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Vision in dogs

Paul E. Miller, DVM, and Christopher ] Murphy DVM, PhD

Almns& every dog owner, veterinary student, and ver-
erinarian has wondered, on ome occasion or an-
other, how well dogs see. The question 15 more than 4
matter of intellectual curiosity, however, because x dog's
visual Ilines directly affect s ability o engage n
high performance, visunliy arientated actvities, such as
guding the blind, police work, schutzhund, obedience
traming, racing, and hunting, Nevertheless. none of the
currently available texibooks of veterinary ophthalmol-
ogy provide a concise summary of the visual abilitles of
dogs, and the pertinent literature on canine vision Is
widely scattered throughout such diverse fields as psy-
chelogy, physiology, optics, reuroanatormy, and eleciro-
physiology. The purpose of this review was 10 colleat
and interpret the relevant literature on the visual ahilities
ol normal dogs,

Fundamentals of Vision

Because a multituck of factors are involved in the
sersation of vision, the ¢uwwardly simple question of
how well dogs ser is, in reality, quite complicated The
question can be parvally answered by describing the vi-
sual acuity of dogs, their abilitkes 1o detect light or color,
or the features y her individual visual parameters, but
the complete visusl experience s a synthesis of all of these
constzuent pans mnto a unified pereepaon of the world
Because our current ussderstanding of muny components
of canine viston ts imperfect, so, therefore, will be any
attempt to describe them. It is also important 1o recognize
thae, because of species differences in visual parameters,
dogs probably perceive the world diflerently from the way
that people do. Descriptions of the visual shilities of non-
human species are, ol necessity, couched In 1erms ol
human visual capabilities and, therelore, may not be per-
fectly accurate representations of how animals sec.

The ability 10 perceive light and motion are gener-
ally regarded as the fundamental aspects of vision. How.
ever, other lactors, such as visual perspective, visual ficld
ol view, depth perception, visual acuity, and the abilises
10 percetve color and form, also play important roles in
how snimals see !

Sensitivity to Light
The canine visual system has adapted 10 explok o
particular ecological niche by enhancing visual perform-
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ance under low light conditions but still retsining geod
function under a wide armay of lighting conditions, in-
chuching daylight. Therefore, the dog's visual system is
not highly adupted for drictly divmal or nocturnal con-
ditions but, rather, bas evoived for an arvhythmic photic
extstence ' The minimwm threshold of light for viston
In cats is approximately 6 times Jower than that for nor-
mal human beings.* Although the minimum threshold
of light for vision in dogs is assumed 1o be somewhat
greater than that for cats, Pavlov concluded in the carly
pant of this century that the abibty of dogs 1o analyze
the inensity of low<evel llumination 5 so well devel-
oped thas human experimenters are unable to determmne
its linits using their own senses!

Dogs employ several methods of improving vision
in dim light Both dogs and humans use rod photore-
ceptors 10 function s dim hight, but the central 25° of
the retina in dogs consists predominantly of rods.* In
people, this region consists predominately of cones,
which are importmt lor color vision and viston in bright
tight The photopigment, thodopsin, is also slighly
different between dogs and humans. In doge, thodopsin
has o peak sensitivity o light of wavelengths between
506 and 510 nm and, as is typlcal of specses adapeed (0
function well in dim light, takes over an hour 10 com-
mclz' regenemte after extensive exposure 1o bright

g

Rhadapsin in people, on the other hand, has o peak
sensiuvity L light of somewhat shoier wavelengths (ap-
prox 496 nm) and regenerates more quickly after ex-
posure 1o bright light The range of wavelengths 10
which rhodopsin in dogs is sensitive®® < that the
visible spectrum for dogs n dim light Is similar o thas
of human beings. and that the enhanced night vision in
dogs, relative 1o humans, is not due 10 differences in the
rarge of wavelengths of light 10 which dogs and people
are sensiiive.

The supenorly located reflective tapetum lucidum
also enhances the dog’s ability o detect objects in dim
light Presumably. it does o by reflecting light that has
already passed through the retina back through it a sec-
ond tme, thus providing the photoreceptors at least 2
chances at capturing each quantum of light. This reflec-
tion ol light, however, has its price. as scittenng of light
during this process may reduce the ability of the eye wo
precisely resolve the details of an image.?

Anatomically, the tapetum lucidum in dogs # a
highly cellular structure that = between 9 and 20 layers
thick at its center and &5 nch in 2inc and cysietne M
The variety of colors seen in the region of the 1apetum
lucsdum duning ophthalmoscopy result from the differ-
ential interaction of light with the tapetum’s physscal
structure rither than from the inherent speciral com-
position, or color, of its pigmens.? The tapetum is an
effictent reflector of light: 1 study has suggested thar the
feline eve relleces abour 130 tmes moee hght than does
the human eye. ™ Because of anatomic differences, the
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canine tapetum ks probably less efficient @ reflecting
light than is that of the car, but its light-reflecting prop-
erties are still undoubiedly subsiantial

The tpetum may not enly rellect light. It has been
suggested in cats and femurs that wpetal nboflavin ab-
sorbs light in the shoner wavelengths (Bue, approx 450
nm) and shifts (t via lluorescence to a longer wavelength
(520 nm) that more closely approximates the maximal
sensitivity of rhadopsin in the rod ceptors.!> 17
This shift may brighten the upwmncc of a blue-hlack
evening or might sky and, thereby, enhance the conirast
berween other obgects in the environment and the back-
ground sky.'" Addittonally, it has been proposed tha
regional dilferences in reflestion spectra (seen ophthal-
moscopically as differences i regional coloration of the
tapetum) may lead to local variations in the retinal spec-
tral sensitivity. However, it |s unclear whether this s
important in living animals ' In a strain of Beagles in
which a hereditary tapetal degeneration was identified,
It wits observed during electrophysiologic testing that al-
lected dogs had a shightly reduced sensitivity 10 white
light, compared with unaffecied dogs® In our expers-
ence, however, dogs that lack o tapetum do not appear
clinically 1o have impaired vision in dim lighting circum-
stances. Sumilarly, dogs tha bk pigmentation in the
non-tapetal zone and, therefore, umably have
exaggerated scatiering of light inside the eye do not ap-

10 have clinically significant reduced visual acuity
i bright light. However, the visual abilitles of dogs with
atapetal and subalbinotic fundi have not yet been pre-
esely messured, and it is possible tha differences in
vasual abilities associated with variations in the appear-
ance of the tapetum may be discernable in the future
with more rigorous testing,

Albiniem, the complete absence of light-absorbing
ptgment, is well documented 1 many species and s as-
soctated with impaired visual funcoon ™ True albinism
Is rare in dogs, but an Australian Shepherd with ocular
albinism did have photophobin, presumably from in-
creased hight scanering within the eye ™ Abnormalities
In the Tovea (in species that possess one) and central
visual pathways have also been reported in albinos. ™
Ihe effect of albinism on the visual system in dogs has
not been crtically evaluared.

The canine visiaal system has also adapled 1o per-
ferm azlaﬁmcl)' in bright light and when there is a
marked difference in luminance between different regions
of the revina, Typieally, the superior parnt of the retina
receives light from the darker ground, and the inferior
part recetves light from the brighter sky. In some in-
stances, however, the sky is darker and the ground is
highly refiective {(eg, when it is covered with snow or
saned) and, therefore, brighter than the sky. Several
mechanisms allow dogs (and people) o mainuin visual
function under these sitvations o}) greatly varying lighs-
ing muensities. Rellexive adjustment of pupil size; un-
conscious alieration of the overall, and perhaps regional,
sensitivity of the rods; and recruitment of cone o
receptors, which are adapred for use In bright Light, im-
prove the dog's visual performance in bng: light. Ad-
ditionally, it tns been suggested that specialized retinal
amacrine cells, which brdge the tnfertor and superior
portions of the retina ?* help 10 equilibrate differences in
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incident illumination among the arcas of the retira. The
extent of this equilibration, if it does occur, s unclear,
and equilibration may be confined 1o only a narrow zone
in the honzontal mendian. The supenetly located re-
flective tapetum lucidum may alse enhance the view of
the usually darber ground, and the inferiorly focated,
usually darkly pigmented, tapetum nigrum may reduce
light scattering originating from the usually brighter sky.

Sensitivity to Motion

Although little work has been done on the motion.
detecting abalities of dogs, it s probable that the percep-
ton ol movement &5 a critical aspedt of canine Visson'
and that dogs, like people, are much more sensitive to
moving objects than they we to stationary ones. The
domimant photoreceptor in dogs, the rods, are partico.
larly well suited for detecting motion and shapes. In a
1936 study of the visual performance of 149 police dogs,
the most sensitive dogs could recognize moving objects
at a distance of BI0 10 900 m, bwt could recognize the
same object, when sationary, at a distance of only 585
m or less?

Sensitivity to Flickering Lights

Although not related to motion detection, the point
at which rapldly lickering liﬁ.hl appears to fuse o a
constantly illuminated hight (flicker fusion) provides in-
sight imo the functional characterisiics of the rods and
cones in dogs. The [licker frequency m which fusion oc-
curs vanes with the intensity and wavelength of the sum-
ulating light. #~* Results of electroretinographic studies
ol anesthetized dogs suggest that canine rods can detecs
flickering up to a maximum of approximately 20 Hz =4
which & similar o the maximum for human rods *4
With more intense light, cone photoreceptors are acti-
vitted, and [licker fusion occurs at around 70 Hz in dogs
as measured cdectroretinographically *2° Behavioral test-
ing of 4 Beagles tratned to press a key when the test light
was perceived 1o be flickering demonstrated that una-
nesthetized dogs could detect flicker at moderately
higher frequencies (70 to > 80 Hz) and at lower levels
ol hight tmensty than the resulis of electiraretin hy
would suggest *® The flicker fusion frequency for human
cones (approx 30 to 60 Hz lor lumtnous spots*”) 1s re-
portedly lower than that for canine cones, but some peo-
ple are capable of detecting Micker up 1o approximaely
70 H=#% Because of this heightened sensitivity to
flicker, a television program, in which the screen s up.
doted 60 tmess and appears a a fluidly moving story
line 10 most humans, may appear 1o rapidly flicker 10

dogs.

Visual

Obviously, beight ol the eyes above the nd has
a mmor impact on the perception any animal Bas of it
environment, and visual perspective in dogs is oriented
considerably closer 10 the ground than it = in people
On the other hand. shoulder height in dogs ranges from
< ®inches o > 34 inches™ A field of tall grass may
appear 10 be a daunting array of impenetrable brush o
a Shih Tzu, whereas an Irish Wolfhound may experience
no difficulty in visually orenting tsell in the same field
(Fig 1), Some breeds, such as the English Springer Span-
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Figure 1--The effel! of visud perspective on vison, The
same scene as viewed by o small dog wth eyes located
8 inchas abova the ground [top). & tall dog with ayas 34
inches sbove the gound (middiel, and a person with
ayas 66 inches above the ground Ibottom)

el
leaping into the sir whale visually scarching lor objects
that perhaps enhance ther visoal The locl
of morphologic stndardization among breeds and in-
dividuals s doubthess a contnbwing lactor as 1o why th
visual system ol ui-'-,:s- has not been more lrll-l'-.|:.‘l5

appear 10 bave developed behavioral traits, such as

.-ul‘.. Y

studied

Visual Field of View

Though not critically evaluated, th ol the
visual field in dogs (ie, the arez that can be seen by an
eve when i 15 fived on | pomt) also vanes by breed, os
there are marked varsons amony hreeds in the place-
ment of the eves in the skull and, thereby, in the orbisal

exent
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Figure 2—The extent of the monccular and binocufar vi
sual helds in a typecel mesocephalic dog

XS pholic breeds.
laterally directed, and the exient of the visual feld and
amount of binocular overlap are probably diflerent [tom
the visual field and binocular everlap in mesocephalic
breeds, in which the eves are directed more forward
Length of the nose would also intedere with the amoun
of binocular ovedap. In dogs, the eyes yprally are
207 lateral to the
midline, whereas tn people, the eves do not deviae but
look straight ahead ' When the 2 gves are considered
together. the visual field of the typical dog has been es-
tmated, on the basis of caleulations from morphologic
data, 10 be approximately 250°4 In | study,** two 20
«g mixed-breed dogs with average length noses were
trained o Oxwe on 1 visual simules and react o xose
ond stmulus inreduced i a lmued wrca of thetr pe-
ripheral visual held. Viswal helds for these dogs was
estimated 10 be 24072 These estimates suggest tha
with each eve, the typical dog can see from 1207 ipsi
lnteral to between 15 and 307 contralateral. for a 1p¢al
monocuiar beld of view ol 13510 1507 (Fig 2).°Y There
fore, the hield of view of the averige dog 1= approximately
O0 o 707 greater than that of people, and this provides
dogs with a greater ability to scan the horizon. However
the degree of un el -".-_ll,l;' IS greget in |'-;-",\|u than

It 15 10 Gogs

''In the brachyceph (e ¢yes are more

| - . 3 - A .
Placcd 50 as 10 GCVIAlC Approximaiely

Depth Perception

Depth perception is enhanced in those regtons it
which the visual ficids of the 2 ¢yes overfap. Reponed
estimates ol the degree of binocular overlap in dogs vany
wiclely, and hinocular overlap may differ by breed, The
extems of binocular overdap was estimated 1o be batween
30 and 607 in behavioral studies 2 was caleulated o be
hetween 35 and 40° on the bags of ganglion cell den.
sity, ' and was reported to be approximately 80 to 116°
on the basis of optcal consderations, ' 1t is probable
that calculations based on opocal considerations over

estimate the extent of binoculay overtap in dogs, because
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Figure 3—Ray diagrams dapicting emmearopa 6, proper
focusing of images on the retina; top), myopia (near-sight-
edness, or focusing of images in front of the reuna; mid-
dig), and hyperopa (far-sighisdness, or focusng of
imagas behind the retina, bottom), German Shepherds,
Rortweilers, gnd Miniature Schnauzers are pragesposed
10 myopia *

the nose blocks more of the tempoml retina's view of
the nasal visual field than antictpated ™ and that the ex-
tent of bimocular overlap ts most likely in the range of
30 10 60° lor the average dog. For companson, held of
view In people ks approximaicly 180° and the degree of
binocular overlap is approximazely 140°7 In dogs, the
monocular visual helds are wide, but the binocular held
has been suggested to he 1all, narrow, and pear-shaped ?
Depth percepuon is probably greatess when dogs look
straight ahead and is probably blocked by the nose in
most breeds when dogs look g&low the honzontal,

However, merely viewing an object with both eves
simultancously does not guaraniee improved perception
of depth. Sercopsis (binocular depth pesception) resule
when the 2 eyes view the world from slightly different
vinisge points, and the resulting image s blended or
fused tnto a single image. 1l the 2 images are not fused,
double vision may result. 1t is the dispartty between the
2 resuling reunal images that, when fused, provides
clues that allow accurate discrimination of depth. ™ Non-
conjugate movements of the eyes probably also provides
clues for depth perception ™!

Although binocular depth perception i superior if
the images can be blended imo 1, monocular depth per-

1626 Leading Edge of Medicine—A Review

ception is also possible.®' Monocular clues relaung to
depth include relative brightness, contour, arcas of light
and shadows, object overlay . linear and aenal persspec-
tive, and density of optical texture.™ In addition,
movement of the head resubis in an apparent change in
the relative positions of the objects viewed (2 phenom-
enon known as parallax) and, thereby, produces the sen-
sation that the elements in the visual environment are

moving a1 different m& allowing depth 10 be esti-
mated. Puppies were n 10 have excellent morocular
and binocular

depth perception in a controlled expern-
ment evaluating awuﬁ::xc of a visual il Adult dogs

probubly have even better visual abilities than young
puppies, because the ¢anine reting and wpetum do noi
mature until several weeke 1o monchs of age ¥

%nh;hc bhxsis ;gc:ut:iics oh‘es r::ztégal hgli:; cell 10-
pography, It has ypothesized (although not ex-
perimentally verified) that depth perception may be
mmpared m the perspheral 15° of the right and left por-
thons of the area of binocular overlap in dogs because of
i lack of alpha (also referred to as “Y") #n 1wt cells in
the corresponding areas of the retina ™ Therefore, the
arca of the retina svailable for high-quality depth per.
ception may be smaller than the arca estimated on the
basis of binocular overlap. Nevertheless, depth percep-
tiom In doys Is cleardy sufficient for their lifestyle. They
casily judge distances visually, as evidenced by their abil-
ity 10 caech fast-moving objects and dear hurdles

Visual Acuity

When dogs are saud to see well in dim light, what
ks meant is that canine visual sensitivity in reduced levels
of light is quite high.? and that dogs have relatively goodd
visual acuity under those cireumstances. Visual acuity,
however, 1s different from sensitivity to dim light, and
refers 10 the ability to see the detalls of an object sepa-
rately and unblurred * Visual acuity depends on the op-
tical properties of the eye (le, the abdlity of the eye w0
generate a precisely focused tmage), the retina's abilivy
to detect and process images, and the ability of higher
visual pathways to mterpret images sent 10 them * In
general, visual acubty in dogs s helieved 1o be limited
by the retina and noe by the optical properties of the eye
or by pestretinal neural ing in the brain. ™ Nev.
ertheless, these 2 [actors can become the limiting step in
visual discrimination in many pathological conditions
such as myopia, when cotrective lemses are required 1o
set clearly, or when higher s visual pathways are im-
paired. Postretinal neural processing has besn exten-
sively investigated In cats, but much less o in dogs, and
i5 beyond the scope of this review,

Optical factors in visual acuity—The optical gual-
ities of the canine eye have been investigated by several
authors, 404 and a schemasic eye that allows mathe-
matical predictions of the optical capabilities of the ca-
nine eye has been constructed ** The optical media of
the eye, namely the comea, agqueous humor, lens, and
vitreoas humor, are responssble for creaiing a properly
focused tmage on the retina. In a normally focused (em-
metropic) cye, parallel rays of light (such as these from
a distant object) wre locused on the retina If parallel rays
of light are focused in front of the retina, myopia (near-
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sightedness) results. 1l they are focused behind the ret-
iti, hyperopia (lamsightedness) results (Fig 3) Such
crrors o refraction are usually expressed in units of op-
tical power called dioprers. The extent of the eror can
be expressed by the formula diopters = 14, where | =
the focal length (in meters) of either the lens or optical
system a5 a whole. Therefore, i un eye is said to be 2
diopters myopic at rest, 1 is focused ar a plane focated
omoin front of the eye Similarly, an eye that is em-
metropic at rest, but can accommodate (change focus) 3
chopers is capable of clearly imaging objects on the ret-
ina that range from as far away as the visual horizon
linfinity) 10 a3 near as '/ m in front of the eye

Sensory clues such as smell or sound, in addition
to vision, may help dogs 1o better characterize nearby
items in their enviconment. This penchant for using
smell to identify objects that are very chse can lead 1o
the misiaken beliel that dogs are normally nearsighted
or myopic. This is clearly not the case. In a survey of
240 dogs, 1t was Tound tha the average resting, refractive
sute was within 0.25 diopter of enmctropsa * There
were individuals in this karge popalation, however, tha
were s@lﬁcna!;n s myopic, and 1here was a distinet ten

! Lowa ciopment of myopa with greawr age
md?_d?r&cv:bpmcm of nuclear sclerosis. ™ This muld shalt in
resting focus of the eye needs 1w be distinguished from
age-related preshyopia, which ts the loss of locusing (sc-
commaodative) abilizy that affects all middle-aged hunans
{and probably dogs). The prevalence, degree, and Impor-
tance of opia in dogs bas not been dﬁemim‘r“

Breed predispositions 10 myopia also were found
In 1 study, 33% of German Shepherds in a veterinary
clinie population were myopic by 0.5 dn"”pmf. or
more, and 64% of alf Rattweilers were myopic. ™ In con-
trast, only 15% of German Shephfrds n & yude dog

OErAI Were ic, suggesting that dogs with visual

?l:ui‘xabmcu :uThyosE nearsightedness dm petlorm as
well 25 normally sighted dogs, and are often withdrawn
from intense training programs by observant handlers ™
For comparison, people with <0.75 10 = 2.0 diopters of
myopta will typically complum of visual impairment and
teport improved vision with corrective lenses. Defocus-
sing a human being by 2 diopters reduces visual acuiry
from 2020 to 200500, and a comparable reduction in
acuity has been reported lor dogs*Y Therelore, it may
be reasomable 1o screen dogs performing vasually de-
manding tasks, or those on which human life reles. for
abnoemalities in their refractive state (se, whether they
are nearsighted cc farsighied, or have significant irregu-
lanties in their focusing abilinies, such as astigma.
uyn)vlb.dl

In addition o myopia or hyperopia, other opeical
aberrations may result from imperlections in the relrac-
tive media and lead 1o degradanon of the image ormed
on the retima. These abermtions may be quite simple or
very complex in nature. Astigmatssm occurs when dif-
ferent reglens of the optical system fail 10 focus parallel
rays of hght in a uniform fashion. This can occur becise
of regional imegulanties in the curvalure of the comea
or lens that permit a light my m | mendian o be fecused
dilferentdy rom a hight ray in another meridian. The .
sult = warping of the lmage, an exireme example of
which can be found in the irregular mirrors found w
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Figute 4lllustration of spherical sberrstion. With posi-
tive sphencal aberration, the more highly curved perioh-
eral porton of the lens focusss light in front of rays that
pass centélly {topy. With negatve sphencal abaraton,
penphers| rays are brought to focus behind the more cen-
tral rays (mxidhel. Photograph of an isclated dog lens
bmsan pass“g;c?wpt?'ﬁ‘udﬂw'm.m hwhrou o

om). Beamns that pass 1 the pe-
riphery of the lens are focused farther away ftocgv:‘ the lans
than are besrrs that pass through the central porion of
the lens, suggesting that dog lensas have tive
spherical aberation. It has been postulated that this ar-
fangement may compensata for positive sphatical aber-
sation of the peripbergl ion of the canine corea
{Photo courtesy of Dr. Jakob Sivak)

many fairs and carnivals. Astigmatism Is generally an-
common 1 dogs, but has been ohserved in a variety of
breeds since the early 1900522 In a recent survey,
astigmatism, which ranged from 0,5 to 3.0 dioprers, was
found n only 10 of 240 dogs, and was unilaeral in 8
of the 10 dogs ™

Spherical abermutions of the lens result ws uneven
bending of light rays across i1s convex opuical surface
(Fig 4), Positive spherical aberration occurs when ligh
ravs passing through the more highly curved periphery
of the lens are broughs into focus in from of the rays
thar pass more centrally. Many species of animals have
compensated for this effect, and In these species, there
16 a gradient of relmctive indices throughout the lens
such that the more peripheral corical fibers have a lesser
refractive index (be. a Jesser ability 10 bend light) than
do the more central fibers. Dogs actually have negative
sphencal aberravion, and the penpheral rays are brought
10 focas behind the more central rays. ™ Ie has been sug-
gested that negative sphenical sberration of the lens
dogs may sérve to compensate for Fon‘nvc spherical ab-
ermation of the peripheral porion of the comea, The op.
tics of the peripheral region of the cornea in dogs.
however, remain to be invessigated.
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Figure 7—Diagram of ratinal ganghon ced donsities from tho rnght retinas of @ German Shapherd with a very pro-
nounced woall-ike visuad stresk Oeft) and a Beaagle with o moderately prorounced visual streak nghtl, Aatinas were

cut rachally to flatten them and are displayed gt the same magndficaton, The intens'm of the dois reflects varying

ganghon cell densities. The wregular shape in 1he centar of éach reting is the region of

O Optic neive nead. Gan?hon
rorn

cells could not ba sean in this area bacause of thick, overlyng nerve fiber laver, (Modifiod with permvission
“The topography of panghon cells m the dog and wolf retira”’ by Leo Peich), J Comp Neure! 1992;324:603-520)

The degree of hyperopla sssociated with aphakis
can be a%mommnmd for a human observer by seiting a
direct ophthalmoscope to —14 diopters and viewing the
room through the view-port, Surpnsingly, although this
degree of hyperopia ts markedly debilitating 1o some
dogs, most dogs are still able to adequately orient them-
selves visually in thelr envivonment without correction

would not, however, be able w0 perform visually
challenging tasks Because of the dominance of foveal
vision in people, a simtlar loss ol oprical power 15 ex-
tremely debilitating and renders a patient functionally
blind. Recently, corrective intrancular lenses have been
designed specifically for use in dogs. These lenses are
uxvfﬁ an elfort to maximize vesasal recovery by restor-
ing emmetropia {ollowing catarwct removal

Retinal factors in visual acuity—The retina may
be the limiting factor in visual acuity for normal dogs,”
and 1s architecture may provide clues 1o the potential
visuul abilities of the canine eye. Enhanced vision in dim
light, as occurs in dogs, typically necessiates that o
greater number of photoreceptors (primarily rods) syn-
aprically converge on a single ganglion cell This tends
10 result in reduced visual acuity, however, just as hi
speed camera lilm produces a grany image in 1
daylight. On the other hand, retinas with excelient re-
solying power have a high mtic of ganglion cells:phe-
torecepeors.! a large number of ganghon cells and optic
nerve fibers, and a high density of photoreceptors. For
example, the human optic nerve contans 1.2 million
nerve fibers versus 167,000 in the canmine optic nerve
and 116,000 10 165 000 in that ol cats **>? [n primates,
the fovea has 1 ganglion cell per cone; In cats,”' there
arc 4 conesa for cach ton cell In the renal area

capable of greatest resolution. Dogs are prohably similar
1o cas, alihough the mtio of rods or cones 10 ganglion

JAVMA, Vol 207, No. 12, December 15, 1995

cells has mot been determined for dogs. The size of a
specific type of retinal ganglion cefl, bea’X cell, in
the central portion of the retina limits the resolving
powet of the ganghon cell system, because it &s the small-
est ganglion cell with the smallesi dendrnic feld #
These cells are craical in determining the limits of visual
acuity and are appresimately the same size 0 dogs and
cats. suggesting that these 2 species patentially may have
similar visual ocuity ™
Dogs lack a foves, which = found in people and
other primates, but (nsiead have a visual sirenk, which
s the area of highest visual acuity. 2% The visual
streak is oval and located superior and temporal 1o 1he
ophc nerve. It has shon (emporal and lenger nasal ex-
tersions that are approximately lHneur (Fig 7). In
dogs, the visual streak is Jocated in the tipetal porvon
of the retina, suggesting that vision i dim light may be
enhanced, but that resolution of images in bright fighl
may be degraded by scattered light ™ The oval temporal
re of the visual streak ts generally free of blood vessels
riter than capillarses (although some larger vessels may
encraach into this area), and nerve libers take a curved
course to the optic disc dorsal and ventral o the visual
steeak, presumably to avoid reducing visual acuity in this
region by tnterfering with h?"lt reaching the photonecep-
tors * %% Detailed maps of visual pigment concentra-
tions demonstrate that this area also has high concen-
trations of rhodopsin® The oval temporal pan of the
visual streak also probably plays a role in enhancing bin-
ccular vistion, ™ The nasal linear extension of the sireak
may facilitate seanning of the horizon. therchy allowing
the dog 1o better use its wider feld of view .93

There are fewer ganglion cells in the periphery of
the tetina than there are in the region of the visual
streak. In monkeys, the mutio of conesganglion cells in
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Figure 8--Dravirgs of reting blood vessel patterns of
the left eyes from 2 . Dnly the lager vessels
hava bean drawn One of the Baagles (Al had & moder-
ately prenounced visual streak, and bleod vessels in the
temporal portion of the rating radially converge towards
the central area of the visual streak (star). The other Bea-
?4':, (B) had a very pronounced visual stresk Idotted lne)
5t vessels in the temporg and nassl portions of the
retng do not radsily ¢an towards the sireak, but
Inslesad, it suporiony or nfencly and do not
cress it (Repanted with parmission from “The t: 3-
g’e\y of ganglion celts in the and wolf reting” by Eeo
chi, J Comp Neurol 1992 324 603-6204

the fovea s L1 but &t 10 mm eccentricity from the
vpcical center of the retina, the ratio s 16:1. In cais, the
ratio in the area centralis s 4:1 but increases to 201 in
the peripheral poetion of the retina 2! Equivalent values
lor dogs could not be identified in the hterature, bay
dogs probably are closer 10 cats than they are 1o mon-
kevs. To compensate for reduced numbers of ganglion
celis, the dendritic field size of the ganglion cells in the
periphery is increased,”* perthaps 10 permit increased
sensttivity to light, Up 1o 20 different clases of ganglion

1650 Leading Edige of Medscine—A Review

cells may cover the mammalian retina,?! suggesting that
still poorly underssood qualitative, as well as quantita-
tive, dilferences in retinal function may exist in dilferens
regons of the retina.

Wolves, which presumably are the ancesiral specics
of modem-day dogs, have a pronounced visual streak
with 2 dense central arca and extensions far into the
temporal and nasal portions of the retina, ™ Such a streak
may allow wolves 1w examine the visual horizon with
relatively high visual aculty * Domesticsted dogs, in
contrast, have been lound 1o have cither o pronounced
visual streak, similar w that seen in wolves, or a smaller,
less densely ed, mederately pronounced visual
streak (Fig 7).%% Wolves also genesally have a greatey
maximum density ol ganglion cells (12,000 10 12,000/
mm’) than do most dogs (6,400 to 14,400 mm?), "¢
Thss implies that the visual acuity 1 wolves muy be bet-
ter than that in dogs, and that the constancy of foem of
the visual streak in wolves may be a result of environ-
menial pressures in their natural state: Similardy, the var-

tatlon in appearance of the visual streak in domesticated
dogs may be the result of breeding programs that place
littk sefective pressure on maximizing visual perlorm-

m“_lﬂ

Different breeds of dogs have consderable difler-
ences in retinal ganglion cell topography (and therelore
presumably in visual acuity),™ and pronounced varia-
tions can also be found among Individuals of a single
breed, For instance, most of 1 strain of Beagles had o
very pronounced streak, whereas mast of another strain
of '&eagk« fad only a moderately pronounced streak. ™
Insalbcient numbers of animals were studied w deter-
mine If differences exist between breeds tha have been
developed to hunt by sight (sight hounds) and breeds
that have been developed 10 hunt by smell tscem
hounds), although finding that o large number of Beagfes
(o scent hound) had » pronounced visual streak™ would
suggest that there may not be signibeant differences be-
tween these nszvoups of dogs, despite their uses. The
ronounced moderate forms of the visual streak masy
differentiazed during careful ophthalmoscopy of living
dogs (Fig 81, although i the authors experience this is
often very difficult o do with only a direct ophthalmo.
scope. ™ In dogs with o moderacely pronounced visual
streak. the retinal blood wvessels covering the temporal
Fomm of the rewna converge towards the central atea
rom all sides; in dogs with & very pronounced streak,
the wessels approach 1he sireak from the inferior and
superior aspects of the retsa and generally do not cross
the streak. ™ Whether employing these criteria would aid
in the selection of dogs wath enhanced visual acuky,

however, is stll far from centain,

Estimates of visual acuity—The most Lamilar m-
dicsor of visual aculty in human beings s the Snellen
fraction, which relates the ability of a subject 1o distin.
guish between letters or obyects ut o hixed distance (uwsu-
ally 20 feet or 6 meters] with a standard response
Snellen fractions of 20120, 20440, 2O/100, for instance,
mean that the test subject needs o be 20 leer away from
a test image 10 discern the detalls that the average person
with normal vision could resolve from 20, 40, or 100
feet wway, respectively. For human beings, this west ac-
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Takble 1—Comparnson of terms used 1o describe visual
acuity, Derived from Bonsh™
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tuaily measures the ability of the area of greatest visual
acuity (e, the forea) to discriminate between objects
Peripheral visual scuity in people s xym‘mlly poor (ie,
200100, 2072200, or worse)*? presumably because the
photoreceptor density s lower and the rato ol pholo-
receptors to ganglion cells is higher in these regions of
the retna than In the fovea

Estmases ol canine visual acunty vary widely, per-
hips because they have been obtained by various meth-
ods, mcluding behavioral testing,” measurement of
visually cortical potentials*™**! or pattern electro-
retinography, ™™ and assessmem of the optokinenc re-
sponse. ™ Each method has its own units for expressing
visual acuity, although these units are comparabie (Table
119 One unit ks the minimum angle of resolution, that
is, the minimum distance by which 2 lines need 1o be
separated to be dsuinguished as separate. This distance
Is typlcally expressed in minutes of arc of the visual ficld
that separates the lines. Another method of determining
visual acuity uses repeating patterns, such a= aliermating,
light and dark bars, ™ and expresses visual acunty In cy-
cles of aliernation per degree of visual field **

In behavioral tests; the visual acuity a1 high hght
mtensity (37 Jux) of a medium-sized dog was 4 minutes
50 seconds of arc, or approximately 20095 with the Snel-
kn chart* When esimated by means of visual evoked
potentials (the electrical response generated in the brain
when the retima s stimulated by illuminated patterns),
the visual acuity of 2 dogs was determined to be 12.6
cyclesidegree, or approximately 20050, although this was
detzrmined by extrapolation and therefore has the po-
tential to overestimale visual acuity ¥ With a4 more so-
phisticared sweep visual evoked potential procedure, the
muxximal visual scuity of 3 Beagles was determined 1o be
7.0 1o 9.5 cycles/degree (2085 10 20V65 on the Snellen
chart) ** When electrical nsrom: of the retina rather
than nse of the cerebral cortex was used, a mean
threshold of 11.6 cycles/degree (approx 20/50) was ob-
tained for 4 dogs. ™ Another study usm%‘tpamm electro-
revinography estimated mean acuity of the ceniml 157 of
the canine reting 1o be 6.9 minutes of are/phase (approx
2001400, and the mean acuity of the toroidal 15° of ret-
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ina around this cenral area 10 be 118 minutes of are/
phase (approx 20V235) ™

Testing the oprokinetic reflex 1o determine visual
acuity involves projecting a grating pattern of honizon-
tally or vertically arranged bars ol light and dark on a
screen placed a fived distance away from the eyes.™ The
bars are made 10 appear 0 move across the screen, in-
ducing a nystagmus i the test animal By determining
the mmimum distunce separating the bars red 10

roduce nystanus, the threshold of visual acuity can
estimated ™ Akhough this method has several limi-
tations, | study using horizomally moving hars in dogs
suggests that the visual acuity of the dog 15 approxi-
mately 3 munuies of arc or about 200100,

Il one assumes from all these studies that visual
acuity in the typical dog 1 about 20475, then from 20
leet away, dogs could only begin 1o distinguish the de-
tails of an object that a person with normal vision could
differentiate from 75 feet away (Fig 9). 1t should be
pointed out that the most commonly used proceditres
to determine vision in dogs (eg, determimation of menace
respotses by moving a hand across the dog's visual field
or the abiity w lcllow a moving cotton ball) are testin
the motion sersitivity of virtually the entire reting, an
positive resg:mm are will present even though visual
acuity may be worse than 200400 (4 person with visual
scuity of 200400 would be considered legally blind) It
must be remembered, however, that visually disunguish-
Ing the fine detatls in objects is less important for a dog's
lifestyle than it is for most people (even for working
dogs), and the tade-off of improved vision in dim lighn
versus bess acute vision tn bright light wllows dogs to
exploit an ecologacal niche inaccessible to us

Form Perception

In general, few carefully controlled studies have
been performed on the abilities of dogs 0 perceive
shapes.*! although form perception in dogs I3 reported
to be good ! Pavlow found that conditioned reflexes that
depended on discriminating a clrele from an ellipse with
semi-axes in 3 ratwo of 8:9 could be developed In dogs.!
Another study™ found that dogs rapidly leamed 10 dis-
criminate between horizontal and vertical lines, bt
learmed more slowly 1o differentiste between upright and
inverted tnangles. Onee learned, however, these disting-
tions were found 10 be independent of the size of the
object. and whether the figure was given #s an outlioe
or completely filled in

Color Vision

The ability of dogs w0 distingaish coloe has been the
subject of several siudies with often conllicting results 9297
Many carly behavioral stuches indicated either thar dogs
lncked color vision, or that I they could discriminate
hue, it was without importance w do?, and form and
brightness were more importane ' #5 Many of these
carly studies, however, were poorly controlled and more
recent, well controlled studies have clearly documented
tha possess ancl wse color vision 30402

“olor sensitive cones are found 1n the eamine reting;
therefore, there Is, & least, an ansomic poential for
color vision in dogs.* Studies using antibodies to cone
OULCT SEEMIeNTs inzc.uc that, morphologically, there ap-
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wmccs are probably dilferent. The most striking
ifferences In color vislon between degs and people is

the dogs’ tmability to differentiate among middle to Jong
wavelengihs of light, which appear 1o le us green,
yellow-green, yellow, oringe, or red, and their inability
1o distinguish greenish-blue from gray. This pattern ol
color recognition ks similar to that of a person with deu-
teranopka® (a type of dichromasy) who lacks cones sen-
sitive 10 green light und characieristically tends 1o
confuse red and preen colors (red-green color blind).
The dog differs, however, in that 1t fewer cones; in
genergl, than do human beings. and the colorless spec-
tral newtral point in dogs ts shifted toward the blue re-

on of the specirum (480 nm), whereas in people with

cuteranopia, the spectml newtral point is i the green
(505 nm) regon of the spectrum. This difference in
spectral veutrul potnt may be the result of yellow pig-
ment in the human lens that blocks short wavelength
(biue) hight and significamly reduces sensitivity to violet
und blue light, Dogs Back such a yellow pigment in their
lens.

Restnctions in color vasion are probably of limited
consequence in dogs, as it s likely thae dogs react only
to colors of biological importance 1o them ™ Problems
may arise, however, when people atiempt to tesch hunt-
ing and working dogs 1o distinguish among red | orange,
yellow, and green objects solely on the basis of color.
Additionally. a guide dog would be unable w differen-
uate among the signals ar a stop light oa the basts of
color slone. In these vses. dogs must use clues other
than coloe, such as smell, wste, exture, or otber visual
clues such as relative brghtness and position, to differ-
entiate between these amilarly colored objects On the
other hand. Orbeli ed in 1909 that dogs are able
to differentinte perfectly among closely related shades of
grax that are indistinguishable 10 the human eye.' This
ability would be a greater mid in increasing visual dis-
crimination among animals adapeed o function in low
light levels than would enhanced color vision, because
in low light conditions, there may be insufficient light
to simulste the cones.

Summary
Compared with the visual system b human beings,
the canine visual system could be considered inferior in
such aspecis ns of binocular overlap, color per-
ception, accom tive range, and visual acuity. How-
ever, in other s of wision, such as ability o
function in dim light, rapidity with which the retina can
nd to mother- image (fiicker fusion), field of view,
abibity o differentiate shades ol gray, and, perhaps, abil-
iy 1o detect motion, the canine visual system probably
surpasses the human visual system. This has made the
dog a move efficient predator in cenain environmental
stuations and :trrnm It to exploit an ecological niche
inaccessible to humans
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Correction: Histologic appearance of axial osteochondral frag-

In “Histologic appearance of axil cestzochondral fragments from the proxi-
moplantar/proximopalmar aspece of the proximal phalanx in horses” ( [AVMA, Oct
15, 1993, pp 1076~1080), 1he last sentence beginning on page 1078, which ends
at the top ol page 1079, should read, “The position of these [ragments between
the base of the sesamoid bone and the plantar/palmar perimeter of the proximal
phalanx suggesss that fameoess may have been a result of strerching of the synovial

and [ibrous atachments of these

to adgacent structures during full ex-

tension of the metatarsophalangeallmetacarpophalangeal joint ™ An extra phrase was
inadvertently added to the semtence. The JAVMA regrets the error.
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