 2 10 6 3 0 8 9 12 2 18+ Al

3 7 13- 8 6 19 6 6 a 26 19 14 68

9 8 5 10 11 8 7?7 9 20 16 12 19 67

? 4 9. 10 11 5 9 10 18 9 18 20 - 65

7 8 2 4 74 n A 12 _6 _6 38

OoN

Overall Totals 237 246 204 268
Corrected Totals 212 185 172 228

* -~ removed for homogeneity test with corrected table

Test Between Corrected and ®verall Totalsr G -is 1.74219, p is 0.63205
Homogeneity Tests; i) All 2uns: G is 83.5781, p is 0.00037 for 42 D, F. P

ii) Corrected Table:. G is 46,7598, p is 0.06065 for 33 D. F.’

Hean 0.2482 0.2695 0,2063 0,2761

Standard Dev. 0.074% 0.0845 0,0707 .0.0886"
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TABL: 13 - Results for Run'Class d I - B(2)

Hale Female
L LR RL RR LL LR R’L RR
? 6 9 10 2 3 7 9
8 7 1 6 5. 04 9 7
12 17 . 8 7 T 11 11 8 8
7 9 6 6 6 5 3 7
7 3 3 4 7. 2 5 8
8 6 4 6 5 6 b 6
9 7 & 12 10 5 L 13
8 9 7 10 10 7 3 9
7 5 4 b4 6 4 1 3
7 8 9 1 ¥ 4 5 7
2 8 7 10 13 8 6 10
6 11 11 6 5 .7 7 9
8 7 7 8 5 5 ? 9
63 5 7 7 3 6 5

Homogeneity Test: G is 44,7285, D.F., sre 39,

Mean

Overall Totals: 206

RL
’ 'T‘D

-

0.2%4%4  0.2234 0.2259 0,2753
0.0629 0,0601 0,0537

Standard Dev. 0,0634

Total
LL LR RL 2R
9 9 16 19
11 11 20 13
23 28 16 15
13- 14 s 13
4 -5 8§ 12
13 12 8 12
19 12 12 2%
12 1 15 19
13 . 9 5 7
11 12 1, 18
25 16 13 20
11 18 18 15
13 12 1y 17
13 6 11 12
180 179 225
p is 0.249
RR
TF

36.

e
2 flies

finishe
53
55
82
49
39
L5
63
63
34
55

et
62

’
O

20
790

TABLE 14 - Overall Totals for black 3train Run Classes

Class
bI-aA

b I - B(1)
b I-=- B(2)

LL

LR

RL

RR

229
37
206

236

246
180

221

204

179 .

171
268
225

Left

465
483
386

~

Ripght

392
472

404 .

# runsg in class

12
15
1k

Sy p—— ;.
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b) Interclass Comparisons: A contingency table (2 X 4) test between
the two maze status B classes (b I - B(1l and 2)) gave a p value of
0.535 , indicating that these results do not differ significantly
from each other and they were combined for the next test, A coatin-
gency table (3 X 4) test done with the results from all three black
strain classes gave a value of p of 0,001, showing a significent dif-
ference between the maze status A overall totals and those for runs °
in maze status B, From these comparisons, we see¢ a maze status-dep-
endant difference in collection vial’distribution, as occurred in

the Canton S strain,

l

¢) Intraclass Comparisons: since the data for the initial turn direct=-

ion choice (Left, Right in Table 14) form a homogeneous-set (p is o.iao),

with a mean left : right ratio of 1,04 : 1, the overall total dist-
ributions of the three black strain run classes were compared to a .,

1:1:1:1 distribution (as on page 26 for Canton S) to sce if any dif=-

fé’,(7(’~\?5rences occurred between turning direction probabilities at the in-

itial and final choice points, The results of these comparisdns were

as follows: bI - A, pis 0.088
bI - B(1), p is 0.208 ¢
b I - B(Z) ) p ,iS 0.296 [ 4
None of these tests showed a significant'deviatiOn from a 1:1:1:1
ratio. (the ratio which was expected if no change in turn choice be-

haviour occurred during the course of the run,)

d) Comvarisons fith Canton S Strain Reéults: a contingency table
(10 ¥ 2) test run with the initial choice point turn direction data

(Left and Rigﬁt columns, Tables 8 end 14) for all Canton S.ahdnblack

A s =

o e gt s
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strain classes gave a p value of 0.116, indicating that the behav-
iour of the flies at the entrsnce of the maze is independant of -
maze status and fly strain. The mean ratio of left : right is

1.04 : 1, thus the flies show no preference for turning in a part-
icular direction as they enter the maze.

A contingency table (4 X 2) test between totals for the maze
status A runs of both strains (classes CS I.- A and bI - A) gave
a_p value of 0,122 ’, indicating that there is no strain difference
in turning behaviour at the final choice point for flies run in a
status A maze.

A éontingency table“(h X 6).test with the totals for maze status
B rung og both strains gave a p value of 0,0, indicating a significant
strain ggfference in final choice voint turning behaviour in the
status B maze, which was expected since the Canton S strain results

differed significantly from a 1:1:1:1 distribution, while the black

strain results did not,

Preiiminary Discussion - from the inter- -and intra- class

comparisons done with the black strzin results, we see that although

there is 2 significant difference between the results for maze status

A runs and maze status B runs, neither of these classes show a sig-

nificant déviation from a2 1:1:1:) distribution at the collection
vials, hence there is no indication of a significant change in the

turn direction choice behaviqur of the flies befween the .initial and

the final choice points. Therefore, there is. no evidence. that learn-

ing by the black strein flies has taken place under either of the N

maze- -status conditions,

———— b -
. e R
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-

The comparisons between the results for the black and Canton S
strains show no significant differences in 'initial choice point turn-
ing behaviour, with all classes showing no preference for either dir-
ection (left or right) at the start of the maze, Comparisons of the
final choice point turning results, however, show'that the Canton 3
naze status B results differ significantly from all other classes,
in that they show a definite preference by the flies to turn towards
the outer collection vial at the final choice point in each maze path,
Thus the Centon S maze status B runs appear to be the only ones in
which a pattern suggestive of associative learning was observed, with
the results for these runs differing significantly from the results
obtained for black strain flies run in the same status maze.

The nature of the pattern observed for the Canton S maz; status

B runs will be exami&ed in Experimental Series III,

-
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EXPERIMENTAL SRRIES III - An Investigation Into the Nature

of the Maze Status-Specifié Behaviour of Canton S Strain Flies

Description: this series of experimental runs was designed

in an attempt to find the rcason for the observed differences in
turning behaviour at the final choice point, w?en compared to that
shown at the initial choice point, of flies of the Canton S strain
wnich were run in a status B maze, as seen in E;pt. Series I,
3ince o status B maze is one in which at least one group of flies has
been run through since the last cleaning, it was thought that some
chemical trace left by these flies may be responsible for the observed
peculiarities of flles run after them in the status B maze,

In order to test this hypothesis, various changes were made in
maze status and their effects observed, The first change involved
tzking a status B(l) meze (one gfoup of flies run through since the
last cleaning) and cleaning the final choice point {(from the T-junction
to exits ) to give a status C maze, The éesults of runs done in the

status ¢ mszze arc listed below in Table 15,

TABLE 15 - Results for Ruyn Class C3 1 - C
t

Total " #flies (TF)
LL LR. RL RR ) finished
183 12 11 17 58 .
29 9 10 23 71 Homogeneity test: G is 25,7422,
9 9 2 10 30 D.F. are 24, p is 0,36859
9 11 9 12 41 TF TF TF TF
& 6 &8 2 % " Mean 0.3363 0.,2079 0,1519.0,3039
15 11 10 212 48
12 11 10 12 45 Stand, 0.0733 0.0663 0.0599 0,0314
20 13 _ 6 17 56 dev '

159 90 70 140 Overall Totzls

- L0 -
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The status C runs were done to see what effect, if any, the dist-
ribution of the hypothesized trace substznce at the final choice
point had uvon the flies' behaviour, This distribution would be
expected to be equal to the leftor right on the average for a maze

of status 3(1), due to the observed tendenby of the flies run prev-
iously in the clean maze (status A) to turn in.elther direction with
approximately equal probability, as seen in the results from Expt.
Series I, The distribution of trace substance would be expected to

be uneven, with more left in the outer arms ,of the final choice
points, for 2 maze of status B(2 to 4), since in the preceding runs
the flies tended to show a significently higher probability of turn-
outwards at the final choice poiﬁts. Since no significant differences .
were found among the results for runs in maze status B (1 to 4) in
Expt, Series I, the differences in distribution of trace substances
at the final thoice point was not thought to be involved in determining
direction preferences in thf status B maze. This exnected situation
is shown by the rosults for the runs En the status C maze, which,

when compared to the previousl& o£tained roéults for status B maze
runs in a contingency table (2 X 4) gave a » value of 0.576 , which
indicates that the cleaning of the final choice point haé no effect
upon final cﬁoice point turn direction preference, and hence the
digtribution of trace substances in general at the final choice point.
has no significcnt effect upon behaviour of fligs of the Centon §

strain run in a status 3 maze.

”~

Since there are no discernable effects upon behaviour due to

trace gubstances left at the final choice péints in the status 3 maze,
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furtheér experiments were done to see if tie distribution of these
hypothesized :ubstances in the lower maze path (between the entrance
and the final choice point) ﬁad any effects uvon behaviour of the
flies.

If the amount of trace substsnces left in any part of the maze
path is proportignal to the number of flies which passed through it,
then during the course of any exverimental run, less trace substance
will be lef: in th2 blind alleys, since not all of the flies will
have rone into each of them, while the rest of the ascending maze
path will contain more trace substance, since all of the flies which
went through the msze had to follow this path, Thus we could have.
the formation of a chemical trace psathway, which marks out the correct
path throqgh the maze past the blind alleys, and the apparent learn-
iné behaviour of the Canton 3 strain flies in the status B maze may
not be due to their association of visual cues in the mzze, which
should have occurred in the status A maze as well, but instead it
may be the result of the flies tending to foilow the path of great=-
est chemical trace concentration through the maze, and theg continuing
to follow the established turning pattern at the final choice voint,

This hypothesis was tested in the runs done in the status D
condition maze, Status D refers to a maze into which é group of 80
flies was put prior to the experimental run; the maze was left.lying
flat for at least 15 minutes, so that the rlies would wander randomly
through all parts of the maze path, and to ensure that the distrib-
ution of any chemical traces was caual in all parts of the maze path,
the flies were repeatedly shaken into all of the forced turns and

allowed to crawl back up them, These flies were then removed just
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before the exper{mental run,

43,

The final choice points were also cleaned in the Status D maze,

with the cleaning done before the pre-~run group of flies were put

in and the final choice vnoints were blocked off to keep the pre-

run group in tne lower maze path ,

-

Results - the results for the runs in the status D (class

€3 I -D), overall totals only, are-listed in Ilable 16,

TABLE 16 - Results For Fun Class €3 I - D

Total ¥ Jlies (TF)

LL LR RL RR finished

10 12 13 18 53

20 33 22 21 a6 Homogeneity Test: G is 18,4062,

25 28 12 16 31 D.,F, are 15, p is.0.24382

18 11 16 14 55 LL L3 RL 2R
10 13 12 14 51 " w o r
25 15 22 19 . 8 ¥ean 0.2397 0.2605 0,2385 0.2534
1C1 112 97 104 Qverall Totals itand. 0.0495 0,0683 0.0509 0.0496

ev,
TABLE 17 ~ Results for Fun Class €S I - E '
Total £ f1lies (TF)

LL LR RL RR finished

32 138 10 20 80 * runs removed for corrected table
23 16 12 19 73 -Homogreneity Tests: i) All runs:

33 15 10 13 71 G is 51,1133, p is 0.00425, 27 D.
18 ? L 22+ 51 ii) Corrected Table: G is 26,9873,
33 1, 15 26 88 p is 0.08425 for 18 D, F,

31 26 8 192 8L

38 11 21 25 95 LL LR RL 23
28 6 5 25 ol w B °F e
52 18 7 32 89 Mean  0.3734 0.1945 00,1354 0,2967
22 2y 21 326 104 32?}‘1’ O~0568.0-.0675 0.0531 0,0771
295 158 113 233
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When the overall totals foy the status D maze runs are com-
pa}ed to the results for the status B maze in a contingency table
(2 X &), the value of p obtained is 0.0001, a hishly sirnificant
difference, A similer comparison between tlhe results of the étatus
D and status A maze runs gives a p value of 0,530 .

These comparisons indicate that the distribution of trace subst-
ances in the maze path may be the factor determining the patterns of
benaviour of flies run through it, By having flies go through all
parts of the maze approximately eqdally before the run (status D),
the behaviour of the group of flies run next is made similar to
that observed for flies run through a freshly cleaned maze, and the
apparent'reason for this similarity in behaviour is that both the
status A and status D maze conditions have any trace ;ubstances pre=-
sent equally disiribﬁted throughout the maze path. The fact that
the status D maze would have much more . trace substance in it than
the status A maze does not appear to affect the behaviour being ob-
served here, : -

The results for the s;atus E maze runs are listed in Table 17, Status
E refers to a maze which was prepared the same as a status D maze, and
then the blind alleys in each maze path were cleaned (washed and dried
with swabc) up to the point whore they joined onto the intersections.

The foce plat:> was left untreated, since there was no way to mark out

;he sections to be cleaned on it without leaving Rxtraneous cues for
~ e

the flies,

Thus the status E maze would have trace substances in the blind alleys

at a lower concentration and amount than in the maze main path, Com~

parisons of the totals for this class with those for the status D runs
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gave a p value of 0.0, as did comparisons between Status E and status A
class totals (2 X'& table), Comparisons with the combined results for
classes CS 1 - B(1 to 4) gave a p value ol 0,014, and the status E
rnaze totals deviate simificantly (p is 0.9) frﬁm a l:l:):1 distrib-
ution, |

The pattern of the results (as shown by the mean distriobution and
comparison to 1l:1:1:1) of the status E runs is similar to that seen
for status B runs, and certainly muca different from the pattern rfor
the status A and status D results, This is & furfhcr‘indication that
the distribution of trace substances in the maze is affecting the

behaviour of flies ruﬂﬁtsc\throush it,

. e e I
i T e



If Treatment of Data: athe'data ﬁahaes for each run class contain
both the raw resulfs for each‘experimentai run in the class and the
results. of some. simple statisticsl analyses done with these data, '

At the extreme right side of each table,(in?hke column headed TF, are
, .- listed the numbers of flies whicn finished the maze in each individual
‘ ‘ run in the cless, The number of flies completing the maze can be seen
,2} ~4zi." : té vary considerably from run to run, which may indicate there was some

-variance in maze activity anong different groups of flies snd/or among
CLET P indiviouale. ‘ o : )
! ‘ As previously mentioned- (page 12 this thesis) the experimental system

4

© was designed to keep constant the various factors known ' to affect the -
~{5 ' K f . flies' behaviour, however, there may Ftiil have been ambient changes
' :in the maze and chamber microenvironments which coulﬂ have led to differ-

-1
ences in activity (eg. humidity in the maze path)

P ’
The variance in maze' activity, and other behaviour to be considered

-

later, nay also be due to 1diosyncratic dirferences among individuals,

“1a

. ‘ ; as. observed ‘in many animal behaviour experiments (Breland and Breland

i .

o
s e i

1961) and as noted in a- case mOre releVant to this discussion, by .
fi L Dethier (1974) in his experiments with blewflies, in which he ehserved \
; ; 1‘ n'l | a great geel 0£ idiOSyncrasy concernina thé chemical response behavioural”
) system of blow flies which had been prepered in an identical manner and
5 S ) i,r which were,genetically identical as mere the Drosoghila flies (within

each strain) used in the experiments described in this thesis.

7
- A

e e

In order to obtain eome idea of the pattern, if any, which the flies‘

\

behaviour in’ each run class was following, the data in ‘the Total columns

L, (f,:" 'Z ror each run were divided‘by ane numher of rlies completing the run,v

e thus expressing the number of flies which ended up in each coilection ,
s‘é‘ \“"‘ o R X . "‘ B o ‘,‘.': . o ,.‘4 G e -
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vial as z proportion of, the total number of flies which compiete@ the
maze, The mean end standard deQiatiOn of these proportions were found
for each’ collection vial (LL to RR) in each class, with the results
listed 2t the bottom of cach data table under LL/TF etc,

4

The mean proportimn distrubutions thus Obtained for each class were
used in the homogeneity tests. The first step in each homogeneity test
involved running 21l of the data in the Total colupng for that class
in a contingency table test to find the values of the G statistic amnd p,
the progab;lity of the data constituting a homogeneous class, If a P

value of less than 0.05 was obtained, the data were checked for runs

which deviated obviously from the basic distribution patiern indicated

" by the®hean proportion distribution for the class, The first runs re-

Lad

moveq wereg those which'deviated asymrmetrically from the basic'pattern'
of the class - eg. for run class CS I - B(3) (Table 4 page 22) the basic
pattern is one with more flies in the outer (LI, RR) than inner (LR,RL)
collection vials, with a:pro%imately a 2:1:1:2 ratio of flies in the
collec%ion v1alg, and the second, fourth, and fifth runs 1n the table

( marked by *) obviously deviate ﬁrom this pattern.A

If a contingency test of the datanwith.the above desciibéd runs re-

‘moved st111 gave a p value of 1ess than 0 05, the "exagerrated pattern®

runs were.removed. These runs.are tne ones which show the sane type of

pattefn-as fhe basic olass pattern - eg, for class CS I q\B(B) more -

bu£ with anlexagérrated'cdncentratiOn 5f flicsg } ;
run 8§ in class. c5 1~ 3(3) has an approximately 4:l¢

distribution.‘ The exagerrated pattern runs were r moved gne oy one -

until ap Value greater than 0.05 was. obtained for continggnc& festing

IR
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of the data in the '"corrected- table’,

The totszls for the data in the corrected tables thus obtained are
given in the data tables for each ¢lass as tihe corrected totazlss In
all cases the corrected totals aad the totals of all the runs in the -
class (overall totals in data tables) did not differ significantly;
probably due to the fact that the percentage of runs removed was small
(less than 25% in most cases).

For further tests of the data, the overall totals were used in all
cases, but the runs which were removed to give the corrected homogeneity
test,tables were examined further to see how they were different fron
the rest of the runs in their respective classes, For the black strain,
only the status B(1) maze run data.(Rﬁp class b,I-B(l), Table 12 page
35) showed any si@nificantly aﬁerrant runs, and these three removed runs
show little épparent ﬁattern anong themselves, hence little may be said
as to their origin; .

'For the Canton S sirzin run ;esplts in Experimental Series I, we see

that these résultg inditate 2 high degree of homogeneity (p is 0.8)

_ among the data for runs done in the status A maze (run class CS I-4,

Table 1, page 19) and no runs had to be renoved, Since the results for

the four first run status B maze clas%es,(run classes CS I-B(1l) to

CS I-2(4), Tables 2 - 6, pages 20'- 23) do not differ significantly from
each other (page 27) they will be considered together, From a total of
56 st*tus B runs in these four classes, 15 were removcd for ‘the corrected

‘tables. Of these 13 ruqs, 4 showed the exaggerated class pattern prev-

iouély described (runs 7, 8 in Table 2, 8 Table 4; 6 Table 5),15 funs

‘'showed an asymuetrical-distribution (runs 9 Tabdle 2; 5, 6 Table 3; 5

Table 4; S Table 5), and,6aruné showed the ‘same distrﬁbution pattern(as

@
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»

observed for the status A run flies {(runs 3, L, 17 Table 2; 2, 5,Table
L3 3 Table 5).
The ressons for the occurance of the gberrant runs in the Canton S

strain data and the behaviour which producéd them may have been due

to undetected changes in apparztus, or individual differences, as cited
earlier in the discussion of the variation in the numbers~of flies com-
pleting the maze each run, or the aberrant runs may have arisen due‘to
variance in the factor which ;s responsible for the observed behaviour
difference between flies run in the status A and status B mazes, This

latter possibility will be discussed further once the tlass results have

been interpreted in the section to follow,

ettt S * PN T ' . T
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"in turning behaviour -at the final choice points compared to their be-

50.

II) Interpretation of Results - from the data derived from the exp-
erihents and the comparisons made with it in the Results section of this
thesis the following facts emerge:

;) from Experimental Series I, the effects of maze status upon the
behaviour of Canton S strain flies are as follows: | ) \
1) flies show the same beha;iour at the initial choice turn ppi
gardless of whether’the maze was freshly cleaned (status A maze) or h;é
been expOSed’to flies since its last cleaning (status B miégs). The flies
show an equal probability of turning left or right at thd initial choice
turn (page é9). . - \\\*~—\\\\

ii) flies show the same final choice point.turning behaviour in
a status B maze regardless of the numberr(up to 4) of groups of flies
wﬁich had been run through the maze since its last cleaning (page 27).

iii) the final choice point turning behaviour observed for flies
run under gtatus A maze conditions differs significantly from that ob-
served for flies run under status B maze conditions, -

iv) £he turn directiOanreference of the fli;s at the final choice
points was not found to be significantly different from that which they
displayed at the initial choice point for flies run in a status A maze, -
At both the initial 'and final choice points the r?tio of the nu@ber of
flies turning. left and éight did not deviate significantly from 1l:1
(page 28). .

v) flies run in a status B maze showed 2 significan£ alteration

.

haviouy at the initial choice point, ‘At the final choice points the fliés

. showed a preferep@e for continued turning in the same direction -they had

been forced to turn in at the forced turns at each step during theirs

-

et e e T
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ascent of the maze (page 28).

vi) the behaviour observed in the flies is dependant upon the naze
status aione, within the limits tested for here (flies run twi?é).
The same flizs will show different behaviour when run under different

maze status congitions (page 27). °
g

b) from Zxperimental 3Series II which investigated the behaviour of
the black strain flies under the same maze status conditions:

i) the turning benaviour at the initial choice point does not vary
significantly with maze status for this strain (page 36), nor does iﬁ
differ significantly from that observed for the Canton S strain (page 38).

i1) the iurn choice behaviour of the flies was not found to vary
significantly between the initial and final choice points for flies
run either in status A or status B maze conditions, and while the totals
obtained for the status B runs differ significantly from those obtained
for ths status A runs, this differencé does not occur as a result of a
change in turning behaviour at the final choice point as occurred in the

Canton 3 status B maze run flies,

¢) from “xperimental Series III iﬁ which thé maze status specific
behaviour of the Canton 5 strain flies was investigated:

i) cleaning tpe final choice point in a status B maze (to give a
status C maze) had no significant effect upon the final choice point
turniné behaviour of the flies, with the status B final col%ection vial
distribution being preserved (pages 40, 41),

ii) flies run in & maze in wnica flies hadtpreviqysly travelled -

through all sections of the maze patn approxiéa;ely equally (stépus D)

showed the same type of behaviour at tne fincl choice point which was
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observed for flies run under status A maze conditions (page 44).

i1ii) flios run in a maze which was initially prepared as a status D ﬂ}

maze and then had the blind alleys of the maie path cleaned showed a
“ .
- significant c¢ifférence in turning behaviour between the initial and

final choice points. (page 45)

m,‘ ;»-
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I1I) Conclusions ~ the interbretations of the results of Experimental

Series I lead to the conclusion that the Canton 35 flies behave differentl;

. when fun in a status B maze than they do when they arc run in a status A

maze, due to an alteration in their turning behaviour which must occur at
soée point past the initial cnoice point during their trip up thre maze;
Canton S flies whics are run in any status maze havg the same turning
behavioﬁr at the initial choice point, with no significant preference
shovn for turniné in one direction (left or right) over the other,
In the status A maze, the flies continue to show this type of turning
behaviour at the final choice points, thus the stétus A maze conditions
do not alter their behaviour during the course of the run, and ths forced
turns have no eiffect upon the flies as they pass through to alter the -
turn direction choice behaviour of the flies at the final choice points,

/

In the status B maze the flies sﬁOW'a definite and significant yéef-
erence for turning, at‘the final choice poiﬁts; in the same direction
wihich they had been forced to.furn in in-their trip up the maze, This
turn directlon preference conspitutes a large change in turning b;hav10ur
from thét which tbe same flies displayed at the initial choice point,
and the factors whicﬁ caused‘this’change‘must have taken effect after
the flies had passed through the initial choice point,.gince the sim-

ilarityibf tehaviour of fliésiat the initial choice point in both maze

status conditions indicates that the flies behave the‘same as they enter

the maze regardless of its status,

1

The questionsvwhicﬁ arise from these conclusions concé}n the possible
reasons why the flies behaved differéntly in the status B maze at éhq t
final' cholice points than.they behaved at the initial choice _point or at

the status A maze final choice points. .Specifically, what factors present

. . . . B T et T 1T
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I11) Conclusions ~ the interﬁretations of the results of Experimental
Series I lead to the conclusion that the Canton S flies behave differently
when fun in a status B maze than they do when they are run in a status A
maze, duc to on alterstion in their turning behaviour vwhich must occur at
soie point past the initial choice point during their trip up tkhe naze.

Canton 8 flies whicr are run in any status maze have the same turning
behaviour at the‘initial choice point, with no significant preference
shovn for turniné in one direction (left or right) over the other,

In the status A maze, the {lies continue to show this type of turning
behaviour at the final choice points, thus the status A maze conditions
do not alter their behaviour during the course of the run, and thf forced
turns have no effect upon the flies as they pass through to alter the
turn direction choice behaviour of the flies at the final choice points,

In the status B maze the flies show'a definite and significant vref-
erence for turning, at the final choice points, in the same direction
wnich they had been forced to turn in in-their trip up the msze, This
turn direction preference conspitutes a large change in turning béhaviour
from that which the same flies displayed at the initial choice point,
and the factors whicﬁ caused‘this change must have taken effect after
the flies had passed througih the initial choice point, since the sim-
ilarity‘bf tehaviour of fli®s =t the initial choice point in both maze
status conditions indicatcs that the flies behave the same as they enter
the maze regardless of its status.

The questions which arise from these conclusions concefn ?he possible
reasons why the flies bgha&e@ differently in the status B maze at the
Tinal cholice points thaﬂ they behaved at ths initial choice point or at

the status A maze final choice points., Specifically, what factors present
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1imits which could have been occurring here, does not affect the flies
behaviour, although presumably a minizum amount is reauired before an
effect is noted;

This may account for some of the aberrant runs {mentioned in the
Treatment of Data section of the discussion) found in the status B run
Canton S'strain data, psrticularily those in the run class CS I-B(1)
which showed a status A maze run type distribution, which may have
occurred due to the previous group of flies leaving too litcle trace
substance in the maze to affect the behaviour of those run later.

The effects of possible trace substances on the behaviour of Canton 3
strain flies in the maze were investigated in Zxperinental Series III,
The first possibility exploried was that the presence of traces at the
final choice point was affecting the behaviour of status B maze run flies,
The results for the status C maze runs show that there was no such effect,
since the flies retained the Status 3 maze type behaviour even when the
final choice point was tﬁoroughly cleaned, This result was to ve expected,
since the behaviour observed at the initial choice turn was the same in
both status A snd status B maze runs, hence the poteniial presence of
any trace substances did not affect turning benaviour at this peint, so
there was little reason to expect them torbe rosponsible for thne different
behaviour observed 2t the finul choice points,

From the facts which have emerged “so far, it appears certoin that, if
some type of turning behaviour modification due to the effects of chem-
ical traces is occurf&ng in the Canton 3 {flies run under Status B maze
conditions, theh this modification must be occurring ip the maze path,

between the initial ;nd iinal choice pointé. The hypotheéis to be tested

here is one which predicts that a -chemical trace pathway is set up in the

\
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maze vath by the flies run in the status A maze which alters the behaviour
of the flies in subsequent runs in the now status B maze, Specifically,
there is more trace substance left in the moin maze path (bypassing
the blind alleys - see Figs 4), and the flies use this trace pathway as
2 cue to allow them to discriminate between the possible alternates
{turn directions lgft or right) at each turn point, eventually learning
the turn sequence which allows them to continue up the maze,
The f{ormation of this hypothesis was zulided by three considerations:

1) the observation (as noted in Ceneral Observations page 30) that
the flies enter the upper blind alleys less frequently when run in a
stetus 3 maze compared to when they are run in a status A maze, hence
they t:nd to stzy in the main path, especially once they have passed the
first two turn points, This indicates that the turning behaviour which
they show at the final choice points is established earlier in the maze
ascent, possibly due to discrimination learning which has led to pro-
prioceptive control, a concept whicn will be discussed later, b

ii) the observed difference in the degree of variability of the
results from the Status A versus the status B maze runs for the Capton S
strain., The average standard deviation (using the standard deviation as
listed in the data cables-and averaging over LL/TF to RR/TF) for run class
CS I - A is 0,046 while that for classes C5 I - B(1l to 4) is 0,078,
with thne average standard deviution being consistently higker for the
status B first run classé;/(ranging from 0,069 to 0.032) than the status
A first run class, .S5ince the deviation due to individual differences in
behavibur would be expected to be about the same for both class types
there may be some other factor at work which is contributing to the in-

creased variability of tle flies' behaviour, and this factor may also be

- e —— [
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the one which is causing the previously noted differences in turning
behaviour of flies run under status B maze conditions., If this factor

is indeed some form of cheaical trace, then the observed increase in
variapility in the presence of this trace substance in the status B maze
may be due tc individuel variabiiity in the behaviour of flies in response
to it, and/or variability in the amount and pattern of distribution of

the trace in the maze,

Sinc~ the variability of individual responses, wnhile potentially @ery
interesting, was beyond tne scope of this study; and since the behaviour
of the flies in the status B maze was not observed to vary significantly
from the €5 I - 3(1) run class to the €S I - B(4) run class, the latzer
of whic.i presumably had progressively higher amounts of trace subs;ances
present in the maze, the effects of possible changes in the pattern of
distribution of trcbe substances were chos;n for furtnher experimental
testing, as opposed to tun: effects of tie overall amounts of such sub-
staﬁces present in tile nmeze, The experimental tests done were guided by
thé following consideration,

iii)since the turn choice behaviour of the Canton S flies run under
status A maze conditions was ound to be the same at tae initial and '
final choice points, «nd they showed an eqbal probability of turning
either left or rignt at trese points, then it 1s reasonable to assume
that toey behaved in a siasilor manner at cach turn choice point they
encountered in tic maze vath., This being the case, then while ascending
the status A maze, each fly had a probability of 3 of turning into any
particular blind alley, but whether it turned into zny blind alleys or

not, each fly which completced the maze had to follow the entire main

path (Fig. 4), thus on the average all flies whic.: completed the maze

#
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traversed the main path, while half of them went into each blind czlley,
If we assume that the amount of trcce substance left .in any part of the
maze is proportional to the nuaber of flies which passed through it,
then on the &verage there will be twice as much trace left ia the main
path cs compared to the amount left in each blind alley, thus in sub-
sequent status 3 nmaze runs, tre maze path may be marked out as an 0l-
factory highway, clong which it would be possible to discriminate left
irom risnt at eack turn point using olfactory cues, )

Since the actual distribution of traces in the maze pctn would vary
from run to run due to the observed variation in the stat;s_A maze run
flies' behaviour, tais may be the reason for the increase in the varianée

obszerved in the status 3 run results, if the trace distribution in the

mzze path had a svecific effect upon the flies' behaviour,

In order to test whether the flies could actually have been using a

.

trace p%tnway in the status B maze, experiments were done Qith the
status D {page 42) and status E (poge 44) naze conditions, The‘status D
maze was prepared~in a manner vwhic¢a ensured the approimately equal
passage of flies through eacn part of t.e maze prior to the experimental‘
run, thus there would have been no differential distribution of trace

substances in the maze path, as was hypothesized to exist prior to the

status B maze runs,
\

-

The resuits for tue status D maze runs show that the Canton 3 strain
flies behave similarily under these and status A maze conditions, with
no change in turn choice begaviour occurring'bepweeﬁgthe initial and final
choice points., This fact indicates that the mere pggsence of trace sub-

stances in tane maze is not sufficient to alter turning behaviour in the

~




flies, implying that the distribution of these substances is the crit-

ical determinant of the behaviour change observed for flies run under

status B maze conditions,

The final experimental test of this hypothesis was done with the status

E maze runs. The status E maze was prepared the same as a status D maze
and then "the blind alleys were cleaned out (washed) in an an attempt
t0 re-create the hynothet¢cal status B maze trace pathway, wltn less

trace substance in the blind alleys than in the main path., The results

"for tne status E maze runs show a difference in turning behéviOur

at the final choice point from that seen at the initial choice point.

‘The change in turning behaviour, whkile not idéﬁ%ical to fhat observed

for status B mazé run flies, (page 45) is nevertheless of the same tyre,
wits the flies showing a ¢lear and significént preference f&r coﬁtinued.
turning %g the directiQn of the forced turns; at the final choice points,
The difference in the results for;the status B énd statusAE~maze runs
may ,be due to the&fact,that thé statusAﬁ maze runs were done under.con-
ditions which were not identical to the status B maze"cqnditions, since
for the status E 1maze runs there was far ieéé trace substance left in
the blind alleys compared to the main piih,-with all of the trace in °
tne blind alleys being on the rface plat; suéface, which wag not éleaned.

The difference in trace substence distribution between the blind alleys

and the main path would have been less in the status B naze, and the

mvtraca would have been distributed zore evehly over all of'the inner maze

path surfaces of tne blind alleybm The act of cleaning the blind alleyq
may also have dlsrupted the raze QOndithns to some degree, altnrlng

slxghtly tne béhav1our ‘of the flies rTun throush it in a unexpected’

fashion. - R , S : e

PRt
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From the preceding discussion of fhe behaviour of the Canton S flies

_ under various conditions in the maze, the conclusion emerges that, in
order‘for the flies to change their turn choice behaviour from a type in
which they have an equal probability of turning left Sr right to one in
which they shbw a preference for turning in the éirection of the forced
turns which th;y have passed through on their way up the maze, they nust
be presented with a maze which contains traces left by flies run pre-
viously in the naze, and these tracés must be distributed éuch that there
is a different amount in the main path compared to the blind alieys, such
that tie two may be olfactorily distinguished,

The Canton 5 flies run in a status B maze were observed to move more
frequently in the main path of the maze than in any other part (the blind
alleys). This indicates that the distribution of traces in tais path
was affecting their behzviour. Experiments in which attemots were maée
to influence the flies' behaviour with a water soluble extract gave no
p£ogress, hence the exact nature of these trace substances remains un-
knowm, although with both male and female flies present in each run, a
likely candidate Y?uld be gone type’'or types of sex pheromone.

There are two simple hypotheses which could be used to expiain the

behaviour observed for the Canton 5 strain flies run in status B naze

o ' B
i) the flies move up the maze poth and learn to use the differential

conditions: - N -

trace substance distribution as ancpé to discriminate between left cnd
‘right, 2llowing thom to associate these dirgctions with blind alleys and

the main path, and éyentually,they learn which directicn to turn at each

,,,,,
»

tupn point to continue up the maze, with subsequent choices being oriented

by the,olfacory cues previously mentioned. After the flies have followed
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the "c¢orrect'" turn sequence thkus lcarned, their behaviour shifts from
sensory, or extoroceptife, control to proprioceptive control, witn the
turning pattern being followed automatically; this explains the persistenc
of the estsblisned turning pattern at tne final choice points{ since by
the tiwe the flies nave reacred these points, most of them are following
this established sequence automatically, (ref, Mackintosh 1974, pg. 554)
ii) the flies follow the trace éath, due to the attractant nature
of the traces, with no sctual discrimination learning occurring, just
chemotcxis, By following the chemically marked ofit main path in tais
fashion, the flies may still have switched to proprioceptive cont;ol
at the final choice point and thus they continued to follow the turn
sequence established in the main path, This would produce results which
may sppear to indicate learning but are in fact due to pseudolearning,

similar to that observed ‘in lower organisms by Jensen (1954).

The resolution of the question of which, if either, of these hypo-
theses applie; to the experiments of this thesis will require further
experimentation, in whicn the &istribution of trace substances within
the maze will have to bevaried to see if chemotaxis is affecting the flies!
behaviour, and this éype of experimentation will be better éccOmplished

once the actual substsnces involved are isolated,

The experimeats with tzae black strain flies (Expt, Series II) indicate
that the status B maze behaviour observed for the Canton S flies has a
genetic besis which is variable between different gtrains, sfgce the
mutant black strain has zn entirely diffeeent stotus B méze behaviour

pattern, with no sinificant turn direction pre¥erence shown at the Zinal T

choice point, leither sirain shows any turn direction preference in
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the maze at the initial choice point nor at the status A maze final
choice point, thus the only strain difference in maze behaviour occurs
under status B maze conditions.

It appears, from the data and general observotions (page 30) that
the black strain flies do not follow the mein path prefarentially in the
status 3 maze. A reason for this may‘be hinted at by tne observed
reluctance of the black strsin flies to even enter a maze which has been
previously occupied by flies of the same strain., (the mean number of
flies completing eaci run dropped from 71.4 for status A maze runs to
56,4 for status B(2) maze runs, while most status B(3) runs attempted
gave fewer than 30 flies completing the maze - page 33) This fact being
known, we can see that the black strain flies might not be expected to
show discrimination or pseudolearaing due to chemotaxis in the status
B maze, since the chemical traces left therein are unattractive to them
and they may have been avoiding the main path, Another possibility ‘is

tnat tue black flies. a cepable of using the olfactory cues in discr-

> in the stat B nmaze,

imination learni
Thus the observed strain differences in behaviour between the Canton S

and black strain flies in the status B méze may be due to differing re-

sponses to traces left in the maze, differiﬁg aiscriminétion learning

ability, or other behavioural differcsces which are not immediately -

discernable, The observed similarity of the behaviour of tne two strains

under tre statﬁs A maze conditioqs would‘tend to rule out such factors

as naze activitj and preparation artifacts as being responsibig for the .

" behavioural differénces-dbserved between- the strains, This similarity

in status A maze conditions also indicates %hat, for neither strain does

discrimination learning using solely visual cues occur in the experimental
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gystem used here,
This eliminatiou of the possiblity of discrimination learning using
visual cues occurring for either strcsin in the maze used in these ex-

veriments is important when comparisons to previous learning experinments

. are made, particularily to those of Hay (1975), a discussion of which

follows, As far as the experiments described in tihig thesis are con-
cerned, the only type of learning whicn can be possibly said to have

£ ,
occurred is discrimination learning using olfactory and possibly visual

cues, with tno visual cues being insufficient by themselves to facilitate

learning in the maze used.
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IV) Comparisons to Previous Work

a) ﬁay's Uxperiments: as Qentioned in the Introduction and else-
where in this thesis, the experiments éescribed herein are loosely
based upon‘those of D, A, Hay (1975). There are, however, several
important differences, as follows: ) .

i) the strains used are different in both cases, with Hay using

locally caught Australian strains, thus, although the flies used were
the same.age and were run in large groups of males and females togetner
(200 flies/group in Kay's experiments) in both cases, strain differences
in behaviour are certain to be~observed within and between exveriments.

ii) the maze used by Hay had a complex internal geometry, wi flies
taking as long as 45 minutes to move through one intersection, and the
maze was mounted horizontally, with positive phototaxis towards a light
mounted near thé collection tubes being the only stimulus to flies
moving slowly thkrough the maze,

iii) Hay allowed 24 hours for eac.a group of flies to move throuéh the
maze, as opposed to 5 rinutes in the experiments of this thesis.

iv) Hay's maze had 6 forced turns with no blind alleys,

Hay observed a great deal of étrain difference in maze bbhaviour in
his expveriments, and for several struins he obtained distritutions of
flies at tue collzction v%als which had similar patterns to tirat observed
for the Canton § strain status B ma?e runs -in this thesis, Hay con-
cluded that this distribution of'fiies f;vouring the outer collection
vials "indicatqs that when presenicd with a chQice,.flies are nore
1ikeiy to continue thze seaquence or %urns they weée‘fOrgfd to gdopt for
the previous six turns, That is, they,leafn that this sequence of turns

enables them to proceed tarough the maze towards t.e li-ut, which
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presumably also acts as sn orientation cue in their turning."

The associative learning hypothesized by Hay, although he does not
name it precisely as such, is of the discrimination learning type, with
the positive reinforcement for turning in the direction of the forced
turn being continued progress up tre maze, which allow; the flies to
respond to their taxic tendency to move towards the licht. The flies
explore the junctions as they move through the maze, eventually assoc-
iating visusl cues present at each turn point with a particuler turn
sequence which 2llows them to progress through the maze, and they con-
tinue to follow this sequence at the final choice point,.

This conclusion was ar.ued against by Bicker and Svatz (1976) wﬁo
pointed out that similar collection vial distributions were obtained
with a single forced turn maze for flies run in the light or dark, eOn-
ditions under which associative learning of the type observed by Hay
wopld not occur. Unfortunately, Bicker and 5patz used only one strain

of Drosophila melznogaster , hence their results may be peculiar to

this strain, as Hay -points out in his rebuttal (Hay 1976).

Nevertheless, Bicker and Spatz point out that what zppears at first
to be 1earﬂins behaviour may actually be "correcting behaviour" of fhe
type noted by Dingle (1965) with various Heteroptera, where the insects,
after being forced to turn in one direction, will proceed to turn in the
opposize direction at the next opportunity, This type of behaviour may
have occurred in iiay's exferiments, for example, flies coming toﬂthe
final choice point in the left hand maze path have just turned to their‘

"right (u;e Fige & and imagine the maze lying horizontally), hence they
migﬁtﬂbe'exﬁected'to turn left at the choice point to coréect for their

. previous turn, .

o L . - y . o - e e e fmm
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This type of explanation, as well as others which hypothesize sim-
ilar results due to stampede effects (Quinn, Harris, Benzer 1974), wall
hugging, and centrifugal swing (Jensen 1959) (Murphey 1965, Walton 1968)
cannot be causing the behaviour Observed for the status B maze run
Canton S flies in the experiments described in this thesis, since in
all cases tne factors involved would have been operating in the status
A naze as well, where-ho deviations in behaviour were observed,

At first glance, the results from the status B maze Canton S strain
runs described in my experiments and tne resulis of Bicker and Spata!
exveriments a»pear to indicate learning behaviour of the type described
by Hay, however Bicker and Spatz' resulis show that Hay's results may be
caused by nseudolearning which is a byproduct of correction behaviour.
The status B maze run Canton S étrain results in my experiments, however,
cennot be explained as pseudolearning in the same nmanner, although
pseudolearning as a result of chemetaxis cennot be ruled out,

If we accept the idea that learning is actually takins place in the

rexperiments described in this thesis, then the results indicate that

trhe Canton S strain flies show discrimination learning only when presented
witn olfactory as well as visual cues in the maze, as opposed to the
strains used by Hay in his experiments, &hich, he assumes, learn using
visual cues ‘alone, My experiments indicate that there may in fact be

more cues nresent in the maze than Hay and other wmaze workers suspect,

. and these cues may“alsg.be affecting the behaviour of flies run in their
‘mazes; as we‘éﬁéii'éee in tpe following section which ¢ompares the maze

eyperimen‘~ 6f this thésis with those of other workers,

) ‘o Y [N . g.’
. ;o

b) Coﬁﬁarisons to Haz% Uxperiments with Drosophlla in Ceneral'

,Comoarisons of the experimento of this thesis to any other experinents

L
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with Drosophila in multi-step mozes must be strongly tempered by two
considerations:
i) strain differences in behaviour, &5 we have seen previously,

are abundant and large, hence differing results may be explained on this ,

s

basis,

1i) the behaviour of Drosophila has been observed to vary greatly
under different experimental conditions, A simple taxic behaviour such
&s phototaxis has been found to vary greatly depending upon the app-

g

ratus ugsed to measure it, treatment, and condition of the flies

o

(Benzer 1967, Markow and Scavarda 1977, Hadler 1964b) thus a behaviour
like learning, which presumably involves a hisher level of neural conipl-
exity since it depends upon memory and association, may be expected to
vary as much as or more than taxic behzviour under different ecxperin-

ental conditions.

Given these restrictions, a basic statement can be made concerning
’ (28
comparisons of my experiments with those of Hirsch(1953) and Hadler (1964b
which werc involved with measurimg phototaxis, -and the further experim-

ents of “irsch (1959) ‘measuring geotaxis of D, melpnogaster as well as

wits those previously mentioned (Bicker & 3patz, and Hay). “While the
maze exvneriments of these workers allowed from 12 hours to over 24
hours for each experimental run, my experiments allowed 5 minutes per
run, and thus may be termed "fast' nmaze exneriments,

Tﬁe usec of the fast moze system allowed detectioA of the effects of
trénsit of groups of flies through the maze unon the behaviour of those
following aftérwards (status A vs, status 3 runs). This maze status

specific. behaviour alteration was not tested for in the experiments of

the oth~or workers listed, since they cleaned their mazes before each

’
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run, but status-specific behaviour may still have been occurring in these
experiments, since the first flies through their mazes may have altered
the maze status sufficiently to.affect the behaviour of flies fo;lowing
later in the hours-long exverimental runs., This fact may have signif-
icant bearing upon the interpretations of the results of these '"slow"

maze experiments,

In conlusion, the fast maze t¥ype experiments with D. melanogaster

os described in this tnesis are useful in discovering aspects of behaviour
which are not observable as discrete phenomena in other nmulti-step maze
experiments done with this species, Specifically, the results indicate
that for the potvential learning situation used in these experiments,
olfactory cues are necessary for the Canton S strain flies to either
discriminate between alternatives in the maze path and learn a specific
turn Airection sequence, or show ps;udolearning due to chemotaxis, 1In

general, the results obtained here raise the question of the nature and

possible existance of discrimination learning in Drosophila melanogaster,

and what variables, cxperimental and genetic, affect this behaviour,:

v
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