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ABSTRACT 

Visua~ a studied, for the first time, in the bottlenose 

, ' 

Two methods were used, one involving a dolphin, Tursia truncatus. 

series of black squares of graded sizes (Experime~t 1), the other using 

gratings of parallel' lines of different widths (Experirnent 2). The 

brightness variable introduced by the first set lOf cues' did not app'~ 
" 

to disturb the correlation of response with visual angle. 
~~ 

Thresholas 

were obtained at l, 2 and 3 me·tres in water and air in Expertment L~.' 

In water, the threshold decreased with distanc~, the lowest being 6 

1 -

minutes at 3 metres. The reduction o,f threshold might be caused by 

passing the nearpoint of acc~mmodation, or by an impfoved binocular 

_ visual field at greater distances. In air, the thresholds were 

similar for three distances, averaging 33 minutes. Comparative tests 

on a human subject produced a'visual threshold between 48 seconds and 

1.75 minutes in air or with a mask under water, and 12.5 minutes at-

1 metre in water. 
1 

Experirnent 2 g_ave a threshold of 13 minutes' in 

water and 25 minutes in air, for five combined distances between' 1 and 

3 -metres. 
. 

The repults were not considered va1id, however, due to tHe 

haste with which they were collected. The human results obtained by , 

this method were comparable to those in Experiment 1. The 6-minute 

thresho1d ~ned for Tursiops ~Y Exper:ment 1 compi:tres well w..ith the 

c, 5. 5-minute thl'eshold obtained for the California 'sea lion, and the 

6-mi~ute threshold of the Pacific wnitesided dolphin . 
t: • 
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INTRODUCTION 

1. Natural.History of Tursiops truncatus 

The suoject of the study with which this paper is concerned is 

the Atlantic bottlenose dolphin, Tursiops t~uncatus (Montagu, 1821). 

This is a species of small toothed whale, seldom exceeding twelve feet 

in length, of the family Delphinidae, suborder Odontoceti, arder 

Cetacea. It is mos~ commonly found off the east coast of the United 

States, though it has been sighted on both sides of the Atlantic, and 

the genus as a whole is found in alI-the major oceans (Gunter, 1942). 

Schools are seldom sighted in the open ocean, except whan groups 

follow ships out to sea. They t~~d toreÏfil'Iü'i. in shallow coastaltJ 

waters and estuaries. Like most cetaceans the species is gregarious, 

geherally travelling in sehools numbering from a few individuals to a 

hundreq or more. They feed upon a variety of fish species, as 

" deseribed by Cunter (1942). The bottlenose dolphin is a fast and 

agil~ swimmer, sugges~ing well-develaped senses, which makes it a 

good subject for a visual acuity study. 

2. Visual AcuLty: Methods of Study 

Visual acuity ïs defined by Riggs (in Graha~, 1965) as "the 
l' 

capacity ta discrimiQate the fine details of objects in the fi~ld of 

view. It
o 

i& specifled' i~ terms of the ~ininrum dimensy;n ,of sO,me 
, 

critical aspects of ~ tes~'object that a subject can correctly 

identify. " Riggs describes four types of tasks designed ta measure 

. " 

'- [) 
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visual acui ty,: detection, recognition, localization and resolution. 
1 

The fiJ;'s-t three types of task probab ly involve parameters other than 

visual acuity, such as visual sensitivity or central associative 

proc~sses. Thùs tpe fOtirt;,h type of ysk, resolu·tion, is genera lly 

considered ta give the most reliab,le results and is therefore the 
~/ 

most frequently used. 

The resolution task requires a responsé ta a separation between • 
1 

elements of a test pattern . The most acceptable patterns used are 

gratings of parallel lines or checkerboards. Somefimes a,single pair 

of-lines or a pair of dots are used, but these test patterns probably 

1 

require a detection process involving visual sensittvity rather than 

a resolution process. In this task, visual acuity is defined is the 

v 

reciprocal of ~he yisual angle subtended by the distance between two 

elements of a test pattern. The visual angle, or minimqm angular . 

. 
resol.ution ('MR) is the unit in which results are recorded as a rule. 

Two approaches have frequently been Msed for reso1ution tasks. 

One is an involuntary optomotor response used tp test sorne invertebrates 

(Recht ~d Wolf, 1929; Recht and Wald, 1934) and in one case ta compare 
,\ 

visual acuity in a variety of vertebrates (Warkentin, 1937). The 

other is the more common discrimination learnirtg task, in which a 
. 

simultaneous or successive discrimination of two test patterns is 

required. 
'(. 

Generally, a parallel line grating is used against another 

. ,. 
grating of a different orientation or a uniform standard of the same 

~ 

brightness as the test pattern. 

J . 

.' 

•• 
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• 3. Visua.l Studies of Cetacea 
t . ... 

The subject of vision has been re1atively unexplored irl Cetacea 

until recently. There is very little published work on thLs subJect. 

Kellogg and Rice (1966} did s~me work on shape discriminatiôn and 

~ual problem solvi,ng in tbe bottlenos~ dolphin, and 'coneluded that 

shape discrimination was excellent underwater. The observed behaviour 

of the animal duriug discriminations led them to suspect a lack of 

binocular vision in the, animal, and they also discussed the possibility 

of an inabïlity to aêeommoda~e. However, they did no direct work on 

visua 1. aeui ty . 

Spong and White (1969, 1971) did visual aCl:lity.,studies on the 
; 

. . 
killer whale, Arcinus orca, and the Pacifie whitesided dolphin, ----

Lagenorhynchus ob·liguidens. They used a two-way simul taneous 
. . 

discrimination procedure for a resolution task involving a sing le j'air 
.. 

of parallel ~ines, and obtained an MAR of 6.0 minutes for Lagenorhynchus. 

This is roughly comparable to the result obtained for the sea lion, 

Zalophus ca1ifornianus (Schusterman, 1970), ,using the more-accepted 

() paral,lel-line grating. 

More indirect observa'tions on Cetaçean vision have been made by 
.. ,> 

on vision shown 

McBride and Hebb (1948) stresséd the a-pparent depel'ldencè 
, ) . ' ~"\. 

by captive oottlenos~ do1phins. McBride and Krit~ler 

various people. 

(1951) and Essapian (1953) both observed that a dolphin' s eyes are open 

at birth 'and vision appears to be good. Schevi 11 and Lawrence (1956) 

obsèrved a strong dependence on vision for food finding in captive 

• Tursiops • There have also been observations on use of v~sion by a 

/ 
f 

' .. 
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'ca~tive pilot ~hale (Kritzler, 1952) and py the Amazon River dolphin 

(Layne and Caldwell, 1964; . ' , 
Caldwe,ll, 1966). Most authors agree 
-, . 

that there appears to be a good deal of dependance on vision during 

normal, diurn{ll activity. 
J 

, 
4. Echolocation in Cetacea 

• 
Contrasting with t):~,e reports of dependance on J'ision stated 

~bove are the more prolific repor~s on tne use of echo~ocation by 

cetaceans, especlally Tursiops. Kellogg (1953) s'pec~fied three 

criteria for its existence in whales: a) whales must be able to 

hear well and ,in a suitable freque~è'y range for detection of echoes; 

b). ~hey must be able to emit '~ounds of suitable temporal and ' 

frequency patterns; and c) proof mu~t be shawn that they actually 

employ these abilities in a functional manner. 

Schevill and Lawrence (1953) satisfied the first cdtez:ion 

with their audiogram of Tursiops, which showed a hearing range up to 

'120 KC/ sec. Kellogg (1953) recorded click vocalizations in this 

species, having a wide band frequency, ranging up to 120 Kc/sec O~ 

higher. Kellogg demorrstrate~ the use of click emissions under po or 

visibility conditions (1958) and was supported by Norris ('1961) who 

experimented with tpe use of visual and acoustic "blindfolds" in 
\ .; 

" 

) . 

Tursiops. Norri~ (1964) also described various anatlomical adaptations 
\ 

for the transmission and reception of echolôcation signaIs, involving .... 

the bone structure of the skull and the presence o~.a fatty melon on 

the forehead, which he postulated acted as an acou8ti~ lens. , , 

) 
,. 

/ 

-' 
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5. Other Senses in Cetacea 
'. 

';: ,JHe;1ring thus appears to be extrao}"dinari1y useful in at least 
/ ( 

sorne ê~taceàns. The other senses as described by Slijper (1962), 

appear to be rather 1ess weIl develo~e~. Olfaction is totally 

absent, t~e entire system being absent Tn \oothed whales and drastically 

reduced in baleen whales. Gustation has fared no bette!' according to 

past reports on the absence'of taste buds in most cetaceans. ,However, 

it, is possi~le that modified sense organs exist 011 the tongue, or even 

on the_Qody surface, which react to chemical stImuli. , ~ 
However, both 

taste and touch, which is admittedly responded to over most of. the body 
/ ~ 

surface, are contact senses and useflll primarily over short distances . 

V~rteJ;rates, particularly mammals, do not generally depend on 

only: one seMe for their perception of the external world. Most 

-' 
\pecies hav~, selective,IY specialized two or three senses. 

\erbivorous animaIs ar~ inclined to depend on hearing and 

Most 

olfaction, 

whereas predators frequently have excellent vision and hearing. "Most 
, ï 

, 
marine mammals, aside from Sirenia (sea cows) and Mysticetes (baleen 

. 
'whales) ate carnivorous. It is interesting that these mo groups , 

1 

show few .anatornical adaptations for underwater vision, and are considered 

to have'poor'visua1 acuity. Most other marine rnarrnnals show rnuch greater 
\ 

~ . 
ocu1ar adaptations for their amphibious, or tota1ly aquatic, existence. 

The sea otter use's a lens-squeeze acconnnodation device, which is 

probab1y very efficient in both air and water (W~s, 1942), though no 
, 

visua1 acuity studies have been performed on this animal. The sea lion 

has stenopaic vision in air, and the pinholé device appears to al10w 

, \ ________ /0-.' ---

t .. 

, . 
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good visual acuity in air (in good light), while accommodation'of the 

lens by ciliary muscle control occurs underwater. Schusterman (1970) 

tested visual acuity in the Califorbia sea lion, and obtained an MAR 

of 5.5 minutes, bath in air and in water. 

6. Vision in Cetacea 

Among the Cetacea, Odontqcetes (toothed whales) appear to be 
~ 

rather better adapted for underwater vision than Mysticetes (baleen 

whales) • The anatomy of the Odontocete eye, as described by 

Walls (1942), is very similar to thatof a fish. The cornea is small 

and ovoid, thickened at the periphery for greater refraction. The 

eyeball is horizontally ellipsoïdal to extend the horizontal field, 

and f lattened from front to back ta allow a larger visual field without 

increasing the lens-to-retina distance. The 1ens is spherical and has 

-
a refractive index similar ta that of f}sh. However, accommodation is 

accomplished by the use of poWerful ciliary muscles, as in terrestria1 

mammals. A very thick scIera protects the eyebi:tl1 from distortion due 

to sudden changes in pressure in the water. 

Wal1s believed that mysticetes show r~gression due to loss of 

importance of vision for their sluggish, herbivorous mode of 1ife. 

The primary aaaptation is for visual sensitivity, rather than acuity. 

The retina has very long rod receptors which are assumed ta be highly 
... 

light- sensi tive, probably ta optimize use of vision during deep dives. 

Otherwise, the anatomy of the eyes remains more similar to that of 

terrestrial mannnais than that of odontocetes • 
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Wal~s believed that whale eyes were iIl1lIDbile in the socket 

and canted downward, which would make aerial vision awkward, 
, ~ 

However, Slijper (1962) pointed out that èâptive whales have been 
A,. 

observéd to have very mobile eyes. H~ advanced the theory that 

the dorsal part of the retina, which is closer to the lens and 

b~cked by a tepetum, is used for underwater vision, and the ventt::al 

hemisphere is used for aeri;l vision, as it'is iacking a tapetum 

and having a greater 1ens-to-retina distance, This would suggest 

useful vision in both media. , 
Barry Peers (1971) did a' study on the his~ology of the 

retina of Turslops. He also observed the dorsal distribution "of 

the tapetum, but implied no significance to it. He found two 

types of receptors, typical rods and a few cone-1ike receptors. 

These were mostly found in a horizontal area centralis, which 

Peers suggested might function for ori~ntation in ,the three 

dimensional aquatic environment, He concluded that the retina 

seemed to be adapted for light sensitivity, due to the large rod, 

population and considerable surnmation onto ganglion cells, and 
, . 

" 
indicated that vision could be a useful rnodality in this animal. 

7, Summary 

It would thus appear that TursioEs truncatus, as a fast, 

agile, ca~ivorous odontocete, inhabiting shall~, weIl lighted 
1 

waters, anp having an eye weIl adapted for unde~ater vision, should 

be a good subject for visual acuity studies . 

'j 

1 

Although shown to have a 
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sophisticated echolocation syst~m, many observations of this a~irnal's 

~ 4~ 

d~pendence on vision have been made:", and the paucity of formaI 

studîes of visual acuity in Cetacea strongly ~mphasizes the value 

-
of a systematic study of visual acuity in this species . 

. " 

.' 

• .. 
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PRdcEDURE "" 

The procedure employed in this study was a simultaneous 

two-chofce discrimination. The ~visual cues, made to be as 

similar as possible in aIl respects except that qf the test 

parameter, were presented together to the subject, which was 

required to choose between them on the basis of particular, 

systematically varied parameters. The cues were presented in 

an apparatus designed ta screen, the experimenter from the 0 

subject during the experiment. 'IWo experiments were run, each 

using a different type of vi~l cue. 

1. Apparc:tus 

Transparent ple~iglass envelopes were fabricaned to enclose 

the white plexiglass ~ues used in experiment 1. In e~eriment 2, 

the envelopes were rnodified to form frames for the laminated 

" photographs used as cues. The envelopes were attached'to ,a mobile 

. 
bar, which could be adjusted in the vertical plane, allowing the 

envelopes ta be held behind the screen,during the manipulation of 
. 

the cues, or in two test pos~tions just above, and just below the 

water surf ace. The screen and the adjustable bar and envelopes 

formed part A of the apparatus, and is diagrarnmatically represen~ed 

in Figure l; 
.. 

• 

11le SUbjl's position was controlled ?y p~~t B of the apparatus, 

a rnovable, horiz tal bar held by two cross-planks in a position in 

front of and parallel to part A. AttBched ta this bar was a . 

" 



\ 

Figure 1. 

Fiaure 2. 

) 

.. 

1 . 

Apparatu8 - parts A and B. 

,. 

.. 

Re.earch tank • posit1oP of apparatu8, part. 

A aad B. 

,. 
e ' 

• 

D 
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headrest in which the subject placed ,its head at the beginning ~~ , 

each trial. This hCi!l~ a.i~l at a know~, but variable,' 

distance from the cues during each trial. Two paôd les were 

a~tached on either headrest, and tha subject signified 

-its choice of eues 

Site of the 

by touchj.~g the paddle on the side of the chosen 

cue. The entire horizontal bar could be adjusted vertically so 
,1 

" . 
as to position the subject' s head just' above or Just below the 

water surface during trials. It was also adj us table in the 

horizontal plane over a distance of 4 metresl as can be seen in 
. . 

Figur:e 2. The holding tank, diagrannned in Figure 2, was sligl"!tly ~ 

curveèl, measuring 5 metres a t its greatest length, 3 metres in 

width and 1.5 metres in depth. The distances between the subject 

aad apparatus (A) chosen as the most practica'l for testïng purposes 

were between 1 and 3 

The set of cues periment 1 weré made of white 

plexiglass, 15 cm square, with superimposed Squares of black, . 
adhesive vinyl, yarying from 1 ta 10 om sqoare. 

The set of eues ûsed in experiment 2 were laminated 

photographs of a grating of parallel lines, 5.5 cm square, with a 

.. 2 cm wide whi,te border, later replaced by gratings covering the 

,entire photograph 9.5 cm square. The earlier set was produced 
. 

partially from a Paratone sheet No. 236 (56 black lines per inch -
1 

series B). The remainder of the gratings were produced from 

photographs of a handmade pattern of black lines, consisting of 

three-quarter inch ~lack vinyl tape, spaced three-quarters of an 
'" 

, 
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• inch apart on a white cardboard background. The first complete .. 
-series was graded from a density of 0.73 lines/cm to ,41. 7 lines/cm. 

However, this series was used-only to obtain results from a human 

subject unde~ various conditions. The second seri~s of gratingS 

was produèed entirely from a photographie reduction of the 

hand made yattern, ranging from 0.52 lines/cm ta 2.32 lines/cm. . , -

AlI the r~corded results from the dolphin subject were obtained 

using this series. 

2. Experimental Method . , 

Experiments 1 and 2 had certain behaviQur~1 techniques in 

common. In both cases, the desired response of choosing one eue 
... 

as positive was 'shaped' by a t~ial-and-error training method. 

In experiment l a black-white discrimination was first trained, 

keeping white as the positive ehoiee. The white eue was f ir st 

presented albne, and the subject trained to teuch it upon 

presentation. Both blac~ and white cùes were then present~ 

/ simu~taneously, with the subject required to respond only toJwhite. 

When this response was performed reliably, the cues weJe transferred 
, 

to the apparatus, which had not been used before. Direc t con.tac t 

with the cues was still tne requ ired response, but once the animal 

became familiar with the apparatus, the headrest and paddl~s were .. 
introduced, and the subjee~ was taught to maintain position in the .. 
headrest and to transjer its response from the eues to the paddles. 

At the same time, th~ eues for experiment l were introduced and the 

• 
, 
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animal trâined 

blac~ squares. 

to choos~ the smaller of two. sinrultaneously presenfd 

It was hoped that an errorless transfer would occur 

from the black-white discrimination to the large versus small square, 

discrimination, but ~ctually the animal learned the new di,scrimination 
1 

by trial and error, with,little facilLtation of the second response 

.. 
by the first task learned. 

Throughout both experiments, fish was used as a positive 

reinforcement for correct responèes . The only negative reinforcement . , 
used was a 'time out l

; i.e. the apparatus was withdrawn and the 

experimenter walked away from the tank for a'period of one to five 

minutes. This withdrawal was an adequate punishment in most 

cases, and was used mostly when the animal refused to station or 

when ~ appeared to be responding indiscriminately to the eues, 

frequently showing a spatial preference for'left or right instead. 

The dolphin used in these experiments was' fed 7 to 10 kg of 

fish a day, half herring and half smelt. the smelt were used most 

in the trial runs, dUE! to their convenient size.- Up ,to 300 fria ls 

were run a day, with,a division of trials into two sessions, 
... 

separated by a rest period of an hour or more. Experiment 1 was 

executed over a period of eleven months following l'line months of 

preliminary training. Trial sessions were irregular, seldom 

exceeding three days a week. Experiment 2 was completed in three 

months, however, with more regular sessions, generally two a day, 

'{ive days.a week. Pr~liminary training occupied apprcximately 

haif of this period, during which the subject learned to choose 
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a pattern of broad stripes over a, pattern of narrow stripes, too 

fines to be resolved at the distances used. An unsuccessful 

atte,mpt was madE! to 'fade in' this discrimination from 'the large 
,-

versus s~ll square discrimination of expe~iment l, and wes 

eventually abandoned in favour of a trial-and-error appr~'ach. 

In both experiments the order of presentation of cues was 

randomized by the Gellerman (1933) procedu~e, thus minimizing the 

effect of position on the subject's'choice of cues. If the 

animal formed a spatial preference for oné side, a se~ies of trials 

was run with the other side positive 7 until the animal broke its 

response pattern. 

Two techniques for r~cording thresholds were used. In 

" 
experiment l,' a method of descending limits was used, whereby the 

'threshold was obtained by a graduaI reduction of the difference 

betw,een cues from a large and obvious difference (e.g. 10 cm 'squar~ 

versus 1 cm square) to the threshold level. In experiment 2, 

however, time was ,more limited and a tracking technique was used 
\ 

to obtain the threshold, with a swift reduction of differences \) 

between cues to below threshold and then a trac king back and forth 

from just below to just above threshold. 

The dolphin used in both experiments was an adult male, ~ 
1 ... 

named Himself, which had been held in captivity at the Aquarium 

where the experiments were performed, for thr~e years prior ta the 
1 

~eginning of this.study. This animal was trained1as par~ of a 

dolphin show, ·but had been removed from the show due to conflicts 

, .1 

" " 
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• with other animaIs and unpredictability in'his ~n performance. 

He was, however, returned to the show several tirnes during the .... 
course of this study. 

'- , 

, 

() 

, 

) 

• - } 
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RESUIr.TS 

1. General Observations 

The entire project described in this paper occupied a 

... 
period of 23 months. The first nine months were }equired for the 

preliminary training and trodifications of the initial apparat,us, 

which had been modelled after Kellogg and Rice (i966). Due to 

the forced irregularity of· the experimental routine, training 
" 

proceeded slowly, with many interruptions resulting in frequent 

regressions. Just prior to the beginning of recorded sessions 

for experiment 1, Himse lf was removed for use' in the dolphin show 

for a month. This did ,not seriously affect his training, and recorded 

sessions began shortly after .his return. 

The results recorded for experiment 1 were obtained over a 

period of ten ~nths, with a trial schedule genera11y' occupying one 

session a day, threé days a week. Each session might consist of 100 

to 200 trials. The'\irregularity of this routine was unfortunate, as .. 

it almost certainly had a deleterious effect on the animal 's 

conditioning. A further problem was the lack of isolation of the 

e,xperimel1ral tank.' It was connected to other holding tanks 

containing dolVfins, and also to the show basin, which cQntained four 

. 
show animaIs. The routine work of the aquarium frequently interrupted 

trial sessions, and any activity in the other tanks distracted the test 

animal. However, the test dolphin' s attention to the task was 

remarkable in v~ the circumstances, although his performanÇ.e., 

was unpredictable. His attention was definitely more focussed on the 

j 
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, 

apparatus and the discrimination he had to make on some days than 

on others. A more regular routine would probably have permitted 

a better c~ntrol of his belruviour. 

The second experiment was init~fted after a sec.ond wit:hdrawal 

of Himself ta the dolphin show • An attempt was made tq shape'éJ. 

. 
" discrimination ta the cue series A in Table 6, but this was , 

\ 
abandoned in favour of the larger pattern used in socies B, as 

described in the procedure. Preliminary training required two 

months or more, while the final results were over a period of 

approximately three weeks. The routine throughout this experiment 

was far more regular, with two sessions a day, five ta seven days 

a week. At the end, 300 or more trials were being run a day, over 

a per~od of six to eight hours. The animal' s behaviour became far 
o 

more predictable at this time, and was further brought under control 

by frequent 'time outs' of up t.o ten minutes duration. 

One of the "most important external~ parameters wlYich could not 

be brough.t under control was the ambient light level. This was 

provided q:rom three sources, wall lamps, ceiling lamps and several 

large skylights. Most of the trials 'Were conducted between mid-

morning and mid:-afternoon, and the skylight provided most of 'the 

illumination. To measure the variability of ambient illumination 

. " 
under different. weather and daylight conditions, a series of readings 

were taken with a Pentax spotometer. The values were read from a 

9b% Kodak 'transmittance ,card placed in approximately the position of 

the cues for discrimina tian in air . The variation reC~ded was 

~ . 

-v 

'\ 
\ 
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betWeen 300 lux, wA"" lights on in rainy weather, and 3500 lux 
.1 

around noon on a sunny day. Aceording to Pirenne (1948), human 

visual a€uity reaches a plateau when plotted against log, of 

illuminati~~, at 3 trolands, or 225 lux. If dolphin sensitivity 

is not inferior ta human sensitivity, and there is reason to believe 
,c (t.~ 

that it is at least as good (Pèers, 1971), them ambient illumination 

should not be a limiting factor in the visual tests perfarrned under 

.. 
the above lighting conditions. 

2. Exper imen t 1 

The use of squares as the visual eue in experiment 1 ereated 

certain 

there a 

~fficulti~s for the ~~ 

difference in visual ang~ 

of visual aeuity. Not only wa:;r 

between eues, ~but the differenee 

intratio of white to black on eaeh cue would produce a brightness 

differenee as we~l. Ta attempt ta study the effect of,this 
~ 

differenee, these pararneters were calibrated for each of th~ 45 eue 

pairs tested. The three parameters were area difference between 

squares, area ratio of the two squares) and a quantity narned the 

'bright4ss ratio, whi~h was determined by the ratio of areas of 

----", white on th~ two eues. The values of these pararneters for1each 

c8e pair are given in Table 1. The visual angles encountered for 

\ 
the l~near differences between squares at l, 2 and 3 metres are 

given in Table 2. 

The results obtained for experiment 1 are l$unnnarized in Table 3. 
D 

Grapps were, then drawn for given visual angle constants at l, 2 and 3 

metr~s in water and in air (Graphs 1 and 2)., The abscissa consisted 

• 
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Table 1. Parame t,ers for eue pairs in experiment 1. 

*Cue pair Area difference Area ratio Brightness ratio 

--- 10 x 9.8 3.96 1.04 1 .. 032 

10 x 9.7 5.91 1.06 1.047 

9.8 x 9.7 4.95 1. 05 1.015 

10 x 9.5 8.75 1.10 1.078 

10 x 9 19.00 1.24 1.152 

10 x 8.5 27. ,) '-, 1.38 1.222 
, , 

8 x 7.5 7.75 1.14 1.048 

8 x 7 .15.00 1. 32 1.093 

6 x 7.5 20.25 1. 56 1.126 

6 x 7 13.00 1.36 1.074 

6 x 6.5 6.25 1.17 1.033 

6 x 6.3 3.79 1.11 1.020 

6 x 6.2 2.44 1.07 1.~ 

6.3 x 6.2 1.25 L03 1.007 

5 x 6.5 
" 

17 .25 1.69 1.094 

5 x 6 Il.00 1.44 1.058 

5 x 5.5 5.25 1. 21 1.027 

4 x 5.5 24.25 2.52 1.077 

. 4 x 5 9.00 1. 56 1.045 . 
4 x 4.5 4.25 1.27 1.021 

3 x 6 27.00 4.00 1.143 

3 x 5 16.00 2.78 1.080 

3 x 4.5' 11.25 2.25 1.055 

3 x 4 7.00 1.77 1.033 

3 x 3.5 3.25 1.36 1.015 

3 x 3.3 1.89 1. 21 • 1.009 

3 x 3.2 1.24 1.14 1.006 
, , . 

3.3 x 3.2 0.65 1.06 1.002 

• ./);t-

1 
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• Table 1 - eontinued 

,...-_. 
J. *Cue pair Area differenee Area ratio Brightness ratio 

2 x 7 45.00 12.25 1.256 

2 x 6.5 38.25 10.56 1.209 

2 x 5 21. 00 8.25 1.105 

2 x 4.5 1'6.25 5.06 1.077 

2 x 4 12.00 4.00 1.057 

2 x' 3.5 8.25 3.06 1.038 

2 x 3 5.00 2.25 1.023 

2 x 2.5 2.25 1. 56 '1. 010 

1 x 7 48.00 49.00 1. 273 

1 x 6.5 41. 25 42.25 1.226 
\ 1 x 6 35.00 36.00 1.185 . 

1 x 5.5 29.25 30.25 1.150 

1 x 5 24.00 25.00 1.120 . 
l'x 4.5 19.25 20.25 1.094 

1 x 4 15.00 16.00 1.077 

1 x 3.5 11. 25 12.27 1.053 

1 x ,3 8.00 9.00 1.037 ~ 

1 x 2.5 5.25 6.25 1. Ou. 
1 x 2 3.00 4.00 1.014 

1 x 1.5 1. 25 2.25 1.006 

1 x- 1.3 0.69 1.61 1.004 

1 x 1.2 0.44~ 1.44 1.002 

1.2 x 1.3 0.25 1.17 1.002 

.. 
J 

*Note: Ji.. eue pair is symbolized by the size of the squares -

e.g. 10 x 9.8 refers ta a 10 cm square paired with a 9.8 cm 
square • • 
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• d~rences Table 2; Visua1 angles subtended by 1inear bet;ween 

black squares of çue pairs (experiment 1). 

Visua1 angle (degre~s minutes)* 
Linear 
difference (cm) 1 metre, 2 metres 3 metre'5 

.7.0 4° 1 2° 0.5 1° 20 

6.5 3° 43 1° 51.5 1° 14.5 
d" , 

6.0 )"0 26 1° 43 1° 8.5 

5.5 3° 9 1° 34.5 1° 3.0 

5.0 2° 52 1° 26 57. S' 

4.5 2° 34.5 1° 17.5 51.5 

4.0 2° 17.5 _ 1 ° 8.5 45.5 

3.5 2° 0.5 1° 0.0 40.5 

3.0 1° 43 51.5 34.5 

2.5 1° 26 43 28.5 

-
2.0 1° 8.5.-, )4·,) 23 ' 

, " 
....... - 1 

1.5 51.5 25.5 17.5. 

1.0 \ 34.5 17.5 11. 5 

0.5 17.5 8.5 ~ 

0.3 10.5 5.0 3.,5 

0.2 7.0 3.5 2.5 
; 

0.1 3.5 1.5 1.0 

*Approximated to the nearest half-minutes • 

• 
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Table 3. Percentar,e correct response for cue pairs used in 

experiment 1. 

/ 
Water_ Air 

Cue pair 

" ( 
1 m. 2 m 3 In 1 m 2 In 3 m . 

10 x 9.8 46 54 50 
" 

50 50 . 
10 x 9.7 , 59 63 54 50 52 53 

·10 x 9.5 69- 65 68 57 53 57 

10"x 9 76 85 81 65 70 70 

10 x 8.5 74 83 86 

8 x 7.5 68 71 72 63 59 50 

8 x 7 93 90 c' 82 ,71 70 68 

6 x 7.5 90 88 88 

6 x 7 80 88 81 75 72 59 

6 x 6.5, 70' 79 70 61 59 50 

6 x 6.3 58 61 54 ti 
6 x 6.2 55 56 54 

5 x 6.5 - 75 69 

5 x 6 82 93 91 76 68 56 

5 x 5.5 74 76 74 55 57 52 

4 x 5.5 100 85 69 

4 x 5 82 88. 98 83 68 62 

4 x 4.5 71 80 70 63 56 50 

3 x 5 100 100 100 93 86 73 

3 x 4.5 100 100 100 "82 72 55 

3 x !+ 80 87 96 76 60 59 

j'ex 3.5 75 72 80 63 58 56 

3 x. 3.3 " 58 62 58 
" 3 x 3.2 '50 54 61 

2 x 7 90 .. 

Z x 6.5 i. 90 • 
" 

, - " ,-

-. . ' 
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Table 3 - continued 

Water Air 
eue pair 

1 m 2 ID 3 m 1 ID 2 m 3 m 

2 x 5 Q 80 

2 x 4.5 100 100 100 ' 80 74 

2 x 4 96 100 100 87 76 64 

2 x 3.5 80 57 55 

2 x 3 80 88 90 14 58 .!. 

2 x 2.5 66 74 66 60 58 

1 x 7 98 

1 x 6.5 89 

1 x 6 85 " 

• 1 x 5.5 85 

1 x 5 100 97 83 

1 x 4.5 95 67 

1 x 4 91 100 100 100 85 71 
\> 

1 x 3.5 100 100 100 88 84 65 

1 x 3 75 90 50 56 

l x,. 2.5 -75 ' 98 85 74 58 ' 54 

1 x 2 66' 76 62 61 56 59 

1 x 1.5 50 66 53 59 54 54 

1 x 1.3 54 61 48 

1 x 1.2 52 54 

Note: The percentage values shawn in the above table were based on 
" 

varying numbers of trials, from as few as 20-50 wheie the response 
, 

was consistent to 200 trials where the response ,showed much variability. 

The actual resu1ts of the separate trial runs with these eue pairs are 

presented in Appendix A, of which Table, ~i8 a summary. 

., 

.. 
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Graph 1. 

, 

'1 
r 

, . 

,. 

P~rcentage of cotrect_responses versus eue size 

for given visual angles in water. 

a. 1 metre; b . 2 metres; c. '3 metres. 

Experiment ,1. 

" 
•• 
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Graph 2. 

" 

Percentage of correct responses ver sus cue size 

for given visual angles in air. 

a. 1 metre; b. 2 metres; c. 3 metres. 

Experiment 1. 

.. • 

c 

~ • 
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. . 
of the absolute size of the smaller of the two squares in a pair 

(1 to 9 cm squares). The ordinate was the percentage correct 

response, as 'in a Il the "graphs. 
• 
As can be se en by looking oat g~s 

1 and 2, the result is a straight line fo~ each visual angler-. 
constant, dropping off below â particular absolute size le~el. . , In .. 
water this size was between land 2 cm squares, but in air the leve-l 

was higher at 2 and 3 metres~ and the overall resp~e percentage 
~ 

was lower than for water. The irregularity of the upper lines in 

Graph lc is surprising in view of the general regularity of the other 

lines, and will be discussed later. T-tests performed between l cm 

values and their lines were significant at the 5% level, as were the 

two levels~f values in ic for 11.5 minutes. 

Graphs 3 and 4 were based on the same set of results from 

experiment 1. In this case the abscissa is vis~al angle and given 

A 

brightness ratio constants were used. It is immediately obvious 
1 

that there is a systémat~c variation of response with visual angle 

that is unaffected by brightness rqtio. The values for 1 cm square 

were omitted in these graphs, due to their systematic variance from 

the other values i~ Graphs land 2. Multiple regression analysis 

produced a highly significant (at 1% level) straight line fit of 

aIl the lines except 3a. However, it can be seen that the values 

at 1 metre in both water and air aplfar to be slightly c.urvilin~ar, 

which suggests the imposition of another variable on ~e response 

pattern. 
, -

e 
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Graph 3. percentage correct response versus visual 

angle for given brightness ratio - water. 

8. 1 metre; b. 2 metreSj c. 3 metres., 

'. Experiment 1. 

" /) 

.' 

• 
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3. Experirnent 2 

In experirnent 2, the brightness difference was supposed ta 

be elirninated by use of gratings of black and white paraI leI lines 

of equal width and nurnber. Unfortunately, it was impossible 'ta 

totally remove brightness differences with the photographic 

techniques used ta produce the cues. The differences were small, 

however, and were controlled for by the use of duplicate sets of 

cues. A grating of 2.32 lines/cm could not be discrirninated by 

the subject against 'a uniform standard of the sarne approxima te 

brightness, after training, so this grating was used as the standard 

during actual testing. The larger grids were positivelY,reinforced 

for the subject. The visual 

five test distances are given 

angles for( each 
~ 

in Table t. 
t 

of the grÏds at the 

The summarized results for experirnent 2 are given in Table 5. 

Linear regression analysis showed no significant differences between 

~ . 
the values for each of the five test distances, sa one line was 

fitted for aIl five distances by linear regression, and was found 

ta be significant at the 5% level. It is probable that the 

limited time allowed for final tests in experiment 2 led ta a ... 
recording of results before the animal's response was fully shaped. 

This might have affected the quality of the results to the extent 

of masking distance differénces. 
<1 

~. Obtained Thresholds 

Thresholds are usually taken at the 75% level of response in 



• Table 4. 

eue 

5* 

6 

7 

)8 

9 

10 

11 

12 

13 
,--

15 
-,-

17 

20 

22 

*Numbers 

31 

V'isual angle subtended by one uni~:;ne of'êûe pattern 

(B). Experiment 2. 

Visual Angle (Minutes) 

1 m 1.5m 2 m 2.5 m 3 m 

38 - 25 19 15 12.5 
. 

30.5 20 15.5 12.5 10 

26 17 13 10 8.5 

22 15 11. 5 9 7.5 

20 13.5 - 10 8 6.5 

17.5 12 9.5 7 6 

16 11 f 8 6 5 

15 10 7.5 6 5 
\ . 

1.).5 9 7 5 4.5 

11 8' 6 4.5 4 

10 7 5 4 3.5 

8.5 5.5 4.5 3.5 3 

8 05 4 3 2.5 
' . 

... , .. ., 

refer ta number of black lines on the 9.5 cm x 9.5 cm square. 
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Table 5. Percentage correct response for paxtern discrimination 

in Experiment 2. 

eue Water 

l m 1.5m 2 m 2.5 m 3 m 

5 J 95 82 67 

6 95 68 76 

7 80 70 62 66 

8 88 70 ,67 64 

9 63, to 65 59 

10 90 77 66 61 50 

11 80 64 63 

12 80 66 46 

13 80 -66 

15 81 56 

17 67 

20 53 /' 
Air.' 

.\ 
5 90 67 73 65 67 

6 75 . 71 70 65 61 

7 ' 72 83 65 67 56 

8 73 73 67 50 

9 66 70 59 , 
0 

10 66 63 48, 

11 73 56 . 

12 63 '45 

13" 51 
; 

15 

17 

20 • -

Note: The results 
.. 

of the separate trial runs, which are summarised .-' 
~ 

in this table, are presenteq. in Appendix B. 
"\ ~, 

~ 

• Ii. 

~ 

• 
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• visual acuity studies. At this level, the threshold obtained in 
" 

experiments 1 and 2 for the dolphin were as follows: ,. 
,....-' 

Table 6. Thresholds fol;' dolphin visual acuity -,75% criterion". . 
Experiment 1. Water Air 

1 m 25' 34' 

2 m 8' "- 31' 

3 m 6' 34' 

Experiment 2. Water Air • 

1-3 m 13' 25' 

5. Results for Ruman Subject 

A brief replication of both experiments 1 and 2 was done 

with a human subject who had 20-20 vision. The same set of eues 

was used for experiment l, but the series A eues, which were 

replaced in experiment 2 by series B for the dolphin stuèly, were 

used in experiment 2 for t~e human study. The series A eues 

showed greater br~ghtness differenees than series B, and these 
r • 

were measured undér eontrolled light conditions with a Pentax 

spotometer. The readings are given in Table 7, together with the 

equivalent lux'values. 'The greatest differenees were between the 

eues produced with the Paratone sheet (67-ll5)and the lighter eues 

produeed with the hand-made grid (4-55). This differenees was 

eliminated in series B • 

• 
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Table 7. 

eue 

\ 

4* 

5 
\ 

6 

7 

8 

9 

10 

Il 

9 

22 

23 

30 

35 

40 

49 

55 

67 

73 

79 

96 

97 

115 

" 

35 

.. 
Ref1ected brightness and visua1 angles subtended by one 

unit 1ine of eue patterns (A) - human study. 

Ref1ected Brightness Visua1 Angle (min. , sec.) 

Spotometer Lux 
reading 1 m 2 m 3 m 4 m 

8.2 11.1 27.0 13.5 9.5 6.8 

8.1 11.1 21.0 10.5 7.0 5.3 

8.25 11.1 17.5 9.0 6.0 4.5 

8.1 11.1 14.5 7.5 4.5 3.8 

8.1 11.1 12.5 6.5 4.0 3.3 

7.9 10.9 11.0 5.5 3.5 2.8 

8.0 \ 11.0 9.5 4.8 3.0 2,.4 

8.0 11.0 8.8 4.3 3.0 2.2 

7.9' 10.9 7.8 4.0 2.6 .z.0 

8.0 11.0 7.2 3.5 2.4 1.8 

7.95 11.0 7.0 3.3 2.2 1.7 

7.92 10.9 5.8 3.0 2.0 1.5 

7.92 10.9 5.0 2.5 1.5 1.3 

8.2 11.1 4.2 2.2 , 1.5 1.1 

7.9 10.9 4.0 2.0 1.2 1.0 

7.95 11.0 3.0 1.5 1.0 45" 

8.4 - 11.2 2.5 1.3 1.0 39" 
1 

7.84 1p.9 2.3 1.2 46" 36 " . 
7.82 10.9 2.0 56" 37" 28" 

7.84 10.9 1.7 50" 34" 25" 

7.42 1Q.6 1.3 41" 28" 20" 

7.38 10.6 1.3 38" 26" 19" 

7~40 10.6 1.2 35" 24" 17" 

7.42 10.6 1.1 34" 23" 17 " 

7.32 1O~5 1.0, 28" 19" 14" 

7.60 10.7 48" 24" 16" 12" 

c 

~" 

*Numbers refer to number of black lines on the 5.5 cm x 5.5 cm square. 
/ 

J 
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The differences in brightness did not affect ,the resa1ts in 

the human study, becau~e a single cue discrimination was required 

for experiment 2, the subject simp1y identifying which cues he 

cou1d res?lve into a pattern. The visual angles of the cues in 

series A at 1, ,2, 3 and 4 metres are given in Table 7. 

The result~ of bath experiments are recorded in Table 8. 

An abbreviated number of results were recorded f~r tests in water, 

with and without a ma§k, and in air. The conditions were otherwise 

the same as in the do1phin study. For experiment l, it can pe seen 

that in air, or with a mask in water, the subject approaéhed 

threshold at about 1.0', being able ta discriminate 48" at sorne 

sizes buf not at others. Without a mask, the subject appear~ ta 

be responding in part ta absolute size, as the dolphin did, and in 

part perhaps ta visual angle. His best discrimination was 8.5' at 

2 metres. 

The results for experiment 2 tend 'ta support the resu1ts for 

experiment 1. In water without a mask the subject was able ta 

d,iscriminate a 12.5' angle at 1 metre, as opposed to 17.5' at 1 metre 

in experiment 1. With a mask in water, or in air, the threshold at 

1 to 3 metres varied between 46" and 64": 
/ 

A further set of resu1ts 

obtained in an artificia11y 1ighted corridor were slight1y lower, 
., 

between 42" and 48" at 1 to 4 rnetres. This is similar ta other 

peop1e's results for human visua1 acuity (e.g. Johnson, 1914; 

Weinstein, 1940), which is generally accepted as ranging between 

30" and 60" • 
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Table 8. Xisual acuity of human subject, showing threshold 

responses at different distances. 

A. Experiment 1. 

: 1 m 2 m 3 m 4 m 

Conditions Cue pair Vis. ange Cue pair Vis. ange Cue pair Vis. ang. Cue pair Vis. ange 

Water without 1 x 1.5 17.5' '1 x 5.5 1°17.5' 1 x 6 57.5' , 

mas,k. 3 x 3.5 17.5' 3 x 4 17.5 ' 3 x 6 34.5' could not see 

6 x 6.5 17.5' 6 x 6.5 "8.5' 6 x 7 11.5' eues 

10 x 9.5 17.5' 10 ?5 8.5' , 10 x 9 Il. 5' 

Wa,ter with 1.2 x 1.3 3.5' I 1.2 x 1.3 1.5 ' 1.2 x 1.3 1.0 ' 1.2 x 1.3 -48" 

3.5' 3.2 x 3.3 l..5 ' 3.2 x 3.-3 1.0 ' 
-

48" mask. 3.2 x 3.3 3.2 x 3.3 

6.2 x 6.3 .3.5' . 6.2 x 6.3 1.5 ' 6.2 x 6.3 1.0 ' 6.2 x 6 1. 75' - 9.7 x 9.8 3.5' 9.8 x 10 3.5' 9.7 x 9.8 .; 1.0' 9.7 x 9.8 48" 

Air 1.2 x 1.3 3.5' 1.2 x 1.3 1.5 ' 1.2 x 1.3 . 1.0' 1.2 x 1.3 48" 

3.2 x 3.3 3.5' 3.2 x 3.3 1.5 '. 3.2 x 3.3 1.0 ' 3.2 x 3.3 48" . , 
6.2 x 6.3 3.5' 6.2x6.3' 1.5 ' 6.2 x 6 2.5' 6.2 x 6 1. 75' . ( -
9.7 x "9.8 3.5' 9.7 x 9.8 1.5 ' 10 x 9.8 2.5' 9.8 x 10 1. 75' -

-- ~ 

_______ 1_- - - -- - .. _- - ---- ---_ .. - - --- -_ ... _ .. - -_ .. _- --- - - - - - - --- -- -----------------

Note: In this .table are shown the minimal-difference cue pairs which could be distinguished. 

Since 1 mm was the minimal difference avai1ab1e between cues, the detection of sucb a difference 

indicates a lower threshold MAR than the calculated angular differences indicated in the table. 

\ 

-, 

• 
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Table 8 - continued 

B. Experiment 2 

\ 

1 m 
Conditions 

eue Visual angle 
1 

Water witho\\t 8 12.5' 

mask. 

Water with 97-115 54" 
0 

mask. 

Air 97-115 54" 

-Air in 
115 48" 

lighted (' 

-
corridor 

-

-J" 
~ 

. \ 
, 1 

"'-~ 

<? 
Cl 

2 m 

Cue Visual angle eue 

[10 cm] 
115 1~ , . 

40-49 64" 30-35 

55 50" 40 
" 

, 

. 
73-55 42" 49-40 

, 
- '-- - ----- - - -

, .. 

"' 

3 r! 

~ 4*::r 
• 

Visual angle 

. 

60" 

46 " 

-
43" 

eue 

. 

35-23 
0 

•• J,.:. 

4 m 
-

Visual angle 

-

45't , 

_._~ ... _._-_ .. _-- .. _---~ .. __ .. __ .. ~----

. 

w 
00 
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DISCUSSlO~ 

1. Experiment l, '\ 

The ~esults for experiment lare inevitably brought into 
• 

question by the presence of an experi~ntal variàble othe~ than 

visual angle. It has generally been assumed that visu'îl cues ' 
<'#aij ~ 

differing in area, and therefore in overali br.ightness, cannot be 

used in a visual acuity task, because the extra var1able would 

contamina te the results. In order to test the eHec t of this ---
extra variable, a series of squares of different sizes and areas 

were used in this expe:;-iment. Squares of varying sizes between 
,'. 

land 10 cm were cQmbined in a variety of ways to produce '~ome " . series with the same visual angles and others with the same -
'brightness ratios'. 

~ 
The resu1 ts \Vere record~d and graphed 50 

as to study the relationships of values having the sarne visual angle 

or bri~htness ratio. 

f' In ~yraphs 1 and 2, it is very apparent that there is a constant 

relationship for values with tl}e same visual angle um!ler a given set 

of conditions. Not a11 the va hIes fit this constant relationship 

weIl. Almost aIL of the resp~nses for dfscriminations with a l cm 

square are lower than the gener.aI trend. In air, this drop-off 
\ 

1 

occurs at Iarger sizes, the size tthr'eshold increasing with distance. 

In water, there is a further irregularity in the results at, 3 metres. 
, \ . 

The exceptionally high response at 1l~5 mins drops off -at larger 

sizes. l t could be that these particu1ar sizes are of particular 

significance to a dolphin; :i.t is har'd to see why, however . The 
, , 
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. .. 
difference was significant as were most of the drop-ofrs at lem. 

The latter can be explained as an absolute siz~ threshold; the 
/" 

dolphin i's probably unable to identify, or rather resolve, a square , 
r Î 

The a6erràtion in Graph le remains a mystery, in that size range. 

however. 

v 
It is probable that much of the variance 

. 

in<es~ 
experiment 1, as depicted bY'Grap~s land 2, is a matter of 

experimental variability and the irregularity of sample size for 

different data points. Sample s ize varied, from as few as 20 trials, 
, 

when response yas perfect, to 200 trials, when response showed much 

variabi1ity~ 

In producing Graphs 3 and 4, the data for the l cm square was 

dropped, 'as it wa,s considered aberrent., The 'remaining points fitted -r'~ 
, , 

rema..:-kably well into a straight 1ine curve for each set of· conditions, 

\-
The different brightness ra,tios had little or n6 effect on the 

J " 

rela tionship between visua1 angle and response 1evel. Graphs 3a 

and 4a did, however, show a tendency to fit a curved line. The, 

response was also consistently lOwer at l metre in water. It thus 

seems likely that another variable was affecting' response at l metre. 

It is b-ighly possib'le that the do1phin eye is incapable of accommodation 

~ 

at this point;' its nearpoint may be somewhere near' 2 metres. In this 

case resolution would be greatly reduced at l metre. 

,r~ .,.. 
The animal might 

include the brightness or size difference in its effort. ta dis; :-iminaçe. 

If 2 metres is the approxima te nearpoint for visual accommodation, 

it would explain the differenc~ in the slopes of the lines a, band c iri 

, 

. 
1 
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Graatth 3. Assuming further that the ~olphin cannot accommodate in 

air at aIl wou1d explain wh~ there is litt le difference in the 
! 

slopes of 1ines a, band c in Graph 4. It would a1so exp1a~nwhy 

t,he response is· ml,lch poorer than in water. 
1 

Considering graphs 1 to 4, it' is apparent that visual angle 

was strongly correlated with respo~se level, aboye-the absolute size 

t~reshold, in water and air. Brightness ra tio showed no consistent 

relationship with response, and there was even less correlation wi th 

area ratio or simple difference in areas. The var ia b i li ty who.ich 

did occur ~med much more related to linear differences in size 

than to area differences, and suggested an absolute size threshold, 
.7' 

1 below which th~~phin cou1d not distinguish the squares . 

.. 
2. Experiment 2 

The limited time available for execution of experiment 2 

forced a hast y collection of results. Recording began as soon as 

the an~l showed ~ re~sonably dependable response ta the cue 
~ Il 

pattera. It is probab~: that Himself had not yet reached hts 

optimal performance level when the results ~ere taken. In view 

of the low criterion of performance accepted, it is not surprising 
, 
that results at each of the five subject-to-cue distances were rather 

irregular and did not differ significantly from one another. When 

" 4 
,. aIl were lumped together, straight line fits were obtained as shawn 

in Graphs 5 and 6. The trac king technique which was used placed 

great emphasis on the lower range of data points, elose ~o the 

'1 
\ , 
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thresaald. The, othe;: values depended on relatively few trials. 

If thfre had been time to collect more data points and to perform 

more trials for each value, it is likely that the linear fit would 

have been èlifferent. possibly, the values for the five d~tances 

would have showed sorne difference. 

3. Thresholds for polphin Visual Aeui ty "', 

If 75/0 response is taken as the criterion for positive 

discrimination of eues, it would seem that the results of 

! 

experiments 1 and 2 do not compare weIl. According to Tab le 6, 

there are distlnct differences in threshold visual angle (or MAR) 

at l, 2 and 3 metres. Only ~v~lue was obtalned in experiment 2. 

However, it is interesting to observe that the average of the three 

threshold values in experiment 1 is identical to that for experiment 

2. Disappointingly, if one looks at the data points closest to 75% 

for each of the five distances in water in Table 5, it is seen that 

the visual angles increase from 1 to 3 metres, instead of decre~sing. 

~ -
This completely contradicts the rèsults for e~eriment 1 and challenges 

,the reasoning that loss of accommodation causes the higher threshold 

at closer distances. 

In vJew of the fact that data was collected before the dolphin 

reached optimal performance, it is tempting ta study the effect of .. 
lowering the criterion ~esponse for discrimination to 65%. A look 

at Table "5 will show that the threshold tends to drop with increasing 

distance in both water and air. This proves nothing, of course, 

• except perhaps that the data is not totally reliable when the 
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( 

distances are studied separate1y with such limi ted data. If the 

criterion is lowered to 65% in experirnent l, aIl the thresho1ds are 

lowered, but their re1ationship to one another is unchanged. 

Table 9. Thresho1ds for do1phin visua1 acuity at 65/0 

criterion (in minutes) . 

Experiment 2 Water (75%) Air 
1 

1 m 10 10.5 15.5 

1.5 ID '9 12 13 
" 

2 m 9 13 11.5 

2.5 ID 8 14 10 

3 m 8 11 

Experiment 1 

l m 14 26 

2 m 7 24 

3 m 5 27 

4. Hl!man Da ta 

The human data shows better correspondence between the two 

methods than the do1phin data. In eX}:e riment 1, the subject 

discriminated the finest reso1ution avai1ab1e qown to between 1. 75' 

and 48" in ai,r and in water wh en wearing a mask. 

a ~sk, the best résolution was 8.5' at 2 metres. 
~ 

In water without 

Abso1ute size 

l 
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r 
seemed to play an important role when theosubject was no longer able .. 
to accommodate. It will be remembered that the dolphin showed a 

similar reliance,on size in air. 

In experiment 2, the subj~ct again had a threshold of about 

l'in water with a mask, but the threshold was closer to 50" in air. 

The difference might be due to distortion in the water producing a 

lower threshold although it did not appear in experiment 1. without 

a mask, the subJect had a threshold of 12.5' at 1 metre and 16' at 10 cm. 

This was in the same range as the results from experiment 1. 

Overall, the results from the tests with the human subject 

suggest that the two me~ods for 

be valid, ànd compare tavourably 

studying vis~l acuity might both 

with one another under suitable 

conditions. The human threshold in air iS,in the normal accepted 

range for human vision. In water, it compares somewhat to dolphin 

visual acuity, a great deal less acute than normal human vision but 

still useful for general discriminations. 

5. Overview 

In determining how 'large a role vision is likely to play in 

~ 
a dolphin's n~rmal perception, it is necessary to considzr what 

functions it would have and whether these could be replaced by other 

senses. There are several major functions of perception: detection 

and identification of objects, orientation and navigation, and 

communication with other individuals. Under the first two categories 

are such activities as food finding, predator a~oidance, normal 

swimming and obstacle avoidance, apd lQng d{stance navig~tion, as in 

.,. 
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migration. 
• 

Conmruqication introduces complex activities such as 
" /' 1 

aggression, courtship and mating, protecti~ and care-giving 

behaviour, group play, schooling, and so on. 

In terrestrial &pecies, navigation is generally accompli shed 

by vision, perhaps aided by olfaction and passive echolocation. 

Active echolocation is rare, though it has been demonstrated in bats 
1 

and sorne species of birds. Detection may involve vision, olfac~ion 

, 
or hearing, or any combination of 'the three, and the same is true of 

identification. Vision and/or olfaction are most frequently·used in 

the latter activity. Orientation of the an~mal with respect to the 

~a requires a response tô stablè environmental conditions rather 

th an to changes, as in orientation to a novel stimulus. Both may 

involve the use of any or aIl of thé above senses. Contac t may a1so 

be involved in sorne of the above activities, and more frequently in 

the third major category, communication. In species which vocalize 

seldom, visual shape, pattern and colourlng are general1y important 

for identification of conspecifics or other species, while postures, 

touch and scent play a large role in cQmmunication as weIl as 

identif ication. 

Since olfaction has been eliminated in cetaceans, the burden 

of perception is thrown on the other ,three senses. Touch is 

primarily involved in communicatory behaviour. Chemical sense, if 

~ne exists, and temperature sense may play sorne role in long distance 

navigation and perhaps in the orller activities as weIl. However, 

nothing is known of. the~~ senses as yet, and it seem likely that 



\ 
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• hearing and vision would dominate in most activities.' The influenc'e 

of hearing in vocal communication, which is very active in many 

cetàcean species, and in echolocation, i5 irrefutable. How important, 

then, is vision in these activities? 

The striking shapes and colour patterns of '~ny lcetaceans suggests 

a definite role of vision in species identification (Evans and Bastian, 

1969) • Furthermore, a variety of stereotyped postures and éfctivi ties 

are performed-by cetaceans during communication. It is possible, of 
a 

course, that these visual signaIs ~re vestigial, but it seems highly 

unlikely. , , 

• The degree of dependence on vision for activities such as # 

detection, identification, orientation and ,navigation has been 

1 studied· very little. However, the observations of the various .. ,\ .. 
, 

authors mentioned in the introduction suggest a strong-reliance on 

vision for food finding, orie~tation and various social~ctivities. 

Schevill an~ Lawrence (1956) suggested that echolocation was replaced 
JI 

by vision at close range. ' Norris (1969) pointed out that at distances 
... 

c10ser than 1 metre, the click frequency'necessary for echolocation 

(>400/sec) was too fast for the dolphin to be capable ,of separating 

clicks from echos. 

It seems probable then, that echolocation is used for long range 

detection, localization and homing in on objects, and for navigation, 

particûlarly in turbid, coastal water. However, echolocation is 

probably replaced by vision at close range, although this has been 

• seen to be' less efficient under 1 metre in Tursiops. ,possibly, the 

1 l 
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enforced head-on position of Himse1f in t~e head rest~created 

difffculty in seeing the eues, as binocular vision, i1 it exists at 

aIl, would not be pos~ible at this distance, and monocu1ar vision 
, 

was impeded by the position of the head. In this case, vision might 

be better at d close distance wh en the dolphin is free ta view an 

object from any angle it wishes. Of course this hypothesis again 

1 disputes the theory that acconnnodation is reduced at this distance, 

. 
a the ory which Kellogg and Rice (1966) also suggested. Until more 

work is done, neither theory has any foundation, and cannot really 

be supported or disproved. 

lt also seems reasonable to assume the use of vision in 

shallow water, especially where the substrate provides poor acoustics. 

At the surface or in shallow water and obviously in air, vision 

would be a distinct as set and require ~ess expend~t~re of fnergy on 

the dolphin's part. lt is known that dolphins kept in~olation 

tend to stop vocalizing (Lilly, 1962) unless novel stimuli are 
, . 

introduced. The animal does not rely on echolocation in water of 

good visibility, but uses ft ta supplement the visual evidence when 

studying novel'stimuli. Although the results of ~ study do not 

suggest very outs~anding visual ,acuity in the do1phinr-it would be 

sufficient ta give a gaod deal of information underfater, and 

impressions of abjects and movement in air. 
d 

Most toothed whales are hunters. They require a1ertness ~nd 

acute senses in arder ta capture .~"r prey • Of course some members 

of the group have a mode of life which discourages the use of vision • 

.... .--
The Ganges dolphin roats in the substratè for its foo~, spending its 

J 

" 

• , 
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life in an extremely turbid environment. It is totally blind and 

its eyes "are vestigial. At the opposite extreme~ the sperm whale 

, inhabits the open ocean, sounding to.great depths in search of squid 

which form the main part of its' diet. It require,s ~ensitivity to 

~ight more tha~ acute vision and has probably s~crificed the latter 

for the forme,rl • In between 'these extremes are a wide range of 

dolphins, porpoises and be~ked whales, which occUPY widely varying 

habitats. Many of thes: are ~low water, oastal envirQnments, , 

such as that of Tursiops. Here the need fol' cute senses can 

frequently be satisfied by use of vision as weI as hearing. Where 

the water is turbid and where acoustics are good, echoloca~ion 

probably takes precedence, but vision 

conditions of good visibility, either 

is, doubtleas\used under 

alone or in c~ination with 

echolocation for maximum efficiency. 
\ 

'. 

Q 
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CONCLUSION 

In conclusion, l would like to reassert ~ belief that 

vision is a useful and commonly used mode of perception in sorne .. 
species of cetaceans. Anyone who has observed dolphins is 

impressed by their obvious attention to objects and movement in 

air, where their echolocation is impossible. In dolphin shows, 

the anima ls are trained to perform cer tain responses to visua 1 

signaIs, and have no difficulty in forming such "associations. 

Under water, objects are frequently observed, investigated and 

handled wit'hout any audible click-creakings being emitted. As a 

form of negative evidence, l have seen severa~ animaIs frightened 

and bewildered by transparent ple:d.glass sheets, which they had 

il' located by USe of sonar but were unable to see. 

The visual acuity thresholds obtained in this study show a 

far better adaptation to underwater vision than to air. This was 

predictable from Walls' (1942) description of the anqto~ of the 
• 

odontocete eye. AnimaIs as comp1etely adapted to water as 

c~taceans have re1ative1y little use for aeria1 perception any 
, 

longer. But vision in ~ater is not rnuch 1ess acute than that of 

the sea lion, as recorded by Schusterman (1970), which was/ specif-ied 

as 5.5 minutes. Spong and White (1971) obtained 6 minutes tor the 

Pacifie whitesided dolphin in water. Experiment 1 gave a value of 
. 

6 minutes at 3 metres in water for the bott1enose dolphin. The 

results are rather poorer by experiment 2 (13 minutes) but they are 

lb 
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questionable because of the haste with which they were collected. 

The amphibious sea lion has far better acuity in air (5.? minutes 

as opposed to 33 minutes by experlment 1 or 25 minutes by 

experiment 2), but this is to be expected, as Tursiops is totally 

aquatic. 

It is predicted tha t more complete visual acuity studies using 

a method similar to that of experiment 2 will provide a threshold for 

Tur.siQPs close to that yielded by experiment 1 in this study,and by 

Spong and White for Lagenorhynchus. 

J 
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• AppEmdix A. \ Table of proportion of correct responses for separate runs 
, 1. of trials with eue pairs - Experiment 

% = percentage eorree t response; . 
N = number of trials; X = number of correct trials. 

Water Air 
1 

eue pair 1 m 2 m 3 m 1 m 2 ni t3 m 

% N % N % N % N % N % N 

10 x 9.8 50 
'>,-

10 60 20 53 30 30 10 50 30 

50 10 57 30 40 10 60 20 

60 20 57' 30 

10 10 40 20 

Total X:N 23 50 54 
J 

: 100 20 40 15 30 15 30 

.10 x 9«7_ 40 30 70 40 50 40 40 10 50 30 57 30 ( . 
60 30 70 30 60 30 . 53 15 55 ' 20 70 10 

( , 70 80 80 10 . 50 10 50 10 

53 30 60 20 50 20 

50 10 50 10 47 30 
'~ 

53 40 

Total X:N 107 :180 95 : 150 43 80 12 25 26 50 53 : 100 

lOx9.5 85 20 60 10 66 50 45 20 30 20 70 40 

60 lO 75 20 70 20 50 30 ~O lO 43 - 40 
·r 80 20 65 60 66 50 60 10 55 20 50 10 

60 lO 60 10 50 10 7,0 10 70 10 70 10 
1 

15 20 70 30 lOO 10 60 10 58 40 

50. 20 100 10 70 20 

~40 40 10 

75 20 40 10 

50 lO 63 40 

Total X:N. 118 :170 130: 200 95 : 140 57- ·100 ", . 53 : 100 57 : 100 

• ) ~ 
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-./ • Appendix A - continued 

Water Air 
'\ 

~ (\ 
1 m 2 m ,.- 3 m 1 m , 

2 m 3 m 
Gue pair 

/0 N 10 N % N % N % N % N 

10 x 9.0 90 20 70 20 100 10 80 20 66 " 50 68 40 

77 30 80 20 70 30 90 10 75 20 80 20 

73 30 90 10 90 10 90 10 70 30 55 20 

65 20 100 '10 70 10 45 20 70 10 70 10 

80 10, 60 10 85 40 60 30 75 20 9'0 10 

80 .10 40 10 30 10 
_~ ......... ,.I 

80 20 63 30 
, 

• 64 50 ~ 

80 10 

Total X:N 95 :120 85 : 100 81 :100 123 : 190 91 :130 70 : 100 

19 x 8.5 80 10 100 10 90 10 

73 15 90 10 80 20 

80 15 70 10 90 10 

70 10 90 10 90 10 

60 10 70 10 

60 40 80 20 

75 20 

80 20 

.. 95 '20 

Total X:N 118: 160 58 70 43 : 50 

8 x 7.5 68 '50 85 20 
( 

73 30 67~, 30 70 20 45 20 

f;J 30 70 10 60' 10 60 10 53 30 

50 10 7~ 10 60" 20 50 10 
~ 75 20 70 10 

50 20 
" 

\ 
53 30 . . 

• Total X:N 34( 50 57 80 36 , 50 38 ...... 60 59 100 25 50 , ,... 

.. ! 
, L- .... 
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Appendix A - continued 

Gue pair 

8 x 7 

Total X:N 

6 x 7.5 

Total X:N 

6 x 7 

Total X:N 

6 x 6.5 

Total X:N 

6 x 6.3 

Total X:N 

\ 

Water Air 

1 m 2 m 3 JfI 1 m 2 m 3 m 

% N % N % N % N % N % N 

100 10 80 20 

90 20 100 10 

95 20 

90 20 67 30 60 20 80 20 , 
77 30 70 100 90 10 63 60 

100 10 70 20 

28 30 45 50 41 50 100: 140 35 50 54 80 

65 20 

80 20 

90 20 

90 20 

50 10 

90 10 

80 20 

96 : 120 

75 40 

60 20 

42 60 

50 10 

55 40 
50 10 

65 '40 

58 : 100 

b 

60 10 90 10 

90 30 J~O 10 

80 10 80 10 

90 10 

100· 10 

80 10 

100 20 

88 : 100 

80 10 

60 10 

90 20 

83 40 

60 10 

80 10 

79 : 100 

80 10 

70 10 

58 50 

50 10 

70 10 

50 10 

61 : 100 

80 

80 

20 

40 

73 90 

70 30 

50 10 

78-~ 40 

, 20 

70: 100 

53 30 

40 10 

55 20 

60 20 

43 80 

87 30 93 15 70 10 

90 20 

100 10 

54 60 

76 70 

70 10 

'90 10 

85 20 100 10 

93 15 90 10 

80 10 90 20 

53 60 44 50 

90 20 80 20 

60 10 50 10 

65 20 55 20 

72 

76 

60 

25 

25 

20 

64 

35 

50 

20 

60 90 86: 120 71: 12"0 
/ 

60 40· 55 20 

60 10 53 30 

65 20 65 40 

55 20 

47 30 

43 70 53 90 25 50 
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, "\ • Appendix A - continued L 

Water Air 

Cue pair 1 ID 2 In 3 ID 1 In ~ m 3 In 

% N % N % N % N % N % N .. 
6 x 6.2 60 10 60 10 60 30 

~;: 
30 60 20 50 10 

10 66 50 53 30 

50 50 60 10 50 20 

50 40 

35 20 

Total X: N 55 : 100 84 :150 49 : 90 

5 x 6.5 80 10 60 20 

80 30 6(} 30 ~ 
\. 74 8Ô"'----

70 20 

5 x 6 65 20 90 10 90('- /10 ~ 20 68 40 53 40 

75 20 90 10 95 20 90 10 50 30 50 10 

90 10 ,; 93 30 60 10.,. 75 20 60 10 ~65 20 

80 2Q 95 20 100 10 85 20 80 20 43 '30 

97 30 • 97 30 85 20 77 30 

Total X:N 82 :100 65 70 73 80 53 70 81 :120 73 :130 

" \ 40 5 x 5.5 90 20 75 20 85 20 20 50 30 53 40~ 
\ 

75 20 75 20 50 10 ~O 10 60 10 _50 10 
\ 

80 10 80 10 100 20 75 20 50 10 

88 50 58 40 60 30 70 20 

70 20 "I.~ 90 10 .. 
1 

Total X:N 89 :120 38 50 74 : 100 44 80 40 70 26 50 

\. 
4 x 5.5 100 20 100 10 70 20 

-" 
90 10 70 30 

• 83 30 65 20 

70 10 

Total X:N 20 20 51 60 48 70 
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Appendix A - Continued 

Cue Pair 1 m 

% N 

4 x 5 70 50 

85 20 

100 20 

95 20 

Total X:N 91 :110 -4 x 4.5 68 50 

71 100 

n 30 

Total X: N 1.28 :180 

3 x 5 100 5 

100 20 

Total X:N 25 25 

3 x 4.5 100 10 

100 20 

Total X:N 30 30 

.. 

1 

Water 

2 m 3 m 

% N % N .. 
<::',.:t. 

90 ' 10 90 10 

88 40 100 40 

90 10 

53 60 49 50 

80 20 68 40 

70 10 60 < 10 

83 30 77 30 

48 60 56 80 

100 10 100 10 

100 20 100 10 

30 : 30 20 20 

100 30 100 10 

100 10 

100 10 

30 30 30 30 

58 

/ 
j 

Air 

1 m (m , 2 m 

% N % N % N 

90 20 60 10 67 30 

80 20 60 10 60 50 

70 10 73 30 

80 10 

85 40 
" 

83 :100 34 50 50 80 

.. 65 20 80 10 43 30 

65 40 30 10 55 20 

50 10 60 50 55 20 
~ 

45 20 

44 70 50 90 35 70 

80 15 100 - 5 100 10 

1QO 10 85 20 70 20 

100 20 88 25 70 10 

80 20 60 10 

80 10 

65 20 

42 45 60 70 J 58 80 

85 20 72 25 48 40 

90 20 72 25 ~O 10 

60 10 '56 50 

70 20 

41 50 -36 50 66 :120 

, -
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Appendix A - Cohtinued • Water Air • 
eue Pair 

1 fi 2 m 3 m 1 m 2 ID - 3 m 

% N 10 N % N % ) N % N 10 N 

2 x 7 90 20 

2 x 6.5 90 20 

, 
2 x 5 75 20 

90 10 
~ 

Total X:N 24 30 

2 x 4.5 100 10 100 10 100 10 76 25 75 20 

100 10 100 10 100 15 65 60 73 30 

100 10 92 25 
~ , 

98 40 

Total X:N 20 20 30 30 25 25 120 : 150 37 50 )' 

2 x 4 80 10 100 5 100 35 i 100 5 53 15 70 30 

100 10 ,!OO 10 83 35 75 20 55 20 

90 iD 100 10 90 20 100 15 

" 100 20 

100 30 

Total X:N 77 80 25 : 25 35 35 52 60 38\ : 50 32 : 50 

2 x J. 5 80 10 65 20 55 20 

80 40 53 40 

Total X:N 40 50 34 60 11 20 

2 x 3 73 30 100 15 85 20 65 20 . 55 " 20 

100 . 10 76 25 95 20 80 20 50 10 

100 10 90 10 80 10 50 20 

67 30 -. Total X:N 32 40 44 50 45 50 37 50 46 : 80 

-
/ 





• 

1 

• 

Appendix A - continued 

eue pair 1 m 

Water 

2 m 

% N % 

3 rn 

62 

Air 

1 m 2 m 
• 

. 1 x 3.5 100 25 100 2~ 100 30 75 20 80 10 

Total X:N 

1 x 3 

Total X:N 

1 x 2.5 

Total X:N 

1 x 2 

2S 25 

75 40 

30 40 

75 40 

60 10 

90 10 

45 60 

67 30 

50 10 

70 20 

90 10 

58 40 

75 20 

25 25 

100 10 

95 20 

100 20 

49 50 

70 20 

84 25 

55 20 

80 10 

80 10 
',-

93 15 

( 

30 :- 30 

90 -,30 

27 30 

95 20 

85 20 

87 15 

93 30 

77 85 

63 40 

75 20 

40 10 

50 20 

70 10 

62 50 

60 10 

100 ~20 100 10 

35 40 

67 

90 

84 

55 

10 

25 

67 90 

75 20 

45 20 

90 10 

57 30 

50 10 

85 20 

80 10 

80 20 

.59 70 

50 40 

20 40 

60 10 

58 40 

29 : 50 

53 30 

40 10 

55 40 

60 20 

65 20 

Total X:N 86 : 130 76 :100 104 :160 55 90 67 : 120 

1 x 1.5 60 

40 

45 

, 50 

40 

50 

30 75 

10 " 60 

20 50 

10 80 

20 70 

10 

55, 20 

20 

20 

20 

10 

40 

Total X:N 60' : 120 73 : 110 

50 2b 67 

80 ID ~ 60 

45 20 50 

50 10 60 

50 

50 

30 

2ÜJ 

10 

20 

10 

10 

32 60 ' 59: 100 

50 

58 

20 

30 

27 : 50 

3 m 

% N 

70 40 

60 30 

75 20 

50 10 

65 :100 

48 40 

90 10 

28 50 

35 

50 

75 

20 

30 ~ 
20 

37 70 

60 50 

57 30 

60 20 

59 : 100 

67 

60 

50 

50 

40 

30 

10 

10 

20 

20 

49 : 90 
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• Appendix A - continued 

,. 
Water Air 

Cue Pair 1 m 2 m 3 m 1 m 2 m ~ m 

\% N % N % N 10 N % N % N 

1 x 1.3 40 10 60 la 50 la 

55 20 64 50 47 30 

65 20 80 15 

50 20 62 50 

55 20 51 35 

Total' X: N 49 90 97 :160 19 40 

1 x 1.2 60 10 50 10 
( 

50 40 58 30 

50 10 
< 

Total X:N 26 50 27 50 

-. 

... 
r 

• 
\ 
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<> Appendix B. Table of proportion of correct responses for separate runs of Trials .. 
with cues - Experiment 2. 

r. WATER - % percentage~of correct trials; N number of trials; 

~ 
X = number of correct trials. , 

Distance Visua1 Angle (Minutes) 

1 metre 17 .5' 16 ' 15' 13.5 ' 11 1 101 8.5 1 8 1 

% N % N % N 10 N 10 N 10 N % N % N 

90 10 80 10 70 20 73 30 82 50 81 80 54 70 43 30 '( 
80 10. 100 10 100 10 80 10 63 70 54 100 50 40 1 

78 50 80 50 50 80 

83 30 75 20 
l' 

Total X:N 9 : 10 16 : 20 24 : 30 32 : 40 113 : 140 148 : 220 l32 : 250 33 : 70 

" 
1.5 metres 17 1 15 1 13.5 1 12 1 Il' 10 ' 9' 8' 

90 10 90 20 60 40 70 40 50 40 61 70 57 30 56 160 

75 20 80 10 60 30 90 20 73 30 62 60 69 110 
a 

80 20 90 la 75 20 77, 30 90 10 ./ 

Total X:N 40 50 35 40 57 90 69 : 90 51 80 86 : 130 93 :140 90 :160 

, 
2 metres 19 ' 15.5 1 13' 11.5 ' 10 ' 9.5' 8' 7.5' 

.... 
90 10 . 90 10 73 30 72 50 63 110 65 60 60 30 50 30 (J'\ 

~ 

100 10 100 10 80 'kt 10 80 10 70 20 68 40 60 50 044 50 

65 40 66 50 80 la 80 10 70 50 

-Total X:N 19 20 19 20 56 80 77 : 110. 139 : 200 99 :150 101 : 160 37 80 

" 
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Appendix B '- cont~ued 

Distance 

2.5 metres 15' 12.5 ' 

40 40 67 70 

70 10 68 100 

60 20 

Total X:N 41 50 ll5 : 170 

3 metres 12.5 ' 10' 
, 

71 '80 71 100 

70 20 85 20 
, 

65 20 90 20 

58 30 

Total X:N 101 : 150 106 :140 

., .. 
'<, 

,... 

Visua1 Angle (Minutes) 

10' 9' 8 ' 

53 90 62 130 56 100 

70 90 82 40 71 130 

111,:180 114 : 170 149 :230 

8~5' 7.5' 6.5' 

65 130 57 150 48 50 

66 90 68 90 59 90 

66 50 80 50 68 &D 

177 : 270 186 :290 118 : 200 

" 
J 

j 

<lJ ' . 
"-

, 

7 ' 

61 100 

'1 

61 :100 

6' 

43 30 

53 70 

50 :100 

J 

AI 

" 

\ 

~ 

• 
.,. 

<t."'.. 

~ 

----

0\ 
\J1 
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Appendix B. 

Distance 

1 metrè 

c. 

\ ..... 
Totals X:N 

1.5 metres 

Totals X:N 
J 

C 
l 

Table of proportion of correct responses for separate runs of trials with 
t 

cues - Experiment 2. 

rr'. AIR - % percentage response; N = number of trials; 
X = number of correct trials. 

Visual Angle (Minutes) 

% N % N % ' N % N % N "/0 N 
1 

38' 30.5' 26' 22 ' 20' 17.5 ' 

90 10 70 ~O 75 20 80 10 85 20 75 20 

80 10 70 20 77 30 60 60 57 30 

70 20 68 40 75 40 68 40 

9 : 10 15 : 20 43 60 58 80 79 :120 59 90 

25' 20' 17 ' 15 ' 13.5 ' 12 ' 

75 20 100 10 100 10 90 10 80 10 72 60 

,63 40 70 20 78 40 73 30 65 110 64 70 

70 10. 65 40 83 30 70 70 '83 40 56 80 

47 70 50 70 66 80 80 : 110 112 : 160 133 : 210 

&, 

() 

% N" 

16 ' 

85 20 

68 60 

58 : 80 

11' 

54 90 

5f/80 

95 :170 

• .-

% N 

15' . 

65 60 

60 60 

75 : 120 

10' 

40 30 

50 30 

27 60 

% N 

13.5 ' 

53 60 

48 60 

61 : 120 

q 

,---------

0'\ 
0\ 
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Appendix B - continued 

Distance '70 N % N '70 

2 metres 19 ' 15.5' 
, 

72 50 67 110 62 

75 20 78 40 68 

70 10 

73 30 

f', 
\ , , 

~ 

---L 
~ 

Visual Angle (Minutes) 

N % N /0 N 

13' 11.5 ' 10 ' 

100 55 40 50 30 

70 73 80 60 160 

Total X:N 80 : 110 105 :150 110 :170 ~80 :120 112 :190 

2.5 metres 15' 12.' 5' 

65 110 64 130 
80 10 66 70 

63 80 65 20 

Total X:~ 130 : 200 1,43 :220 

3 metres 12.5' 10 ' 
< 

67 140 60 140 

67 30 63 60 

Total X:N 114: 170 122 : 200 

" » 

10 ' 

68 130 
50 10 

70 40 

120- :180 

8.5' 

56 110 

54 50 . 
89,d60 

-:;;;;; 

, , 

48 100 

52 50 

74 :150 

• 

% N 

9.5' 

48 120 

58 :120 

• 

iii 

... 

(j\ 

" 


