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through the eyes of a trout. Poppies are 
coloured ultraviolet with an admixture of 
red and this is how trout —  and birds —  
see them. Because we see only the red light 
reflected from the petals of the poppy and 
are blind to the ultraviolet light reflected at 
the same time, we are deceived into the 
mistaken notion that poppies are red.

More to the point, the trout sees an 
underwater world in which there are 
objects coloured ultraviolet, far violet, far 
purple (a term coined for a mixture of far 
violet and red), and so on.

The facts of trout vision outlined 
make biological sense. Light rays are 
absorbed and scattered as they pass 
through water but low energy, long 
wavelength rays at the red end of the 
spectrum are absorbed, scattered, dissi­
pated and lost more rapidly than high- 
energy short wavelength rays towards the 
blue-green end of the spectrum.

In shallow water, when a great deal of 
the sun’s energy lies in red, as it does on 
bright sunny days, yellows, oranges and 
reds are almost as clearly visible under­
water as on land, so the trout needs a 
reasonably good ability to discriminate 
colours towards the red end of the spec­

trum. But towards dawn and dusk and on 
overcast wintry days when the sun’s rays 
have less energy in the red (and what little 
red light there is is rapidly absorbed and 
lost as it enters the water), strange under­
water transformations take place as 
objects which were coloured yellow, 
orange and red change colour and become 
various shades of green, blue, violet and 
far violet.

In deep water, where natural red light 
never penetrates, everything is coloured 
green, blue, violet, far violet or black 
(divers who cut themselves underwater are 
sometimes perturbed so see dark green 
blood welling from their wounds).

The fisherman, concerned at exact 
imitation of natural flies, should take note. 
Except in.bright light, colour is less im­
portant than „shape, and shape less im. 
pcjrtant than the pattern’s movement. 
In overcast conditions or . water
the trout sees as green to far violet a fly 
which, to the angler, is red to yellow. In all. 
lights the trout has periscopic vision. 
Sometimes, therefore, a fisherman can be 
seen by a trout which he himselFfs in no 
position to.see. ~~~— —~~ 1 "

« ANDREW ALLEN

fishing 
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lakes
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development of Chew Valley 
and Blagdonwhere bird-watcher 

and naturalists are as well

T,
catered for as anglers

U R N  TO almost any book on stil 
water trout fishing and you will fin 
mention of Blagdon and Chew reservoir. 
They lie to the north of the Mendip. 
about ten miles from the heart o f Bristo 
Beneath a net o f hedgerows and dar 
patches o f woodland, the small limeston 
hills of this area swell up, subsiding as the 
reach the lakes.

O f these, Blagdon is the older. It wa 
created at the beginning of this century b 
the Bristol Waterworks Company tc 
supply unpolluted water to an area whicl 
was becoming increasingly populous. Th 
idea o f fishing it seems first to have oc 
curred to the general manager at that time 
a Mr Alexander, who angled in its water: 
with a roach pole.

Finding the fish were smashing hi; 
light tackle, he turned to stronger gear anc 
soon realised that the reservoir contained 
superb brown trout. Blagdon Lodge 
became a shrine for fly fishermen and their 
aquarian gods can be seen in glass cases 
round the walls. As the early fishing 
records reveal, these fish were hard to 
catch, but well worth the effort, for they 
averaged over 4 lbs each.

Chew Valley Lake is a later creation 
and a larger one, its shoreline roughly a 
third longer than Blagdon’s seven miles. 
Whilst it lacks the sedate, established 
intimacy of Blagdon, it offers a more open 
aspect, inviting admiration for the way in 
which the Waterworks Company has 
blended the provision of recreational 
facilities with an enlightened policy of 
conservation.

Fishing began at Chew in the 1950s 
and reflects the increasing popularity of 
Stillwater angling for trout. The telephone 
is warm with bookings months before the 
season opens in April. At the Ubley hat­
chery and Blagdon pumping station trout 
are reared to stock the lakes. Each year
90,000 fish are released at irregular inter-
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H
ave y o u  ever  w o n d e r e d  why a tro u t will 
sometimes approach within inches of your 
artificial My pause, then  carefully inspect 
your offering before deciding to strike or 
refuse ¡J and leave? Certainly 

we can tell the difference between a stan­
dard dry fly and a real fly even at quite a 
distance. Why then would a trou t waste 
valuable energy to leave a holding posi­
tio n  and  scru tin ize  an artificial fly so 
closely if its vision were com parable to 
our own? You might also be inclined to 
w onder how it is that a fragile insect such 
as a mayfly can be so easily imitated with 
bits of fur and feathers tied on a |io o k .
The answ ers to  these  questions  lie in 
understanding the visual perceptions of 
the trout.

Many of the trou t’s behaviors are adap­
tations to  its visual p e rc e p tio n  o f the  
world. It is well reported that trou t m ust rely on visuff 
al cues for their survival, especially in food gathering, 
danger avoidance, and reproduction. Until relatively 
recently, fisherm en could only speculate on what a 
trou t is actually able to see. Fortunately, scientific 
investigation has provided a m uch m ore insightful 
and accurate analysis of the tro u t’s visual abiMies. 
These abilities are very different from our own.

Most fly fishermen may find this discussion of trout 
behavior startling; much of the rationale presented for 
the behav ior will be con trad ic to ry  to  m any well- 
accepted notions. Unfortunately, these widely accept­
ed notions are the result of misconceptions presented 
by o th e r  au th o rs  on  the  su b jec t o f t ro u t  v ision. 
Knowing and using the facts presented in this article 
on vision in trout should lead to a better understand­
ing of fundamental methods gt developing and tying 
effective and realistic fly patterns and in developing 
effective fishing techniques.

The Trout Eye
TO UNDERSTAND THE TROUT’S IflSUAL SYSTEM, it helps to 
com pare the anatomical m akeup of their system to 
o u r  own. O utw ardly  the  tro u t eye resem bles the

hum an eye in many respects; it Bas a cornea and lens 
to direct light, a retina to perceive light, and an optic 
nerve to  tran sfe r visual in fo rm ation  to  the  b ra in  
(Diagrams 1 and 2). Beyond these sim ilarities are 

adaptive differences that allow the trout 
to  see in an environm ent very different 
from our own.

Lacking protective eyelids and posi­
tio n e d  la tera lly  along  the  side o f the  
h ead , t |ie  t r o u t ’s eyes arp  lo ca ted  to  
provide an extensive peripheral field of 
vision. The cornea  o f the  eye actually 
p ro trudes slightly from  the side of the 
fisnts head and renders it vulnerable to 
injury. The trou t is able to move its eyes¿ 
in a coordinated fashion by use of sever­
al muscles attached to the outside po r^  
t io n  o f  each  eye. By e x p e rim e n ta lly  
moving the eye with tweezers, scientists 
have dem onstrated  that the trou t has a 

ran g e  o f o c u la r  m o tio n  c o m p a rab le  to f |h a t  o f 
th e  hum an eye.

The Visual System
A d i s c u s s i o n  a b o u t  v is io n  in any visual system  is 
incomplete w ithout a fundamental understanding of 
how light moves through space and how visual images 
are formed. Light travels through a vacuum at a con­
stant speed. When light enters a medium with a differ­
ent optical density, the speed of the light changes, and 
at the interface betw een the two materials thegight 
bends. TRs- b en d in g  o f light is called  refrac tion . 
Understanding refraction is an essential part of under! 
standing how ^tsual systems bend light in o rder to 
focus light on the retina to form a clear visual image.

Because o f the^Jarge disparity  in optical density 
between air and cornea, theglum an eye bends incom i 
ing light primarily at the air/cornea interface through 
the process m entioned above, refraction. The relative­
ly weak léns of the hum an eye fine-tunes the focus of 
incoming light onto the retina to provide us a clear 
image. In trou t eyes the opposite i^ tru e , as lightT|/ 
b e n t very  little  from  w a te r th ro u g h a h e  c o rn e a l  
because both of these substances have similar optical

With poor 
visual acuity, 
they must get 
close to make 
the decision—  

eat or don’t 
eat.
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The fly drift level is important to nymphing success. Nymphs and 
crustaceans work best if dead-drifted in the lower third of the 
stream’s depth. Emergers and pupa imitations should drift natu­
rally in the upper third of the stream.

especially in shallow riffles. Trout in shallow water can 
be approached closely because their cone of vision 
becomes smaller the closer to the surface they are.

The Lower Third Rule
T h e  f l y  d r i f t  l e v e l  is the most commonly overlooked 
p resen tation  factor and is w hat separates the m en 
from the boys w hen it comes to nym phing success. 
The fly dri^t level is co n tro lled  by tine am oun t of 
w eigh t u sed  on  th e  fly o r lead e r and  by how  far 
upstream  of your target you cast to allow the fly to 
sink to the p ro p er level. For m ost conditions, you 
should try to achieve a natural dead-drift of the fly in 
the lower third of a stream ’s depth. For example: If a 
section of riffle is 18 inches deep, try to keep the fly in 
the six inches of water closest to the stream bottom.

To know if you are achieving the proper drift level, 
carefully watch the strike indicator to see if it goes 
slightly slower than the surface currents or bubbles. 
Also'Othe fly shou ld  occasionally catch the bottom  
rocks or vegetation. If the fly hangs on the bottom  too 
often, reduce the weight, and ¡1 you never get the bot­
tom, then add weight or cast a little farther upstream 
to give the fly more time to sink. The smallest remov­
able split-shot available (size B) and a selection of 
micro-split-shot work well together. Place the larger

split-shot 18 to 24 inches above the fly to help the 
leader sink, and the micro-split-shot three to five inch­
es above the fly to ensure that it will stay at the proper 
drift level. In very shallow water the fly weight or one 
micro-split-shôt is all you need.

In addition to changing the weight, adjust the Strike 
indicator in relation to the speed and dep th  of the 
water. Too long a d istance will Create m ore slack, 
reducing your reaction time, and too little distancé 
w on’t allow the nymph to sink properly and may dis­
tract the fish.

The exception to the lower third rule is, of course, 
w hen pupae or em erger imitations should be used. 
When fish are breaching in shallow water but normal 
dry flies don’t produce well, try one or two larvae infr 
tations in the surface film or just a few inches be;low. A 
small strike indicator ancfttjtle or no weight should do 
the trick. Although the dead-drift works great, pupae 
often are good swimmers, so letting the fly swing and 
rise below you can bring an eager take that you should 
feel. This is the only time in shallow-water nymphing 
that you should strike by feel rather than sight.

Once I observed a nearby trout take then spit out a 
fly, and the strike indicator two feet away showed only 
the slightest sign of an aberration in the natural drift. 
Since then I’ve seifthe hook fast and sufficiently hard 
on  any slight deviation in the  natural drifl| Never 
assume that a hesitating indicator is just dragging on 
the bottom  or stuck on weeds. Always set the hook

Continued on page 64
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Diagram 2: The Trout Eye

Light

Lens

Cornea

densities, hence refraction of light is mini-^H 
mal. A powerful lens is then necessary to 
focus incoming light onto the retina of the 
trout. The lens of the trou t’s eye is so pow­
erful that it is roughly spherical and actually 
protrudes through the pupil. Despite the 

H igh pow er of this lens, it; is rem arkably 
free of visual distortions, another miracle of 
evolution.

In order for the hum an eye to focus on 
b o th jn e a r  andifa^r ob jec ts , th e  len s  m ust 
change shape to increase or decrease its power. While 
at rest, our eyes are focused at infinity, allowing us to 
see distant objects effortlessly. To read something up 
close, o u r |;tens pow er increases un til the m aterial 
focuses correctly. As we reach the age of forty-five and

older, our lens loses 
m uch o f its

Diagram 1: The Human Eye ability  to

Bis

Retina

Optic Nerve

bifocals or reading 
glasses for close work ",

In contrast, the lens of the trout does not change 
shape to focus as ijidoes in the hum an. Rather, the 
entireTens moves in a plane forward and backward to 
focus; an image in the back of the eye (Diagram 2) 
W hile  a t r e s t ,  th e  t r o u t ’s eye is fo c u s e d  atg

a p p r o x i ­
mately three 

to four inch­
es forward and 

slightly upw ard . 
The eye always 

R e m a in s  fo cu sed  at 
infinity, looking lateral­

ly, backward, down, and straight up. When 
the trou t’s lens fs retracted in a focusing 
effort, the fish is able to see forward to 

infinity while the focus of o th er positions of gaze 
remains essentially unchanged. In this way the trout 
may actively focus its eyes only looking forward, while 
the rem ainder of its visual field is focused in the dis­
tance. Because the lens of the trout eye is very power­
ful, objects from approximately six feet and beyond 
are all in focus on the retina ¿tithe Same time when 
the fish gazes at distant objects.

It may seem confusing fnow so much inform ation 
about the peripheral environm ent could possibly be 
perce ived  at the  sam e tim e by th e  tro u t. As w ith  

» m a n s ,  the trout probably has an area of conscious 
awareness in its most developed field of gaze looking 
forward. The peripheral fields of gaze are probably 
subconsciously perceived until movement or contrast 
is detected and draws the conscious attention of the 
fish. Carrying this analogy to the hum an visual system, 
we commonly perform  tasks with our central vision 
without being contiguously aware of the details in all 
of our 180 degrees of peripheral vision. Typically we 
do not notice objects in ou r peripheral fields until 
changes occur in color o r m ovem ent to  draw; o u r 
attention to these areas.

Contrast in color and hue between objects helps us 
discriminate them more clearly, particularly at low lev­
els of light or at the limits of resolution. This becomes 
particularly important for the trout. Although the trout 
càhhot S iarp ly  see an overhead p reda to ï or the sil­
houette  of a fisherm an in its peripheral vision, the 
movement of these objects against a contrasting back­
g round  draws its a tten tion  and the tro u t flees for 
cover. Many fishermen through trial and error—most­
ly error—are well aware of this fact and have learned
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to reduce contrast between them ­
selves and  th e ir  e n v iro n m e n t 
th ro u g h  the  use  o f  cam ouflage 
fp p th in g  o r  fish ing  in  sh a d ed  
areas. A voiding s u d d e n  m ove­
ments also reduces pie chances of 
detection by the trout. An empha­
sis should be placed on slow, care­
ful wading and controlled casting 
motions.

Although tro u t have an ex ten­
sive field of peripheral vision, it is 
worth mentioning their four areas 
of blind spots. Due to the anatom­
ical positioning of the trou t’s eyes, 
it is unable to see directly below, 
directly behind, just in front of its 
sn o u t, and  ju s t  above its head  
(Diagram s 3 and 4). F isherm en 
w ho cast directly  upstream  to a 
fish attem pt to take advantage o f 
the trou t’s rear blind spot and;in: 
this way remain undetected by the 
fish. In reality, a trou t that moves the least bit from 
side to side shifts is peripheral vision enough to detect 
a threat at its rear. In this way the trout will most likely 
see the fisherman if he draws attention to himself.

While the trou t’s eyes are well positioned to view 
the surface of the water from a relatively horizontal 
position, it is unable to focus below to the bottom  of a 
stream from this position. In searching for food items 
near the bottom, the trout must position itself with its 
tail elevated and head pointed downward. Only in this 
position can it focus to see the bottom  with both eyes.

The ability to adjust the am ount of incoming light 
into the eyes is* im portant for optim um  viewing and 
preventing overexposure of the retina to sunlight. Our 
eyes may adjust the amount of incoming light by con­
stricting or relaxing the iris, which in turn changes the 
size of the pupil. Because the tro u t’s lens extends 
through the center of the pupih it is unable to adjust 
the pupil diameter as humans do. Rather, the trou t’s 
retina has an associated, specialized layer of pigment 
granules that actually moves in response to light and is 
able to protect one variety of very sensitive retinal 
from overexposure to sunlight. This process is aided 
by The additional m ovem ent of the photoreceptive 
cells. Unlike the pup i& esp o n se  in hum ans, which, 
occurs in a fraction of a second, the migration of pig­
m ent granules in the tro u t’s retina requires several 
minutes to occur once it is stimulated by bright light.

The retina is a specialized tissue that lines the back 
of the internal eye. It is capable of sensing a wide spec­
trum  of light wavelengths and intensities through a 
photochemical reaction that in turn produces signals 
that are transmitted via the optic nerve to the visual 
centers of the brain. The brain reconstructs the signals 
to perceive an image.

The photoreceptive units of the retina may be divided 
into cell types known as cones and rods. Cones perceive 
colors in normal daylight viewing. The rods, which are

unable to discern color, are approxi­
mately one thousand times m ore 
sensitive to  light than  cones and 
allow vision at very low levels of 
light (starlight). The human eye pos­
sesses th ree  types o f cones tha t 
allow us to see in the blue through 
red color visual spectrum.

Young trout possess four types 
of cones with color vision extend­
ing  from  th e  u l tr a v io le t  range  
th ro u g h  red . As th e  T ro u t gets 
older, the  cones responsib le  for 
ultraviolet perception regress, and 
the retina reverts to  a three-cone 
system  sim ila r to  th a t o f th e  
human. The cones responsible for 
vision in to  the u ltrav io let range 
may allow  young tro u t to b e tte r  
feed on small aquatic life. If tru e ! 
this represents yet another adapta­
tion  o f ip e  t ro u t’s visual system 
designed to enhance survival.

The rods found in the retinas of both humans and 
fish are only useful for vision at low levels of light. In 
order to see with our rods, the retina must adapt from 
a daylight system to a night-vision system, a process 
that usually takes from 20 to 30 minutes. This period 
of adaptation of the retina explains why fisli stop feedl 
ing for about half an hour j|ist after dusk as their eyes 
adjust from seeing with cones to seeing with their very 
light-sensitive rods.

In terestingly , the  t ro u t ’s eyes are n o t the  only; 
organ of its body to possess vision receptors. The

iBOD WALINC'HUS ILLUSTRATIONS

Diagram 3
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Diagram 3 shows the hori­
zontal visual field of the 
trout. Diagram 4 shows 
the vertical visual field. 
The trout has monocular 
vision to its sides. The sin­
gle-hatched area shows the 
area of best acuity. The 
double-hatched area 
shows the area of binocu­
lar vision, where both eyes 
see with good acuity. 
Blind spots occur behind, 
below, above, and in front 
of the fish.

The trout's brain contains 
a small pineal gland that 
responds to input of light 
and dark signals from 
overhead. The gland is 
thought to help the fish 
regulate daily and season­
al body cycles based on 
changes in the light per­
ceived.

MICHEL ROGGO PHOTO

brain of the trout contains a small center called the 
pineal g landB ocated  just beneath a portion  of the 
relatively translucent skull, and it responds to input 
of light and dar||s ignals from overhead. The pineal 
gland is thought to function as a calendar for the fish 
which helps regulate body cycles based on daily and 
seasonal variations.

How and what we see of our environment is direct­
ly related to the arrangement of rods and cones of the 
retina. The||ium an retina possesses a central, small 
area that is highly specialized, know n as the fovea 
(Diagram 1) . : This region consists solely of num erous 
tightly packed cones and provides us our best day­
light visual acuity. The adjacent retina consists of a dif-i 
fuse mixture of cones and rods with rods predom inate 
ing. Because of this array, hum ans possess excellent 
central daylight acuity for approximately five degrees,^ 
but our acuity drops off dramatically in our peripher­
al vision. The correlation to this arrangement is that 
at very low levels of light, starlight for example, we 
are unable to look directly at som ething and see it 
accurately. This is because our cones lack sufficient 
sensitivity at these low  levels of light. By looking 
slightly to the side of what we want to see, we place a 
focused image in a region of retina concentrated with 
rods, and the image is perceived, although no color is 
detected.

The tro u t re tin a  is o rgan ized  m uch d ifferen tly  
from our own. Having no central fovea, it rather has 
a ring-shaped area of peripheral retina That is con­
cen tra ted  in  cones. Because the concen tra tion  of 
cones in this region is substantially less than that of

the fovea in the hum an eye, the resolving pow er or 
acuity of the trou t eye is only a fraction of the acuity 
of a hum an eye. The location of this specialized ring 
of retina in the trou t affords the best daylight vision 
peripherally, exactly the opposite of the hum an. This 
means that a trou t sees best forward, backward, up, 
and down but has poor aCuityflaterally because the 
corresponding central retina has relatively few cones 
(Diagrams 3 and 4).

It should be noted that the regions of greatest visual 
acuity overlap forward and above the fish, providing 
file trou t a long bu t narrow  arc w here it sees best 
binocularly, using both eyes together. Given this fact, it;: 
is not surprising ;|hat trout tend to feed in lanes, often 
ignoring flies just a few inches laterally, simply because 
they do not see well in this direction. To cover a larger 
area for feeding, the trout would have to swim back 
and forth, scanning the above water surface and wast­
ing a trem endous am ount of energy against the cur­
rent, something no wild fish can afford to do.

Because the trou t’s peripheral specialized region of 
retina retains the presence of very light-sensitive rods,! 
it is able to see at night by simply looking directly at its 
quarry. In this regard the trou t’s eye is better adapted 
than a hum an eye for hunting at night. However, due 
to the way the rods collect visual inform ation and 
transmit it to the brain, the fish’s nocturnal visual acu-¡ 
ity is probably less than its daylight acuity.

What the Trout Actually Sees
T h e  d a y l i g h t  v i s u a l  a c u i t y  of the trout has been mea­
sured experimentally in a laboratory study by three
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► Approach from behind, where the fish’s ^ u * Turbid water conditions obscure the
blind spot is located. r trout’s vision and make for close

► W ear camouflage clothing; avoid shiny approaches to the fish.
tackle. Æ  •  Clear, flat water conditions require small

► When approaching from the sidej^eep a flies and light lines and tippets, because
low profile and move slo^y. , the trout has more time to inspect the drift-

► Fish in low-light periods ror mo£t effective ing offering,
stalking ,— 1 ?rr:  ̂ . jdn
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German scientists using a particular 
behavioral pattern of the trout com­
bined with an experimental apparatus 
to accurately measure acuity. Their 
results correlate closely with the calcu­
lated visual resolution based on the 
optical properties of the trout eye and 
the measured distance between cones. 
The scientists found that the visual acu­
ity of the trout was 14 times less than 
that of a human.

The fact that trout only see a frac­
tion as well as humans do explains a 
characteristic feeding pattern of the 
fish. Most fishermen have seen trout 
move from a holding position near the 
bottom of a stream to approach within 
inches of a fly to closely observe it 
before feeding. At a few feet away the 
trout is only able to see a fuzzy silhou­
ette of the fly, which initiates its inter­
est in the object. As the trout gets clos­
er to the fly, its image projected onto 
the retina proportionally enlarges until 
the fish can discriminate it conclusively 
from other surface objects that might 
resemble a fly. Once the trout decides if 
the object is on its menu that day, it 
either strikes the fly or returns to its 
holding position.

Through the Trout’s Eye
T h e  ual a c u it y  o f  t h e  t r o iK  can be 
closely approximated by taking a picture 
and altering the focus a calculated 
amount. Photo 1A shows what a human

might see of a standard dry fly from 
directly underwater. Photo IB is what a 
trout sees of the same fly at a distance of 
one foot. Photos 1C and ID are what a 
trout sees at six inches and three inches 
from the fly, respectively. Notice that as 
the fish gets closer to the fly, it is able to 
resolve more details, although the acu­
ity remains unchanged. At approximate­
ly three inches from the fly, the trout 
reaches maximum visual discrimination.

Photographs 2A and 2B, modified 
from a photo provided by Dr. Carl 
Richards, demonstrate what a trout 
sees of the mayfly Baetis hiemalis at a 
distance of six inches and three inches, 
respectively.

Previous authors and researchers 
on vision in fish have attempted to 
refract various species of fish both in 
and out of the water. Refraction is 
basically a method to determiné if 
spectacles aré heeded for the eye to 
achieve its best vision, a procedure 
that anyone who wears glasses is* 
familiar with. Initially, trou t were 
thought to be nearsighted. Later, 
researchers using measurements of 
light reflected from the fish’s eyes felt 
that B e  trout was farsighted. Most 
recently^ studies using sophisticated 
electronic recording devices from the 
fish’s brain have proven that most fish 
have little refractive error and that the 
previous methods for testing refrac­
tion were inaccurate. The significance

of this to the fly fisherman $s 
only to clarify this topic which 
appears in other material on 
vision in trout ': ;

Binocular and 
Stereo Vision
OlSTË MAJOR CONSIDERATION NOW
r e m a in s  concerning 'Vision in 
trout. Do trout have binocular 
vision as most humans pos­
sess, or are they essentially 
monocular, using input from 
one eye at a timé? Binocular 
vision is an ability of the brain 
to  take ."¡Visual inform ation 
from two eyes and form a sin­
gle image. For this system to 
exist the eyes must be able to 
both|glock on” to a target and 
maintain coordinated track­
ing. Although research has not 
proven the trout to be binocu­
lar, observations of the fish 
demonstrate a consistent pat­
tern  o f moving the eyes 
together in small tracking 
motions. For this; and other 
reasons most researchers spec­
ulate that trou t do possess 

binocular visión.
Binocular vision can only exist in 

fields of vision shared by the two eyes. 
As was mentioned previously, this cor­
relates to a common area forward and 
above thé trout (Diagrams 3 andfâ). 
This region of binocular vision is ideal­
ly suited to a creature that holds near 
the bottom of a river and must scan 
both forward and above for food that 
washes downstream.

¡Stéréovision, or the ability to see in 
three dimensions, is a higher-level func­
tion of the brain that requires the pres­
ence of binocular vision. Most people 
with binocular vision can see iri three 
dimensions, although some cannot. If 
we assume that a trout does have binoc­
ular vision, it is possiblé to make specu­
lations about its stereoacuity.

Experimentally blurring the vision of 
a human to the level of a trout reduces 
stereoacuity by approximately 100 
times to a very rudimentary level. It is 
essentially impossible for a creature 
with the visual acuity of a trout to pos­
sess high-grade stereoacuity. How then 
are trout able to feed on moving 
insects without this ability?

Actually, most of our clues to depth 
perception have little to do with stere- 
o§|sion. Many people with poor or 
nonexistent stereoacuity have little dif­
ficulty driving cars or performing man­
ual tasks. They áre accustomed to 
using clues of size, shape, and shad-



Photo ' äum&n:
0^0Mdds[ u  standard  d t00ty:from : 
mid&fWßt@$dä

Photo- ÏB.tffdÊdthe droitpM&ë0: the) 
t$dmetdhy:fiy oda disiän 0̂:,pfMne)

■ - Ì L .

GORDON BYRNES PHOTOS*

Phdp0ßj0i Hom:the)t0u f^  
mmä$00todistäh£0a0$^

Photo ID. Thè ifàiii-reaches maxi­
m um  tMstìoi' d iscrm  at three
inches)fremi; thefry- :Wfry0fr0 detoil$: 
become i4$ifrlec:, t

ows to help judge distance and direc­
tio n .S h e  fact that trout not infre­
quently miss the fly during a strike 
points to a certain lack of stereoacuity. 
Certainly the fish is successful most of 
the time. Proving that stereoacuity is 
not necessary for trout to feed or sur­
vive are the numbers of hook-injured 
monocular fish that survive and feed 

Continued on page 62
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What Trout Fishing 
Should Sound like.

The water gurgles around your 
waders. A ruffed grouse drum s..
A blackbird trills. Arid the 5 weight 
whistles softly over your head.

This gentle chorus is no place 
for a poorly built click reel to make a 
tinny intrusion.;.

The System™ Two LC is a light­
weight, click drag red  designed 
by Scientific Anglers and built in 
England. So it has the genteel sound 
of far more expensive reds. In perfect 
harmony with the real world features 
of our System Two family. Like 
counter-balanced spools that are’ 
inexpensive and easy to change. Ex­
posed rim for control of sudden runs. 
Four generous line capacities. And 
a wide range of drag adjustments.

Stripping line gently from 
the System Tvto LC makes a click as_ 
right somehow as a cricket on a 
sunny bank. But when the calm is 
shattered and a fish is on and run­
ning, this little reel buzzes as sweetly 
as a wild-eyed locust in love.

If all this sounds good to you, 
visit your Scientific Anglers dealer. 
And try  the System Two LC. Designed 
by someone w hojjjp was listening.

The System™ Two LC.

Scientific Anglers
3 M

How Trout See . . .
Continued from page 61 
despite their visual handicap.
H  summary, trout possess a visual 
system which is adapted for underwa­
ter viewing and is quite unlike our 
own. Although we surpass the trout in 
visual acuity, the trout has a much larg­
er area of visual surveillance and is bet­
ter adapted to hunting at night. Much 
of the trout’s Jbehavior is governed by 
its visual abilities and limitations. This

trout sees a mayfly at a distance of 
six inches. Photo 2B (below) shows 
how a trout sees the same mayfly at 
a distance of three inches.

is most apparent in observations of the 
trout’s close scrutiny of flies and use of 
feeding lanes. Comprehending the 
visual capabilities of the trout provides 
a better understanding of why this 
creature has gained the reputation as a 
wary, yet selective, predator.

Fly Design
Fundamental to  the desISn  of artificial 
flies and fishing technique is a clear 
understanding of how and what a trout 
sees. Using information presented here*; 
as a foundation, Ham currently investi-/ 
gating questions that I have found puz­
zling for years. Specifically, how can arti­
ficial flies be modified to make them 
appear more realistic to a selective 
trout? How small must a tippet be 
before it becomes invisible to the trout? 
Can the hook be modified to make it 
less conspicuous? Which methods of 
fishing are least likely to disturb a wary 
fish? Perhaps these and other questions 
can be answered by further visual inves­
tigation.

G o r d o n  B y r n e s , M.D., a fly fisherman 
and a Navy physician in residency train­
ing as an ophthalmologist,H-lives in 
Gaithersburg, Maryland.

Bldg. 55144-,pl¡©89 ̂ M;Companÿ%vri/!
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•  NEW! Innovative Catalog.
This could be the greatest money 
saving opportunity for you in the 
nineties. Write for a free catalog.

North Fork
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307-527-7274 
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Ask for both accessories at your 
shop or order direct. Add $2.50 to Tiu 
Dispenser or $1.25 to Twéezies for shipping. 
MasterCard or Visa accepted.
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ROE (TIFO. INC.

TIPPET DISPENSER 
$18.95

5 spools hold up to 100 yds of tippet 
each. Easy to load, fits small pockets.
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pockets! Needle, tippet cutter and 
tweezers in one.
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“DUE TO MOTHER’S IRON WILL, 
WE’VE GONE TO PIECES.

—Tim Boyle

T h  is vest is the product of considerable persistence on 
the part of our company’s 
President. Mom.

For years, she’®
} been wrestling with the problem of 
i how to make one vest that’s right for 
all types of fishing.

Finally she came up with the answer: 
one vest can’t. But three-in-one can. 

a Hence the Big Horn.™ First, i t ^  
afqll capacity 19-pocket super­
vest. Zip the bottom off ana the 
top becomes a shorty for wading 
p r  tubing. For hot, traveling- 
light daysj;the lower po rtion-; 
becomes a handy hip belt.

They say the difference 
between a good fisherman 
and a great one is patience.

Maybe that goes for fish­
ing test makers, too.

f  Columbia
*  Sportswear Company

neu

For a color brœhure send $ I to  us at6 6 0 0 N . Balti­
more, Dept. T 3, Portland, Oregon 97203.

Tonight onlV 
Invasionofthe' 

killer flies.

In the video' 
“tying Hatch Simulator Flies ForSeUc- 
kve Thout”Doug Swisher will show you 
how to tie flies for those tough periods 
when the fish ̂ e  supe^selecfive'. Learn 
to tie the flies* that match the hat|&L 
Rent this and the other five Swisher 
pdeos at pHHS 
fly fishing head­
quarters. Or call 
l-800-227-625$i 
In MI 1-800- 
831-6324.

3M

WORLD CLASS SPORTFISHING
Limited to 12 Rods • Private, Luxurious Accommodations & Gourmet Dining 
• Daily Fiy Outs — Jet Boats on Remote Waters • Float Trips — Experienced 
River Guides • We Are #1
Couples and Corporate groups are 
welcome. Fish a 20,000 square mile area 
of Bristol Bay, and explore a different 
stream every day. Twelve species of fish 
are available.

, Call or write for more information:
May thru Oct. Oct. thru April

(907) 248-2880 (817) 236-1002

RON HAYES

ALASKA 
R 4 I N B O W  

L O D G E  ....
P.O. Box 1 0 17 ||, Anchorage, Alaska 99510

FISH ARGENTINA
UNDER $75 A DAY*

Lean on my 32 years’ fly-fishing experience in Patagonia 
for a low cost, trouble free fishing adventure on fabled trout 
streams - the Chimehuin, Malleo, Quilquihue, Caleafu, and 
Cdjlon-Cura \

\  Exclusive US/Cartadian agent for Patagonia’s 
oldest most famous fisherman’s inn.

Calf or write:
SALTY S A L T Z M A N / A R G E N T IN A  

Box 648, Manchester, Vermont 05254 
802*362*1876

‘ Average ground cost per person per day, party of |wo. 
Includes lodging, gourmet meals, trip and fishing advice, rental 
car w/unlimited mileage.

Wmwi
fasVe m i ex tra half an h o a r fly  1

Take the time and b a s ifi 
out of setting up and taking 
down your rod. After fishing, 

fold rod at mid-ferrule, and slip 
fly, tine, reel & rod (intact) 

into the Pile-lined, steel* 
reinf^^§drt' canvas case. 

Your valuable rod is . 
well-protected, but

u$e!
For Rods

Ft.S37.00/Q'a’MfeS' RodaH 
872 Ft. to 10 Ft. $40.00/

;add $3.75 
and handling. ^

¡fflffijER FROM:
THE GREAT ESCAPE WORKS 71 
1995 McKinzie Drive 
Idaho Falls, ID 83401 (208) 522-6475

FREE

Dan Bailey hand-tied flies are recognized 
world-wide for their superior balance, 
durability and attractiveness to fish. Our 
new catalog shows more than 300 Dan 
Bailey Flies in fuffllifelike color, plus per­
sonally recommended fly fishing tackle and 
exclusive Dan 
Bailey products.

Send
for
Your
Copy
T oday
r “ i
|  NAME

|  ADDRESS

I  ÇÏÏL
I  STATE

I

■
|  FLY SH O P

^ P.0. Box 1019-S, Livingston, MT 59047 J j
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f  What does a wild brown trout really see 
Ihen it peers up at your carefully tied Adams? 
^ J ^ q p f l f i o u g h t s  on this most basic V 
butCdns'pfclijnjsly ignored—-angling question.

- f % ' ..... - .. , 1



SEEING l||§yC H  A ̂ ATURAL and in­
stinctive pKnom enon that we ta k e ®  
sion for granted. Mechanically inter­
preting thdjWorld '¿round BBthrough 
ou« s  is a constant Activity of “pho­
toreception.” We rarpiy^give much 
thought to such questions as how and why we see 

what we;see;ht>w do other animals perceive what we 
see; arid how can so m ^ a n iip il^ R d r  example, 
trOutS ^ c things we cannot see?
; I iirs^m st admit that many of the complexities of 

the physics and chemistry Of v l o n  are beyond my 
understanding, interest in fish vision concerns 

^adaptations of t h e s e s  of fishes to differen|f(gondi- 
;Ttions j§|ich as shallow water, deep water, nocturnal 

a c tiw ^ /e td /j^ p ra l^ ^ R ^ g o  I wrote an article oril 
salmoniform fishes for the En^clopaedia Britan- 
nica. It was a fascinating experience to learn about 
Some of the exffieme adaptations of thereye in some! 
of the bizarre deepsea salmonifor rns to function un­
der light intensities most animals cannot perceive. 

The ey^S)f all vertebrate animals, from fish to 
l^mammal, folfow-^similar basic plan to function as a 

photoreceptor organ. The major difference^ be­
tween the eye of a typical | | h  and th e | | | i  of a typical 
mammal concern the differences between life un- 
derwater and life on land.

first obvious difference one might notic^in 
^comparing the^ye of a trout with the human eyet§ | 

the absence of eyelid^on trout. The cornea or outer 
surface of the ¿ye must be kept continually moist andj 
clean. Eyelids and tear glands serve no useful pur­
pose to the underwater eye; but they became necdsW 
s^ry additions to thet^ye when vertebrates evolved 
to live on land more than 300 milliongears ago. 
Another obvious difference is the position of the 

r feyes. Trout, and most fishes, have the eye#positioned 
laterally, on the||ides of the head. This position re­
sults in Snore limited binocular \ision (the area^i 
where the fields of ®j|>n of the left and right eye 

|& # |lap )? but a much greater total field of vision. A 
trout can take in much more #  the surroundirig 
world without turning its head. Thisil an adaptive 
trait in view of the fact that fish lack necks with which 
to turn their heads."

O th || differences, fpund within the ¿ye, relate to 
optimising ^mpn underwater and on land.

When light passes from air into; water, the differ­
ence in density between thiitwo media slows the 
light wayets and bends or refracts them. The image of 
alfsh or any object we see from above th ||u rface  is 

Actually not where it appears to be due to the reflect­
ed light we see from thefobject being refracted when 
it leayes the water into air. This same phenomenon of 
refraction Occurs when light enters our eyes and 
P ^ H om air through the denser medium of our 
cor n | |  and e ||e  fluid. Thus, the cprnea and lens of the 
terrestriaef^ is structured td |||re frac t or “Ifrifght- 
en out” thfilight waves we can,^®straight. Be- 
cau^fethe densitp of the fish flyt issimilar to wate!B| 
|fnd light uncgirwater i^alreadyyefract^il{ there is no 
need^& e-refract^H igh t within the eye f  huiMi; \ 
fishes’eyes, the cornea is typically thin aridBie lelis

Ak trout can focus 
simultaneously on both 

near an d  fa r  objects.

m o i  spherical. We ad ju |t|Ju r deptljfcf fpcu$fo\i 
changing the shaÉè p f& r  leris. The l^fflof a fish ejSb 
icannot change its shape, but some accomBodation 

yis possible b}|back-and-|irth movclffcnt of the lens. 
B * s e  of the shape of iff lens, and the position of its 
retinal rdç^p to r^eMBIa trout can foc^^Sritilta- 
rieoushlên bothlnç|r-àrid fiir obj^cts^ u ch  a;sen§l| 
tion:js difficultSbr us to T e ^ ^ S n .”
‘ 0 |!f iriiliiaphragm expands and contracts"*reg- 

u l ||e  the amount of light falling on the retina in rela­
tion to the in tens^gof illumination. We can also 
“squint” with ôûr eyelids to shield o u r||||e s  from 
intensçlight. TÈB ir id f^ ^ ^ s h  eye is fixed. Thepuifi'E 
(the. opening in the i r ^ o f a  fish eye cannot d i l^ |o r  
contract. Thigiis no big problem for S o l i ’s vision 
because light intensi|§(s greatly reduB d whlfi light 
pagsës into water dée to scattering and absorptgn 
In clear, calm Water about 99 percénKfflffi^ighfÎ 

(Intensity is losthm bout 25 feet in depth, ^ h e n  the! 
water containsBuspended parM l turbic^ B flor 
has turbulence such in a riffle area of a stream, the! 
reduction of illumination b Jfcattering and absorp­
tion is greatly increased and visual acuity ;dâireased. 
Most anglers q u i^K lea rn  that trout are typically^ 
less wary and lesç|selectîye wjfen fished iri|i turbu- 
lent'&ction of a rival in comparison to trout in a 
calm, clear pool.

An understanding of light attenuation (lojgof in­
tensity) when light is transmitted through water in 
relation to the ^veleng ths (colors) b§ |t transfit- 
ted at certain depths (what colors aremîterst readilÿS 
perceived) is rnor^ffiportant for lâkç fishing than 
for stream angling. In Clearwater, the shorter (blue) 
wavelengths of light penetrate deeper than longer 
(red) wavelengths. This relationship between the 
intensj|j|bf transM s^on of various wavélengths of 
light and depth is dptorted in turbid waters and 

¡optimum wavelfligth transmission can be shifted to^î 
ward the yelfow-orang Jlide  pf the light spectrum. In 
any S en t, for serious anglpfs) a gadgetlpnow mar­
keted that will indicate what Wavelengths are optpÿ 
majly transmitted (what color is figst readily per- 
eeifftd) at any given depth.
« njstream fishing, where the presentation of the fly 
to the 8|out typically occurs at depths of lef§ than 
three feet,!tî doubt that there is any problem con­
cerning what is most readily perceived — alhëpfofsv 
will be perKyed; if B ü ’re matching tliohatch, try tp: 
match the coloM., ('1
W lu o i^ œ n t colog|r$fce m oB  intense and rfgult 
fro^ stimulation of “fluogc S Int” material by ultra- 
violet light (invisibLe f̂o our epfg) so that thJjstinniw 
B B d” matfl^l g lo w S i ¡¡¡»wn color. Fluorescent

w mummer L9$jM Trout



The eye o f a ll vertebrate animals, trout included, follow s a basic plan: light reflected off an object 
enters the eye through the cornea and the lens focuses light on the retina, which responds by relaying the 
signal to the optic lobe o f the brain. The retina^  made up o f more than 100 m illion cells. Two basic types 
o f retinal cells are rods and cones. Rods function after dusk and before dawn in very dim  light. Specific 
types o f cones respond only to specific wavelengths ( colors) o f  light. Three types o f cones are needed for  
fu ll color vision — trout have them all, and perhaps a fourth allowing perception o f Ultraviolets.

H

colors are more readily perceived and perceived at a 
greater distance than ordinary colors Ju st how a fish 
perceives fluorescence^ Hcannot say.Hwould point 
oujEJ; however, that tfae introduction of fluorescent 
flies and lures has not resulted in any revolutionary 

"new influence on tlie art of angling. 1 he main use of 
"fluorescent flies and lures is for steelhead and salm-
on angling where fish on the spawning run typically 
are not actively feeding. The attractor, curiosity, or

) entice
anonfeeding fish to strike.

'I suspect that trout can perceive light in the near 
ultraviolet spectrum (light that we cannot per­
ceive) — several species of minnows that feed near 
the surface, similar to trout, have been demonstrat­
ed to possess ultraviolet vision. If thSproves to be 
fact, as with fluorescencqpl do not forsee any signifi­
cant implications for new “revolutionary” flies and 
lures, but be alerted for some stories in the popular 
press about “sensational new scientific discoveries” 
on trout vision.

Anglers, especially fly fishers, historically have 
been interested in learning more about trout vision 

ffor an obvious reason — so they can create and p r ||| 
sent artificial flies more effectively to catch more

KBR
The first fj§riom| treatment thaBl know of in the 

angling literature of light and vision in relation to fly 
fishing was the 1836 classic work of Alfred Ronald, 
The Ply-Fisher's Entomology. Many books on fly-fish­
ing since have contained somdBiscussion on vision: 

Ifyhat a trout sees, the trout’s “window,” et cetera.

Generally recognized in the angling BteratureMs a 
landmark work on trout vision i$|Colonel E.WflKar- 
d in g || 1931 book, The Fly-Fisher and the Trout's 
Point o f View The pioneer American scientific 
angler Edward R. Hewitt devoted considerable 
thought and effort to better understanding trout vi- 
sion.ffiewitt constructed special tanks for under­
water photography to see for himself how a trout 
perceives a fly. But, in my opinion, the angling book* 
that displays the most impressive in-depth underj 
standing of trout » io n  [¿Eugene Connett’s las ; 
book, My Friend the Trout, published in 1961. Fo r 
many years, Connett had collaborated with an eye. 
specialist, pi^:E;.B. Gresser, to conduct experiment^ 
on trout||ision.

I am most impressed with Connett’s book because 
he did not rely^n previous authority. He understood 
that the literature on trout yision at that time con- 
tained errors and considerable gappibf knowledge. 
Instead of simply repeating previous errors and fab­
rications to fill in the unknown gaps of knowledge^ 
he sought out the most expert opinion and partici­
pated in original research. Be particularly suspicioii^ 
pf the validity of statements made bjffuthors who 
introduce a technical discourse?®th Scientists 
s a y ®

At the>other ex trem «m y nominalfon for the 
shallowesty*tnost simplistic;’iand most erroneous 
treatment of troth vision would go (o^harlesiZibeon 

|ibuthard’s ||931  book, A Treatise on Trout fo$fhe  
Progressive Angler. 3#Sst(A ^case by quotpigSOTth- 
aid’s explanation df how trouiican see in t ie  dark:

[/
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I have no hesitancy |1 saying that all fishes have, to a 
greater or lesser extent and according to their require­
ments, the power to produce light tor themselves, by 
their eyM whereby to see when natural light does not 
exist. Trout have the ability of emitting or radiating 
light and their eyes have the power of luminosity which 
enables them to do the things at night and other times 
that in the past went unexplained.

Besides being completely erroneous, what South­
ard failed to realizes! that if fish could generate light 
within the eye $uch internal light would blind the 
eye to anything outside of the eye! It is true, however, 
that trout — especially brown trout, whose eyes are 
especially adapted to function in dim light — can 
continue to see when our own eyes would perceive 

~only blackness. ~~
To better understand light intensity thresholds for 

vision,H quantification of illumination is necessary 
for comparison. The “lumen” is a measure of illumi­
nation. One lumen equals all the light from one can­
dle concentrated on one square meter with the can­
dle, at one meter distance from the illuminated 
surface. On land, bright sunlight equals about
100,000 lumens of light intensity. Illumination dur­
ing an pvefc&st day without direct sunlight would 
equal about 1000 lumens. A night with moderate 
moonlight would have about ■  lumen of illumina­
tion and a moonless night ( starlight) only. 001 lumen 
(at such illumination we might have trouble seeing 
our hand in front of our face ).

A few years ago, an experiment was conducted in 
Arizona to gain some insight into the mechanisms of 
how brown trout might outcompete and replace the 
nativ||Apache trout. The experiment was designed 
to test the lowest light intensity at which brown 

l trout continued to feed. The fish were maintained in 
f tanks and fed brine shrimp (an adult brine shrimp is 

comparable to a size 28 fly). Brown trout continued

\ ^-^starlight )7Considering that the illumination was 
nrecordedHabove the water, I do not believe my eyes 
could have seen a whale underwater at such illumi­
nation, much less a brine shrimp!

The ability to see at extremely low levels of illumi- 
nation|i| dependent on the retinal cells responding 
to low intensity photon reception. Photons are 
“bundles” of light energy which are received by the 
retinal cells. A certain threshold ofphoton reception 

/ Is necessary before the retinal cell responds by trig­
gering its nerve fibers to send the message via the 
optic nerve to the optic lobes of the brain for inter­
pretation. The retinal cells in the eyes of trout, espe­
cially brown trout, respond to lower thresholds of 
photo reception than do our retinal cells.

Because of the great daily range of illumination 
from day to night, the retina of the eye of trout and 
man iscomposed of two basic types of receptor cells:

' cones for vision in bright light and rods for BSjon in 
dim light. Cones give dolor \iteion and visual acuity! 
Three typqgjof cones are needed for full color vision 

^ P c oloftbBdncglKis the result of only one or two types 
of cones functioning in the retina). Trout have all

three types of cone cells and essentially see the same 
colors we do — except, as discussed, trout may have 
a fourth type of cone that allows perception of ultra­
violet light. T

As illhmination decreases, cone cells are retracted 
and rod cells extended as the troutp eye changes its 
adaptation from day to night vision. This occurs at 
late twilight. The process of complete adaptation to 
night vision takes about 20 to 30 minutes, during 
which feeding ceases. The reverse process^friighf 
to daljvision occurs near dawn. Anglers fishing at 
night might notice this day-night-day adaptation in 
trout and bass by lulls in feeding activity right after 
dusk and just before dawn followed by spurts in 
feeding after darkness sets in and again with the first 
light of dawn.

In most streams, the bulk of food utilized by trout 
f jjlprovided by the drift of aquatic insects. Depending 

on numerous influences, drift may occur at any time 
but, typicallfepeak rates of insect drift occur at low 
illumination of .1 lumen and less (dawn and duskjj 
Thus, to make available the major source of food in a 
stream, the trout’s vision must be well adapted to 
function at low levels of illumination.

B  rowntrout are
especially adapted  to 

function in dim  ,
an d can continue to see 
when our eyes perceive  

only blackn.

As all fly fishers know, trout do, indeed, have excel­
lent visual acuity which is responsible for selective 
feeding. Precisely why a trout will take a certain 
artificial fly or a natural insect while ignoring others 
is not fully understood. Long-term studies on brown 
trout feeding by Professor Neil Ringler, however, 
provid®some insights on the subject. When fed a 
certain organism, such as brine shrimp or meal 
worms, for a prolonged period, the t r o u | |  eye-brain 
connection evidently becomesBprogrammed” to 
respond to the specific image of the constant food 
item. When other food, such as crickets, are intro­
duced in the tank or raceway, most trout ignore 
them for some time even though crickets may have 
been thigpreferred food if brine -shrimp, mqSl 
worms, and crickets were all introduced together at 
the beginning of the experiment. After an adjust­
ment period of exposure tq^Hiew food item, the 
trout will begin to feed on them.
Yf l &picallv, the natural drift of aquatic insect larvae 
in a stream consistspredominantly or entirely ofone 
species for a long period. In rivers where the flow
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Rod (night) Vision Cone (day, color) Vision

-----------------\
_ j _________i
10,000 100,000

Cloudy Day

Bright Sunlight

*Light Intensity in Lumens

The light intensify scale is'expressed in lumens, approximately 10 lumens equaling one foot-candle of  
light. Between dawn and dusk, the cone cells o f the retina are used for vision. At dusk the retina changes 
from  cone to rod vision. During the period o f adaption, trout feeding ceases.: t

and temperature regimes have been modified by;a 
large dam and reservoir, the total abundance and 
biomass of insects may increase, but the species di­
versity decreases, and the species that typically ex­
hibit great increases are very small — midge la rv a l  
mayflfifi, and caddisflies (sizes 1 8 —22). U n d e rse ll 

C ircum stances, extreme selectivity of feeding trout 
may be encountered. Trout are least selective when 
they are feeding on a broad spectrum of inverte­
brates in relation to size, shape, and color. In a pro­
ductive lake or reservoir with a great diversity of 
insects and crustaceans, the diet of trout can be ex­
pected to be highly varie®stomach contents show a 
wide range of invertebrate species of different sizes, 
shapes, and colors. When this is the case, trout can be 
taken on a wide variety of flies and lures i  they are 
not selective. In unproducti|l high mountain lakes, 
the total food" supply for trout, for long periods of 
time, might consist of |  single species of invertebrate 
organism such as water fleas, tiny midgélarvae, or a 

¡p|íjhinute species of backswimmer bug. Under these 
(| conditions, extreme feeding selectivity can be ex­

pected. Even cutthroat trout, the species of trout 
most vulnerable to angler catch, when exposed to a 
single species of invertebrate for a long period, can 
becotne as “selective” as an old brown trout in a 
roadside pool.

J To answer the question: what exactly does a trout
see? I would advise the reader to put on a face mask 
and go underwater and see for himself. A face mask is 
necessary to have a layer of air between our terrestri- 

^ » Id a p te d  eye and the water, to make our underwat­
er vision more comparable to what a fish sees. Yet; 
anything we can |Sje a trout will see better, and the 
trout will seedlings our eyes do no t^S . Besid& the 
ability to function at lower light intensities, the 
troutfs eye ismore specialized than our eye to detect 
m ofS ten t and contrast. The first phenomenon that 
a human might be aware of when first Sewing the

underwater world from a fish-eye point of view is the 
great reduction in illumination, even in the clearest 
water, and the limited range of accurate vision. An­
other phenomenon that is quite striking underwater 
is how much better and farther one canape when 
positioned in a shaded area and looking out into a 
sunlit area compared to the T ^erse  situation. This 
phenomenon makes it understandable why fish seek 
cover in shallow water.

11 takes 20 to 30 minutes 
fo r  a  trout to completely 

adap t to night vision, 
during which feed in g  

ceases.

Obviouff, no one knows the precise sensdBy im­
pressions a trout experiences from its s€nse.00isioH 
compared to our interpretation of optical images. 
Certainly, there are vast subjective differenc^ in the 
complex interactions between vision, physiology, 
and behavipr. For example, in ¿elation to^fs^aBsig- 
nals frq® the opposite ftf^a  trout would effect a 
behavioral response fofcpnly a brief peri#p each year 
during the spawning season. Sow  do the other parts 
of the trout’s brain resjpnd to the sight of a grasshop* 
per or a plump stoa^H in comparison to  our brain’S  
interpretation; Of a perfectly grilled T-bone steak? 
Gneiobvious difference would be the absence of the 
m outhwatering re s p ^ ^ ^ b ^ a u s e  there is nggneed
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Eyesight o f Trout

by Eugene V. Cornett HI

I HAVE LEFT THE PROB­
LEM of the trou t’s eye­
sight for a chapter of its 

own, because it is a very im­
portant one and one that is not 
generally  u n d ersto o d . F ur­
therm ore, the m atter of how  a 
trou t sees the angler and the 
angler’s fly can be the crux of 
successful fishing.

Earlyin 19371was fortunate 
enough to obtain the assist­
ance of the well-known New 
York opthalmologist, the late 
Dr. Edward Bellamy Gresser, in 
my investigations of the eye­
sight of trout. In February we 
w en t to  th e  H ac k e tts to w n  
Hatchery, in New Jersey, and 
th e  s u p e r in te n d e n t ,  Mr. 
Charles Hayford, kindly made 
the facilities of the hatchery 
available to us.

Observations of the eyes of 
brow n, rainbow  and native 
brook trout were made above 
and beneath  the surface of the 
w ater w ith an opthalmoscope. 
There was a marked difference 
in the appearance of the retina 
of the rainbow trou t as com ­
pared w ith those of the other 
two varieties; but to  the angler 
this is not important. Another, 
and m uch m ore practical re ­
sult of the observations, was 
that while the readings of the 
in s tru m e n t show ed six d e ­
g rees  o f sh o rt-s ig h te d n ess  
w hen the fishes’ eyes w ere ex­
amined above the surface, it 
showed perfectly normal re ­
sults w ith the eyes beneath the 
surface. This indicates that 
previous investigators have 
made their observations w ith 
the  eyes above the  surface 
only, as it is usually stated that 
tro u t  are d ec id e d ly  s h o r t­
sighted.

Specimens of the three var­
ieties of trou t w ere selected 
from a num ber of two-year-old 
fish, and w ere taken alive to Dr. 
Gresser’s office in New York, 
w here a com plete range of op­
tical instrum ents was available 
for various measurem ents and 
observa tions. F irst the  fish 
w ere examined alive and later 
their eyes w ere dissected. A

further supply of eyes was tak­
en to  the eye laboratories of 
the New York University Col­
lege of Medicine, w here Dr. 
Gresser taught. In due time a 
report on the eyes was com ­
p le te d , w ith  m ic ro sc o p ic  
sections.

. . .  It is interesting to note 
that the brow n and the rain­
bow  trou t have the same angle 
of binocular vision of 36 de­
grees, while the native char has 
but 30 degrees. All three spe­
cies have the same field of bin­
ocular vision upward, and up ­
ward toward the rear, i.e. 10 
degrees. There is a slight vari­
ation in the field of m onocular 
vision in each species.

. . .  the field of m onocular vi­
s io n  . . .  in  th e  ca se  o f th e  
brown trou t is 122 degrees for 
each eye. A relatively slight 
movement of the eyeball en­
ables the fish to  make a com ­
plete survey of its surround­
ings in a field above its head. 
Just w hat the lower extent of 
this vision would be, could 
probably be com puted from a 
com bination of the vertical, 
horizontal and sagittal vision, 
bu t such knowledge would be 
of very little im portance to  the 
angler, and the w ork involved 
would be very laborious.

The inform ation I have just 
given was developed by Dr. 
Gresser and his students at the 
New York University College 
of Medicine. It is therefore ac­
curate and may be accepted by 
future students of the subject.

In making our examinations 
of trou t under the surface, Dr. 
Gresser and I noted that the 
fish can and do move their eye­
balls, som etim es in unison, 
and sometimes independent­
ly, w hich of course may extend 
their fields of m onocular vi­
sion w hen the latter occurs. 
Merely for the record, the sur­
face of the corneal surface p ro ­
trudes betw een two and three 
mm. beyond the surface of the 
wall of the body. The vertical 
plane of the orbital cavities 
form an angle of 60 degrees an­
teriorly, whereas the sagittal 
planes converge above to an 
angle o f ab o u t 40 degrees.

(Practical anglers will for­
give this digression in the in­
terest of science!)

The field of binocular vision

m y  f r ie n d

H I E  T R O U T

EUGENE V. CONNETT
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can place an object accurately 
in space w hen viewing it w ith 
one eye — any m ore than we 
can, although we are so accus­
tom ed to  stereoscopic b in ­
ocular vision and the relative 
position  of familiar objects 
that even when closing one 
eye we can closely approxi­
m ate the position of familiar 
objects in space. But the trout, 
looking through open w ater at 
a drifting nymph with one eye 
only, w ith no intervening ob­
jects to help it relate its posi­
tion, cannot accurately deter­
m in e  its  ex ac t p o s it io n  o r 
distance away. But it can and 
does tu rn  tow ard the nymph if 
it wishes to take it, and this 
automatically brings it w ithin 
its field of binocular vision. It 
can then accurately determ ine 
its exact position. However,

is important. To the best of my 
knowledge, no angling w riter 
has stressed it before. Trout 
obviously take a fly w ithin that 
field. In o ther words, w hen a 
trou t sees a fly w ith one eye 
only, in order to take it he must 
tu rn  toward it w hich brings it 
w ithin his field of binocular vi­
sion. I have often observed that 
w hen a trou t is watching a 
drifting fly, it will back dow n­
stream under it, rather than to 
one side of it as would be the 
case if he had only monocular 
vision; i.e., could only see an 
object w ith one eye at a time, 
as most investigators have inti­
m ated  It should be noted that 
the pupil of the trou t’s eye is 
not round, but extends toward 
the front, which aids its bin­
ocular vision.

I do not believe that a trout
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the trout can fie aware of a 
nymph ip its field of monocu­
lar vision.

t)r. Gresser says: “Much of 
the belief that fish were my­
opic (short-sighted) is based 
upon the mechanics of the hu­
man eye in water. However, the 
physical structure of the fish 
eye, the length of the axis of 
retina from lens and the 
spherical character of the lat­
ter, bespeak a hyperopic (far­
sighted) refraction even in the 
medium of water.’’ This in fact 
repudiates the long-held con­
viction on the part of angling 
writers that trout are short­
sighted.

A few more facts that may be 
of interest: the trout has a very 
efficient mechanism for focus­
ing the eye, not through alter­
ing the shape of the lens as is 
the case in the human eye, but 
by an actual movement of the 
lens in relation to the retina — 
somewhat as a camera is fo­
cused by moving the lens back 
and forth. The cornea of the 
trout’s eye, that front section 
which acts merely as a protec­
tion to the pupil and lens, is 
flatter than ours, which tends 
to make the eye far-sighted. 
The lens, however, is more 
convex than ours and has a 
greater index of refraction (in 
order to overcome the index 
of refraction of the water that 
surrounds it), but this in fact, 
does not make the trout’s eye 
short-sighted.

When the trout’s eye is at 
rest, it is focused for short vi­
sion. If it wishes to extend the 
length of focus a muscle at­
tached to the back of the lens 
contracts and moves the lens 
closer to the retina. Generally 
speaking, however, the focus of 
the lens in a trout’s eye is for 
close vision compared to our 
eye, but the fish is actually 
what we, referring to the hu­
man eye, call “far-sighted.”

Now, from all this we see 
that a trout under normal con­
ditions (with its eye at rest) 
will not see a fly until it is quite 
near — how near, no one 
knows unfortunately, but 
somewhere in the neighbor­
hood of 40 inches. However, 
when something about the fly 
attracts the trout’s attention at 
a longer distance from the

eye — such as a bright flash of 
light reflected from the fly, or a 
decided “unnatural” move­
ment of the fly — the eye can 
assume a longer focus and it 
will see such a fly at a greater 
distance than it would with its 
eye at rest.

At how great a distance I can 
only surmise from actual ex­
periences on the stream. If a 
trout is not in a feeding mood, 
and therefore not on the look­
out for flies, it has often been 
necessary to drift a wet fly 
within a foot or less of his eye 
before he has paid any atten­
tion to it. On the other hand, 
when a trout is hungry, I have 
seen him come five or six feet 
for a submerged fly Note that I 
am referring to submerged 
flies only; if they are on the sur­
face an entirely different prob­
lem is involved — that of light 
sparkles in the surface film 
caused by the tiny depressions 
made by the hackle points of 
the fly in the surface film.

I asked Dr. Gresser how 
clearly a trout can see. He re­
plied: “According to the retina 
I think comparatively well. In 
the human eye it has been es­
tablished beyond doubt that 
the particular elements of the 
retina, the rods and cones, 
have distinct and separate 
properties. The former have to 
do with the perception of 
movement, and the latter for 
sharpness and color. The fish’s 
retina possesses both ele­
ments. In the human eye the 
area of sharpest direct vision is 
almost entirely made up of 
cones, whereas as one pro­
ceeds toward the periphery 
the rods increase in frequency. 
Verrier, amongst other re­
searchers, has determined that 
in the trout’s eye there is an 
area richer in cones, hence 
predicating a particularized 
area for sharper vision.” All I 
can add to that is, that trout 
have sufficiently sharp vision 
for their purposes, or there 
wouldn’t be many trout in the 
world!

From My Friend the Trout 
by Eugene V. Connett Illy 
copyright 1961 by D. Van 
Nostrand Company, Inc.

D o e s  a  trout respond to 
a  grasshopper or plum p  
stoneffy the sam e way we 
do to a  perfectly grilled  

T-bone?

for saliva to assist underwater feeding.
For those who wish to go beyond the superficial 

aspects of learning about vision I would suggest the 
book Vision in Vertebrates by M.A. Ali and M.A. 
Klyne, 1985, Plenum Press. Be aware, however, that 
much is, yet unknown Concerning the anatomical 
basis for subtle differences in selective visual d i|^  
crimination in different specieSFor example, see 
the article,Jffl® Functional Architecture y ithe  Rei^ 
ina,” iff the December 1986 issue off$cientiflc 
American for a reviewgf the latest research on the 
complexity of the retina and its functioning.

Besides the obvious advantage of aquatic respira­
tion, the lateral linefsystem of fishes gives them a 
trem endous advantage o!yex us for interpreting 
what’s going on in the underwater world. The lateral

§§ense ot hearingrThis is not accurate-the lateral line 
is more of a remote sense of t | |ic h . A trout can detect 
and locate a one-millimeter watpg|pea swimming 
nearby through its lateral line sensing the ptpMure 
waves from the water flea’s movement. Hhave ob­
served well fed trout in excellent condition suffering 
from parasitednduced eye cataracts to such a degree 
that their corneas we^g:ompletely o paqu || Eyes 
with such cataracts could detect light and perhaps 
some movement, but probably not muffi^more.M 
assume that the lateral line-becomes the majoKen- 
sory system used for feeding in blind trout.

The angling literature on trout vision typically 
makes a special caseror surface feeding or dry fly 
fishing. The fly is on the surface of the water and the 
trout is viewing it from below What isJperceived in 
the way of shape and color? Again, I would suggest 
putting on a face mask, going underwater and seeing 
for yourself under different light conditip^^g

It is perhaps instructive to consider the most spe­
cialised surface feeding fish in the world, the famoipj 
four-eyed fish of the genus Anableps. The &^M)f 
Anableps Bdivided i ||i l | two halves. The upper half 
is above the wateMurface and ftinc»ns a s || terres­
trially specialized eye. The lower half §|below the 
sur^cg and functions as a typical fish eye.". Ih the 
famouWiafford-Skuellcontrovefsy of nearly a ||en- 
tury ago over dry fly versus wet fly fishing as propeg 
angling protocol,® occurs to me|that Skues missed 
an opportunity to score for his position by fffljjng to 
make the point that if God had intended trout ¡¡1 be 
strictly surface would have given th^®
four eyes likcmnableps.
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Twenty-twenty vision?
|  The eyesight o f  trout is a subject o f  intense

I  speculation,but, after lengthy research
and practical experience, JOHN

GODDARD comes up with some startling 
new facts

B  f  1 l  HIS IS A subject that has 
I  I  fascinated me for many 
I  J L  years as our knowledge of S- how a fish sees and what he sees is 
B  sketchy to say the least. While we 
jjj may make educated guesses, one 
B thing no one can say is how the 
|  brain of a fish interprets the 
B message transmitted from the 
B eyes. However, when it comes to 
B how a fish sees we should be able 
I  to make some pretty accurate
■ assessments, by combining known 
I  scientific facts with carefully
1 . controlled experiments and/or 
I  observations.
g  During the late 70s when Brian 
S Clarke and I were working on our 
gj book The Trout and the Fly, we
■ were both involved in a
I  tremendous amount of research 
R and also carried out a lot of most 
1 interesting experiments, many on 
R various aspects of fish vision.
É After publication of our book I 
i  decided personally to pursue some 
I of these aspects and, as a result,
I  have now reached certain 
I conclusions which I hope in the 
I fullness of time will prove to be 
I  correct.
I  One of the most intriguing 
I aspects of a trout’s vision is the 
I fish’s ability to scan an arc of 180 
I degrees or more on each side of its 
I body while at the samé time being 
I able also to observe objects 
I immediately ahead with binocular 
I  vision where the arc of the eyes 
|  overlap.
|  Obviously this area of binocular 
I vision must be very important,
I particularly to a brown trout that 
I spends a large percentage of its 
I time searching for food on or near 
I the surface. Would it not therefore 
I be interesting from a fishing point 
i of view, I asked myself, to find out 
I the precise area that was covered 
I by the fish’s binocular v is io n ^
| On referring to all the books in 
I my library that cover the visjon of 
¡ fish, little seems to have been 
| written about this aspect. The only 

reference, which most of them 
| repeat, is that a trout has a narrow 
¡ arc or band of binocular vision 
I some 45 degrees dead ahead,
I where the arc of the eyes overlap.
| Now it seemed strange to me 
| that a trout which spends much of 

its time searching the undersurface 
or mirror overhead would only 
have binocular vision immediately 
ahead. I therefore decided to

study the structure and position of 
the eye in the head of the trout. 
The first point I noticed — and 
one which seems to have escaped 
the attention of other researchers 
— was that not only do the" eyes 
slope inward slightly towards the 
nose, but they also slope inward to
MB op of the head. In effect this 
means that not only does the arc of 
the eyes overlap immediately 
ahead but also over the top of the 
trout’s head, so surely this should 
mean that the range of binocular 
vision would be very much more 
extensive than previously 
suspected?
s To find out what area this 
covered I took a series of close-up 
photographs of the heads of many 
trout — both from directly in front 
and also from overhead. I then 
measured the angles of the arcs 
formed by the inward angles of the 
eyes in front and overhead. While 

a t  was not possible with the 
equipment available to me to 
measure these angles precisely, I 
am confident that they are 
probably accurate to within at 
least a couple of degrees.

To start with, I found that the 
arc immediately in front was about 
35 degrees, and not, as previously 
supposed, 45 degrees. The arc 
overhead was a little less and 
seemed to be about 28 degrees.
Due to the fact that the two arcs 
(or more probably elongated 
cones) of binocular vision overlap 
considerably because of the two 
inwardly converging angles of the 
eyes, I assume that the overall 
area covered by binocular vision is 
about 100 degrees from in front to 
overhead. I also assume that the 
trout’s binocular vision at each 
end of this arc would be less acute jB 
and that its most acute vision r 
would occur where the cones 
overlap — which would probably 
be at an angle of about 30 degrees 
from the horizontal in front of the 
trout’s head.

From many hundreds of 
subsequent personal observations 
of trout in their feeding lies I 
noticed that most trout seem to lie, 
at a slight angle with their head 
up/This in effect means tnat this 
optimum angle of acute binocular 
vision is probably nearer to 45 
degrees from the horizontal, 
which would enable the trout to 
observe not only the mirror above 
but also into the edge of its

The arc of vision immediately in 
front of a trout is 35 degrees 
and not, as commonly 
supposed, 45 degrees.

window. During the latter stages 
of my research into the above I 
once again contacted Professor r  
W.R. A. Muntz in the department 
of biology at Stirling University. 
Professor Muntz is one of the 
world’s leading authorities on fish 
vision and had been of 
considerable help to me when I 
was researching the fish-vision 
section of our book.

Binocular vision
This time I asked him if he could 

provide some detailed information 
on the structure of a trout’s eye 
with particular reference to its 
binocular vision and focusing 
ability. The information he 
provided was most interesting, as 
he was able to provide accurate 
details of how a trout moves the 
lens in its eye by means of a large 
retractor lentis muscle to adjust its 
focus. When at rest in the retina, 
the lens |s so positioned that 
anything in front and overhead is 
in close focus, which to some 
degree seems to confirm my 
research. This lentis muscle when 
retracted moves the lens both 
inwards and towards thè back of 
the retina in a straight line away 
from the nose, thereby providing 
focus to infinity directly in front 
and to some degree above.

As a matter of interest, during 
the vision research for our book 
we had established with the help 
of Professor Muntz that infinity 
occurred at about two feet.
Having, I nope, estaonsned the 
approximate area of a trout’s

The arc of vision overhead is 
about 28 degrees.

binocular vision I now wanted to 
establish, if possible, the width of 
water overhead and in front that 
this would cover. First of all we 
must take the two arcs first 
discussed: the one in front at 35 
degrees and the one overhead at 
28 degrees. A rough average 
would then be 32 degrees. This 
means that if the trout’s eyes were 
focused at less than infinity he 
would be aware only of 
approaching food within a narrow 
arc no more than 13 inches wide at 
most. Even with its eyes focused 
to infinity and concentrating on 
approaching food within its area oi 
binocular vision, the band of watei 
above and in front covered would 
be less than 30 inches wide at the 
maximum distance.

Seldom is one át?lé,to confirm 
theories by practical tests or 
observations in the field, but early 
last season I was most fortunate to 
find a co-operative trout in a 
perfect lie in such a position tha tS  
with dense cover behind and 
partly over me, I was able to lower 
a dry-fly from directly aboVé him 
and place it very accurately on the 
water a few feet in front of the 
spot where he was rising. To start 
with I was drifting the fly down to 
him at predetermined distances to 
each side, and by this method l||i;

I quickly established that my theory 
seemed reasonably accurate, as 
with the trout lying only about 12 

winches below the surface he I completely ignored my ?
|  were more than 18 inches to either 
Pside of his lie. I was about to retire 

and leave the trout in peace when
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■HE TAY ib Scotland'* , 
greatest river in terms of 
water volume, width, 
length {i%l miles), major 

. tributaries (11), Jarge lochs (10) 
and huge catchment area of almost
3,000 square miles* A s^ salmon . 
rod fishery it should have no equal 
and few rivals* but sadly thistis m k ' 
so. Ten years p t living on its {of ely 
banks, and much of this time spent i 
investigating its history and 
mystery, have led to my pending 
these observations, ^

Throughout the IBGfe'ttteriveTs 
salmon; were heavily exploited by 
man, using almost' every petting 
means available. Late m at % 
century, and early into the next, 
few men emerged who had5 T *
remarkable vision and dedication. 
The first ol these was Sir Robert 
Menzies, of Castle JVfenzies by 
Aberfeldy. In 1893 he called a 
meeting of all proprietors 
upstream of Campsie Linn. In 
December of that year agreement; 
was reached and oversetting 
ceased above the Linn. There was 
an immediate improvement in 
salmon stocks throughout 

In X898, the legendaryFetoT; ' 
Donald Malloch faid a scheme* v 
before the Earl of Ancaster and 
Mr Archibald Coats; ff pleased * 
them and this was how the Tay 
Salmon Fisheries Co was formed. 
With an initial capital of £70,000 
they leased or bought out nets on 
the river and In the estuary, Peter 
Malloch managed the company 
wisely and their profits flourished 
in symbiosis with the river's 
salmon stocks. They were unable 

5 to lease Scone Palace river nets, 
and I quote Malloch: *T have no 
hesitation in stating that if we had 
got the Bari of Mansfield’s 
fishings, then we could more than 
double the supply of fish!” Peter 
Malloch died m 1921 but his 
company and the Tay prospered 
for many more years.

In recent timesihe management 
of TSF changed. They stopped, 
leasing the Barony fishings around 
Newburgh and netting intensified 
there. Then, without statute/ - ',

TIME FOR ACTION
The number o f salmon netted in the Tay is

horrendous, says MICHAEL SM, who recommends some
Urgent steps to save this once-prolific river

netting cobles were powered by 
engines instead of oars, and 
winches were likewise powered 
m steadof being worketfbf hand. 
Salmon stocks faltered under this 
deadly and efficient onslaught. 
Rod fishing increased m 
popularity and salmon numbers 
wilted. The crunch came in 1980.

The Tay Salmon Fisheries Co 
(TSF) disagreed with the Perth 
City Council, and lost their lease 
on the Perth fishings. These six 
netting stations are intensively 
fished by a Mr Cements and 
annually remove around 12,000 
salmon and grilse from the angling 
and spawning stock.

Today the situation is this. 
Salmon leaving the North Sea and 
entering the Tay estuary as far as 
the River Earn have to swim 
through water of almost zero 
visibility due to tidal action on the 
mudflats, They have to pass the - 
nets of die Dundee, Bifkhail* , v I 
Balmermo, Barony and TSF 
stations. From the confluence of 
the Earn upstream to Perth they 
find up to 13 netting stations 
operated by Mr Clements and Mr

Mitchell (TSF) competing to catch 
them. The few salmon that survive 
to swim past Perth are unlikely to 
'pass Lord Mahffiekfs nets at 
Scone. 'Collectively,'these stations 

'killed over 20,000 salmon and 
grilse last July while some rod 
beats “enjoyed” their worst 
season on record. % ^

In 1985 (ayear of high rainfall) 
.catch returns show that the 
rod: net catch ratios on Dee and 
Spey were 50:50 or better.' Here 
onTayside, the ratio was 20:80 
overall; grilse 4:9b. The manager 
of Tay Salmon Fisheries has stated 
to the press that ‘ hf nets are so 
damaging then the upper owners 
Should put their money where 
their mouths are, and buy the nets

In the anglers" defence l would 
point out that due to so few fish 
getting into the river, poor beats 
are useless, while good beats are 
poor and TSF own many of the 
best beats. Many owners receive 
barely enough revenue to pay 
fhoir rates, and certainly not 

' enough to employ a gillie. A lot of 
us feelthat ouf dniy function is to

Sp/gnm^lgrggtogit on the Tay at BencbitL

finance and protect the spawning 
atid nursery areas for I be profit of 
netsmen. r

While we often hear of netsmen 
claiming compensation, f wonder | 
whether the reverse should be 
applied. Surely it is the netsmen /  
who are the proven parasites and 
it is the angling/tourist concerns 
who suffer loss of stock, revenue 
and employment. ,

The salmon is a magnificent and 
resilient creature. If the following 
steps are taken then Tayside will 
once again be the mecea for 

' anglers seeking big Atlantic 
salmon, > \
#  Lord Marisfieid should cease 
river netting immediately. To 
continue would be in utter ’ 
contempt of his 120-plus upstream 

, neighbours.
#  The Tay Salmon Fisheries Co 

' shareholders should act against
their company's intransigent 
management. ; ,
#  The Secretary of State should 
extend the weekly close period for

: nets to 60 hours immediately and 
for longer if deemed necessary,
#  It is economic and genetic folly
to net dwindling spring salmon , |
stocks. Professor Dunnett’s 
salmon advisory committee should 
advise accordingly.

These four steps would at a 
stroke conserve salmon and 
improve rural Perthshire’s 
prosperity and employment 
prospects. I would not dream of 
asking the Crown Estate 
Commissioners to consider 
campaignig for a levy on netted _ 
wild salmon, but on reflection 
it’s not a bad idea!

y ^ V  N February 27 a 
1 1  congregation gathered

from many parts of 
Scotland, representatiyesf rom 
Kinlochewe and Altnaharra; as 
well as those who had known him 
from early childhood, to celebrate 
the life of Charles McLaren, who 
died very suddenly in this country 
while returning from holiday in 
Portugal.

The following is part of the 
address given at Perth 
grematorium by his great friend, 
the Rev Qraeme Congmuir:

Charles jylpa husband, father, 
friend, hotel®, author and 
»sherman par excellence^holding 
a fly-casting distancMp/ 
championship. I wonder how 
many of the guests at the Culag 
Hotel in Lochinver or the 
Altnaharra Hotel were regular 
guests just because it was Charles, 
who was thei|§? Or was it because' 
of the Very genuine interest he and 
Barbara took in all their guests

Charles McLaren
whether they were there just to 
enjoy the scenery or, getting their 
priorities right, there for the 
fishing?

It wasNone mark of his sincerity . 
that When guests left:, he waved 
them off, though — with that 
characteristic humour which 
formed the backbone ol l lp  life — 
with the words, “It’s only to make 
lure that you haven’t taken the 
■silvÊ yH

In Trout and Salmon some years 
ago I wrote about two fishermen ^  
to whom I owe an unpayable debt. 
One was an old gillie in,Nôr||J 

W i t , the other was Charles : It 
Happened lik e tl^ ^ ÿ  

, I’d been holidaying at 
Altnaharra for two, maybe three 
years, and I hadn’t caught a f ish ;^  
not a real one, that is. I güéSthat 
Charles must have sensed that if

something weren’t done sopn, I’d 
give up. Consequently, he said to 
me on my return to the hotel one 
evening® Are you tired?” “Yes,” 
I replied. “Oh, that’s a pity. We’re 
running out of salmon for the 
hotel and I wondered if you’d like 
to come with me.”

What teenager could resist that 
offer? The fly was cast, as expertly 
-aCilways, and I rose!

So we went, and, on the banks 
of a Sutherland river he cast ^nd 
then, with a shrug, said: “I don’t 
think there’s anything here. Hold 
the rod and I’ll walk further 
down.”
jSIgdid, and although it was some 
little time before I realised that the 
rod was behaving in ¿Strange way, 
that magic evening we took back 
.five salmon. He sent me back the 
following day , when I took m g |

fi^t salmon, unassisted. That 
exemplifies the sterling quality^' 
and insight of the man.

CharlfS knew the djgsqlalfon of 
tragedy which sfiodk him to thHB 
very core of his being and many of 
us who knew him in those 
grief-filled days felt helpless. Two 
things saved him: one was his filth 
he had learned in his childhood , 
and the other was love, — the loye/3 
of and for his two daughters® but 
latterly and importantly , the very 
evident lovje;he and h® fpond 
wife, Lily, had for each other. 
¡Bjhave some flies he sent me 
from his shop at Invermudale last 
summer, in response to a letter I 
wrote him about fishing the UjpBjj 
sea pools. One was separately 
packed and on it was written the 
telling phrase; Bfbv iffi That, in 
essence/was how he livedlms life.

The sympathy of many is T 
extended to his wife Lily and to his 
daughters Lorna and BabSlt ■

Graeme Longmuir
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Eye seen from above with the 
nostril to the right. In "A " the 
lens remains equidistant from 
the retina at all times to give an 
arc of about 45 degrees of 
vision focused to infinity at the 
rear. In "B" with the lens 
extended and at rest, 
everything in front over an arc 
of about 130 degrees is in close 
focus. With the lens retracted 
for forward infinity vision it 
appears that the trout's arc of 
binocular vision immediately 
ahead would be far less than 35 
degrees.

to my astonishment he broke 
through the surface in the most 
perfect arc and took my fly in the 
air as it was hanging about 15 
inches above the surface and 
about 20 inches upstream of his 
lie.

Fly in the air
Now the only way he could have 

seen this fly in the |ir  was over the 
edge and in front of his window I T  
and as I was reasonably sure that 
he had not tilted upwards before 
jumping I realised that if I could 
persuade him to jump and accept 
the fly a few more times I might 

s2 also be able to prove, or disprove,® 
my first theory that they may 
indeed have cones of binocular 
vision to some extent overhead as 
well as in front. Never have I met 
such a co-operative trout as during 
the next 15 minutes or so is I 
persuaded him to launch himself 
into the air 17 times!

His reactions were absolutely 
fascinating as each time I lowered 
the fly and swung it down towards 
him I was in no doubt at all as to 
whether tie had seen it. When he 
did, all his fins ̂  particularly his 
tail — would start vibrating, and 

4 these vibrations would increase in 
Intensity as i swung h y  «-hiser 

"until it was in range of his lie, 
*when he would jump and try to 
take it in mid-air. I quickly 
established that he would first see 
the fly in the a ir#  I swung it to 
within three or four feet directly 
upstream of ftfglie. Now of course 
what I wished to establish was 
whether or not the trout was 
observing this fly over the edge of 
his window through his ordinary 
vision, or through his binocular 
Vision.

I I

j m
If my theory were to be 

confirmed, he would be unaware 
of the fly if I positioned it in the air 
between three to four feet > 
upstream and more than 18 inches 
off-centre, and so it proved to be.
If I swung the fly down to him 
anywhere near that centre-line he 
would see it every time, but I 
could swing it down right past him 
repeatedly if it were more than 
about two feet off-centre and not 
once did he seem to be aware of it.

Now what conclusions can we 
draw from the above m  and how 
will this h e lp ||e  fly-fisher, improve 
his chances of success? 1, A trout 
lying and feeding within, say, 18 
inches or so of the surface will 
probably be concentrating through 
his binocular vision and therefore O  
he approaching fly-fisher would * 
Vobably not register unless he 
made any sudden movements. 2,
A trout lying very close to the
surlacewill probably be focused 
helowmTmity so anyapproaching 
objects, including the fly-fisher, 
will be even less likely to be seen.
In both cases, nowever, accurate 
casting will be necessary, as the 
fish is unlikely to be aware of any 
fly drifting down to him-either on 
or below the surface either side of 
his narrow arc of binocular vision. 
In view of this I am now beginning 
to wonder whether this may 
explain our difficulty in tempting 
trout during those infuriating 
evening rises on Stillwater when 
every trout in the lake seems to be 
rising and yet any pattern we offer 
is ignored. At this time the trout 
are usually cruising along almost 
in the surface so would be unlikely 
to see any fly less than about 24 
inches immediately in front or 12 
inches on either side of them. 
Maybe during this evening rise we 
would increase our chances if we 
fished our team of flies much 
closer together. I certainly intend 
to try this during the coming 
season.

Finally, what about those trout 
that are lying and feeding at a 
much deeper level? All the angling 
books that contain a section on 
trout vision tell us that the deeper

a trout is lying the further off he 
can see the angler as of course the 
deeper he lies the larger his:* 
window overhead.

While this is certainly true, the 
additional distance he will be able 
to see is at best marginal, so I am 
now inclined to think that the 
more likely explanation for his 
increased awareness of our 
presence is due to the fact that at 
this depth he is unlikely to be 
concentrating through his 
binocular vision so everything on 
each side of his head within the 
whole 180-degree arc of his vision 
will be clearly seen. This also 
means that when presenting a fly 
to such a trout even more care will 
have to be taken with your 
approach but at the same time 
accurate presentation of your fly 
will not be crucial as the fish will 
be aware of approaching food over 
a much wider area.

In conclusion, I would add that 
the detailed information provided 
to me by Professor Muntz on the 
structure of a trout’s eye and 
exactly how he moves his lens to 
provide his focusing ability has 
thrown up a most interesting new 
fact. The lentis muscle is 
apparently so positioned that 
when it expands or contracts to 
provide the necessary focusing 
adjustment to the lens, it moves in 
and out at such an angle that i g |  
leaves the front section of the lens 
equidistant at all times from the 
front section of the retina. This 
means that even when a trout is 
focusing at very short range on 
food immediately ahead of it, an 
arc of about 45 degrees on each 

Sjide and to the rear of the fish is 
still focused to infinity.

Close to the surface
This would indicate that a trout 

feeding very close to the: surface 
and focused at short range would 
be less likely to see you if you were 
either opposite him or even 
upstream, rather than well;:' 
downstream, where you would 
come within the range of this; ?

.. :45-degree arc at his rear.

Got him! Presenting a fly 
accurately to a deep-lying trout 
is not crucial, but great care 
must be taken in your 
approach.

In confirmation of this point I 
am sure everyone has experienced | 
evenings on a river when there has 1 
been a heavy fall of spinner and j 
the trout are all lying so close to I 
the surface that their dorsal fins | 
are often protruding. During this | 
period you can often approach a I 
trout so closely that you are almost f 
casting down on to him and yet 1 
more often than not he appears to 
be completely oblivious of your | 
presence. |

Sudden movements
This season when the 

opportunity ariie|, try positioning | 
. yourself opposite or even slightly | 
upstream of any trout rising very J 
close to the surface and cast to him j 
from this position as I think he will | 
be less likely to see you, but do 
remember to avoid any sudden 
movements and where possible 
cast with a wrist movement to 
avoid moving your arms.

Finally one other most 
interesting aspect of a trout’s 
vision, which I do not think 
anyone has seriously considered, 
is whether a trout is able to focus 
one eye independently of the 
other. This ¡¡¡extremely difficult to 
prove or disprove, but while I 
think it|$  quite likely, I don’t think 
that this facilMwould be of very 
great value to a trout, ak most of 
the time when he i& focusing on 
close-up objects he is utilising h ||w  
binocular viilqn, when both lenses; 
would have to be focused 
together. As I have already 
suggested, it would appear that vliis " 
vision on each side and to the rear 
is permanently adjusted to infinity 
so this would leave only a 
relatively narrow arc towards the 

; front on each side where he could 
use such a facility S- and I really 
cannot visualise many 
circumstances in which thiH 
would be required. ■&]
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BEHIND THE SCENES
Salmon dose-time shock

> The Association of Scottish./ ; 
District Salmon Fishery Boards 
(ASDFB), the body which ̂ films' 
to represent the views of Scottish*, 
district fishery boards, has 
rejected the recent Dept of 
Agriculture and Fisheries for - -
Scotland exploratory proposal, 
issued by D AFS assistant 
secretary lain M. Whitelaw, for a 
12-hour increase jn the national; 
(Scottish) weekly dose-time .
(WCT) from 42 to 54 hours. (So 
far as anglers are concerned a 
72-hour WCT is the minimum 
needed; but 54 hours was at least a 
start), in an amendment to the 
minutes of the ASDFB Coundl 
meeting held on January 23, '
issued from ASDFB offices by its 
secretary, John Froudlock, it is .. \ 
stated that: # '

The department (DAFS) sought 
the views ó f the Association on 
whether the weekly dose time 
should he increased by 12 hours' > , 
from  midnight óñ Friday to ¡¡toon ' 
on Saturday. The departm ents ^ 
letter was before die Council and)

' the chairman (Neil Graesser), 
invited comment. Mr Sellar 
stressed that there was no need to 
extend the weekly dose tipié: Both 
Mr CJlerk and James Mitchell 
agreed and said that both the Spey ' 
and Dee boards had already 
refected the proposal. Mr Smart 
said that although it was a complex 
matter, he questioned the wisdom 
o f the proposed extension because 
in his view the effect would be 
minimal. Ian Mitchell agreed. 
During discussion it was thought 
that illegal fishing woufd increase 
because o f the absence o f netting 
crews during the extended period. 
Council concluded that there was 
no merit to the proposal and agreed 
that the Association should write to 
the Department advising against - 
any action to alter the existing , - 
weekly close time.

V ita l decision
As anglers will appreciate, this 

was an extremely important 
decision. It is of equal significance 
that this decision was taken in the 
name of the ASDFB, a body 
which OAFS and Government 
chooses to recognise as the sole 
authoritative voice of fishery 
owners (net and rod) in Scotland.
It is therefore perhaps worth 
noting who these ASDFB Council 
members were, who endorsed this

Patrick Sellar is a director of the 
Moray Firth netting firm J . and D. 
R. Sellar, of Macduff; a director of 
the Findhorn Salmon Fishing Co; 
and a shareholder in the Moray 
Firth/NE Scotland salmon and 
white fish marketing company, 
Scotsal, He is also an executive

member and former chairman of 
the Salmon Net Fishing^ ;  ' V, - 
Association of Scotland (SNPAS), 
Tt was Mr Sellar who in 19®f.1 
sought a two-week extension of 
the netting season in the Deveron 
district where his firm carries out 
its principal operations. Following 
the now hi storio4 -Deveron, K  ; ’ 
Inquiry'* in July 4983, Mr Sellar’s . 
application — which was regarded 
as a test case tor netsmen anxious 
to secure seasonal extensions 
elsewhere ip Scotland— was /  
icjected by the then Scottish * 
secretary George Younger.

The chairman (Neil Graesser) is 
the owner of net and (River . 
Cassley) rod fishings# the Kyle of 
^ntherland& ^ict.H eisàÌso * , 
chairman of the Kyle Of * ,
Sutherland Distr|ct§almon ‘ • /  | 
Fishery Board (which mludfs the/; 
rivers Stìn^Gykel,,jCàs$ley and ; ' *' 
Carron). Among anglers he is $ 
perhaps best remembered in 

. support oL]Mr Selkr’sapphcatloh 
at thei983 Deveron Itiquiryv Mr 
Graesser is a member of the ; ; * 
management committee of the 
Atlantic Salmon Trust (AST), and 
a member of the current 
government salmon advisory 
committee. T
' 'Robert Clerk is employed by 
the estate management firm, 
Smiths-Gore, at Fochabers, 
mouth of Spey. Smiths-Gore' ; :
manages and operates the river 
and estuary nets on the Spey 
owned by the Crown Estate^ 
Commissioners (CEC). Mr Clerk, 
who is responsible for these : 
operations is perhaps best known 
to anglers for his leading role in 
the renowned “198J Spey" ' 
Dispute”. This concerned 
complaints that bulldozed 
alterations to certain netting pools 
effectively blocked upstream „ 
movement of salmon. These' - ' 
complaints were never 
satisfactorily answered. Mr Clerk, 
however, who at the time was 
chairman of the Spey Board and 
hence was responsible also for 
dealing with these complaints, 
survived. On January 19 this year, 
Mr Clerk was re-elected (under 
the new provisions of the 1986 UK 
Salmon Act) as chairman of the 
Spey District Salmon Fishery 
Board.

James Mitchell is a netsman, an 
Aberdeen fish-dealer, and a' 
member of the Dee District . „

Noel Smart is a director of the 
Montrose netting firm Joseph 
Johnston and Sons, which carries 
out its principal operations on the 
foreshores, and in the estuaries . 
and rivers of the North Esk and 
South Esk. Johnston’s “unofficial 
1982 total catch was estimated at 
83,600 — perhaps 60,000 of these 
being fish bound for other rivers; 
or about 25 per cent of the total '

•Scottish reported catch” , (See 
May 1986 Scenes). Its total “fish 

' ’turnover?* ipr 1982 was valued at 
about £lm. Mr Smart is also an 

' executive member and former 
chairmanOf §NFAS? and a 
member of the Joint Esks/Bervie 

• Area Salmon Fishery Board. ^
Tan Mitchell & managing 

director of the netting firm, Tay 
Sa|ipon Fisheries Co. TSF, a 
long-established multi-million 
pound business, regularly extracts 
in excess of 40,000 salmon each 

. season from its principal netting 
siations on the Tay below Perth. 
Mr Mitchell is current chairman of 
SNFAS, a member of the Tay 

v Board, a member of the Joint 
Esks/Bervie Board, and a 
management committee member 
of the Atlantic Salmon Trust 
(AST) — a body of which the TSF 

. Chairman, Lord Lansdowne, is a 
5 founder and one of AST’s 
seven-only members. He is also a 

. member of the new' governmental 
safmdh advisory committee.

One might also note that it was 
; puzzling indeed that the Atlantic 
Salmon Conservation Trust’s 
leading Spokesman, Moray-based 
Hon James Stuart, though present 

' a t the meeting allegedly supported 
th'6 OdundPa consensus that there 
“was no merit” in the DAFS 
proposal; Mr Stuart, who is 
general'manager of the Moray 
Firth Salmon (Net)’ Fishing Co, 
arid die FindhOm Salmon (Net) 
Fishing’ Oyis'ASDFB council 
representative for the RiverpllM jjlj I fill

There are but two relevant 
questions regarding this most 
revealing ASDFB position and the 
persons who formulated it. First, 
were upper (rod) proprietorial 
representatives on the above and 
other Scottish district boards 
consulted on this vital issiie? * 
Second, if so, did these rods’ 
representatives support rejection 
of an increased weekly close-time?

Official salmon secrets
Did you know that salmon 

matters are vital to the “defence 
and security of the realm”? Weil, 
Government says they are. So, 
believe it or not, when the new 
salmon advisory committee met 
on February 26 at MAFF’s 
Whitehall offices for its inaugural 
gathering, each of the 20 
committee members was required 
to sign an oath of silence under the 
Official Secrets Act! How on earth 
the “salmon (civil) servants” and 
Government sought to justify this 
undertaking is not readily 
understood. By the same token — 
though, to be fair, many members 
were “ambushed” by this 
requirement — it is a little 
disappointing that members did 
not rise as one in righteous wrath

and let it be known that such a 
requirement was “not on” !

After all, the committee is 
“advisory” only; it has neither 
Statutory nor even quasi-judicial 
standing — indeed readers may 
recall that Government fought shy 
of any provision that either the 
Committee should have statutory 
powers, or that ministers should 
have “enabling powers”; each 
member is the nominee of a 
prominent representative group, 
hence obviously each group will 
need to de-brief and then re-brief 
its nominees t e  subsequent 
Committee gatherings.

Nttsmeaforourites
As for the formal issues to be 

considered — the effects of 
predators and fishing at low-water 
levels —- the serious sparring has 
yet to commence. And as the odds 
are about 16:4 in favour of our 
principal human predators, one 
doesn’t need to be a genius to 
recognise Jhat the unfortunate 
grey seals will be in for a rough 
time; and indeed that the 
problems in “establishing the 
influence of low water on salmon 
stocks” will be shown to be so 
many, complex and judiciously 
convoluted that inevitably a 
‘’definite conclusion” stands only 
an outside chance.

ABffwwifUii
At any rate, it should all be 

good fun —- and indeed ensure 
further sizeable waste of the 
taxpayers’ money. AH the many 
conflicting interests will at least 
have the oppportunity of sorting 
things out face-to-faee. Lively and 
therapeutic stuff. It should also 
serve as a further ■— perhaps final? 
~~ opportunity for the 
still-dominant commercial 
interests to engage in yet more 
stalling. With a little luck this 
should mean they may not have to 
face the music for another few 
years yet ' '

And who knows; by then our 
Scottish netting friends (who 
through their representatives and 
“tame” clients on the committee 
can easily retain a majority on any 
key vote), may have been able to 
scratch up sufficient of their 
customary pseudo-scicntific 
evidence of ‘ ’salmon savings” via 
Atlantic Salmon Conservation 
Trust coastal net reductions etc, 
that they will be able to sustain the 
ASDFB case that the key “true 
conservation” provisions —- a 
sizeably increased WCT and ACT 
(annual close time), together with 
much-tightened monitoring, 
regulation and inspection — are 
’ irrelevant and unnecessary”.

David Shaw
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SUBSCRIBER
SERVICE
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by pulling the fly to the edge of the 
window, photographing as it came 
closer. Note that whatever is below the 
surface is reflected on the surface and 
that the wings are the first thing vis­
ible above the surface at the win­
dow's edge.

The fly is now entirely within the 
window and ¿¿those portions of it 
above the surface are now completely 
visible for the first time. A valuable 
lesson through the fish's eye—with 
thanks to Mr. H e w it t .- ^
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view this phenomenon, and I recently 
duplicated his experiment by work­
ing from an illustration in his 1948 
book,  A T rout and  S almon 
Fisherman for 75 Years. In the above 
picture, I am photographing a floating 
fly through the glass end of the tank, 
which is designed to simulate the 
trout's visual cone.

My tank is one foot square by 
three feet long. The end is angled at 
WjM degrees, which is the angle of 
one side of the fish's window. Since 
light is distorted very little when go­
ing through the surface at right an­
gles, I made certain the lens was 
square to the glass to get a distortion 
free picture.

This second photograph is the pic­
ture I took. A White-Wing Rat-Faced 
McDougal on a IX tippet is visible 
only where it touches or breaks the 
surface. It is surrounded by the re­
flection of the tank bottom. The edge 
of the trout's (my) window is at the 
upper portion of the photo. I pro­
duced the following series of photos

8eavezki(( Spoztòman.
Broad Street • Roscoe, New York 

Phone (607) 498-4677
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THOUGHTS ON ANGLING

CHAPTER I

SOME REFLECTIONS ON DRY FLIES

WHEN a point of gut stained s k y - b l u e  or grey, is looked at 
against the sky its appearance varies greatly according 

to the lighting conditions and the background. On a cloudless 
day when H  is not very high, say at 10  a.m., stand with 
your back to the sun and hold the gut agamst various parts 
of the sky, held overhead it will appear darker than the sky, 
held low down near the horizon it will be lighter, and sam * ■ 
where in between it will be invisible I now turn round a

sun’ ^ ^ S ^ o n T n e  s darker than the sky in all positions ; with the sun on one s
shoulder, it will be mostly darker t h a n t h e s k y b u t a  sm
region of invisibility will probably be found. The gut j s  1
visible when the amount of sunlighbreflectedjr
T h T ^ ^ R h f e Tthe amount of light fromA  f f i S -rn

to vary widely in appearance according B p H B p H B  
against white or grey cloud or against blue sky and as to
whether it is in or out of direct sunlight _

On a prp.v dav. especially when the  sky...iS-evcnly g H n  
gutw H lTalways appear conspicuously dark, m  all con 1 ions,^

f e i i i i M H B M i
a bearing upon fishing
in catching trout on days of W W BBP ■ffpPfr i l l l W l  

^ u im y days are better than duE d a ^ a n d  why days of alter, 
natm V Cloud and sun are by far fte_m ost faw urabfedays.

13



THOUGHTS ON ANGLING14

This specially applies to gut-shy trout such as are found in 
public, hotel and society waters ; in private fisheries where 
trout are little educated, the state of the sky is of less 
importance.

It is obvious that the appearance of the gut, its visibility 
will be quite different according to whether it is seen bv the 

*1rôïïrI n ^ o n tTon its right or its leftside”  and according to 
whether the sun lTuTor out and whether the background is a 
white or grey cloud or blue skv.

After many casts in all of which the gut was conspicuous to 
the fish, one may occur when the conditions make for in­
visibility, therefore it pays, as long as the trout keeps rising, 
to go on casting in the hope of such an event. Experience 
shows that though a trout will refuse time after time 
and without hesitation, it will often, at last, rise boldly to 
the fly. *

Some anglers keep changing the fly, trying many patterns 
and when at last the fish takes they conclude that success was 
due to the! change of fly : I do not think this is a sound con­
clusion since exactly the same happens when the fly is not 
changed.

This leads one to ask, if the gut changes in appearance 
according to lighting and background, surely the fly must also 
change ?

If one picks up an olive dun on the point of the finger, kills 
it by squeezing the thorax and then examines it against the 
sky and against surrounding trees, meadows and hills with the 

J sun shining on it from different sides, a set of bewildering 
differences are seen, very wide différences : different parts of 
th r ^ '^ K iv e ^ if f e r e n t ly , for instance the semi-transparent 
setae, legs and wings do not tally in appearance with the 
opaque body and thorax, further, end-on views do not behave 
like side ones, colour varies very widely according to whether 
the sun is in fr o n t]BëEînd o T lT X S T 'M e 'o i th^fly7jikew ise  

background tends to shine through the transparent parts. 
If, now, you place upon the top of another finger an artificial 
fly, considered to be a good imitation of an olive, such as



SOME REFLECTIONS ON DRY FLIES 15
H alford's pa ttern , and examine this vis-à-vis w ith the  natu ral, 

I it will be seen th a t  the artificial fly also varies widely in appear­
ance according to  the conditions, bu t to  a m uch smaller ex ten t 
than  does the natu ral fly. I t  follows th a t  under m ost circum ­
stances the artificial will appear quite unlike th e n a tu ra l ,  bu t 
th a t occasionally there will be very considerable resem blance. 
T h S ^ T o T r ^ p e c t ^  because one is comparing a living fly w ith 
one made of entirely different m aterials, feather, fur, silk," etc., 

> which will absorb, reflect and transm it light very differently to  
the living insect.

If one takes another pa tte rn  of olive, one again generally 
T£>finds poor resemblance though occasionally considerable 
* likeness and w ith this second pa tte rn , the  conditions for 

f^likeness are not those which hold for the  first pa tte rn . I t  
V^’is for th is reason th a t one can have a  num ber of artificial 

patterns of different colour and made of different m aterials, 
\  all of which will, a t some time, resemble the  n a tu ra l and 

 ̂ catch fish.
W hat has been said about the  value of repeatedly casting 

¿jXr over a feeding fish, now this side, now th a t, now in front, now 
z behind, from the point of view of the visibility of gut, applies 
" with much greater force when the fly is considered. I t  m ay 

d  be th a t a t the very first cast, the  fly happens to  be so lit and so 
backgrounded th a t it appears as a good im itation  of the  
natural, or, this m ay not happen un til m any casts have been 

j^ m a d e .  There is no advantage in changing the  fly because it 
—Ì   ̂ has been refused, not a t any rate  un til it has been refused m any 

i  times.
I t  is evident th a t these facts about the  appearance of arti- 

0 fidai flies m ust be taken into account when one sets out to  
copy a natu ra l fly. The best copy would be the one which, 
under varying conditions of lighting and background, most 
often happens to  closely resemble the n a tu ra l fly : success in 
catching trou t is the best test, not the  fly-tier's judgm ent in 
the  unnatural lighting conditions of a room. F u rth e r it 
follows th a t several quite different dressings m ay all be success­
ful im itations of say, the olive dun, one being a specially good
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.imitation when the sun is shining on it, another when the sun 
is behind it, or when seen against the sky or against an over­
hanging b an k ; whilst in the hand these artificials look entirely 
different and none perhaps much like the natural fly.

It is not to be wondered at that some fishermen have con­
fidence in one fly and others, in a widely different pattern ; 
it is probable that of the many patterns designed to. represent 
the olive dun, did one but know it, one is best to use on a grey 
day, another on a cloudless one, another close under the river 
bank and another under a canopy of trees, e tc .; I feel sure that 
this is the case, though I am not able to say with confidence, 

. which type of fly is best to use under each condition. On_a 
I bright sunny day, with the sun behind the fish, I personally
I like a dark win^5sTITv~;.. lighF wmge'd patterns with the sun
1 on them appear to .be much too light. If the sun is in front 
\ of the fish, I am not particular about the colour of the fly, but 
l it  must be a very sparsely hackled wingless fly, with a well- 
I shaped body—a silhouette fly. I like a light coloured winged 
fly, say a Halford pattern, on very dull days or when fishing 
under trees or close under the bank, throwing between the 
fish and the bank. These preferences seem to me reasonable, 
at any rate they breed confidence and that makes for success. 
If the same fly is fished all day long, as many anglers do, a time 
will come as the sun goes round or clouds appear or disappear 
when the fish will take;  I do not think this represents a 
change in the fish but a change in lighting conditions, the fly 
only being taken when they make it closely resemble the 
natural fly.

These effects of lighting on artificial flies clearly indicate 
that precise instructions for tying flies as regards the materials 
to be used rather than colour, etc., with the view of making the 
best possible imitation of the natural, are useless. By all 
means have precise instructions for patterns of flies, but do 
not expect that they will be the best fly to use under all 
conditions.
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Gone Fish- 
M tching

(There’s a  sign upon your door)

article by BRUCE BROWN 
photography by STEPHEN ROSS

IT WAS A DUSTY TREK from Hoo­
doo Pass down to Boiling Lake and 

up over Horsehead Pass into the Eagle 
Lakes Basin that August afternoon. 
Rackhorses, trail bikes, and the thou­
sands of sheep that are driven through 
die area had pulverized the soil to the 
consistency of fine face powder.

For much of the exposed climb to 
7,600-foot Horsehead Pass in Washing­
ton^ North Cascades, the wind kept us 
walking in our own dust, even though 
we were the only ones on the trail at 
the time We paused long enough on 
die summit to study a forest fire burn­
ing out of control several thousand feet 
below and dozens of miles to the east, 
and then hurried on down toward the 
Eagle Lakes chain.

Because a Forest Service trail crew 
had warned us that Eagle Creek was 
the only local source of drinking water 
free of the parasite Giardia, my com­
panions and I pulled out our poly bot­
tles when we arrived at the inconspicu­
ous little creek that connects the lower 
two Eagle Lakes. Heading upstream 
forty or fifty feet to get away from the 
trail and its contaminants, I bent down 
at the edge of a small pond at the base 
of a plashing waterfall, and was nearly 
as startled as the trout with whom I 
found myself face to face at a distance 
of perhaps a foot.

Retiring discreetly to a vantage point 
behind a log, I realized that this little 
pond, which measured perhaps ten 
feet by twenty feet and was no more 
than calf-deep, contained a dozen 
trout. Although small, ranging from 
four to an honest ten inches in length, 
they were handsome fish and unusu­
ally marked: a warm golden color with 
a faint flush of red on the gill covers, 
and as heavily spotted as an African 
leopard. These black spots, which oc­
curred both above and below the lat­
eral line, seemed to form a larger 
snakeskin-like pattern of chevrons that 
pulsated along their flanks as they 
swam.

A waterfall at the head of the pool 
and boulders at its tail prevented the 
fish from fleeing to another part of the 
stream. Within a few minutes they had 
calmed down and returned to their 
seemingly casual circling in search of 
food. Most followed the bits of sunken 
drift that tumbled over the falls, but I 
also saw one jump straight up out of 
the water after an insect and bend dou­
ble in midair like a jackknife, whose 
size it closely approximated.

The Eagle Lakes are a great fishing 
mecca, but fishermen who hike and 
ride past by the hundreds every sum­
mer show no interest in these fish, 
which I guessed were some kind of a

Spawning begins when a male brook trout sidles alongside a female 
(foreground) and shivers, inducing her to dig the nest area, or redd.



rainbow-cutthroat hybrid. Fishing for 
them would be like fishing in your 
bathtub, and even if you caught the 
whole mess of them there wouldn’t be 
enough to make a decent meal for one 
person. There was no challenge here, 
and so the sportsmen sped on to bigger 
water and the ever-more-distant lakes.

For us, however, this tiny pool pro­
vided a fascinating microcosm, a place 
where the ways of fish and water could 
be studied with clarity from a reclining 
position. I remember thinking at the 
time, too, that these fish showed how 
traditional fishing differs from the 
sport that has been quietly rising in its 
shadow for the better part of a century, 
namely fish-watching.

A ctually, fish  c a n  be seen
JLjL in many more situations than 
people suspect, from deep in the wil­
derness to the heart of some cities, 
from both coasts to the many rivers and

lakes of the American Midwest. I my­
self have observed salmon, trout, char, 
and other choice cold-water game fish 
everywhere from the remote wilds 
of Alaska to the dock off the back of 
one of Seattle’s fanciest lakeside water­
ing holes, where the gunmetal-blue 
silhouettes of sockeye salmon slide 
through the reflections of the mercury 
vapor lights.

It is obviously impossible to see fish 
where there are none, but a knowl­
edgeable observer can often see and 
identify more fish than an equally ex­
perienced fisherman can catch in the 
same place during the same period of 
time. And unlike the scuba-diving ex­
peditions of saltwater fish-watchers like 
Jacques Cousteau, the sport of fresh­
water fish-watchers requires no excep­
tional bravery, foreign travel , expensive 
gear, or macho skills. Freshwater fish- 
watching is something you can do 
when you just want an excuse to go sit

by a stream or lake for an hour. Be-; 
cause the equipment needs are min­
imal ('i the freshwater fish-watcher is 
both ready for the unexpected encoun­
ter and free from the frustrations of 
broken leaders and snarled reels.

Certain aspects of fish behavior can 
only be investigated completely by 
fishing in its various and storied fornjs, 
but fishing does not (and in fact can- 

•not) reveal the complete piscine mys­
tery. Fishing is an artificial test of  
response l,rHuuii3̂  , if

'successful, removes the fish entirely 
from its natural surroundings and be­
havior. Despite the great sense of rap­
port and appreciative understanding 
that characterizes the best fishermen , 
fishing per se is blind to_die u n f i jxj 
distni^ed'world of fish. The instant ' 
the hook is set, all normal affairs on 
both ends of the line are abandoned.

Fish-watching, by contrast, is almost 
exclusively concerned with the natural

— 76 —

Using her writhing body to fan  away sediment, the female digs a depression in a Michigan streambed.



Backing into the nest, the female trout senses its shape, depthr  and the stones into which eggs will be laid. 
i S h i^ ’ £ i &S -p J f  u' *r  M - V *

creature, darting and dashing, lolling 
in the depths of a pool or hiding under 
a root ball. Its quarry is the one that 
got away; its aim, to keep it that way.

T h e  o b v io u s  a n a l o g  of fish-
JL watching is birdwatching. Each is 

devoted to the appreciation of often 
beautiful creatures that are capable of 

r movement in a medium that is closed 
I tohumahs^ and eacKis tfieoutgrowth 
 ̂ ^oFsuBsistence, commercial, and sport 

killing of the same.
Just as John James Audubon was an 

accomplished shooter of birds for ta­
ble and study, many pioneering fish- 
watchers have been fishermen who 
came to linger longer and longer in the 
presence of their supposed prey. Fly- 
fishermen in particular must spend 

jjrne studying fish to Be effective, and 
in certain parts of  England ^fishing 
ethics require the fisherman to see his 
fish before he casts for it^^accordlng to

Nick Lyons, the noted fisherman, au­
thor, and publisher of fishing books. 
To observe salmon and trout from their 
own perspective, one fly-fisherman, the 
late Roderick Haig-Brown, even snor- 
keled in the same Vancouver Island 
rivers he fished. Most fish-watchers, 
however, are content with watching 
from the shore, or as far from it as hip 
boots will take them.

Fish-watching shares certain funda­
mental principles with birdwatching 
(for example, it is generally most effec­
tive in either case to wait for the crea­
tures to come to you, rather than to 
pursue them); but, because of the spe­
cial visual qualities of water, there are 
also a number of differences. For the 
sake of observation and concealment, 
one must realize that the fish sees 
the world outside the stream as a cir­
cle of light shimmering overhead, the 
objects closest to the fish drawn in­
to distorted relief against the sky at

the center. Originally described and 
photographed just before World War I 
by pioneer English fish-watcher Fran­
cis Ward, this circle of light resembles 
the aptly named “fish-eye” effect pro­
duced with an extremely wide-angle 
lens in photography.

For the fish-watcher, there are other 
limits to vision that must be consid­
ered. Surface opacity is almost always a 
problem to one degree or another. It 
can be reduced by putting the sun at 
your back, by wearing polarized sun­
glasses of the sort used by many fish­
ermen, and by attempting, wherever 
possible, to get at least ten feet above 
the water, as on bridges or ciimbable 
trees along the shore. One dedicated 
fish-watcher, Pennsylvania State Uni­
versity researcher Robert Bachman, has 
even gone to the trouble of erecting 
aluminum scaffolding along the bank 
of Pennsylvania’s Spruce Creek to cre­
ate a permanent elevated fish-watching
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Fierce fighting may erupt if an intruding male (rear) attempts to steal the female during nest-building.

blind in a place where none presented 
itself naturally.

Itinerant fish-watchers generally find 
the natural terrain to be both obstacle 
and ally, often frustrating their efforts 
but also occasionally presenting excep­
tional vistas. Last summer a friend and 
I found such a fish-watching vista in 
the cliffs above a mountain lake in 
Olympic National Park. Although we 
had còme to  do some climbing around 
Mount Deception, we spent the better 
part of the day watching more than a 
thousand red-finned brook trout cruis­
ing the waters of Royal Lake, and tak­
ing dozens of photographs which did 
not turn out (unlike Stephen Ross’ ex­
ceptional photographs of spawning 
Michigan brookies).

Another method of fish-watching 
used on lakes and saltwater is the so- 
called glass-bottomed bucket, which 
can be anything from commercial 
products like the Aquascope to home­

made combinations of pipe and glass 
to a simple swimming mask laid on the 
water. Here the idea is to cut the reflec­
tive interference by providing the hu­
man viewer with a vantage point just 
under the surface of the water. Despite 
the limitations of a relatively narrow 
field of vision, glass-bottomed buckets 
can open up the underwater world bet­
ter than anything short of a swim when 
conditions are right.

As an outdoor sport, fish-watching 
may not be as popular as birdwatching 
or fishing, but it has more adherents 
than many people might think. In Yel­
lowstone National Park in 1978, for in­
stance, 130,000 people used Fishing 
Bridge as a vantage point to watch 
trout in the Yellowstone River, accord­
ing to Paul Schullery, a writer and 
a former Yellowstone naturalist and 
ranger. “In August of that year,” says 
Schullery, “more people watched fish 
from I K ^ S n H ^ tn a n f^ e d  in the

whole park.”
TEousands^of spectators line the 

high banks of British Columbia’s Ad­
ams River to watch the large runs of 
sockeye salmon that flood that tribu­
tary of the Fraser River every four years. 
People also congregate at spots like 
northern Vermont’s Willoughby River 
to watch rainbow trout leap at im­
passable falls, according to Tom Rosen- 
bauer, editor of Orris News.

I  F YOU SPEND enough time watch- 
JL ing fish—-and an afternoon in the 
right place can be enough time—you 
become aware that there is consid­
erable variety and drama in fish behav­
ior. Far from being cold and alien, as 
many people think of them, fish can 
be heatedly emotional and express 
themselves through a variety of phys­
ical displays.

In spawning season, for instance, Pa­
cific salmon characteristically put on a

m —



Mouths agape, the mated trout deposit eggs and milt in  a two-second burst;the male is in the foreground.

prolonged dance of prowess that illus­
trates their mastery over moving water. 
They chase, parry, circle, and dash, 
and become progressively consumed 
by procreative frenzy as they near the 
death that claims yjj^usdlyair of them 
after they spawn. Some even have the 
ability to change their elaborate mat­
ing colors almost instantaneously to re­
flect a change in their position in the 
nest hierarchy. In a matter of seconds, 
the fish that looked at first glance like a 
plain female chum salmon reveals itself 
to be a boldly hued male.

Eventually, the fish-watcher may get 
the feeling that he himself is being 
watched. The feeling first came over 
me one», November afternoon I spent 
on a stream near my home in western 
Washington. The weather had just 
turned cold and clear after a week of 
rain, and I suspected the wild run of 
coho salmon might be in. I ’d waded 
barely a half-mile from the bridge

when I came around a bend to the sight 
of two coho males thrashing their way 
up out of the water in desperate com­
bat fifteen yards ahead of me. Each was 
about two feet long and had a rich 
flash of burgundy on its flanks. The 
slender females nearby occasionally 
chased each other when one dug too 
close to the nest of another, but most 
of the action came from the brightly 
colored bucks, who drove at each other 
repeatedly, attempting to rake their 
opponents with their wicked canines.

The dominant male of the bunch 
was a six-pounder with red-hot-iron 
sides, a blue-black head, white mous­
tache-like markings on his upper lip, 
and a white stripe down the crest of 
his back, which was out of the water 
often as he defended his turf. From the 
bleached, knife-edge look of his back, 
I guessed he was nearing the end and 
would probably spawn that night.

I tried to creep closer, but when I

came to within a dozen yards he sud­
denly rushed straight up the twisting 
rope of fast water and across the stream 
to a point directly even with me. Less 
than five feet separated us as he rode 
the current as easily as a hawk on the 
wind, and he was plainly scrutinizing 
me with his unblinking eye.

I expected the terrified explosion of 
water that usually comes when a 
salmon sees or smells a man, but this 
fish did not seem to be afraid. He 
hung before me for several seconds, as 
if we were connected by something 
much finer even than 8X tippet, and 
then slowly fell off on the current, let­
ting it carry him back toward his mate, 
tail first.

After waiting long enough to see 
that he did not sound the alarm to the 
other fish, I headed the other way, 
pondering the possibility that I had 
been seen by a salmon and recognized 
as a friend.
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Figure 1. Diagram of a ray of light pass­
ing from the air through the air-water 
interface.

Figure 3. Cross-sectional diagram of 
fish’s view (from position F) of objects 
seen within the water and outside the 
cone of vision.

By Robert L. Butler1 
and Robert D. McCammon2

In examining a few books on the 
subject of fish vision, we have found 
discrepancies on measurements of the 
fish’s window. The arc subtending the 
window is most often given as 97.6°. 
Diagrams to illustrate this point are 

> remarkably similar to those noted in 
Nikolsky’s book, The Ecology of Fishes, 
1963; Wall’s book, The Vertebrate Eye 
and Its Adaptive Radiation, 1942; and 
in a recent book entitled, The, Life of 
the Pond, 1967, by William H. Amos. 
In Rising Trout, by Charles K. Fox, 
1967, the window is described as be­
ing 83°. On the other hand, in a recent 
book edited by David ingle, The Cen­
tral Nervous Systerh and Fish Behavior,

, 1968, it is diagramed as being 98°. 
."’Most of these authors allude to the 

uhique features of water through such 
terms as reflection, refraction, angle of

1 Pennsylvania Cooperative Fishery Unit, 
The Pennsylvania State University, Uni­
versity Park, Pennsylvania 16802.

2 Department of Physics, The Pennsylvania 
State University.

incidence, etc. The diagrams are sim­
plistic, lacking detail and devoid of 
equations which incorporate the physi­
cal principles of the above terms. '

We are sufficiently pragmatic to ac­
cept the fact that a window does exist. 
Furthermore, we think the window-is a- 

||iinction of water and. air properties 
rather than optical properties of the 
fish and human eyes. Any diver not 
using a face mask has witnessed the 
window and its decrease in diameter 
when he approaches the surface. It \& 
true, however, that we do not know 
what the fish Truly sees. What and how 
his brain interprets the image on his 
retina is unknown. Light, however, 
that comes through his window is the 
same light that comes through Our 
window when we are underwater at 
the fish’s eye-level position.

As reference to a college text on 
optics will show, when a ray of light in 
one medium, strikes the interface of a 
second medium, generally a portion is 
reflected and a portion is transmitted 
(Figure 1). According to Snell’s Law 
thè transmitted or refracted portion is 
bent as described by the equation



illustrated by George Gaadt

complete it. H o weVer,'4^!i^BSry im­
p o rta n t to note th a t less, th a n ^  
$6,000,000.00 has gone intomoiistruc- 
tion)(. of the dam itself. Aside from 
salaries which would have’ been paid 
anyway, the bulk of expenditures hat;; 
been for land acquisition and for roa'ds 
and for bridges which are usablfe;. Thu.$J| 
the $6,000,000.00 cost of - abandon­
ment is small in comparison to the 
cost and tragic y/aste of completion..

On June 18, 1971, TVA filed and: 
extremely poor environmental-^Mad j 
statement on the TelIJiPo project, In 
August, the Environmental^ Defense 
Fund, which was joined by the AssocH 
ation for the Preservattpjpnof the Little 
Tennessee River, National TLJJ and 
others, brought suit agargit TVA in the 
Federal District Court in WasftihgtpM 
The ‘suit was-'moved todBifmtngBam‘‘ 
in December, and later to Kift-ViHe ■ 
where the cadrt placed a tOT^orary' 
injunction against the dam-fiqnstruc- 
tion portion of the project p e ® ^g  its 
determination that TVA^fiad filed an 
acceptable enggronmenfai-impact 
statement.

In early August, Walter L. Crlleymi 
director of PlanningsaBfpevelopment 
for the Tennessee Departmeniyhf Co m  
servation, blasted gihe -TVA e n S o «  
mental s ta te rffin t^ i^K ^ he saiS'ivvas 
one sided, biased, used semantics to 

jprove preconceived ‘popt-s, and did 
not provide alternatives." TVA fgl^red 
his we1l-dp|'a'imented;'!fcharges.‘ Late|||B 
the ftlonth, the Tennessee Game and 
Fish Commission'' officia^^g o p ip e d  
the project.

In December, Tennessee's G ^ p ^ o r  
Winfield Dunn, 'm -  a letter to TVA 
ChaiKnan Aubrey Wagner, sa|4: that| 
he wougl seek d p g is la i|| actiM BtO' 
protect the river and that thelfiterests 

' of the State w .̂u-ld best be served Tf 
TVA^vVere to disc'oritime plans todtn-

28 13
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n, sin 0-, =  n2 sin 0r, where n, and n2
are the indices of refraction of medium 
1 and medium 2, respectively. Further, 
if we assume that neither medium ab­
sorbs or scatters light significantly, the 
sum of the intensities of the trans-0 
mitted and reflected rays must equal 
the intensity of the incident ray. Usu­
ally as the angle of incidence increases 
from 0 to 90“ , the intensity of,the re­
flected ray increases while correspond­
ingly that of the transmitted ray de­
creases. The rate of change is not 
linear. .■ : ¿ ' :;t> : ’ 5
Light Emanating from Objects 
Underwater

The application of Snell’s Law to the 
situation where light emanates from 
objects underwater (Figure 2) is de­
scribed by the equation 1.33 sin =
1.0 sin ^r,. hence sin 0-, =  1/1.33 sin 
0r. If a transmitted ray is to occur, the 
angle of refraction must lie between 
0 and 90°; that is, 0 M sin ±= 1, then 
0 ^  sin 0\ ^  1/1.33 or 0 ^  sin 
0j 48° 36'. If the angle of incidence

exceeds the actual value 0-, =  48° 36', 
then the incident ray is totally re­
flected. Consequently, to a fish at F,

those objects lying in the shaded areas 
of Figure 3, unless they are observed 
directly via rays c and d, appear to the 
fish to lie above the surface and in­
verted as indicated by the dashed lines 
a' and b’.
Light Entering the Water from the Air

Snell’s Law also applies to the situa­
tion where light enters water from the 
air, the fish’s, view of a fisherman or 
tree. In Figure 1, if medium 1 is air 
and medium 2 is water, then 1.0 sin 0\ 
=  1.33 sin ^r,: Hence sin 0r =  1/1.33 
sin 0,. Since the incident rays may 
enter the water with any angle of inci­
dence between 0 and 90°, then 0 ^  
sin 0-,s= 1. Hence 0 s= sin 0r rS 
1/1.33, orO ^  0r ^ 4 8 °  36'.

The fish at F presumably can per­
ceive any object situated above the 

° plane of the water surface (Figure 4), 
but such objects appear to the fish to 
lie within a cone of vision, AFA’ having 
a total angle of 2 0C =  97° 12'. The 
maximum refraction of a ray from air 
to water with 90° angle of incidence is 
48“ 36', the critical angle ( ). Since 
the intensity of the transmitted rays in 
this case diminishes sharply toward 0
Continued on page 32

Trattrr*ted 
I Ray

Figure 2. Diagram of a ray of light pass­
ing from the water through the water- 
air interface.

Figure 4. Cross-sectional diagram of 
fish’s view (from position F) of terres­
trial objects seen through the cone of 
vision.





THE" LITTLE TEMESSEE 
to be*used by industBs.
H ndustry came | |  Tennessee beT 
cause of chefp lalglpr arjd cheap power 

fo rllke fron t v iew s.^R w idustry. 
should'and obviously will locate in a l  
ready industrSlized areas, such as 

^ B r y H I  and Kfepk¿ilíp^where irailroad 
sidings, S ports , populaWn, and other 
attributes aSady exist.
H~he power of non-elected TVA plan- 

Hér^-: to acmially decree life ||ty te s g ^  
:conderfflia« |»s terijfying. The Chero- 
|fee farmed the Little Tennessee Val 
and fp T ^ p rp O O  years it hfeSbeen 
farm l a | 9 m any of th e S e  jent owners 
have held their B p  for s e v ^ M g ^ i^ S  
algbhs. Suddenly, TVA plans ''lltra'nsT 
t¡or^TOm'Í2irm lar®  to a w ffilrange of 
industr¡aLfflées'’'^ » d  says that it is 
even d é g lip in g  plans/doga of
50,000 ffeonleH l ef^fe^houSihg c wig 
vary | |  price, density anStype serving 
all i r B p e  -á ^ p social groups,” TVA 
obviouM|Jhas no if ih o r i ty  to b i*d  
towns,, bufiwith m%v̂ ; darnáSM j^siBe' 
to I s *  it w o ®  -bbdoB ifdB  like 

H ijh jng  bptRr, If this authoritf|were 
ever g ra n ® ,S , |  problems of erw ire 
building, economSand political P ® h |  
ah:d';competition m  private injjustry> 
W perentBSi the da-tó-bUBing e ra w o flJ  
deem:>^™il in comparison.

In ̂ ■ u n c t io n  with the S dústria l 
da jm sR t B interesting to note that in  

i s  panic to justify t h is l j r o j«  
has re ;sbrte® to^^M ;| (but not Bub-- 

fmittingito Congress) "Secondary Bene- 
fitsgfor ‘‘Enhan^BEmploSi'ent.’’ Thg  
figureVie now at $'3;650,000.00 annu­
ally andSoi" support \ t  TVA has con­
veniently escalated the nirttpj§E of*ex­
p e c t#  jobs to bA fea ted  from "6,000 
e lg l  in ihe project, later to 9,000, and 
recentRto 25,000. In VA
sh o u R fB ik  of thcm arf| vaca® indus-, 
trial sites dp the exjstin g; f ese rg>irs. ' 

l|® )°k ing  into the tggused
irRhe TVA e^ B onmepta^gpact state­
ment of JdrH 18, 1971, we finé that 
TVA si^sSt h B B B ect i 11 resfft in
a very mi »  reductgn in the total trout 

<g!vate|! of the area . . .’’ Hoy|ev:|Sthe 
Terfrajssee Gafle and Fish Commission 
says, "Thdfota l 650 m S s^B natura l 
t rlju t i t  r eaw^OTgh e Tenjjgssee Appala- 

¡¡■aii^Rnd Smoky Mountain ranges 
ayeragRess dháp ¡¡¡p  sdTflR  acres 
per nBjKTIfe LittliTennessj^^SrageH 
125 yards wjde aftf¡¡45 s u r fd w S « s  
per -m gR l/. .. having a|§u.rface apa
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equivalent to all the naturaLcoldrw ajB | 
stre.aB resourcel M l  eastern Ten^ 
nessee^H

TVA says the val||y "is of some his-' 
toricaLMtem^ have
Tpad "priceless" both to: | ^ t S a ^  and 
archaeologists. It is the s flS o i-e igh l 
historic Cherokee villages i$ j^ |M ng 
Tenase from which the;̂ Stat| derived 
it!-name; Tuskfgee,* the birthplace of 
Sequoyah, whoBmade the Cherokee 
alphabet;, and Echota—Sacred City of. 
Refuge. Fort Loudoun, the T a ico  
Blockhouse site, Toqua Mound, thfe\ 
Virginian Fort site, the McGheeMmarB 
sion, and the Coyatee ¡treaty site are 
also in the valley.

TVA says,? ^Terrestrial wildlife Wilt 
be red'tlged,” bu^^B theR npact of thjji 
los iis  as a proportion of th ^ w d  in the 
reggn devoted to similar use g|s in­
s t e a d » ” The fjm e  is sag for raft 
and .canoe trips. ThHismke saying it is 
afflright to burn one foresBbecause 
others exist.

TVA says that 275 fam ilies■ llhave  
to be relocated, apimthe project | |R  
alsp. result in the loSs of fiyj^churches, 
fo u ifc io o ls , seventy-seven m is  of 
roads, thirteen bridges, and three mips 
of railroad. In addition, 38,000 acfljs 
of land w-i 11 be condemned dnd 16,000 
acres of farmland and 2,400 acres of 
tiJgber w ilB^r flooded and lost forever. 
This is not the aftermath of>war or 
another tragHdiaaster in West'VKinia. 
It is a catastrophe planned by TVA ad­

ministrators for "the purpose;.of im- 
proang the quality oM ife in 'the  re­
gion." The environmental statemeffl 
goes on to .sa fl "ThelRgdest losse^of 
land in the area for timber and agri­

cultura l use will be offset many Times 
over by gains in benefigal use for 
reation, residential and&dustria l de- 
vefopmet|R Obvioufly, thiSfalso infers 
the modest loss of§he Little Tennessee 
F® eg which,Sin my opinion,, is the 
finest public trout wafe^Bft in ea||ern 
America.

T. Henry Wilson, Jr., is a member of 
the N.W. North Carolina Chapter of TU 
and of the Advisory Board to the North 
Carolina Council. He was active in the 
ear^E forts  to obtaiftmative and trophy 
regulatioR on North Carolina streams 
and has been active in |he fight to stop 
the trans-mountajf ro a d .lith e  Great 
Smokies.

WHAT A FISH SEES 
as the angle of incidence approach©! 
9oRthe base of the trea^R the figure 
woRcTbe v w  d in i i  seen by theUish, 
whereas thS uppe r‘'p a r(|B f the tree 
would ¿¿'cjea® \^B le .

From the f& ®  p o ^ ^ f^ ^ g h e c e iC  
fore, Figure^Hand 4 a rfco m p le |ie n -.. 
tary H ' {hat und^wpter objects ^ 8 g  
in the shaded area.pf Figure 3 appear 

i^herBBwegrTdirectly on the air-water 
^perface to lie in the ag out’side- the 
:cone AFA’VWhile |ry b je c ts  above the 
3 | f f lr :  surface appear .to lie-in the air , 
within the conj^ AFA’.

When the surface of the?waterJs_peftf! 
feet I y smooth a fish cah^Se^ny)obj ect 
that protrudes abpve, theTsdrTaceJf an 
anglerBan see the water, he can be 

“seen bv the fishl Although i imtneorvT ^  
.feoth angpr and fish can see each other 
equally well, the angler is most often . 
at a disadvantage.

As the fish’s anljthe angler’s viewihg 
of each other approaches the plane of 
the aii#|vater interface, much of fhe 
ligh t-frog either fish or Jager is re­
flected rather than transmitted. The 
ease with which each can be seen by 
the other is further red l ie d  by glare"' 
from extraneouMifht. Anglers attempt 
to ameliorafp this d i® u ly  by using 

*pdlari2gig sunglasses which partially?^ 
attenuate the glare Without |d ® c a l|H  
affecting the transmitted R h t. At the 
sKme time,^hoWeyer, skggKt,provides 

y a ^ S um lighting of the .fishqrmari.' I  
■^Bder these vCiri|mstances the fish 
■may see without being seen, partidul /  
?Tariy as the angler is oftenJn strong 
contrast against a f lig h t sky,Whereas 
the fishRi^ usually (\p poor c o n tra ^ ^  
agw ist the bottom.

It should Hso be noteegthat Jhe 
angler is being viewed in h f l greatest 

"he!ght~~dimension. The'-portion of his 
TpodyThaT isM b s ta c ^ p  i ntrudes 
The^eRncter t^ H rd th ^  center of the 
cone of visiomanIIis made gore obvi­
ous to the fish. On the other hand, the 

g sh’lje s s e r dimensi^Hbody.degtlxJs 
Reduced by refraction. For examplef • 
his white b e g  may s h o ^ ft i^ t as a 

fwhite llrid Of eddrse, therBjgs no 
/change in the fish’s length, if the angler 
^yiews the fish broadside. HoweVfef, if 
the f|-§h^H/iewed heap on, refraction 

-cause^fen appaMn|fshortening. These 
-fg to rs  explainable  comngn observa- 
Hion that fish g o k  smallerRhen in the~ 
^ a t ^ tliarrvvhen out of it.
Comjiiuedm page 34



in order.
P c *  TVA admits it is not 

o m ^ l ly l^ H b le f l )  i f t ®  turb in$M t: 
T e ll®  and th a lh e  l t t l | | f i s  flow -will 
be diB f em hro fc fi F^StDud-;̂ H  D ari 
to g « l M addIt 1 » I poWir there. 
Hoto^S , Kirk Jo h n s^H ¥ « -p n S id w | 
of a A t R, puts this l|| perspective by 
fh o w jg  t ®  addmonat power will 
amount to only O .z l f  1 percent of 
TVA’i; prpBnt a n n u a j^s te H |^e n e ®  
iion.

N a g n  t'P'lpK irkHohn^pnBf l® p R  
writes, "An economics class at the 
University of Tennessee BHBW  that 
•TVA Mfimatedfa;RnuaBiavigatiw b $ 9 l  
fitSfior Melton Hill R e v 
j ust eight mi les f r H |  Tel I ico Da m site) 
'rft $v|^B00Q.00|Kh ir3 |ra fc  of
g f $0.54 p e r ^ ^ K f ' b a 0 n l l
16,000 H i  ton^w aR ed B i r lg h  
Me ltd® H i l l  locks® th ^^H fcd  'frorff 
1963 n  1970 re® It^ A  i ri of

| h b ^ h b ^ h
i ^ B , o o o . o o  Q B B B H B H
saved in t h i l p A I I '  Would you call
^H R 'h K ^^S n |H i on?
|® tood ® n t |^ g  TVA R y B : Cb ĵjtta- 

nooga s t j l  has a flood1 proble®  There 
are twenp-fiK  dams above it H B H

TeBco-eontro lled f lo o d R to ra g e |H  
■ la im e d p a  f26,000 ||cre-feet, P u t in  
Septerfclr, 1971, TVA announcjH lt’ 
was'qM ng ^ in iw im  d rB H L n  l^ve ll 
u!wvar(^ H I eight resei^oirs upstream] 
of Chatt^bMogi reducing floo®Kr,age 

H H ^O O ,000 acre-feet. Agi|™ a credi­
bility gap H H K & S d .

Recreatioig arid,BisB and Will^B 
Te l||o  aa/ouB  re s u lt in ’' 16,500 | | i S  

'tlonaHwrfa®;at-res f | | .  lake -R ienK  
rec la tiqn  and w a r^^B te r fHhiB i  
T h fre n n ^ s e e  G am ^B id F i l l  Com- 
m iss jjll1 points out th W  th H |  are 

l lre a K f i ir ^ B e n  B a jB  rB & vo irs^B h  
2 i^ D 0 0 ^ R i| |  w thin a 5 0 - r iH  rad^B 
of th lT e llB o  # o je p . It a ls c f lH  that 
the t i t le  Tennessee “ lie s^H R i a lia  
of [ H t a H  zoogeographical interest 
for rarBBnd H ide^fflbed f is h e s H H  
a q u a t i r t e b r3 t$ $ |H E  f lB ^ A h e  
prob:^Bty of three B n d a h g e |l^R |Ii 
spec®  and rfo rtv -B B ^^B e rti j fete, 
Bpttom-dwelBig. f o r «  c ja ||ii;ied to 
date.

I^ ff lm g g a r i^ ™  its .stater^Bt In  
opposition to S ^ lia H , the S p m m i^^H  
says, "Stable habitat cp^H ion '^H ow  
eacgj level owhe aqu^wTood 
produce a ^ ^^H n u m  e f f i« n ^ H T h i l

fortuitouBcombinatidft oBsize, setting 
(natural beauty), watershed protecB 
tio if l and productivity sets the Little 
Tennessee apjgflas the most unique 
cold-water fishery h a b ilt  in the easS 
ern United, States." Since TVA talks 
about money, the Tennessee Gar® and 
Fish Commission alsB points out that 
"the White Rivergbelow B ^ ls h o a ls  
Darn the only comparable fisheK pri 
i t l  th e  E a s t , ^ ^ H e r a t§ A  oveH 
$3,000,000.00 annuHly to b^t-doc.k 
operators alone."

In addition to aqJStic life, this 
¡¡¡eautiful vajBy aboundsjn sit®  game, 
especially quail, and the endan^fhed 
osprey fishes the r H H j

Shoreline Development: TVA re­
cen t®  stated that R iy  900 acres of 
waterfrontBidustrial sites are a;vailaB| 
in east Tennessee, but KO H johnSn 
of APLTR uncavereBa fPfyO report bH 
the Telnessee State B a | H | |  Conrv- 
™ si^lA /h i(iH  s t a t ^ ‘̂ ^ ^ 6 ,5 1 ® c?es 
in the’ .walley counties (UoudjES^ 
Blount, AndH ftn, Roane, ® B  K n jH  
have b e A ^ ^ S tif ie d ^ S  potential i®  
d u s lia |® e 4 i|R # llv o ir  sites ideB lied 
j|y TVA t o t » o u t  2J|000 a jres .leed - 
Iess to say, most ofBiese A es ariyjyet 
Continued on page 32

The original fast sinking fly line 
and still the best Available in 3 
different sinking rates for every kind 
of sub-surface fly fishing and 
every kind of fish—bluegills 
to muskellunge.

Its only what you would expect from the company that 
has specialized in fly lines for better than 27 years. 
The fly line people.

SCIENTIFIC ANGLERS
we pu t fly fish ing firs t

fly fishing bulletins. Scientific Anglers, Dept. H-7 , Box 2001, Midland, Michigan 48640
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WHAT A FISH SEES
When the" water rs rippled an sta­

tionary objects viewed through the sur­
face by either fish or angler appear to 
be not only distorted but also 
or fluctuatingBn swchronywvith the 
ripples. lt-)sBe unusual asynchronous 
movement that becomes noticeable to 
the angler or to the fish. The rippled 
surface is a condition for a constantly 
changing normal B p  of Figure 1) that 
provldesBor both angler and fish a 
partial escape fronBhe glare and re­
duction KOThe&terSS of transmitted 
light.
Hnsects on the surface and within the 
cone of « ¡o n  are seen in distorted de­
tail with b ftq ^ la r  # ^ |n  (a subject to 
be developed W a subsequent issue of 
Trout). The image of the drB  insect 
.Supported on B e  is dis­
torted by the pattern of refraction 
formed at each point touched by any 
parBof. the insect’s anatomy. Insects 
on t!he surface ap,p outside the cone 
of vision are noted as dimples formed 
oB the surface aBail points touched 
by the anatortiy. The insect body can­
not be seen through the ffl'm by-the 
fish.

The Umwelt of the fish (the world as 
percefi/ed by the fish) wiBbe explored 
in future issues.

Dr. Robert L. Butler is Unit Leader 
of the Pennsylvania Cooperative Fishery 
Unit, a position he has held since 
1963. He completed his doctoral work 

jn  the aquatic sciences at the UniveB 
sity of Minnesota and while there he 
was a research assistant on the com­
mercial fisheries investigations of the 
Red Lakes. Following his graduate 
work, he spent eight years with the 
California Department of Fish and 
Game in charge of the largest catchable 
trout study ever attempted. Methodol­
ogy developed in that study is now 
applied throughout California and has 
been used by other states.

In 1962, Bob became field director 
of the University of California's Sagehen 
Creek Project on the east side of the 
Sierra Nevada Mountains. Here he 
taught fisheries and studied the behav­
ior of trout with respect to artificial 
cover.

Dr. R. D. McCammon was born in 
northern Ireland and was educated at 
Queen's University, Belfast, and at the
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University of Oxford, England. His main 
interests, apart from low-temperature 
physics, are fly-fishing for trout and 
Atlantic salmon, hunting, and garderfi 
ing. During a recerllleave he savored 
the superlativetrout fishing to *be found 
in Australia and New Zealand.

THE UPPER DESCHUTES 
of these home for dinner.” In twenty 
minutes we had four nice brooks for 
the table, and fresh brook trout is the 
best in the West as faBas I'm 
cerned.

The top iBle of the river il-:sprgg 
fed, and with its 49° to 5 o B /v3 tflB H | 
ideB for brook trout. This stretch of 

Bivfer has some riffles and big poop 
with three-of these about a quarter- 
mile long. One of these pools/the Blue 
LagoorBholds several B g lfc ig  brooks 
weighing up to four pounds.

A couple of years back, I tried S iB  
era I times, unsuccessfully, togfnterest 
these big brooks in wet flies, nymphs, 
and bucktails. L a te r»  the season, a 
friend fished the Bjtfe Lagoon at dusk 
w ith  night craBlers, and by fishing the-; 
banks he hooked and landed several 
2V2- to 3-pound brookies. B just never 
caught this stretch of the river with a 
good hatch ofBlies or when these big 
Bsh were biting. This is a bit unusual 
because the f  iver containsjots of cad- 
dis^BsjBnayflies, stoneflies and th e il 
nymphs. Most of the streams tributary 
to the Deschutes are blessed with 
many caddis nymphs. These nymphs 
start to hatch early in the spring and 
continue through August; conse­
quently, they make up a large part of 
the brook trout’s diet.

One of the best flies for brooks or 
rainbows on the Deschutes or its tr ib a l 
taries at this time is the bucktail cad­
dis, or the tied-down bucktail caddis 
in sizes, 8, 10, or 12.

This upper mile of river has some 
pretty good spawning gravel and it is 
used by brooks and rainbows. These 
big brooks and bows come upriver 
from Crane Prairie ReservoB spawn, 
and then drift back.

Water temperature of the river above 
Crane Prairie in August may be about 
58°or 59°, just right for rainbows which 
move up into the colder water of the 
Deschutes and Cultus channels when 
the reservoir water warms in July and 
August.

Crane Pra'frie Reservoir was devel­
oped in the early 1920s when anBriga-

Bon company buffi an earth-limber 
dam across the river. The water bac&d 
up and;flooded about 4,000 acres, over 
halBof, w h il l  cóntafled a lodgepole- 
pine forest ^jilbW^was flooded out. 
Today, over l,200®ères of thHffelic 
forest stilYstandas a gauntmeminder of 
the,' lafk of clearing and cleanup.

The snags may be ugly to some 
people; however, they furnish excel­
lent cover for tro u tB  waterfowl, 
swffiowsffi and songbirds, as weB as 
pSffect nesting sites for the American 
osprey and, roosting poles/'1 foB bf|d 
eagles.

The dafiwasBebuiléfn 1940 by the 
Bureau of Reclamation and the resef| 
voir was,;|losed toBshing until about 

■9,49, At this time I’ve heard there was 
some of the^Bost fabulousBy-fishing 
for rainbows that one could dream of. 
Anglers took strings of big rainbows 
from B? to 30 inches. Today the fty- 
||shpig; though not as spectacular,B$ 
's ill good because the snags are o ff||^  
ing the protective cover needed by the 
big f.iBB

A Game Comfflssiori study of thè 
food production on the snags com­
pared to ijg lf mud bottom indicated that 
the underwater portion of the snags 
was producing about four times as 
Biuch aquaticBisect life as the equiva­
lent mud-bottorf|area.

Fly-fghihg in Crane P r* jlp fe  good 
from the middle of May to the end of 
October. Caddis flies are the first to 
hatch, so most local fishermen prefer 
fishing a size 8 or 10 bucktail caddis 
or tied-down bucktail caddis, wet, with 
a sinking we, using a jerky, slow re­
trieve which moves the fiy three or four 
inches at a time. Later on, hatches of 
small blue duns wB cover the water 
in June and July. At this time the dry- 
fly man has his turn with the rlìnbows 
and brooks.

Later in July some trailers have dis­
covered that a big 2/ 0, or 2/ 0 tandem, 
streamer fly, known locally as a Crane 
Prairie Special, will take big rainbows. 
This fly, tied with bunches of shoulder 
hackle, either brown or gray, tied back 
to back, when pulled through the water 
causes the hackle to close and open, 
giving the fly a lifelike action. These 
flies are skipped or jerked over the suB 
face or just under the surface, and they 
really excite the big rainbows. My 
theory is that these big fish are watch­
ing the surface where smaller fish are 
feeding on the small blue duns. When
Continued on page 36



MATCH THAT HATCH 
with

THE HATCH-MATCHER0

Bud Lilly 
FLY FISH IN G

SCHOOLS

The Fly Fishermen's F IS H IN G  & ] f S 9
*Shirt Pocket Library" FLOAT TRIPS Trout Shop

West Yellowstone,

IT TELLS YOU - from  M ontana 59758

• WHAT FLY TO FISH Two G rea t "Fishin' Holes"

• WHEN TO FISH IT
• HOW TO FISH! • Fabulous new Big Sky of Montana

• Yellowstone PaB waters & rivers—
A 7 *x3 ” waterproof card listing the emergence 
dates of Caddis, Stone and Mayflies. It also Gallatin, Madison, Missouri, Yellow­
recommends best imitations for the major stone, Henry's Fork— classrooms for
hatches on Eastern or Western trout streams. fly fishing school or a floaBrip  to B h

AVAILABLE: A t YOUR LOCAL 
PLY OR TACKLE SHOP

• Detailed stream information

OR SEND $2.00 T O . . . ||H H  H | Bud Lilly's 1972 1
The Hatch-Matcher Co. Handbook of Western Trout Fishing 

■ and Tackle Catalog 
W rite for free copy.BOX 227 A , H E R S H E Y , PA. 17033 

Pa. Residents add 6% Sales Tax.
IN0UIRIES are invited from jobbers, dealers 
and manufacturers reps. Bud Lilly
A GREAT SALES BOOSTERI Use as a pro­
motion / premium /  advertising / or gift item. Trout Shop
Also can be made an integral part of your 
packaging to compliment or harmonize with 
your product.

b g s k y  West Yellowstone, 
montana Montana 59748

CLASSIC NYMPHS
Our fine quality hand-rfiade 

hymphs come »  three patterns 
—the famous Breadcrust, Cahill 
and Zug Bug, all of them deadly 
for trout. Size 12 hooks. Believe 
us, these are a terrific value. Would 
cost ^ o B to  aP*ece 'n the 
average retail store. We pack six 
assorted for $1.50 as a special in­
troductory offer. Please add 15bfor 
postage and handling. Catalog in- 
■eluded free.

SPIN LINE
Dept. T-2, Kingston, NY 12401

•  • •

and then some!
Had it up to your wet waist with poorly made waders? 

Look into GRA-LITEf The Gra-Lite wader is*guaranteed not 
to chip, rot, mildew|lcrack or peel for 5 years . . . won’t 
deteriorate on the tackle dealer’s shelf . . . are heavy duty, 
but lightweight . . . double sewn and fused seams—and even 
the quality of our suspenders surpasses all others. Available 
custom tailored and regular, boot, felt, and stocking foot, 
insulated and standard . . .  also hip boots and parkas.

You've got to see these to believe them!

W e send a free sample of the material, if you’ll write:

Dept. M 2, P. O. Box 1542 
Everett, Washington 98201

Made from Real Cork 
fo r Fishermen who really 
enjoy their F ly Rodding.

GAINES
poppets

A S K  FOR THEM 
A T  YOUR

FA VORITE TACKLE SHOP

THE GAINES COMPANY 
GAINES, PENNSYLVANIA 16921
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Why this rainbow trout, photographed by Paul Zimmerman in a Pennsylvania spring creek, took one fly 
instead o f the several others around it may be in part answered by some new observations on the fish}s 
window, as described in the text.

A t the Edge 
of the W indow
ROBERT HARMON AND JOHN CLINE

T h e  fish ’s window has been an occasional topic o f  angling writers ever 
since A lfr ed  Ronalds first related the phenom enon o f  light refraction to 
fishing in his booh, The Fly-Fisher’s Entomology (18 3 6 ). T h e  follow ­
ing discussion does offer some significant and new observations on that 
topic; it is also rather tech n ica l I f  you don ’ t read it for that reason, we’ ll 
mention here one o f  the most significant new points: T h a t a dry fly (or 
natural insect) on the surface and close to a fis h ’s eye may be m agnified as 
m uch as three times by a com bination o f  refraction phenom ena. T h e  
im plications o f  this for a trout’s fly pattern selectivity are substantial

T h e  authors submitted with this article a twelve-page series o f  m athe­
m atical derivations used as a basis for the conclusions presented here. W e  
had those derivations verified independently at a local university before 
publishing this m aterial Through the cooperation o f  the authors, inter­
ested readers may obtain copies o f  the background material by writing to 
John C lin e  at Hume, Clem ent; Suite 4100; O n e  IB M  Plaza; Chicago, IL  
6 0 6 11. R & R .

It is early evening in Hid- 
^Hune. The light is still good, 
and there is no breeze to 

ruffle the surface of the smoothly flow­
ing, clear water. A good hatch is in 
progress, and you watch the lovely litg 
tie sulphur mayflies float placidly on 
the current.

A fish begins to rise thirty feet 
upstream. You tie on a i^ize-sixteen 
mayfly imitation, with ®r|idSonal 
hackle and wings. The fish continues to 
feed. You cast carefully and well; your 
imitation passes within a foot of the 
fish. He ignores it. You cast again and 
again, your best shots placing the fl^im 
a drift line that is never more than a 
foot or two to the right or left of the

ROBERT  HARM O N  « J O H N  CLINEqre both 
trial attorneys in Chicago, and both specialize in 
patent law; They obtained engineering degrees before 
entering the, Ifegakfield. They are both members of the' 
Anglers Hub of C/uipl® and do most of their trout 
B te ip  in Wisconsin and Michigan.
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Cruising fish take their "window” along as they move, which compounds the problems of casting accuracy 
and selectivity. Photo by Frank Martin.

fish. Biit he continues to rise, unmoved 
by your imitation. Finally, you get 
lucky and hit him right on the nose, 
your fly dropping not three inches 
above him. He takes.

As you net the fish, you think the 
situation is ridiculous, that no human 
being can cast like that consistently. 
But you’ve read all the right books, and 
you know just what to do. You tie on 
another fly of precisely the same size 
and color, but this time a no-hackle 
version with well-defined wings. You 
locate another fish and go to work.

And now your same fine casts produce 
results. Not every time, to be sure, but 
often enough.

Later, comparing notes with your 
partner, you find that he experienced 
the same troubles. His solution, 
equally successful, was to continue 
with the same traditional imitation that 
you started with, but to give it an occa­
sional twitch or flutter.

We know that a fish does not 
respond only to those floating objects 
that are very close to him, for we have 
all seen a fish rocket from three or

more feet away to take a floating artifi­
cial. But what, then, is the characteris­
tic that triggers the fish’s attacii 
circuitry? Movemenf|HB| it the first 
sight of Icings? Or a glimpse of a fly 
body that has broken through the sur­
face film?

We had long pondered these ques­
tions and had made attempts to find 
the answers in existing books, but it 
was not until the appearance of Vin­
cent Marinaro’s In The Ring of the Rise 
(Crown Publishers, » 9 7 6 )  that we 
were motivated to do some work of

A  Graphic R epresentation of W in d ow  P henom ena
The graph at lower left depicts what happens to the apparent size o f a 
one-inch-high dry fly as it approaches and enters the window o f a three- 
inch-deep fish. The graph in the middle shows the degree to which vari­
ous size dries are magnified at the edge of the window for a three-inch- 
deep fish. The third graph shows the maximum distance from a three^

inch-deep fish at which that fish |§ n  perceive the wingtips of various size 
flies. The data on which these graphs are based were derived mathemati­
cally by the authors and deal only with what is available for a fish toisWB 
They have nothing to do with the physiology of a trout’s eye or how an 
imagers registered by its brain.
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our own. That magnificent book, like 
any classical work, provides more 
questions than answers. Marinaro’s 
stunning photography so enchanted us 
that we were at first distracted, unable 
to recognize the significant questions 
that it posed. However, as we read and 
reread his discussion of the fish’s win­
dow, we began to wonder whether 
there was perhaps a little too much 
intuition involved and not enough 
hard mathematical analysis.

Being engineers by training, we were 
not afraid of the mathematics, so we 
took the plunge* We are glad we did, 
for we feel that we may now be able, at 
the very least, to ask the right ques­
tions. In the process we have made 
observations that;.we have not seen 
reported previously and have mathe­
matically confirmed those observa­
tions with the laws of optics.

Our efforts convinced us that a true 
understanding of the dow phenom­
enon requires a blend of both obser­
vation and theoretical analysis. The 
effects produced by the refraction of 
light between water and air are so com­
plex that, without the correct theory, 
past observers have apparently misin­
terpreted what they saw and also have 
not seen all that was there to see. Since 
the theory is crucial both to a complete 
understanding of the window and as a 
foundation for future work in this 

Iteld, we conducted an extensive 
mathematical analysis. However, for 
those who have never heard of sines 
and cosines (and for those who have, 
but don’t care to become reacquainted 
with them), we present our results here 
without the technical calculations.

Fundamental to the subject is an 
appreciation for just what is the so- 
called window. As has been stated 
many times previously, the window is 
defined by a cone having an angle of 
about 97 degrees, with its apex (point) 
at the fish% eye and its circular base at 
the surface of the water. The window is 
the fish’s periscope through which it 
sees, theoretically at least, all of the 
objects that are visible to it above the 
surface. The sides of the cone appear to 
the fish as the horizon, visible to the 
fish as a fuzzy band around the circular 
peiBneter of its window. Outside the 
window’s perimeter, all th^J^h can see 
is the reflection of the bottom on the 
surface overhead, plus the underside of 
whatever floating obje<||s happen to be 
in contact with the surface.

This is the scene as you 
might see it. A towering pine, a flight of

geese, and you, the mighty hunter of 
trout, preparing to hook the stately 
pine. Such is the nature of our sport.

Now let’s see how all this appears to 
our quarry.

The fish also sees it all. However, it 
all appears within the fish’s 97-degree 
window instead of the 180 degrees that 
we are used to. Indeed, both the pine 
and you (from the knees up) have 
shrunk and joined the geese in soaring

W Ê

above the surface as far as the fish is 
concerned. From the knees down, the 
fish views you directly, and your lower 
and upper portions appear to be differ­
ent objects. Now this apparent eleva^ 
tion is only true of objects above the 
surface that are outside of the circle the 
window forms on the surface of the 
stream. Inside that window, objects 
above the surface appear to the fish 
somewhat the same as they might to 
you.

So simply lay the fly within the winl 
dow, and you have him. Not so simple! 
The window at the surface is very small 
for fish at normal surface-feeding 
depths. Surface-feeding trout typically 
hold only a few inches deep, and at that 
distance, the area intersected at the sur­
face by the fish’s cone of vision is quite 
small.

Thus the window for a fish three 
inches deep (a normal surface-feeding 
depth) has a diameter of less than seven 

* inches. Now you might be able to tell 
your girlfriend that you can hit a seven- 
inch circle at thirty feet (with a nine- 
foot leader, yet), but don’t tell us. We 
might be able to hit the seven-foot w in| 

tdow of a three-foot-deep fish with

¿orne consistency; but in flat j yater,
Jsuch a fish may not be a consistent 
[riser. Obviously, it will take a good cast 
to hit the two-foot window of a one- 
foot-deep fish at any decent distance. If 
you want to go practice your casting, 
fine. We are neither accurate nor 
lucky, and yet we do catch an occa­
sional fish on a dry fly. We wanted to 
find out why, and in order to do that 
we determined, at least in part and 
partly as others have done, how a fish 
sees an object on the surface outside 
and inside his window, and what it is 
that he sees.

When well outside the window, the 
portion of a dry fly’s body that is above 
the surface is—in the fish’s view— 
separated from the subsurface under- 
body and hook by aTarge distance. The 
upper body, being above the surface,® 
appears to be positioned on the edge of 
the window, as with the upper half of 
the fisherman in the previous diagram.
The hook and underbody are not 
affected dimensionally by the window 
at all; because they are subsurface. The 
entire upper body is compressed,- opti­
cally, to a point at which it K  barely 
visible and certainly does not resemble 
a fly. It’s important to note here that 
the shapeless blob seen at this position 

I s  a greatly compressed image of the 
entire above-surface portion of the flv. 
not just its upper tip.

As the fly floats closer to the edge of 
the window, the separation becomes 
progressively less* and the upper body 
appears larger and more distinct.
When the fly is at the very edge of the 
window, the upper body has joined the 
under body and hook. Well inside the 
window, the fly appears reasonably 
normal.

As the fly approaches the window, 
the upper body and wings become ver- 
ticâtlÿ~elôngatëd7~Tfiïs magnification 
occurs both Inside the window and 
outside||t close to its edge, and is the 
very opposite of the compressive effecfl| 
observed when the fly is weH outside 
the window. Despite the appearance of 
an indistinct band or zone at the edig|of 

'jh e  window at all pes io n s ,  the fly ^  
itself does not appear fuzzy or indis- 0 
tinct when it is phÆfcally at the edge of 
the Jpndow, nor are its co lo || impaired ! Qj H 
in any way. This is dire(j|y contrary to I r . 
the conclusions of prior observers. ' b
"^Mysterious things happen to the _

portion of the fly affected by the win-H 
dow as the fly is deliveredtio the wait- 

Bng f||h . While the fly is in the window 
and to a pointBust outside of it, it is
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The view from the bottom of a tank looking up­
ward. The blue area is what’s visible through 
the "window”; the olive area is the reflection of

vertically magnified. Farther out from 
the window’s edge, it is vertically 
compressed.

Otie of the accompanying graphs 
shows magnification (or apparent size) 
versus horizontal distance for a one- 
inch-high (size 4) dry fly as viewed by a 
fish three inches deep. Note that the 
minimum magnification inside the win­
dow *is about H33, and the magnifica­
tion outside the window rapidly 
approaches zero. Note also that when 
the magnification is less than 1 the 
image is smaller than life size. The same 
holds true regardless of the size of the 
fly or depth of the fish. The magnifica­
tion will go from 1.33 directly over­
head to a maximum at the edge of the 
window, and will then drop off toward 
zero as the fly moves out past the win­
dow. The fly need not be very far 
beyond the window to be greatly fore­
shortened in the fish’s eye.

The second graph shows the degree 
of magnification at the edge of the win­
dow versus fly size| iagain for a three- 

Ipch-deep fish. Thus a one-inch-high 
dry fly (size 4) would appear to be 
almost 1.75 inches tall when it’s at the 

window edge, while a 0 .16-inch-high 
fly (size 22) would look about 0.44 
inches tall.

To put it another way, at the edge of 
the window, a size 22 fly appears to the 
fish to be almost three times as large as 
it really is. A size 4 fly appears almost 
two times as large as you see it. To 
those of you who persist in the notion 
tRat~exaetness in imitation is wasted 
effort, consider this: Not only does the 
1fish~iee your fly very clearly, he sees it

the tank bottom. A t left: The subsurf ace portion 
of the fly $  clearly visible while only its wing- 
tips, which aré above the surface, can be seen at 
the window’s edge. Middle photo: The fly is 
closer to the window’s edge, more of the above-

surface portion is- visibl& and the two imdgejm 
are starting to merge. Above right: The flw s a$ 
the window’s edmi is at its maximum vertical 
elongation, and all other parts are clearly visi­
ble. Photos by the authormmi

under a magnifying glass. For us, this 
disposes of the controversy. ~ ,

Our observations have shown that 
under ideal conditions a wing tip on a 
floating dry fly can first be perceived 
(by the fish) as a wing tip when it sub­
tends a surface angle of about Hive 
degrees. This angle determines how 
close your fly must be to the fish before 
the surface portion is visible at all. Our 
third graph gives those values for a 
three-inch-deep fish.

If a fish can’t see your fly, he is not 
going to be interested in it. For a tradi­
tional size 16 dry fly, a fish at normal 
feeding depth (about three Hnches) 
won’t see any of the above-surface por­
tion until the fly is within six inches of 
the fish. You are thirty feet away and 
have to put your fly withing six inches^} 
of the perfect line of drift. A larger fly ̂ 
Kelps some, but not much; a size 8 fly 
must be within nine inches of the per­
fect position. We think the average 
caster is incapable of that accuracy. We 
also think it explains a lot of the trout’s 

HselectivityH about which volumes 
have been written. Selectivity maybe, 
but we now know that there is at least 
an equally good chance that you didm’t^i 
get close enough. The fish simply has 
not seen enough of the fly.

(This is particularly true for fish that 
are locked into a rhythmic, surface-feeding 
pattern during a heavy hatch, at which 
time thay may be less likely to respond to 
find chase the subsurface portion of the f

i which they can see at greater distances.[I 
1R&R)

Not only would the caster be often 
incapable of the required accuracy if

the target werejf|xed, blit the situation 
is dynamic, notHxed. Generally, the 
position of the fish is not known 
exactly. In addition, the fish usually 
moves after it takes a fly. Frankly our 
new understanding of the difficulty 
inbetentTn putting a fly where it can be 
(totally seetrby the fish has done a great 
deal to s\)otlie m n^w^in^^^egos.

T o review and perhaps 
Iclarify what we have 
covered so far, here’s 

anoth# example: a size 4 dry fly drift-1 
Ing downstream toward a fish holding 
at a three-inch-depth, starting about 
three feet upstream of the fish. This 
particular fly has well-defined vertical 
wings about one inch high, and is* tied 
parachuie-style so that its underbody 
and hook break the surface. The water 
is clear and the light good.

Assuming that the fish has the yjsual 
acuity to see that far in the water, he 
will see the underbody and hook even 
when the fly is three feet away. He will 
also see the " condenser” effect as de­
scribed by Marinaro and others, a p a t| 
tern < ||| light on the overhead surface 
caused by the dimpling of the hackle in 
the surface tension. Indeed, the con-| 
denser effect may be the first thing he 
sees, especiallyH the fly Btwitched. He 
^will continue to see these things, clearly 
and distinctly,, Without distortion^ as 
the fly moves toward him.

W hat he sees of the portion of the fly 
that is above the surface is an entirely 
different matter. He will see nothing a l  
all when the flyT^hree feet distant. As
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* the fly moves toward h|ih, he will first 
perceive a tiny* shapeless blob, floating 
in air, at a distance of about twenty-five 
inches. By the time the fly is fifteen 

' • inches away, that blob will look like the 
tip of a wing. As the fly continues to 
approach, the fish »11 begin to see 
more and more of the wing, but still no 
body. The wing will still seem to be 
floating in air, high above the under- 
body (on the water surface); indeed, 
the disembodied image of the wing will 
appear to be' sliding down a 48.5- 
degree line| from the sky, with the 
underbody proceeding horizontally 
below.

At some point, perhaps four or five 
inches away Som e M the body (above 
the surface) may become discernible, 
and the wing will appear to elongate. 
Suddenly, precisely at the edge of the 
window and only 3.4 inches from the 

|P |sh , the 3* floating’Bmage : will merge 
with the underbody, and the fly will 
appear to be about 1.75 inches tall. 
Finally j as the fly moves within the 
window, its abovg-surface image will 
continue to be attached to its under- 
body^ and it will gradually reduce in 
apparent size until it appears, almost 
directly overhead, to be about | |3 5  
inches tall.

W e now have a much 
better understand­
ing of the complex­

ities inherent in the fish’s window. 
That is useful in and of itself and 
should make our fishing more satisfy­
ing. We haig learned that strange 
things happen to the portion of the fly 
above the surface. Its apparent size 
grows to be much larger than life when 
at the window’s edge. The subsurface 
portion is visible at a much greater dis- 
tanceTEan that above the surface and is

optical
fect-g^anserl by the window. The < 

denser or dimpling effect is
visible

"We think these observations dictate 
that we design flies to get the best of 
both worlds. For visibility, flies should 
be tied so that a portion of theHBody 

T)feaks~the surface, so that at least the 
fish will see something even if ■you ar|l| 

~an average caster. The portion of the fly 
thaFTTabove the surface should be as 
distinct and representative as possible. 
For ourselves,; the parachute or no- 

, hackle types with cut wings best satisfy 
\ the optical requirements. We think we 
\ have brought undeniable logic to their 
I support. ♦

' A  a S’ ** 1 I

The
Am ericanization  

of W alton

U S A  CRO SBY

WasHMHri
o f  t h e F l y  F ish ing .

Born in 1805, |§c^fe[arfflfter the death o f B s  namesake, >& t® e Washington Bethune 
^ i|§ m em b erec^ ^ B ''T fe  American Editor” o f the first A f r ic a n  edition I f .  Isaac 

A n g le r .  Bethune® editBn was first p r in te ^ w d  pubB hed i j
|§\rneriM  in 1847.

One^lfflrentHritic wrote o j|B eth u n ^ B B tion : ''JsJotable f t t u r ®  o f tlil  ̂ American 
FdiH njfy. . ( includeX f6® rudite bibhfj^^^^B ^bre^^^H gShiM .t.^B s ca^^^p&n(i 
angling b o P ^Lfrom an tfq u it^ o  the time o f . notH ^H prng^H ih^th^
t; ĉt; aB&an appendixRpntaining Srobably the m O stlBrhplet^^^Jof angling|^^8|s 
published before 1847 .” B eth u h ^ *op iou s JMfcplarify and expand W H B B R p ? ren -  
c$l" tQ "people and p la tfB  and; "Americanize” W alton’g f i « l i s h  angling. American 
a n g lin S u fio r itiH  give KerbnrB ile dition s ig n iB a ^ e  b eH u B in  it|£e r$\M lsBH puch  
of Amerlc'anffingling in iflp  1800’s J S  the appendix, B eth^H included by
ArheriHn angler^^K|ishing in th iB ountry . John MajprSwho edited arid p u b lish ed  

pan 1823 BBS on ^ B h ep o m p ieB A ^ ^ ^ ^ K n g la n d , implied i n  letter to thefAmerican 
p d b B e t h u i S s  noBlIwere” fhindi9nc$fe{ffst$a!»f he3jjf?? to the understand- 
ing and true re li^ ffif his (W alton’s) beautfeV ’ A comm ent m a d e iS f (̂5.^A . Pf” in a 
JanuarjB 1848, re® ^ » p p ea r in g  in dirfsOTrfebuttal tH
Major: " T h trell detail, certainly; but it iH B curidus, th^^(ny mind of a tontem plativB  
turn wilffiind amuBment in it .”

Reth11neKdbarentlvBBKelfofted hilBangling interest as a |p^B >lboB in  
Art§ling^authokpharle|^Goo4speed BeBrts that it ™ g h B jg h a tB e th j |||| met "Fiwing  
B illy;. .  an improvident a H H p f th e  rodH nd, to his downfall, d f t h B H H t ^ B ) a n d  
the t »  b lo b a b l^ ^ ln t m a B  hours together f ish in ^ ^ H B  nearb^Battl^Wll. Bethune 
w e n B n  in hisR hoolirigBnd waHorfflirtSp in 1 8 2 |^ ^ ^ B  S f^ n d  FreByteryJB New  
York.

Bethune’s name gityesn’t appeaicin theT 847 e d lS n  o f A n ^ H in ^ S d
he reflifefo h im S lf as®The A m efta n  jjfiitB .’ ’̂ B o d s m e d , in h is T S k ,
A m e r i c a  Id 9 3 « i s u ^ g | \ f M B e t h u B  fear.eB publiBBinion-H rid B e  f e a c t i^ S m  
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WADERS-II
O f  a ll the items an angler needs, waders cause the biggest headaches for

fishermen, retailers and manufacturers. There is not a  single brand o f  waders 
sold in the world that you can buy with the absolute certainty that they w on’ t 
leak the first time you put them on. M ost reputable dealers w ill take them bac/c, 
o f  course, but that’s a  nuisance. Statistically, the odds o f  your getting a defective  
pair are often sm all, but that’ s no help when yours are leaking.

A  year ago, in our first issue, we published a special section on waders in  

which we detailed their history and various aspects o f  contemporary construe'

The O ther Side 
of the Counter

SILVIO CALABI

T hink about the tackle 
shop’s side of returns 
and complaints. If your 

waders leak because of a manufactur­
ing defect, the chances are that some 
other customers’ waderggalso leaked 
and that still others will leak in the near 
future. To you, this represents a small 
headache; the shop will help you out 
somehow. To the retailer, although the 
supplier will probably help, thig may 
turn into a major headache for his cash

flow, his reputation and certainly for 
his personal peace of mind.

J o  get a retailer’s view of wader 
sales,Hwe interHewed people at six 
tackle shops around the country that 
are known as established businesses 
owned and operated by people who are 
also extremely knowlegeable fisher- 
men. As it turned out, the six of them 
sell a combined total of about 4,000 
waders annually. We guesgvthat to be 
about eight percent of the national

annual total (excluding discount 
chains). That may not sound like a lot, 
but remember that many of those
4,000 waders are sold wit® perhaps 
thirty minutes to an hour’s; free advice 
and fitting thrown in. These folks 
know their waders.

The most popular wader sold—the 
average, if you wish—is a men!^size 10 
or f t , bootfoot model in the $50-$60 
range. Preference in soles is toward felt, 
but regional demands vary and sortie 
dealersBfeport. ifflnly lug-sole sales. 
Many fishermen seem to prefer a 
canvas-type upper, perhaps because 
this material H generalljj accepted as 
both traditional and fairly rugged.

Our informal survey poifted out the 
increasing popularity of stockingfoot 
Waders. As recently as five to ten years 
ago, it seemed that only more expe­
rienced anglers knew about and p rJ i 
ferred separate lace-up wading shoes 
and soft-foot uppers. Today, those 
dealers¡¡¡eport their sales ard||plit half 
and half between bootfoot and stock-
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AT THE EDGE OF THE WINDOW

ROBERT HARMON/JOHN CLINE 
Illustrated By Arleen Nelson

It is early evening in raid—June. The light is still good# 
and the’-e is no breeze to ruffle the surface of the smoothly- 
flowing, crystalline water. A good hatch of E. dorothea is in 
progress, and you watch the lovely little sulphur mayflies float 1
placidly toward you, like tiny sailboats.

A fish begins to rise thirty feet upstream. You tie on a 
* size 16 imitation, with traditional hackle and wings. The fish \

t
continues to feed. You cast carefully and well - your imitation j

passes within a foot of the fish. He ignores it. You cast again 
1  and again, your best shots placing the fly in a drift line which is

never more than a foot of two to the right or left of the fish. But 
he continues to rise, unmoved by your imitiation. Finally, you.

I get lucky and hit him "right on the nose", your fly dropping not
three inches above him. He takes.

As you net the miserable creature, you think "This is ridiculous. 
No human being can cast like that consistently." But you are no 
rookie. You know the score. You have read Swisher & Richards and 
Caucci & Nastasi, and you know just what to do. You tie on another 
fly, of precisely the same size and color, but.this time a no-hackle 
version with well-defined wings. You 'locate another fish and go to 
work. And now, mirabile dictu, your same fine casts produce 
results. Not every time, to be sure, but often enough to make 
you happy.

Later, comparing notes with your partner, you find that he 
experienced the same troubles. His solution, equally successful, 
was to continue to use the identical traditional imitation you started 
with, but to give it an occasional twitch or flutter.

ROBERT HARMON and JOHN CLINE are Chicago based patent attorneys. 
They have extensive experience on the streams of Michigan and 
Wisconson.



What's going on here? It appears that the modern demi-gods 
of the dry fly are right, but why? We know that a fish does not 
respond only to those floating objects which are very, very close 
to him, for we have all seen a fish rocket from three feet or more 
away to take an artificial. But what, then, is the characteristic 
that triggers the fish's attack circuitry? Is it movement? Is 
it the first sight of wings? Is it a glimpse of a fly body which 
has broken through the surface film?

We had long pondered these questions, and had made attempts 
to find the answers in the existing literature. But it was 
not until the appearance of Vincent J. Marinaro's In The Ring of 
the Rise in 1976 that we were motivated to do some work of our own. 
That magnificent book, like any classical work, provides more question 
than answers. Indeed, Marinaro's stunning photography so enchanted 
us that we were at first distracted, unable to recognize the signif­
icant questions which it posed. However, as we read and re-read 
his discussion of the fish's window (Chapter Two, entitled "What the 
Fish Sees and Does Not See"), we began to wonder whether there was 
perhaps a little too much intuition involved, and not enough 
hard mathematical analysis.

Being engineers by training, we were not afraid of the math­
ematics. And being patent lawyers by profession, and thus habitually 
skeptical, we were not inclined to accept, without question, someone 
else's conclusions. (Although we must' confess that doubting Marinaro
is akin to asking a Supreme Court Justice whether he is sure of the

*
law.) So we took the plunge. And we are glad we did, for we feel 
that we may now be able, at the very least, to ask the right questions 
In the process we have made observations that we have not seen 
reported previously and have confirmed those observations with the 
laws of optics.
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Our efforts convinced us that a true understanding of the 
"window" requires a delicate blend of both observation and 
theoretical analysis. The effects produced by refraction are ,so 
complex that, without the correct theory, past observers have 
misinterpreted what they saw and also have not seen all that was 
there to see. Since the theory is crucial both to a complete under­
standing of the window and as a foundation for future work in this 
field, we will discuss it in depth later. However, for those that 
have never heard of sines and cosines (and for those who have, but 
don't care to become reacquainted with them), we will first present 
our results without the technical analysis.

Fundamental to the subject is an-appreciation for just what 
the window is. First, it only affects objects, or portions of 
objects, which are above the surface. Second, as has been stated 
many times previously, the window is defined by a cone having an 
angle of about 97°, with its apex at the fish's eye and its circular 
base at the surface of the water. Third, the window is the fish's 
periscope through which it sees, theoretically at least, all of the 
objects that are visible above the surface. (How well he can see 
them is another matter.) Finally, the sides of the cone appear to 
the fish as the horizon. These last two points are best 
understood with the aid of diagram.



Figure 1 shows a streamside scene as you would see it. A 
towering pine , a flight of geese, and you the mighty hunter of the 
trout preparing to hook the stately pine. Such is the nature of our 
sport. Now let us see how all this appears to our quarry.

The fish in Figure 2 sees it all also. However, it all 
appears within the fish's 97° window instead of the 180° that you 
and I are used to. Indeed, both the pine and you (from the waist 
up) have shrunk and joined the geese in soaring above the surface as 
far as our friend the fish is concerned. From the knees down, the 
fish views you directly and your lower and upper portions appear to 
be different objects. Now¿this apparent elevation is only true of 
objects that fall outside of the circle the window forms on the 
surface of the stream. Inside that window, objects appear to the 
fish somewhat the same as they do to you.

So you say "simply lay the fly within the window and you have 
him." Not so simple. The window at the surface is very, very 
small for fish at normal depths. Figure 3 shows the diameter 
of the window for fish up to 18" deep.

FIG. 2



Thus, the window for a fish 3" deep (normal feeding depth) has 
a diameter of less than 7". Now you might be able to tell your 
girl friend or your Aunt Nellie that you can hit a 7-inch circle at 
30 feet (with a 9-foot leader yet), but don't tell us. We might be 
able to hit the 7-foot window of a 3-foot deep fish with some con­
sistency, but we wouldn't catch anything. Obviously, it would take 
a tournament quality cast to hit the 2-foot window of a 1-foot deep 
fish at any decent distance.

If you want to go practice your casting, fine. We are neither 
accurate nor lucky, and yet we do catch an occasional fish on a 
dry fly. We want to find out why, and in order to do that we shall 
have to determine how a fish sees an object on the surface outside 
his window, and what it is that he sees.

The pictures at page 44: of Rod and Reel photographically 
depict how a fly appears to a fish as it enters the window.
The fly in the pictures is a size 12, Light Cahill. A 
portion of the lower body has broken the surface. Like the 
lower half of our fisherman in Figure 2 it is seen directly 
through the water and is not affected by the window. It is 
important to realize that this would not be true for a 
traditional, heavily-hackled fly which is entirely above the 
surface.

In the left photo, well outside the window, the portion 
of the fly's body which is above the surface is separated



from the subsurface underbody and hook by a large distance. 
The upper body, being above the surface, appears to be 
positioned on the edge of the window, as with the upper half 
of the fisherman in Figure 2. The hook and underbody are 
not affected by the window at all, because they are sub­
surface. The entire upper body is compressed, optically, to 
a point where it is barely visible, and certainly does not 
resemble a fly. It is important to note here that the 
practically shapeless yellow blob you are seeing in the 
left photo is in fact a greatly compressed image of the 
entire above-surface portion of the fly, not just its upper 
tip. ,

In the center photo, just outside the window, the 
separation is less, and the upper body appears larger and 
more distinct. In the right photo, the fly is at the very 
edge of the window, and the upper body has joined the underbody 
and hook. '

Note, however, that in the center and right photos, the 
upper body is vertically elongated. This magnification 
occurs both inside the window and close outside it, and is 
the very opposite of the compressive effect observed well 
outside the window, as in the left photo. Note also that, 
despite the appearance of our indistinct band or zone at the 
edge of the window at all positions, the fly itself does not 
appear fuzzy or indistinct when it is at the edge of the 
window (right) nor are its colors impaired in any way. This 
is directly contrary to the conclusion of prior observers 
and we are at a loss to explain the apparent conflict.

Clearly, then, mysterious things happen to the portion of the 
fly affected by the window as it is delivered to the waiting fish. 
While the fly is in the window and to a point just outside of it, 
it is vertically magnified. Further out from the window it is 
vertically compressed. And these effects are not minor, as the 
photographs clearly demonstrate.



r Figure 5 plots magnification (or apparent size) versus horizontal
distance for a 1-inch (size 4) fly as viewed by a fish 3" deep. Note 
that the minimum magnification inside the window is about m = 1.33, 
and the magnification outside the window rapidly approaches zero.
Note also that when the magnification is less than 1, the image is 
smaller than life size. The same holds true regardless of 

' the size of the fly or the depth of the fish. The magnification
will go from 1.33 directly overhead to a maximum at the edge of 
the window, and will then drop off toward zero as the fly moves 
out past the window. The fly need not be very far beyond the window 
to be greatly foreshortened, in the fish's eye.



Figure 6 plots magnification at the edge of window versus fly size, 
again for a 3-inch deep fish. Thus a 1- inch fly (size 4) would appear, 
to be almost 1.75" tall when it is at the window edge, while a 0.16" 
fly (size 22) would look about 0.44" tall.

To put it another way, at the edge of the window, a size 22 fly 
appears to a fish almost 3 times as large as it really is. A size 4
fly appears almost 2 times as large as you see it. To those of you 
who persist in the notion that exactness in duplication is wasted 
effort, consider this. Not only does the fish see your fly very 
clearly, he sees it under a magnifying glass. For us,s this disposes 
of the controversy. Henceforth' our bivisibles and other impressionisti- 
flies will serve as decoration for our hats not our leaders*

Further from the window, the portion of the fly above the 
water appears compressed. Even at distances fairly near the 
window, this compression is so severe that the image is not 
resolvable. Returning to the photos, at a point further out 
from the window than the left photo the above-surface portion 
of the fly would not be visible at all, but the underbody 
and hook, which are subsurface, would be. This is important 
for all of us, but is particularly important for those that 
use traditional dry flies. Since a properly dressed traditional 
dry fly does not break the surface, nothing wiil be visible 
until the fly gets quite close to the window. How close is 
the significant question. •-

4»

Our observations have shown that under ideal conditions 
a wing tip can first be perceived as a wing tip when it subtends 
a surface angle of about 5°. This angle determines how close
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your fly must be to. the fish before the surface portion is visible 
at all. Figure 7 gives those values for a 3-inch deep fish.

If a fish can't see your fly, he is not going to be interested 
in it. As can be seen from Figure 7, for a traditional size 16 fly, 
a fish at normal feeding depth (about 3") won't see a thing 
until the fly is within 6" of the fish. Now think about that for 
a minute. You are 30 feet away and have to put your fly within 
6" of the perfect line of drift. That gives you less than a +_ 2% 
margin of casting error. A larger fly helps some, but not much.
A size 8 fly must be within 9” of the perfect position. We think 
the average caster is incapable of that accuracy. We also think it 
explains a lot of the trout's "selectivity" about which volumes have 
been written. Selectivity? Maybe, but we now know that there is at 
least an equally good chance that you didn't get close enough. The
fish simply has not seen the fly.

Not only would the caster be incapable of the required accuracy 
if the target were fixed, but the situation is dynamic, not fixed. 
Generally, the position of the fish is not known exactly. In 
addition, the fish usually moves after it takes a fly. Frankly, our
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new understanding of the difficulty inherent in putting a fly 
where it can be seen had done a great deal to soothe our wounded 
egos.

It would seem logical that if the fly must be so close to the 
fish to be seen, the fisherman need not be concerned about the 
trout seeing him. liot so* A wading fisherman only 3* above the 
surface can be seen by a 3" deep fish at 34'. Give him a fly 
rod which he waves 4* above his head and the moving rod is visible 
at 80'. We regret to say that you still have to be most careful 
in approaching your quarry. We wish it were not true.

Let us review what we have learned so far, and let us do it 
in the context of a size 4 artificial dry fly drifting downstream 
toward a fish holding at-a 3-inch depth, starting about 3 feet 
upstream of the fish. This particular fly has well-defined 
vertical wings about 1" high, and is tied parachute-style so 
that its underbody and hook break the surface film. The water 
is clear and the light good.

Assuming that the fish has the visual acuity to see that 
far in the water, he will see the underbody and hook even when the 
fly is 3 feet away. He will also see the "condenser" effect, 
described by Marinaro, caused by the "dimpling" of the hackle in 
the surface film. Indeed, the condenser effect may be the first 
thing he sees, especially if the fly twitched. He will continue 
to see these things, clearly and distinctly, without distortion, 
as the fly moves toward him.

What he sees of the portion of the fly which is above the 
surface is an entirely different matter. He will see nothing at 
all when the fly is at 3 feet. As the fly moves toward him, he
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first perceive a tiny* shapeless blob, floating in air, at 
about 25". By the time the fly is 15" away, that blob will look 
like the tip of a wing. As the fly continues to approach, the fish 
will begin to see more and more of the wing, but still no body.
The wing will still seem to be floating in air, high above the 
underbody; indeed, the disembodied image of the wing will appear to 
be "sliding" down a 48.5° line from the sky, with the underbody 
proceeding horizontally below. ,

At some point, perhaps 4 or 5 inches away, some of the body . I
may become discernible, and the wing will appear to elongate.
Suddenly, precisely at the edge of the window, only 3.4" from

f
the fish, the "floating" image will merge with the underbody, and

, - '■»''' ,!i
the fly will appear to be about 1.75" tall. Finally, as the 
fly moves within the window, its image will continue to be attached 
to its underbody, and it will gradually reduce in size until it 
appears, almost directly overhead, to be about 1.35" tall.

We now have a much better understanding of the complexities 
inherent in the fish's window. That is useful in and of itself 
and should make our art more satisfying. We have learned that strange 
things happen to the portion of the fly above the surface. It grows 
to be much larger than life when, at the window's edge. The subsurface 
portion is visible at a much greater distance than that above the 
surface and is seen without .those strange optical effects caused 
by the window. The condenser or dimpling effect is highly visible.

We think these observations dictate that we design flies to 
get the best of both worlds. For visibility, flies should be tied 
so that a portion of the body breaks the surface. At least the fish j  

will see something even if you are a human caster. The portion of the 
fly which is above the surface should be as distinct and representative 
as possible. For ourselves, the parachute or no hackle types with 
cut wings best satisfy the optical requirements. We think we 
have brought undeniable logic to their support.
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A TECHNICAL DISCUSSION

Background
Before diving headfirst into the murky underwater world of 

the fish, we should like to offer a word or two of reassurance.
The fundamental physical laws upon which we have relied may 

be found in any optics textbook. The equations which we have 
derived from those laws require only a knowledge of high-school 
trigonometry and a pencil and paper. The specific numbers which 
those equations can yield, however, do necessitate a good calculator. 
We emphasize the word good, meaning especially that it should have 
built-in trigonometric functions. Indeed, we are convinced that the 

-* work we have done, particularly the specific numerical examples,
could not reasonably have been done by any simple fishermen prior to 
the recent availability of relatively cheap, powerful computing 
devices. The calculations we performed in a matter of 30 or 40 
hours would have required several man—months to do using logarithms. 
Perhaps this may explain why the work was never done, despite ages
of interest in the subject.

Our assumptions regarding fly sizes are taken from what we 
regard as unimpeachable sources: Hatches by Caucci & Nastasi and 
Selective Trout by Swisher & Richards. From these we calculated 
that a size 4 mayfly dun, e.'g. a Giant Michigan Mayfly (H. limbata), 
would measure about 1.0" tall from waterline to wing tip; a size 8, 
e.g. a Brown Drake (E. simulans), about 0.50"; a size 16, e.g. a 
Sulphur Dun (E. dorothea) / about 0.25"; and a size 22 or 24 White-wing
Black (Tricorythodes), about 0.16".

Our assumption of a 3—inch depth as normal for a typical surface­
feeding fish is taken from Ring of the Rise. If there lives a man 
who knows how deep a trout is in its feeding station, that man is 
Vincent c . Marinaro. Besides, his peerless photographs prove it.
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For our visual and photographic observations we constructed a 
"slant tank" along the lines of the one described by Marinaro 
(Ring, p. 15) and highly recommend that you utilize this 
tool in making your own observations.

Snell's Law
The first thing one encounters in any optics textbook is an 

equation, usually written
n sin = n* sin < t> ' '

where <j> and $' are, respectively, the angles that an incident and 
refracted ray of light make with a line perpendicular to the inter­
face of the media through which the light travels. The constants 
n and n' are the respective indices of refraction of the two media. 
This mathematical relationship is called Snell's Law after its Dutch 
discoverer, Willebrord Snell, circa 1621. It governs the workings 
of lenses and prisms, telescopes and microscopes, rainbows and 
-yes - dry fly fishing. It causes your rod tip to appear to bend 
where it enters the water. It causes a deep pool to appear (oops.') 
shallow. And it causes a fish to see a fly in a strange and 
distorted way.

Figure 8 shows how it works. For our purposes it is much more 
convenient to think of the .incident ray in terms of the angle it 
makes with the surface of the water. We shall call this incident 
or surface angle a (for air) and the refracted or subsurface angle 
w (for water). Taking the index of refraction for air as n =1.000 
and for water as n' = 1.334, Snell's Law becomes

cos a = 1.334 sin w. (Eq. 1)
From this basic equation, and a little elementary trigonometry, 
we are able to derive all necessary relationships.
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Thus, from Figure 8, where d is the depth of the observer
(fish), h is the height of the object (fly), and r is the horizontal
distance from fish to fly, we have

r = d tan w + h (Eg. 2)
tan a -

Note that a ray entering the water is always bent, or refracted, 
to a more vertical angle. By the same token, a ray leaving the 
water is bent or refracted toward the horizontal. Also, a ray will 
trace the same path, be it headed from fish to fly or fly to fish.

Internal Reflection - The Fish's "Window"
When a ray of light in an optically rarer medium, such as air,

strikes the surface of a denser medium, such as water, only a
portion of the ray penetrates the water; the remainder is reflected.
Intuitively, one would feel/that the smaller the incident angle a,
the larger the reflected fraction, and this is exactly right. From
standard optics texts, the reflected fraction f is given by the

*
formula

2f = (1.334 cos w - sin a )̂  (Eq. 3)
(1.344 cos w + sin aj *
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Thus, at a - 89° (nearly vertical) only about 2% of the light is 
reflected, while at a * 1° (nearly horizontal) about 92% of the 
light is reflected. Only when a = 0 (sin a = 0) is all of the 
light reflected.

However, when the light passes from a denser medium (water) 
to a rarer medium (air), a significant phenomenon occurs. This 
is known as the principle of total internal reflection, and is 
illustrated in Figure 9.

As can be seen, a light ray in the water at angle w^ is refracted
in air at some positive angle a^ defined by Snell's Law (Eq. 1).
As the angle a_ approaches zero, angle w approaches a critical
angle w^. At a = 0, cos a * 1, and from Snell's Law

sin w * 1
c 1.334

w m48.55792089°.
c  i

At any angle w greater that v^, the light is totally reflected. 
Thus, in Figure 9, at w = w 2 the surface of the water acts as a 
perfect internal mirror.
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The implications of this principle are far-reaching. It 
means that all light entering the water is refracted or "focused" 
into a cone having an angle of 2 w,, with the apex of the cone at 
the fish's eye. As the fish goes deeper, the cone will become 
larger, and as he approaches the surface, it will become smaller, 
but it will always subtend the same angle of 2 w^, or about 97.12°.

The size of the window at the surface is easy to calculate.
From Figure 8 and Equations 1 and 2 we can see that when an object
is at the edge of the window

• r * d tan w • = 1.13d. (E<3. 4)c
Thus, the diameter of the window (2r) can be readily calculated for 
any depth of fish. Figure 3 presents those calculations graphically.

This, then, defines the fish's "window". If the fish looks 
beyond the window (i.e., if he sights along a line at an angle 
w greater than w^) he will see only the bottom of the stream mirrored 
at the surface. Only if he looks within the cone forming his window 
can he see any surface objects. It should be understood, of course, 
that if an object such as a fly breaks the surface film so that a 
portion of its body is below the water line, the fish will be able 
to see that portion directly (within the limit of his visual acuity); 
no refraction occurs, and he can see the submerged underbody of the
fly along a straight line of vision, regardless of the angle w.

Alfred Ronalds, the 19-.century author of The Fly-Fishers 
Entomology (1836), did not understand this principle. Marinaro 

p. 12) quotes Ronalds to the effect that, long before 
an incident ray becomes horizontal, "it will not enter the water 
at all.” Ronalds goes on to say that "light will not pass out 
of air into water,.if the angle of incidence...exceeds 88° [a- 2 ], 
but will be reflected." Of course, we have seen that this is 
incorrect; as long as a is greater than zero degrees, no matter how
small, some of the light will enter the water (we saw that a full
8% entered the water at a = 1°).
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Quite clearly, Ronalds did not understand Snell's Law 
well enough to know that internal reflection is a one-way 
street, only working from water to air (denser to rarer) and 
not in the opposite direction. How he arrived at a figure 
of 2° for a minimum surface angle a_ is problematical; we 
doubt that he got there by experiment. More likely, his lack 
of understanding of internal reflection caused him to fail 
to appreciate that, when w equals the critical angle w_* 
a equals 0°. This misunderstanding could cause one to work 
backwards from a rough figure for w_ in an attempt to find a 
similar critical figure for a. But the nature of trigonometric 
functions is such that if one simply uses a figure of w * 48.5° 
(rather than 48.55792089°) and plugs that into Snell's Law, one 
gets a = 2.4° rather than zero; similarly, using n = 1.33 (rather 
than 1.344) results in a = 4.40.' (See what we mean by a good 
calculator?) It all depends on the numbers one chooses, and if 
one fails to understand that a = 0° when w = w , one can be led to 
some serious misconceptions.

These misconceptions may well underlie Marinaro's inference 
(Ring, p. 23) that there is a theoretical minimum value for a of 10 
On the other hand, that conclusion may stem from a feeling on 
Marinaro's part, probably derived from visual and photographic 
observations, that a has a minimum practical value of about 10°, 
and that light from an object striking the water at smaller angles 
is somehow so distorted that no meaningful information is conveyed 
to the observer. Our observations confirm this.

When we observed a less distinct wing, such as the upright 
deer-hair post of a paradun, or the wings of a conventionally- 
hakcled fly, we found that we cound not perceive the wing for what 
it was until it subtended a surface angle of about 10°. But that 
only means that you have to be more accurate than is shown in 
Figure 7.



Magnification & Compression
So what does a fish see? The best way to get an understanding 

of this is to make a diagram, such as Figure 10.

As you can see, we have placed a first object, or fly, of 
height h^ well inside the window, and a second fly of identical 
height h£ somewhat outside the window. A ray of light coming from 
a point at the very tip of the first fly h^ will be refracted down 
to the fish, according to Snell's Law, at an angle w^. To the 
fish, however, the image of that point will appear to be on the 
straight-line extension (dashed line) of the refracted underwater 
ray. By the same token, light from a point infinitesimally close 
to the bottom of the fly will go virtually straight to the fish. 
Thus, the image of the fly h^ will appear to have a height h', as 
shown. Note that h£ is greater than h.. Rule 1, then, is that 
the image of a fly inside or at the window will always appear larger 
than the fly. This magnification can be expressed as
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moves toward the window. It may also be responsible for Marinaro s 
assumption, which we have previously mentioned, that light rays 
impinging upon the water at a surface angle a of less than 10° 
are ineffective.

As can be seen from Snell's Law, light rays entering the water 
at a low angle <a tend to be greatly "compressed" as they are 
refracted toward the underwater observer. Ronalds recognized this 
when he said (Ring, p. 12) that rays "falling very obliquely upon 
the surface of the water ...produce very great indistinctness and 
distortion of the image..." Indeed, Marinaro was really stating the 
effect of compression in describing (Ring, p. 18) "a iuzzy band 
that does affect the view of the dun fly. It derives from the 
fact that the more oblique the rays of the light are, that is, 
entering the water at a low angle, close to the surface, the more 
the refraction increases and the image carried by these rays becomes 
more indistinct."

Where Marinaro erred was in assuming that this compression 
occurs when the fly is at the edge of the window. In fact, it occurs 
well outside the window, as we have seen. There is no compression 
at the window's edge; indeed, it is precisely there that the mag­
nification is at its maximum and the apparent elongation of the fly 
at its greatest. The "visible fuzziness" which Marinaro (and every­
one else who has experimented with a slant tank) observed is simply 
a greatly compressed image of the horizon and all those objects near 
it - compressed to the point of indistinctness. And the reason 
this fuzziness appears to be at the edge of the window is 
simply that all objects outside the window appear to be at 
the edge of the window. The photographs provide ample proof 
of this.
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Without a clear understanding of internal and external reflection, 
Marinaro and his predecessors were unable to take the final step 
and quantify the distortion caused by Snell's Law. In other words, 
they were unable to calculate the approximate distance from a par­
ticular fly to a particular fish beyond which the fly would be so 
distorted, by the compression effect, as to be for practical purposes 
not a fly, but virtually invisible.

It is not difficult to analyze this distortion mathematically.
For example, an angle a. = 10° results in an angle w = 47.58°; an 
angle a = 5° produces an angle w = 48.31°. Thus, a 5° difference 
in the air is "compressed" to a difference of only 0.73° in the 
water. One would naturally expect this compression to produce 
significant distortion as the angle a becomes smaller.

The effect can perhaps be more readily appreciated by con­
sidering it in terms of magnification. Consider a fish 3"
deep observing a 1-inch tall fly, such as a size 4 limbata.
When the fly is 5.75" away from the fish (well outside the 
window), the lowermost 10% of the fly will have a magnification 
m = 0.10. That is, a point one-tenth of an inch up from the bottom 
of the fly (0.10" above the waterline) will appear to the fish
to be only one-hundredth of an an inch up.

If this does not impress you as a significant distortion, then 
consider that same fish observing a quarter-inch fly, such as a 
size 16 dorothea. At a distance of only 12", a point two-tenths 
of an inch (80%) up on the, fly will look to the fish as if it 
were less than six one thousandths of an inch (0.006") high.
Thus, the lower 80% of that size 16 fly will be compressed 
by a factor of 35 (m = 0.028). Now there can be little doubt that 
the effect has a profound impact upon what can and cannot be seen.
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One must certainly question whether an image less than 0.006" 
tall can be perceived by a fish at a distance of one foot. It 
goes without saying that it cannot be perceived for what it is.
A fly compressed that much does not look like a fly. 1

Using Equations 2 and 5 one may calculate precisely the image 
size from directly overhead to the window's edge. Equation 6 
may be used to calculate image size outside the window. To do so, 
the fish's depth and the fly size must be assumed. Figure 5 was 
generated for a 3" deep fish and a size 4 fly; However, the 
same technique can be used for any combination of fish depth and 
fly size.

The really significant implications of all this are apparent 
from Figure 7. There is, in fact, a maximum distance beyond which 

fish cannot see the above-surface portion of your fly at all.
You must either put your fly within that range, or show him something 
subsurface. And either way, you must make it as visible and realistic 
as possible.



A REVIEW OF THE LITERATURE

As we have indicated, the problem appeared to us to be most 
directly concerned with the fly, and how it is presented to the 
fish. Now there has been a lot said and written about whether 
and how a fish smells, hears, tastes, feels and otherwise senses 
external objects. But having isolated the fly itself, and how 
that fly is revealed to the fish, as the most probable sources of 
our fishing difficulties, we had to conclude that, of all the 
fish's sensory inputs, vision is the most significant. If you do 
not believe this, then read no furthér dear friend, but go and 
rub your Royal Coachman with anise oil and attach a sonic beeper 
thereto.

We therefore decided to attempt to determine, as best we 
could, how a fish sees. Perhaps we should explain what we mean 
by that. We do not, in our use of that phrase, mean to embrace 
the subjects of color perception, binocular/monocular vision, or 
rod-and-cone systems. Those subjects are far beyond the scope of 
this work and have been treated accurately and in depth elsewhere. 
Moreover, they are entirely irrelevant to what we are getting at. 
It has never been seriously doubted that a trout or a salmon can 
perceive color, so assume that he can. The divided monocular 
viewing system of a fish simply makes him more versatile, so 
assume he has a better range of peripheral vision than we do. 
Assume anything you like about his night vision.

Nor do we mean to tell you that we know how a fish visually 
perceives an object. That doesn't matter either. For all we 
know, a fish perceives a floating mayfly as a banana-shaped 
object. All that means is that he likes banana-shaped objects.
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Perhaps he would perceive a banana as what is to us a mayfly­
shaped object. Nor do we particularly care whether he sees it 
more or less clearly than we do. If he is nearsighted, so be it. 
None of this matters.

What does matter is how the optical laws of reflection and 
refraction alter the visual image which reaches the fish's eye. 
What matters is how that image is formed, not how his brain pro­
cesses it. What we are trying to determine is whether a fish 
sees a mayfly floating on the water just as he would if he had 
wings and could fly in the air like a bird, or whether the fact 
that he is in the water alters the image of that mayfly.

We think we have the answer, or at least enough of an answer 
to make us excited about its ramifications. In our work, we have 
made use of what we regard as fairly elementary principles of 
optical physics, all of which have been known for more than a 
century. The mathematics involved is simply high-school trigo­
nometry, nothing more. And yet, in reviewing the work of pre­
vious investigators on this subject, we have found what in hind­
sight appear to be incredible errors and misconceptions. This 
leads us to suspect that the analysis is not as straightforward 
as we would like to believe.

Perhaps the best way to begin is by listing a series of 
facts, some of which were well-known prior to our work, and some 
of which we uncovered in the course of it. For the present, 
we shall simply set them forth, and briefly indicate what 
prior authors have had to say about them, if anything.
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1. Reversibility. It is fundamental that a ray of light 
will take the same path, regardless of which direction it is 
headed on that path. This means that if you can see a fish's 
eye, he can see. yours, and vice-versa. Try it with a friend and 
a mirror.

2. Cone of Vision. All light coming to the fish's eye
from the air —  that is, all light which enters the waters— is focused 
by refraction into a cone. The apex or tip of the cone is at the 
fish's eye and its circular base is at the water's surface. The angle 
of this cone is about 97°.

3. The Window. The circular base of the cone of vision at 
the surface defines what has become popularly known as the fish's 
"window". The diameter of the window increases with the depth of 
the fish, in the ratio of about 2.26 to 1. Thus a fish 3 inches 
deep has about a 7-inch window and a one-foot deep fish has about 
a 27-inch window.

4. Light Penetration. At least a portion of the light 
striking the surface of the water from the air will actually 
enter the water, regardless of the angle of incidence. Thus 98% 
of a light ray at an incident angle of 89° (nearly vertical) will 
enter the water; at an incident angle of 1° (nearly horizontal)
8% of the ray will enter. Only if the angle of incidence is 0° 
(perfectly horizontal) will-all the light be reflected, but then 
it hardly makes sense to talk in terms of the ray "striking" the 
water.

5. Internal Reflection. The same does not hold true for 
light rays attempting to leave the water. Within the cone of 
vision at least a portion of any ray will leave the water and 
enter the air. But rays outside the cone of vision (at an angle 
of greater than 48.5° from the vertical) are totally reflected at 
the surface. This means that outside the fish's cone of vision,
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the surface of the water looks and acts like a perfect mirror; 
his window can be regarded as a circular hole in the mirror.
This mirror produces many interesting effects! he ban see the 
reflection of objects on the stream bottom, and a sunken fly or 
nymph will be reflected as a mirror image at the surface.

6. The Periscope Effect. Because of the laws governing 
refraction, which are responsible for light penetration and 
internal reflection, it is a fact that a fish can seey theoretically
at least, everything above the surface of the watelr. There is no
"blind" area. Light rays coming from all obje'pts outside the 
water, all the way to the horizon, enter the water through his 
window', are focused in his cone of vision, and reach his eye.
How well he sees those objects is entirely another .matter, as we

7. Compression. The "periscope" image of a surface object, 
such as a fly, floating some distance outside the window, will 
appear to be compressed. This is because of the refractive 
focusing action of the cone of vision/ The.further the fly is
away, the greater thft-di
or foreshortening is so
all. Thus be undiscermbuLe at a much shorter dis-
-tahce" than if the fish were viewing it in the air only.

8. Levitation and Tilting. The image of that same fly, 
floating some distance outside the window, will appear to be 
floating in midair, or levitated above the surface of the water.
It will also appear to be tilted, or coming downhill toward the 
fish. The angle of that hill is (you guessed it) 48.5° from the 
vertical (one-half the cone angle). At the same time, any portion 
of the fly which happens to have broken through the surface film 
will be directly visible to the fish through the water. Thus the 
fly will appear to the fish to have split into top and bottom

shall discover
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9. Magnification. As the floating fly approaches the ? 
window, its image will become less and less compressed until, at 
a certain point still outside the window, it appears life-sized.
At this point the most curious phenomenon of all begins to 
occur. The image of the fly appears to get larger, with' maximum 
magnification occuring precisely at the window's edge. This 
magnification, which varies with the depth of the fish and the 
height of the object (fly) can be startling: •'for example, a size 
22 fly at the edge of the window of a 3-inch deep fish would 
appear (in vertical dimension) to be about a size 101 Also 
precisely at the edge of the window the levitated image, which has 
been "sliding" downhill, merges with the surface, and the fly 
appears to be in one piece again. As the floating fly continues 
to move inside the window, the magnification begins to decrease 
toward a limit of 1.33 directly overhead. This means that any 
object, regardless of the fish's depth, will look about one-third 
larger when it is directly overhead.

We suspect that the foregoing is quite a bite to attempt to 
digest at one time. Go back and read them a time or two.
See if they make any better sense upon rereading. They are, 
after all, facts. You can, if you have some mathematical 
training, derive them yourself.

But if you can't make the derivations, don't feel too badly. 
Ten very highly regarded Works of angling literature reflect 
similar failures, ranging from near misses to outright fumbles. 
Let's take a look, and see how the experts handled the laws of 
optics.

Reversibility. Everyone who considered this question at all 
appears to have gotten it right except, amazingly enough, Edward



R. Hewitt. In his A Trout and Salmon Fisherman For Seventy-five 
Years, Mr. Hewitt flatly states that under certain circumstanceu 
the laws of optics are such that a fish can see the fisherman 
without the fisherman seeing the fish. And his context is clear: 
he is postulating a v%Dlation of the law of reversibility. This 
is significant only in that it shows how badly a highly regarded 
author can be misled.

Cone of Vision. Everyone recognizes the cone of vision, but 
only about half the authors have the confidence to quantify it.
Of these, two got it wrong: Mr. Hewitt, and Charles K. Fox in 
his Rising Trout, both put it at 83°. This is an easy mistake to 
make, and results from getting your sines and cosines mixed up, 
but it creates fatal errors in any further analysis.

The Window. Most everyone understood that there is a rela­
tionship between depth and window diameter, but here again Mr. 
Hewitt got his numbers wrong, undoubtedly because of his cone 
angle error. Surprisingly, so did Ernest Schwiebert in an 
article entitled "Why Trout Act That Way", Trout (Spring 1978). 
Perhaps he used Hewitt’s figures.

Light Penetration. The tables are turned. Only Mr. Hewitt 
got this one right. Another author to clearly express 
himself on the subject was the dean of them all, Alfred Ronalds 
in The Fly-Fisher’s Entomology (1836); Ronalds said that no light 
enters the water at an incident angle of less than 2®. The 
figure was pegged at 10° by Sosin & Clark in Through the Fish’s Eye 
(1973) and by Vincent C. Marinaro in In the Ring of the Rise 
(1976). Barry Parker in his article "Looking Into The Trout's 
Window", Fly Fisherman (Spring Special 1976) seemed to put it at 
7.5°. They are all wrong.
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Internal Reflection. Everybody got this one right. This is
probably due to first-hand observation in a lake or swimming 
pool, or even a bathtub. Try it yourself.

The Periscope Effect. Here the various mathematical errors 
and optical misconceptions begin to take a toll, with the result 
that several of the authors are quite vague on whether a fish can 
in fact see a fly which is floating outside the limits of the

fwindow. Two of them got it dead wrong: Schweibert and Parker 
both indicate that a fly can't be seen outside the window*
Parker, Marinaro, Ronalds, Fox and Dan Holland in The Trout Fisherman's 
Bible (1949), all postulate "blind areas" ranging from 2° to 10°. f

Whether these errors were the result of mathematical misconceptions 
or a lack of understanding of either penetration angles or the 
compression effect (see below) is difficult to say. Only two 
authors got high marks here: Leslie P. Thompson in Fishing in 
New England and Cecil E. Heacox in The Comp1eat Brown Trout (1974). 
Both seemed to understand that a fish is theoretically capable of 
seeing everything outside his window.

Compression. Thompson, to his everlasting credit, was able 
to take this thought one step further and understand that the 
reason the fish did not see all extra-window objects clearly was 
compression and its distorting effects. Ronalds, Marinaro and 
Holland were also on the right track but confused matters with 
their "blind area" error., Schweibert discussed compression, as

4
did Hewitt, but the latter incorrectly concluded that it occured 
inside the window.

Levitation and Tilting. Half of the authors recognized 
these dual effects: Ronalds, Thompson, Fox, Heacox and Marinaro. 
Ronalds, in particular, deserves special credit due to the re­
markable priority of his work (1836).
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Magnification. It is here that we feel we have made some 
small contribution, for it is clear beyond question that none of 
the authors mentioned above (nor, to our knowledge, anyone else) 
recognized this phenomenon. And yet the astonishing fact is 
that, in hindsight, the effect is clearly illustrated in the 
pioneering photographs of Mr. Hewitt, and the much better and 
more recent photographic work of Marinaro and John Merwin,
"Mr. Hewitt's Window Box", Fly Fisherman (Spring Special 
1976). There it was for all to see and yet all failed to 
see it.

Actually, ’this is not so astonishing, for we failed to see 
it at first in our own photographs. It was not until, by chance, 
a ruled scale was placed in our slant tank that we got a clue 
that the effect even existed. This prompted a frenzied mathematical 
analysis which ultimately confirmed our observations and laid 
open the whole theory.

It does not, we feel, take much cogitation to conclude that 
the magnification effect is by far the most significant to the 
fly fisherman. Just how significant remains to be seen.



CONCLOSIONS AND FOOD FOR THOUGHT

1. An object outside the window is seen as two separate 
images (split-image). The above-surface portion is seen 
at the edge of the window and the below-surface portion 
is seen at its normal position.

2. The above—surface image is vertically compressed or 
magnified depending upon its location with respect to 
the window.

3. The degree of magnification is depth dependent. The

4. Magnification is size dependent. Small flies are 
magnified more greatly than larger objects. Also, 
the lowermost portion of a fly is magnified more than 
the upper portions.

6. There is a "ring of visibility" outside of which the 
above-surface portion of the fly cannot be discerned 
as such. For shallow fish the "ring of visibility" 
is extremely small and may partially explain "selectivity".

deeper the fish, the greater the magnification.

/

[  When a trout inspects and takes a dry fly, the image 
presented to him through the surface is distinct, 
colorful, and magnified. Consequently, exactness in
duplication should be important.
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The "ring of visibility" can be significantly increased 
by using a fly design which presents a very distinct 
wing, such as a no—hackle type. If the fly is more 
visible, it follows that your chances of catching 
fish are improved.

Refraction causes a larger magnification for small 
flies than for larger flies. Therefore,-the size 
differences between small and large flies as seen 
from underwater are less than they appear to 
the angler. This makes one wonder as to the alleged 
importance of size.

Small flies are greatly magnified at reasonable depths, 
they should be used with confidence.

A sunken fly also presents two images to the fish, 
real and reflected. They are indistinguishable 
visually.

The double images created by refraction and reflection 
give the fish a 50-50 chance of attacking the wrong 
image. This is equally true for both surface and 
underwater lures, flies or otherwise. This may 
explain short strikes, misses, and the trout's behavior 
of "knocking down the dry fly and then taking it".
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12. Because magnification changes with depth, a fish attacking 
the above-surface image will perceive the fly as either 
getting smaller or moving away from it (the phenomena 
are visually indistinguishable). However, a fish 
attacking the below-surface portion will perceive 
the image as we are used to seeing it. The implications 
are unclear but suggest a complex process for determining 
when to "hit" the fly.

13. All of the above is too damn hard.

Copyright ©, 1980 by Robert L. Harmon and John L. Cline, 
One IBM Plaza, Suite 4100, Chicago, Illinois 60611
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THE AMATEUR 
SCIENTIST

What is a fish s view
and the fiy he has cast on the water?

byjearl Walker

A fly fisherman who sees a fish in the 
A  water confronts the problem of 

where to cast the fly; The re­
ceived wisdom is that the best place 
just above the fish. Does the caijjhave to 
be that accurate?!^ it misses by a few 
centimeters, will the fish still see it as 
a fly? Robert Harmon and John Cline, 
who are patent attorneys in Chicago, 
have been looking into the optics of fly 
fishing. They believe the cast does have 
to be fairly accurate, otherwise the im­
age seen by the fish might be too dis­
torted by the refraction of the light rays 
at the surface of the water.

Light in a vacuum travels at only 
one speed (^ S lO 8 meters per second).

Through any transparent medium, how­
ever, its speed is lower because the light 
interacts with the molecules of the medi­
um. Each interaction can be considered 
as a brief absorption of the light.

The easiest way to describe the net 
delay in the passage of the light through 
the medium is to say the light is moving 
slower. For this purpose every transpar­
ent medium is assigned an index of re­
fraction. The effective speed of light 
through the medium is equal to the 
speed of light in a vacuum divided by 
the index of refraction. The index of re­
fraction of water is approximately 1.331 
and of air slightly more than 1. Hence 
the effective speed of light through air is

almost the same as it is through a vacu­
um, whereas through water the speed is 
considerably lower.

When a light ray passes through the 
surface of waterpSt is refracted (changes 
its direction) because of the change in its 
effective speed. By convention the orien­
tation of a ray is measured with respect 
to a line perpendicular to the surface 
crossed by the ray. Suppose the ray is 
incident on the water surface at an angle 
of 42 degrees with respect to thé verti­
cal. Part of the light is reflected from the 
surface at the same angle from the verti* 
cal. The rest of the light refracts into the 
water as a ray 30 degrees off the vertical.

Other angles of incidence yield other 
angles of refraction. The relation is set 
out in the rule named for Willebrord 
Snell, who proposed it in 162i; Accord­
ing to Snell’s rule, the sine of the angle of 
refraction in the water is equal to a frac­
tion of the sine of the incident angle in 
the air. The fraction is the ratio of the 
respective indexes (air : water). In every 
case except one the angle of refraction is 
smaller than the angle of incidence. The 
exception is when the ray is incident 
along the vertical line; then it goes into 
the water with no change in direction.

Consider a ray that comes to a fish 
from an object a short distance above 
the surface of the water. If the fish can 
assign a position to the origin of the ray 
(as a human being can), it interprets the 
object as lying somewhere along thé ray .
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depends the practical application of 
every other [science].S Judging from 
their correspondence, the respect seems 
to have been mutual.

although statistics were important to 
L Nightingale, during her later years 
of being “an influential” she by her own 
account yearned to return to nursing, 

| |e r  chosen profession, her first gpcall 
from GodiJ^She could not, however, be­
cause she lived a good part of her life 
after her return from the Crimea as an 
invalid, practically bedridden.

Although Nightingale^, poor health 
may have been related to a fever she 
contracted while she was in the Crimea;, 
some have suggested that^he did not 
have an organic illness at all, that her 
invalidism was neurotic or even inten­
tional. In any event||onfinement to her 
bedroom, where she received a steady 
stream of Visitors, did not diminish her 
influence or keep her from establishing 
the professional status of modern nurs­
ing. With money;; from the Nightingale 
Fund (almost 50,000 pounds, raised by 
public subscription to honor “the Pop­
ular Heroine^) she was able to realize 
an early goal, founding the Nightingale 
Training School for Nurses in 1860. She 
could not, as she had hoped, superintend 
the school, bi|t| it followed her princi­
ples: gl)|TMat nurses should have their 
technical training in hospitals specially 
organized for that purpose 1(2) That 
they should live in a home fit to form 
their moral life and discipline.gi 

Both principles were radical in their 
time/ That they are accepted as com­
monplace today is testimony to Flor­
ence Nightingale’l l  service to nursing, 
which did as much as any scientific ad­
vance to improve the general quality of 
medical care. In view of her other pas- 
siohgit is appropriate that another tell­
ing indicator of that service is statistical: 
in 18^1 the British census found 27,618 
nurses in Britain, and it listed that figure 
in the tables of occupations under the 
heading ‘“Domestics”; by;1901 the num­
b e r e d  increased to 64|il4, and it was 
fisted under “Medicine.”

LOSS OF MANPOWER ii|th e  British army 
due to excess mortality and invaliding is il­
lustrated by diagrams from the report of the 
Royal Commission. Both graphs assume that 
10,000 20-year-old recruits are added to the 
force annually and that a healthy soldier’s ca­
reer lasts for 20 years. Each small rectangle 
represents 1,000 men. Under the existing 
unhealthy conditions {bottom) death (brown) 
and invaliding (yelloti) reduce the strength of 
the army (beige) to 141,764 from its maxi­
mum size of 200,000, a loss of 29 percent. Jf 
mortality were as low as if was in the civilian 
population and the relation between mortal­
ity and the invaliding rate stayed the same, the 
report concluded, the strength of the army 
would increase significantly, to 166,910 (top).
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The object therefore appears to be at an 
angle in the sky higher than the true an­
gle- The error is small if the angle of the 
incident ray is small and large if the an­
gle is large.

The ray refracted the most comes 
from near the horizon; it is incident on 
the water at an angle of slightly less than 
90 degrees. The angle of refraction is 
approximately 48.7 degrees. (The exact 
angle depends on the index of refraction 
of the water.) No ray from above the 
water can reach the fish at a larger angle 
of refraction. Hence all the rays reach­
ing the fish from above the water fall 
within an imaginary cone with its apex 
centered on the fish’s eye and with its 
sides 48.7 degrees off the vertical.

Harmon and Cline call the intersec­
tion of this cone with the surface of the 
water the “window^ through which the 
fish sees objects above the water. A ray 
from the horizon passes through the 
edge of the window and then down the 
side of the cone. The size of the window 
varies with the fish’s depth in the water. 
When the fish is at a depth of 10 centi­
meters, the radius of thè window is 11.3 
centimeters. A greater depth gives a 
wider window but cannot alter the angu­
lar size of the cone. That size is set by the 
refraction of the rays from the horizon.

The view of the external world that 
arrives at the fish is anamorphic: the 
magnification differs in each of two per­
pendicular directions. Refraction warps 
and repositions objects in the fish’s view. 
Perhaps a fish can interpret the anamor 
phic view, realizing that the objects ap­
pearing in the window lie at some dis­
tance above the surface of the water. 
Perhaps instead the fish regards the ob­
jects as being on the surface. In either 
case what does the fisherman look like 
to the fish?

I investigated the question by com­
puter, calculating what the refraction 
would be from each of four vertical 
sticks at several distances from a fish. 

8  programmed my home computer to 
make the calculation on the basis that 
each|stick" extends one meter above 
the water and 20 centimeters below it, 
which is about right to simulate a fish­
erman standing in shallow water. The 
fish is assumed to be 10 centimeters be­
low the surface, which; is a reasonable 
depth for a feeding fish.

I first considered a stick two meters 
from the^fish horizontally. A ray from 
the .submerged part of the stick is not 
refracted and is perceived (if the fish can 
see that far) in its proper place. A ray. 
from just above the waterline on the 
stick passes through the edge of the win­
dow and travels along the side of the 
imaginary cone that marks the limit of 
the rays reaching the fish from above the 
water. The fish might interpret this ray 
as originating somewhere back along a 
line making the same angle with the ver­
tical. If4t does, the waterline of the stick

would seem to lie along a line 48.7 de­
grees from the vertical.

A ray from the top of the stick passes 
slightly closer to the center of the win­
dow. Its angle of refraction is about 42 
degrees. The fish might see the ray as; 
originating along a line that is a rear­
ward extrapolation of the refracted ray. 
If the fish does, the top of the stick would 
seem to lie on a line 42 degrees off the 
vertical. Hence if the fish has depth 
perception, the stick would seem to lie 
somewhere in the air between 42 and
48.7 degrees off the vertical.

The Situation is represented in the bot­
tom illustration on the next page. The 
image of the stick curves between those 
angles. In order to leave room for the 
other components of the illustration 
the image is shown as being separated 
from the window by about as much as 
the stick actually is.

Do not take the drawing literally. I do 
not know if the fish can mentally extrap­
olate light rays. I also do not know if 
it can even recognize a stick for what 
it is. Surely a fish cannot conclude that 
the seemingly warped object is a verti­
cal, rigid stick. Much of a human be­
ing’s ability to assign depth and shape 
to objects comes from experience with 
those objects.

With my computer I calculated angu­
lar positions for three other sticks. In all 
four cases the fish sees two images of 
the stick. The part above the surface of 
the water is seen through the window! 
The submerged part is seen in its true 
position and is well separated from the 
image of the part above the surface. 
As I move a stick closer to the window 
the images of the two parts get closer 
to each other, finally merging when the 
stick reaches the edge of the window.

The illustration on the opposite page 
offers a flat view of the sticks as they are 
seen through the refraction of the win­
dow. A fish without depth perception or 
any understanding of what it f e e in g  
probably depends on such a fiat picture 
of the external world. To keep the sticks 
from overlapping in the illustration I 
have repositioned them so that they lie 
in a circle around the fish; The sizes of 
the sticks and the distances from them to 
the fish are the same as before. The sub­
merged parts are not shown becaus|^ 
they are too far away to fit into the illus­
tration. Marks on the sticks indicate sev­
eral heights above the waterline.

In the illustration the bottom of the 
part of a stick above the surface appears 
at the edge of the window and the top 
appears along a radial line and Closer to 
the center of the window. A stick two 
meters from the fish is compressed into a 
small area. The bottom of the part of the 
stick above the surface is compressed 
more than the top because of the strong 
refraction of the rays from the bottom. 
The image of the stic% takes up lesifc 
than 2 . centimeters along a radius of

\  A p p a r e n t  o n g i r f |o f  r a y  
m  a t  v30° o f f  P e r t i c a  l

Actual and apparent light rays
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the w indow. Since m any other objects 
around  a body of w ater w ould show up 
along the edge of the w indow, the stick 
m ight be lost in the clutter.

Less com pression » a p p a r e n t  in the 
sticks 1.5 m eters and one m eter from  
the fish. Since they extend m ore tow ard  
the center of the w indow, how ever, they 
are no ticeab ly^ tapered . The stick 50 
¿centimeters from  the fish is even m ore 
tapered  and  distorted. The fu ll im age 
of the p a rt above the surface takes up 
ab o u t 70 percen t of a rad ia l line in the

w indow  and therefo re  m ust be quite no ­
ticeab le  to  a fish.

M y stick is equ ivalen t to  a short fish­
erm an. Such a’.fisherm an tw o m eters or 
m ore from  the fish is com pressed into 
a m in iatu re th a t occupies only a sm all 
p a rt o f the w indow  and m ay be lost in 
the clu tter a t the edge. As the fisherm an 
m oves closer to  the fish he takes up m ore 
angle in the fishfi field ofjyiew  and oxpg 
cupies m ore of the w indow. The sub­
m erged p art o f the iisherm an  also gets 
larger in the fish’s field of view. .

A t som e poin t the m otion  of one of 
these im ages w arns the fish of possible 
danger. The m otion  of the p a rt o f  the 
fisherm an aboVe the' w ater * shows up as 
an im age tha t starts a t the edge of the 
w indow  and grows, rad ia lly  tow ard  the 
center. P erhaps the fish w atches for m o ­
tion  th a t lo o k s ||s  though  it m ighLbast a 
full, im age from T he edge to  the center.

Sim ilar optics applies to  the ap p ear­
ance of a fly cast near a fish. Som e pos­
sibilities are represen ted  on the left side 
o f  the illustration  on page 138. F or the 
sake o f convenience I have considered 
a narrow  rec tangu la r fly extending m  $] 
centim eters above the surface and .2 
centim eter below  it. (The height is abou t 
the sam e as th a t o f a size 4 dry fly. T he 
w id th  of the fly along the su rface is

How sfikjcs in the water might look to a fish

not im portan t.) A lthough  a rectangular 
flyj is no t likely to  be inviting to a fish, 
it serv^li to  dem onstrate  the d istortion  
caused by l^ f^ te tion .

I p rogram m ed  m g  com puter to  find 
the im age the fly m akes in the window." 
If the w affrline of the fly is five centim e;- 
tersgjjrom the center o f the window, the 
p a rt o f the fly abdye the surface of the 
w ater lies across o n l^ ffl 3 C en tim eters 
of a rad ia l line in the window. The p art 
below  the surfaceJgdiich  is;c o m p r « e d ,  
m erges into the im age of the p a rt above 
the surface.

As the fly m o^es closer, to the-edge, its 
im age stretches. F o r exam ple, w hen the 
fly’s;w a terline  is 10 cen tim ete r|4 from  
th e ĉ |^ t e r  of the V indow , the im age of 
the p a rt of the fly above: the surface 
takes up th ree centim eters along a r a ­
dial line. T h a t is m ore than  the true 
height o f the f ly S T h e T im ag e ;o f  the 
p a rt below  the surface, still a ttached  to 
th a t; o f the p a rt above the surface, is 
also stretched slightly, w hich shoH d 
m ake the fly m ore no ticeable to  the  fish.

W hen the flyim oves past the edge of 
the w indow, the im age of the p a rt above 
th e fc r f a c e  begins to con tract and tha t 
o f the p a rt below  the surface^separates. 
from  it. The illustration  shows the situa- 

S o n  w hen the fly is 15 centim eters from
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the center of the.window. The top of the 
part below the surface is seen at its prop­
er distance from the center. The bottom 
of the part above the surface appears 
at the edge. The top of thrifty, which is 
actually 2.5 centimeters above the wa­
terline, shows up only ÉJ9 centimeters 
from the edge of the- window. The fly is 
no longer easy to see*

When the fly is moved to 20 centime­
ters from the center of the window, the 
apparent contraction of the part above 
the surface is greater. The bottom of 
that part still lies at the edge of the win­
dow and the top now appears at about. 8 
centimeter from the edge. This* contrac­
tion of the image of the part above the 
surface gives the fish a highly distorted 
view of the fly. Moreover, the image of 
the part above the surface may be lost in 
the clutter at the edge of the window. 
Recognizing the fly is now more diffi­
cult. In addition the image of the, part 
below the surface is well removed from 
the image in the window. Even if both 
images are still perceptible,; a fish is like­
ly to see two objects, both of them small.

Harmon and Cline say that if you are 
fishing with a fly and can see the fish, 
cast the fly as close to it as you can. If 
you can put the fly within the fish’s win­
dow, it may be recognizable as a fly. At 
least the images of the part of the fly 
above the water and of the part below 
the water are merged. If the fly lies in­

glide the window near the edge, the im­
age of the part above the water is magni­
fied in the sense that its length along a 
radial line of the window is larger than 
the true height of the fly.

Tf your cast is off by a few centimeters, 
the fly may be outside the fish’s window. 
The separation of the images of the part 
below the surface and of the part above 
makes the fly look less like a fly. The 
compression of the image of the .part 
above the surface may even make that 
part so small that it is lost in the clutter 
at the edge of the window.

The problem is. particularly difficult 
if the fisherman is in the same direction 
from the fish as the fly is; his image adds 
to the clutter. In this situation his only 

"chance of attracting the fish is with the 
image of the part of the fly below thè 
surface, which the fish will see without 
distortion by refraction. Harmon and 
Cline suggest it. would be well if that 
part of the fly were brightly colored.

So far I, have assumed that the index 
of refraction of water has a single val­
ue. In reality it differs at different wave­
lengths of light. Red light, at the long- 
wavelength end of the visible range, has 
an index of about 1.33 T Blue light, at 
the short-wavelength end, has an index 
of about 1.343. Suppose a ray of white 
light, consisting of all the colors, passes 
into water. Refraction spreads the col­
ors through a small range of angles. The 
ray with the smallest angle of refraction 
is blue; the one with the largest angle of
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refraction is red. The colors at interme­
diate wavelengths have intermediate an­
gles of refraction. This „separation of 
colors is called dispersion.

Harmon and Cline point out that dis­
persion plays a minor role in the image 
a fish sees in its window. I ro  investi­
gate dispersion I considered the rays of 
white light extending from the top of 
my imaginary rectangular fly. One ray 
refracts at the water surface to send a 
red ray to the fish. Another ray refracts 
slightly closer to the center of the win­
dow to send a blue ray. The fish "sees 
a colored image where the rays, cross 
through the window. Although the blue 
image is;||lightly closer to the center 
of the window, the dispersion of the 
colored image is weak unless the fly is 
well outside the window. Even then the 
spread amounts to no more than about 
a millimeter in the window.

What the, fish sees on the surface of 
the water outside the window is largely a 
reflection of rays that have scattered off 
the bottom. Although any refraction of 
light through the surface and into the air 
must obey Snell’s rule, for some rays 
refraction is impossible. Whether or not 
a ray refracts depends on the angle 
of incidence. If the angle is less than
48.7 degree^, part of the light refracts

through the surface and the rest reflects, 
downward. According to Snell’s rule, 
the angle of refraction (now in the air) 
must be larger than the angle of inci­
dence. The angle of refraction can be as 
much as 90 degrees, however, which it 
is when the refracted ray barely skims 
over the surface of the water.

If the incident angle is larger than 48.7 
degrees, réfraction is impossible. The 
light can only reflect,1 a situation that is 
called total internal reflection since the 
light is unable to escape from the water. 
Any light that reflects to the. fish from 
the underside of the window must have 
an angle of incidence smaller than 48.7 
degrees. There part of the light also re­
fracts into the air. A ray that reflects just 
at the window’s edge has an angle of 
incidence of 48.7 degrees, sending a re­
fracted component along the surface of 
the water. Any^light that reflects to the 
fish from the rest of the surface, must 
have an angle of incidence larger than
48.7 degrees. All this light is internal­
ly reflected. The reflections from the 
window region are likely to be lost in 
the glare of light from the sky, but the 
reflections elsewhere might be bright 
enough to give the fish a mirrorlike pic­
ture of the bottom.

The optics I have been discussing ap­

The dispersión of light rays

plies to a situation in which a fish looks 
out through the sides of an aquarium. 
Here, of course, the window is in a verti­
cal plane. The anamorphic distortion re-, 
suiting from refraction would change 
the geometry of objects outside the 
aquarium. For example, an object that 
is in faetpquare would have the shape 
of a pincushion.

The human eye open in water does 
not see any of these optical distortions 
because it is adapted for vision in air. 
About two-thirds of the refraction nec­
essary for focusing normally takes place 
at the surface of the eye. Since the eye 
has almost the same index of refraction 
as water, a submerged eye loses that re­
fraction. It cannot focus on objects im­
aged in the window. You can regain fo­
cus if you wear a face mask to trap air 
next to your'eye. Is there a window then? 
ThereSs none if the plane of the mask is!̂ 
parallel to the surface of the water. 
When the rays pass from the water into 
the air in the mask, the refraction rein­
states their original directions of travel. 
The cone limiting the rays is eliminated 
and therefore so is the window. You 
might want to investigate other orienta­
tions of the face mask.
' ,1 have briefly considered another re­
fraction problem common to fishing. 
Can you see a fish in its true location? 
The problem is crucial if you fish, as a 
few people do, with a bow and arrow. 
Should you aim the arrow directly at the 
fish as you see it? The answer is no. Un­
less the fish is just below the surface, you 
should aim lower in your field of view. 
The rays reaching you from the fish re­
fract according to Snell’s rule, ending up 
with larger angles with respect to the 
"vertical than they had initially. When, 
you receive one of the rays, you mental­
ly extrapolate back along it to find the 
source, being misled into thinking that 
the fish is in that direction.

Lawrence E. Kinsler analyzed similar 
problems about the refraction of rays 
from a submerged object. He pointed 
out that the depth of an object is mis­
judged even when your view is from di­
rectly above it. Much ofiiyour decision 
about the distancgio the object derives 
from the angle through which each eye 
must turn so that the eyes together can 
converge their lines of-sight on the ob­
ject. Since the rays of light are refracted 
before they reach the eyes, the point of 
convergence lies above the object, leav­
ing you with the illusion that the object 
is not as deep as it actually

Observations from other angles also 
involve such an error in the assignment 
of depth. Kinsler’s results (ior a fish) are 
summarized in the lower illustration on 
the opposite page. One ray is included' 
to represent the light that travels from 
the fish to the observer. Actually each 
eye receives a ray from a slightly diffeSl 
ent direction. The observer believes the 
fish lies along a rearward extrapolation
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of the rays. In the illustration the extrap­
olation is indicated for the single repre­
sentative ray. The convergence of the 
lines of sight from the eyes determines 
where, along the extrapolation the fish 
appears to be. The result is that the fish 
seems to be higher on a vertical line run­
ning through its true location.

Such is the illusion for a normal view 
of a fish. Suppose the observer lies on a 
dock with his eyes directed downward in 
a vertical plane. As before the fish seems' 
to be on a rearward extrapolation of the 
rays reaching the eyes. This time they 
seem to come from a place higher and 
closer to. the observer.

You can check these illusions with a 
simple demonstration. Fill a tub with 
water. Look at. a coin on the bottom. 
When your line of sight Is. well off the 
vertical, the apparent depth of the coin 
is obviously inconsistent with the depth 
of the tub. When you then move your 
head so that your eyes are in a verti­
cal plane, the apparent position of the 
coin immediately shifts so that the coin 
seems to be higher and closer to you.
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No matter where you 
live, there’s probably 
a good place to catch 
catfish nearby. Here’s 
all you need to know 
to join the action, 
including a detailed 
state-by-state guide to 
the best catfish waters 
in your region.

The crisp evening held hints of fall 
as Roy Schwass walked to the 
water’s edge at Lake Warren on 
September 9 H 1980. The small, 
private Illinois lake, near Mon­
mouth, Schwass’^  home, offers 
fine crappie fishing. Schwass flicked out a 

Vi-ounce crappie jig. He began a slow 
retrieve, but the lure hung on bottom. 
Schwass jerked to free the jig. The “ snag’ ’ 
jerked back and, to Schwass’ astonishment, 
began heading toward the center of the lake. 
Schwass watched 10-pound line peel from 
his reel until just a few feet of line were left. 
For the next 45 minutes, angler and fish 
played give-and-take, Schwass running 
along the shore to stay close to the fish. 
Finally , he managed to haul onto shore his 
prize— 601/2 pounds of flathead catfish. It 
set an International Game Fish Association 
12-pound line-class record.

•  •  •
Acting on a hunch, Ron Smith of Oklahoma 
City snatched pieces of striped bass meat 
discarded by some Lake Texoma fishermen 
who were cleaning their fish. Smith had 
caught some fine blue cats at night from the 
shore of the lake’s Catfish Bay. Some were 
as large as 10 pounds. He hoped the striper 
meat would produce on the 1980 Thanks­
giving weekend.

He set up shop on shore and, sometime 
after 3 a.m., a nibble roused him. When he 
set the hooks, Smith realized that this was 
no ordinary catfish. He battled in a fish larg­
er than he’d ever imagined catching, a new 
IGF A line-class-record blue cat weighing 
80 pounds.

•  •  •
Claudie Clubb of Heavener, Oklahoma, 
was tired. It was nearly noon and he’d been 
making his founds as a game ranger since 
early morning, checking turkey hunters. 
But he knew he should check the trotline 
he’d set the night before in Wister Lake. As 
soon as he began picking up the line, he 
could tell that he’d hooked a big fish. To 
veteran trotliners, “ big” is reserved for cats 
weighing more than 50 pounds. The flat- 
head that Clubb eventually wrestled into his 
boat weighed 106 pounds.

• • •
Bass angler Jack Bishop of Carthage, Tex­
as, worked a Rebel lure against a brushpile 
at Lake Murvaul. But his retrieve took the



I had to be very close to a bear before 
I could shoot. A cooperative bruin solved that 

problem, but when he peered right into my blind,
I realized he was

TOO CLOSE TO

SHOOT
By Rich LaRocco, Senior Editor

aean-Pierre Elsliger waved his left 
arm through the driver’s window of 
the station wagon at the slender 
spruces and white birches , that 
stretched as far as we could see. “ This part 
of the province of Quebec is full of bear, ” 
Jean-Pierre said with an accent that revealed 

his French-Canadian heritage. “ Our biolo­
gists say maybe two, three a square 
mile.”

He flashed a big-toothed smile at me and 
continued. “ Canadians don’t hunt much 
bear. They consider them pests. That’s why 
we like American people to come to Quebec 
for bear. ’ 1

I was there in May for just that with Jean- 
Pierre and André-A. Bellemare, both of 
Quebec City. J-P works for the province’s 
Ministry of Leisure, Fish and Game, and 
Andre is the outdoor editor of the Quebec 
newspaper le Soleil. This was to be the first 
bear hunt for all three of us. André had a 
scoped Remington 600 bolt-action in .308 
Winchester, J-P had an old iron-sighted 
.303 British bolt-action, and I was hoping 
to score with my compound bow. Our des­
tination was Richer Lodge on Lac 
Echouani, about 280 miles northwest of 
Montreal.

“ You really think you can get a bear with 
bow and arrow?” André asked me.

“ I’ll have a good chance, if I get close 
enough to one,” I replied. Had I known 
right then just how close I ’d get to a bear, I 
might have had second thoughts about this 
hunt.

The miles passed, and soon we arrived at 
the lodge. Trucks, vans and cars, most of 
them displaying American license plates, 
were huddled around the front door, and a 
string of cabins wound up a dirt road along 
the lake, which was at least a mile wide and 
more than Ip  miles Jong.

A wiry man with curly black hair stepped 
out of the lodge and waved. J-P introduced 
him to André and me. He was Raymond

Richer, the man who leased this 53 square 
miles of fishing and hunting territory and 
who had built the camp from scratch.

We spent the night eating and talking and 
laughing. Jean-Pierre had grown up on the 
north shore of the St. Lawrence River in an 
area where there are many bears but few 
bear hunters. He told us that bears there 
were wary but not afraid of humans . Each 
lumber camp in the area has a dump, which 
attracts bears from long distances. Whenev­
er a camp cook goes to the dump, he must 
carry a gun for protection. J-P said some 
lumberjacks even have had to use chain 
saws to run off bears.

There’s a problem with the crazy 
bear, ” he said. “ You never know what he’s 
going to do next. One time a bear came in 
the house. It was maybe 2 o’clock in the 
morning, and a big noise in the kitchen 
woke me up. I got my gun and went in 
there. A bear had knocked the fridge over. I 
had to shoot him.”

The next day Raymond, J-P, André and I 
went downlake in two 14-foot aluminum 
skiffs to check out the bear-hunting stand 
that Raymond had chosen for me. Raymond 
had put some spoiled chicken parts and fish 
heads about 50 yards from the mouth of a 
cove to attract bears . I was supposed to hide 
next to a 10-foot-high boulder about 40 
yards from the bait. That would make for a 
long shot—too long for me.

“ Too bad,|e Raymond said. “ Many 
bears have been coming here. \

André volunteered to hunt there.
We went back to the lodge and drove 

Raymond’s pickup to another bait pile. It 
was at the end of an overgrown logging road 
about 10 miles from camp. Bear trails lead­
ing from the bush had tracks on them, some 
made by a very large bear. A rifleman could 
easily have found a natural blind, but there 
was no cover within 35 yards, and I didn’t 
want to shoot much more than 20 yards. 
» ‘Let® build a ground blind,’’ I said.

In less than half an hour, it was done. 
Inside the blind was an 18-inch-high rock 
for me to sit on and a 12-inch hole where I 
could put my feet when I stood up to shoot 
so that I wouldn’t loom over the blind. The 
blind itself consisted of two walls made of 
stumps, brush and limbs. The higher wall 
was behind me, and the lower one in front. 
In the front wall was a V-notch so that I 
could see the bait about 25 yards away and 
shoot at any bear that might appear there. 
An approaching bear wouldn’t be able to 
see me.

After putting a face net over my head, I 
had Raymond use duct tape to close all the 
openings in my clothing. I’d heard about 
Canada’s bloodthirsty blackflies. Then my 
companions bid me adieu and left. By dark, 
hours later, I had seen no bear, so I walked 
to the main gravel road where I met Ray­
mond in his truck. 
pJlSee any bear?” he asked, ; -

“ Nope,” I said, “ but I saw plenty of 
blackflies. They really got my forehead. ”

“ I see that,;^he said. “ Looks like ham­
burger. IrSf

Back at the lodge, I learned nobody had 
seen a bear. This was unusual. Raymond 
said that during the previous spring season, 
50 hunters had taken 22 bears on Ray­
mond’s lease, but just as many bears had 
been shot at and missed.

The next day I borrowed a beekeeper’s 
head net from Raymond, and it kept almost 
all the flies out. I kept myself awake by 
mashing flies crawling on my gloves. Once, 
just by closing my hands together slowly, I 
killed 28. But still no bear came.

At camp I learned that neither André nor 
J-P had seen a bear, but two of the other 
hunters had each missed a bear. “ Bear 
hunters get too excited,” Raymond said.

The next afternoon we freshened our 
baits with fish scraps and started the long 
wait again. Eventually I fell asleep. When I 

continued on page 92
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The trout's window.

■

BEGINNING with Alfred Ronalds, 
whose Flyfisher's Entom ology  was 
published in 1836, a succession of 
angling writers has described how the 
laws of reflection and refraction affect 
what a fish sees. J. W. Dunne and 
Colonel E. W. Harding amplified, in 
their books, what Ronalds had said, 
and now we have a new book by John 
Goddard and Brian Clarke which will 
make the whole business much 
clearer to those angler who lack a 
scientific or technical background.

J r a n n O t  trace W ith rprtttm tyvA /hr,
coined the term "the trout's window", 
or when it tirst appeared, out while I 
uannoi offer d better substitute, I think 
that the term is to some extent mis­
leading. The "Window" is of course 
not exclusive to trout. The effect 
applies to all kinds of aquatic life.

Refraction has the effect of allowing 
a fish to see the world above the 
surface of the water in which it lives 
through what appears to it as a circu­
lar area above its eyes, fringed by a 
faint narrow rainbow effect. It can see 
next to nothing below a line making 
an angle of about 10 degrees to the 
edge of this circular area.

What writers on this subject have 
stated, but in my view have failed 
sufficiently to stress, is that when the 
fish moves, the circular area through 
which it saps. mnves_wifh it

Thftiisfl¡of the term "window" leads 
people to think of the circular area as if
it were a true window of the sort we 
are accustomed to look through in our 
houses. Apart from the distortion pro­
duced by refraction, there is another 
and more fundamental difference; we 
can move relative to the windows in 
our houses, but a fish can never move 
relative to its "window". If it moves, 
so does its window, so that its eyes 
are always in the window's centre.

Successive writers have explained 
how a floating fly outside the trout's 
"window", moving with the current 
towards the fish, appears first as a 
pattern in the reflecting surface, pro­
duced by distortion of the surface film 
where the legs of the fly rest. As the fly 
approaches the edge of the window, 
the tips of its wings appear first, then 
more and more of these wings, until 
eventually the whole fly becomes 
visible.

When this happens, it is always at a 
distance from the trout that is greater 
than the depth at which the trout is 
swimming — or "hovering". If the 
trout stays in the same place, he will 
have plenty of time to inspect the fly 
after it has moved into his "windov 
And in any case he has the option of 
moving towards the approaching fly 
so as to bring it into his "winflow" 
earlier, or of dropping back, th erw in- 
dow" moving back with him, sq as to

allow a longer inspection.
Anyone who has watched a rising 

trout in a clear stream must have seen 
how, as a fly approaches, the trout Will 
often move forwards by a few inches. 
One can almost imagine the fish think­
ing, "Come on, let's get this fly, if it is a 
fly, through, the prismatic margin 
quickly, so that I can get a proper look 
at it!" If the fish is unsure, he will drop 
back with the fly, looking at it carefully 
before deciding whether or not to take.

We know that at times, trout feed 
very selectively indeed, eating only 
insects of a particular species. In 
rivers, the species are often 
ephemerids which differ, in many 
cases, mainly in colour. 
bottomed bow j^ lam , qifit^ in^pabie  
ot distinguishing between anhamfiriri 
flies of similar size until they are in the 
"window17? lh6V 811 fiave tne same 
number1of legs and the patterns these

RICHARD WALKER 
adds his own theory

legs make in the surface film outside 
the "window" seem identical. Further­
more, while b q H io c  a nH  lo g e  r>f v a r in i iq 

species differ in colour, there is 
less variation in wing colour, which as 

"The wings come into view over the 
edge of the w in H n w  ic  in  a n y  p a ca  

confused by the rainbow or prismaiin 
effect at that point.

Tininx it niahlv unlikely that when an 
ephemerid fly is outside the J'win- 
dow '. a trout can know any more 
about it than its size, and will be as 
unaole as I am to distinguish between 
ephemerids of different species but of 

same size.
If that is so, it means that a trout 

.feeding selectively must see thé fly TTP

selectively; and
i fact that trout do, as we know, feed 

selectively, provides proof that they 
must wait, at least sometimes, for the 
fly to pass into the area of the "win-

dow" before deciding whether or not 
to take it. It follows that certain 
theories that have been advanced in 
the past are suspect. It is held bv some 
that a trout commits himself to take a 
fly wnen ne sees the pattern of its legs 
I n the surface outside the "w indow ', 
or that, following the signal that this 
pattern provides, comes another, in 
the appearance of the wings at the 
edge of the "window", which triggers 
off the take.

I d a  not this thggrx/ I thinlr
the trout w«itc fnr thQ fly tr> ^ mfí 
into his window before he reaches a 
decision about it, and That he mav 

"OTten move himself, and his "win­
dow" with him, to bring the fly more 
quickly into a position where he can 
see what sort it is.

It has been held by some that the 
floating fly in the ^window11 apflgars 
simpiy as a black or dark silhouette 
against TH6 llflht. I know this is not 
tiue, my yu^-um m m gd bd w r tells 
iTO MU. Once a ny nas moved over the 
rainbow-edge of the "window", it is 
very brightly illuminated indeed, and 
while some patterns have opaque 
bodies, most feathers aré translucent 
to a greater or lesser degree. Bodies 
of fur, hair or feather-fibre, also have 
transíucency, in addition to which 
there are effects of diffraction that 
make colours readily distinguishable.

The very fact that light striking the, 
surface aTTih anule leéilhan about 10 
deg reesis totally reflected means that 
anv noating nhjari raraiveg a certairv 
amount of side-lighting, and ¡T5* 
amount is not small. Your forehead 
can, on a bright day, become appreci­
ably sunburned even under a broad- 
brimmed hat, simply by the light 
reflected from the surface of the 
water. So even the opaque fly may be 
side-lit sufficiently to allow a fish to 
distinguish its colours. Conditions in 
which a trout cannot see the colours of 
a fly floating in his window must be 
rare indeed, if they ever exist.

I do not mean to infer that the 
pattern in the surface film produced 
by the legs of a real fly or the hackles 
of an artificial are of no importance. 
On the contrary, I think it likely that 
they provide an early indication that 
something that may prove eatable is 
on its way, and that the appearance of 
wing-tips over the edge of the "win­
dow" may reinforce this warning.! The 
trout is alerted. But I do not believe for 
a moment that he commits himself to 
take until he has seen more than these 
early warnings.

If I am right, it follows that the need 
for the fly-dresser to do more than 
supply these preliminary signals 
remains, for which let us be truly 
thankful. If it were not so, dry-fly fish­
ing would lose most of its interest.

C a \

S I
July, 1980
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GRAHAM SWANSON looks b a ck  a t 'T ron i an d  ' 25  yea rs ago

NOT MANY MONTHS ago, on the way to 
a piscatorial assignment in the Welsh 
Marches, my wife and i found ourselves 
browsing in a bookshop in picturesque 
Hay-on-Wye. We found little of angling 
interest until my wife spotted three 
copies of Trout and Salm on, for July, 
August and September, 1959, Numbers 
49 to 51 respectively. At a cover price of 
2s they were quite a bargain at 15p each.

Having read them, I proposed to our 
Editor that an article looking back at the 
magazine 21 years ago might interest 
readers. He said "No" —  but what he did 
want was a piece looking at the very first 
few  issues to be included in this Jubilee 
issue. He also lent me the first six num­
bers, from July to December, 1955, which 
in those days cost only 1s6d each. 
Although copies of Trout and Salm on  
have a habit of popping up in all sorts of 
places the world over, these six, in a 
bound volume, must qualify as the most 
travelled, having accompanied me sev­
eral times to the Middle East and once to 
Singapore.

How do these early issues comparé 
with today's glossy version, which costs 
the equivalent of 12s? The format was 
slightly taller, and the rather poor-quality 
paper used could not do justice to the 
splendid black-and-white photographs 
which were used on the covers as well as 
within. Unfortunately, no photo-credits 
were given. The cover of Number 1 
depicted a fisherman on the Tay, and that 
on the next issue showed a typical chalk- 
steam, the Anton in Hampshire.

The Trout and Salm on  title was in white 
on a green background, with a logo of a 
trout and a salmon encircling an artificial 
fly, as seen until quite recently on our 
magazine. The Editor was the late Ian 
Wood, who, with his Scottish connec­
tions, worked initially from Glasgow, 
though the magazine was published, as 
now, from Peterborough. By December, 
1958, the monthly net sales were 16,277 
copies, against 38,161 in December, 1979.

Advertisements were not lavish, with 
quite a lot for fixed-spool spinning tackle,

and the editorial of the July 1959 issue 
was taken up with the threat to traditional 
sport by the "threadliners". Other adver­
tisements were for traditional gear, with 
no mention of reservoir tackle as we now 
know it. Silk lines were still king, though 
in the very first issue a new unsinkabfe 
American bubble-line was mentioned, 
the reviewer predicting that it was "the 
answer to the dry-fly fisher's prayer".

Glass rods were seldom featured, but 
then, a good cane rod could be purchased 
for £6 2s 6d. The main suppliers of fly­
dressing materials were Messeena, of 
Leamington Spa, and E. Veniard, of 
Thornton Heath. Perhaps the only adver­
tising more outstanding than today's was 
Sportex's glamorous mermaid with one 
of her tresses discreetly covering the 
really outstanding parts!

☆  ☆  ☆
Howard Marshall, a founder of Trout 

and Salm on, introduced "Our new 
magazine" in the first issue. "W e shall not 
shun controversy," he said. "We shall, 
however, discourage belligerent 
expressions of opinions. There is room in 
this quiet sport of ours for a wide 
divergence of views, but not for personal 
animosity . . . important though the 
theory of angling may be, our true plea­
sure derives from the practice of this 
most fascinating of sports. It is com­
pounded, this pleasure, of excitement 
and tranquillity, of the perfecting of skill 
and the study of nature, of swift rivers, 
hill-encircled lochs and the evening peace 
of the water meadows. We shall t ry . . .  to 
evoke for you some of this delight."

These early issues of Trout and Salm on  
do indeed live up to Marshall's promises, 
with the gentle but firm editorship of Ian 
Wood setting the tone of what game­
fishing is all about. Longer-established 
anglers than I would recognise most of 
the early contributors, but some of those 
who contributed to the very first issue are 
still familiar names today. Richard Walker 
was not among them; no doubt he was 
still pitting his wits against big carp, but

he gets a mention in the advertisement of 
B. James and Son, "makers of the fam­
ous Richard Walker rods".

G. M. Atkinson reported on the Tyne as 
he does still today, and dear, gentle, late- 
departed Lionel Sweet reported from 
South Wales. The prolific Rogie did not 
make the first issue, but he reported on 
Alness and Conon in the next, and has 
been increasing his reportage ever since! 
Major D. Reming-Jones gets a mention in 
Number 1 as a member of the Welsh 
team which came third to Scotland and 
England in the International held on Loch 
Leven in 1955, and Tom Stewart had a 
mouth-watering report on in the loch. The 
average annual catch then was 40,000 
trout, averaging slightly under the 1 lb.

In the fourth issue Tom Stewart started 
his marathon series Popular Flies, No 1 
being the Butcher, with Greenwell's Glory 
his next choice. In December 1955 Colin 
Gibson started his long-running com­
mentary on life in the Highlands. Also in 
December, Roy Eaton, our present Editor, 
gets a mention as the compiler of that 
invaluable publication Where to fish.

By 1959 the magazine had grown half- 
an-inch taller, and the price had crept up 
by sixpence. Apart from the headliners —  
those other "bogey-men", the lure- 
flingers, had not been heard of yet —  the 
main topics of the day were the dangers 
of insecticides, and the ever-with-us 
problems of water-abstraction and hydro 
schemes. Fortunately, few of the gloomy 
predictions seem to have materialised, 
thanks mainly to the raised voices of 
anglers, and other sportsmen and conser­
vationists. There was still nothing from 
Dick Walker, though Commander C. F. 
Walker was about to publish A Lake 
Angler's Entom ology, excerpts from  
which were published. A young Terry 
Thomas contributed a regular, informa­
tive and very practical "Fishing Diary", 
and Dermot Wilson, yet to acquire his 
Mill, was conducting interesting experi­
ments on the Itchen for his series "Dry-fly 
Laboratory". Oliver Kite had a typical 
"gutsy" article on trouting in weedy
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seen for years from a tributary  of the Rennet on a fly hackled with a 
feather casually plucked from his pillow. I forget the weight of the 
nsh, but it was a notable one for the water, where the trout are both 
large and well.educated. Only the strongest protests from my wTife 
restrained me from an orgy of pillow-slashing when I  got home th a t 
night.

I  am well aware of the dangers of generalising from a few particular 
incidents, but such examples could be multiplied in the experience of 
most fishermen who are also fly-dressers. One is forced to the con­
clusion that, so far as the actual catching of fish is concerned, we might 
well borrow from the example of those old Border anglers, who in a 
few feathers, garnered from the farmyard and a pinch of tweed from 
cap or jacket, found all the materials they needed to fill their creels 
with trout.

Lest I be expelled from the Club as a dangerous heretic, or a t least 
publicly de-bagged at the next Annual General Meeting, I  make haste 
to add th a t I  am myself as ardent a collector as any. As a boy I 
collected everything collectable from stamps to seaweed, and the germ 
has never left me. (I hope it never will.) Only an innate shyness, 
coupled with a healthy respect for the Metropolitan Police Force, have 
so far prevented me from pilfering the headgear of female passers-by 
since those exotic-looking hat mounts returned to fashion. All the 
cockerels within a two-mile radius of my home are mentally docketed 
according to co^ur against what one owner recently described as their 

D-Day. I  yield to none—not even to the Member who spends 
most of his afternoons a t the Zoo—in the appreciation of a rare and 
beautiful feather. But, If we say we catch more fish we deceive 
ourselves and the tru th  is not in us."

Let us drop the pretence just for a moment, and adm it th a t we 
collect fur and feather chiefly because it is very good fun.

E u t y c h t /s .

THE TROUT'S POINT OF VIEW
(Some Further Speculations)

J T  is now some fifteen years since the late Colonel Harding gave us his 
memorable book “ The Fly-fisher and the Trout's Point of View," 

and during this passage of time remarkably little seems to have been 
published on the subject of the so called “ window " and other allied 
problems.

As far as I  can find out, Alfred Ronalds, in his " Troutfishers' 
Entomology, first published in 1836, was the first person to set down 
any ideas on paper concerning how the trout sees objects above the 
surface of the water. I  should have expected F. M. Halford to have 
had something to say on the subject, but I can find no mention at all 
of the trou t s point of view in any of his seven works, written
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between 1887 and 1913. He seems to have studiously avoided any 
mention of, or reference to, such matters. In  1911, Dr. Francis Ward 
published his tMarvels of Fish Life,” and followed it up m  1919 with 
I  Animal Life Underwater." Both these books contain a great deal 
of interesting information concerning Dr. W ard’s observation tank, 
which consisted of a plate glass window built into the side of a pond, 
as well as a number of photographs, some of them taken underwater.

The American, E. R. Hewitt, seems the next person to probe the 
m atter further, and in “ Secrets of Salmon,” 1922, he includes a long 
illustrated chapter entitled “ W hat the fish sees.” Whereas Ward ' 
used a right angle observation tank, Hewitt had his observation window 
set a t an angle of 48 |° , the critical reflecting angle for a ray of light
passing from water to air. . ■■

J. W. Dunne’s " Sunshine and the Dry Fly,” 1924, included a 
chapter “ The window in the w ater,” which really throws little additional 
light on the problem. Some se ven years later, 1931 to be precise, 
Colonel Harding’s work saw the light of day, and subsequently, between 
1932 and 1934, there were further contributions in the Fly-fishers 
Club Journal and the Salmon and Trout Magazine by both Harding
and A. C. Kent. •

Much of the aforementioned material is well worth reading, but 
there is one fundamental fact, which has either been glossed over as 
though it was of small importance or, what is even more surprising, 
totally ignored, by all the above mentioned writers, and th a t is th a t 
the trou t’s eye is in water, whereas the eye of the a .
observer, or the  lens of the camera as far as photo 
graphs are concerned, is in air. Ju st let us examine, 
the problem from the first principles of elementary 
optics. Look a t Fig. 1. E.

FlGrURE I.
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The Trout’s Point of View 7,

An object m air a t A will appear to a fish in water a t X  as though 
it were at A u whereas to an observer in air at D, who is looking through 
the wedge of water, the object will appear a t A„. The reason for this 
is t  at a ray of light passing from a rarer to denser medium (in this 
case air to water) is bent towards the normal E , E, and on emerging 
away from the normal F  f |  The normal is a perpendicular to the 
surface. As the boundary surfaces of the denser medium are parallel 
SA° x f ° r n i e thC incident and m erging  ray. The ray trace is therefore

But look a t the great displacement of the image A which the fish 
sees as though it were at A! and the observer sees at An !

|  *n_Flg- 11 (a and b)> 1 have attem pted to illustrate what happens 
in r. rancis W ard s tank in which the observation window is at right 
angles to the water surface. Fig. I I a shows an object a t A subtending 
a fairly small angle with the water surface which will appear to the 
trout X  as though it were a t A u and to an observer D as though a t A„. 

gam, a false displacement. Under certain conditions, however, see 
ig. lib , the ray falling on the plate glass window may be totally 

re ected inside the tank, and lost to the observer’s view !

T»GUR£ Uft
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Fig. I l l  depicts H arding’s and, for tha t 
which had the observation window inclined at 
water surface.

matter, Hewitt's tank, 
an angle of 48£ ° to the
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The same story applies as far as the false displacement of the object 
is concerned, as it does in W ard's tank, shown in Fig. I la  and b, and 
in both cases the observer, being in air is, as pointed out by Mr. Skues, 
“ looking through a prism of water.” In order to see or record what the 
fish sees, the observer's eye must be in the water or, in the case of photo­
graphy, the water must not only surround the camera lens, but also 
fill the space between the lens and the photographic plate or film. Un­
fortunately, both Harding and W ard failed to recognise these facts, 
and the false displacements of the image w^ere complicated by the 
dispersion of light into colours because they were looking through a 
prism. I t  will be seen, therefore, th a t any theories or speculations 
based on such tank observations and/or photographs, fascinating 
though they may be, are in point of fact most misleading, and have led 
the aforementioned authors to make wrong deductions.
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Contrary to their claims, it should be clearly understood th a t 
there cannot be any coloured arcs, fringes or bands a t or near to the j
edge of the tro u t’s “ window,” neither is the fly a t any time similarly 
coloured. Also it is not correct to say that the edge of the " window ” 
is brilliantly lighted as compared with the central region. Indeed the 
contrary7 is the case, the illumination is much stronger in the middle 
of the window and falls off considerably in the last 10° off the horizon.
The reason for this, of course, is th a t the loss by reflection a t 1 ° from jj' J
the water surface is about 89%, at 5° about 60%, a t 30° about 25%,
a t 60° about 5%, and a t 80° only about 1%. j

Perhaps the most strange thing of all is th a t as far as I  can see I
no previous writer has discovered th a t as long ago as 1905 there appeared 
a tex t book on Physical Optics by R. W. Wood, Professor of Kxperi- 
mental Physics in the John Hopkins University, Baltimore, in which 
he describes quite clearly, and illustrates with pictures taken with an 
underwater camera, what the fish really sees. I venture to quote 
Prof. Wood

In this connection it is of interest to ascertain how the j

external world appears to a fish below the surface of smooth water.
The objects surrounding or overhanging the pond m ust all appear
within the circle of light previously alluded to. There m ust be a
great dee.j of distortion of objects which are not very nearly over- |  j

head, bu t we can gain absolutely no idea of their appearance by
opening the eyes under water, since the lens of the hum an eye is
only adapted to vision in air, and when submerged is quite unable
to distinguish the shape of object. There is, however, no difficulty
in photographing the circular window of light and the external
world as seen through it. I t  was found after a little experimenting
th a t better results were obtained with a pin-hole than  with a lens,
and a small camera was constructed which could be filled with !( .;
water and pointed in any direction. If pointed vertically it  jf
recorded the view seen by a fish in a pond ; if horizontally, the
view as seen by a fish looking out through the side of an aquarium. ?
I t  is obvious th a t the plate must be immersed in water, as otherwise 
refraction occurs as in the helmet of diving armour.

“ The fish-eye camera can be made of a wooden or metal box 
measuring about 1 2 x 1 2 x 5  cms. (inside measure.) A hole 3 cms. 
in diameter is bored through the centre of one of the sides, over 
which is cemented a piece of mirror glass with the silvered and |
varnished side facing the interior. The glass must be quite opaque, 
i.e. free from pin-holes in the silvered film. A very small hole 
should be made through the film by scratching it carefully with -a 
needle, before the plate is cemented to the box. This small 
aperture passes the rays of light which form the image to the 
photographic plate which lies against the opposite side of the box.
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The box must be light-tight, and filled with clean water. A little 
consideration will show that the part played by the water in the 
pond is, in this case, played by the glass plate. A number of 
views secured with the apparatus are reproduced below, Fig. 54. 
The camera obviously has an aperture of 180°.

** One of the views is of a railroad bridge passing overhead, 
the other represents the appearance of a crowd of men standing 
around a pond, to a fish below the surface. The two lower views 
were taken .with the camera pointing in the horizontal direction, 
i.e. the views correspond to what a fish sees when looking out 
through the side of an aquarium. One of them  shows a view 
looking both up and down a street, the other a row of men standing 
in a straight line taken from a point only 50 cms. in front of the 
central figure. These last two show in a very effective manner 
tha t the angle of view embraces 180 °."

At this stage, it would perhaps be as well for me to summarise 
precisely what all the foregoing m atter really means and what, if 
anything, is its effect from the practical aspect of angling. Firstly, 
the trout can see from bank to bank, although its horizon is actually 
compressed into an arc of 96°. This is of no consequence whatever 
to the trout, which has never contemplated the outside world in any 
other way. Were the trout able to speak, he might venture to suggest 
th a t fishermen must have a most difficult time living as they do in air, 
and seeing things in a most distorted way with a horizon expanded 
into an arc of 180° ! Secondly, the tro u t’s “ window’ " is more bril­
liantly illuminated at the centre than it is a t the periphery, and finally, 
neither the edge of the tro u t’s “ window," nor the objects or insects 
which he sees through it, are adorned with coloured fringes. By far 
the most im portant point is the illumination of the window, and we 
must have all noticed the disinclination of trou t to surface feed on a 
bright summer's day, even though there is a big hatch of fly. Between 
the hours of 11 a.m. and 5 p.m. the sun is very high and consequently 
there is a concentration of light a t the centre of the window, fading 
off towards the edges. The higher and brighter the sun, the greater 
is this differential.

I t  is generally accepted, and with some good reason, th a t the eye 
of the trou t is sensitive to a low intensity of light, and it is not a t all 
difficult to imagine tha t he is literally blinded by the almost direct rays 
of the sun in the centre of his window, but in an area towards the edge 
of the window, which is not so brightly illuminated, for reasons already 
explained, he will be able to see fairly well. This area a t the edge of 
the window might be likened to a halo, the width of which alters accord­
ing to the height and brightness of the sen and, as far as the fish is 
concerned, is his area of maximum contrast or visibility, in other words, 
where he can see best. I  have noticed on many occasions when fishing
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on a brilliant day, th a t a fly cast just above and to one side of a feeding 
fish will, as often as not, pass apparently unnoticed until it has drifted 
down just behind the fish, which will suddenly turn  round, as though 
it had only just spotted it, follow the fly downstream, and either accept 
or reject it.

I  suggest th a t the reason for this is th a t the fly fell too near the 
centre of the “  window,” and in the same way as an attacking aeroplane 
diving out of the sun is almost invisible to the intended victim, so was 
the fly almost invisible to the trout until it had drifted into the area 
of maximum contrast at the rim of the window. On other occasions,
I have found th a t a fly cast considerably above the trou t is effective, 
and I believe the reason for this is tha t the fish is forewarned • of t h e . 
approach of the fly by its ” light pattern ” (so excellently depicted by 
Colonel Harding), and is therefore waiting for it to drift into the halo. 
In other words, the trou t is expecting the fly.

When the sky is bright but overcast, the fish has a larger area of 
maximum visibility, and although he may surface feed to a greater 

'ex tent, he is much more easily put down or scared, for the simple 
reason th a t he can see much more— floating insects, both real and ' 
artificial, gut, waving rods—and fishermen included ! His visibility 
is further increased just before sunset on a clear summer’s evening. 
Under such conditions he is probably operating under what to him 
are optimum conditions.

Most of us know only too well how " choosey ” the fish are during 
the B.W.O. hatch, or spinner fall a t sunset, and how careful we have 
to be in approaching and presenting the fly to the fish, and how often 
our efforts end in failure ! Under such conditions, a trou t can see a 
great deal further and better than is generally thought.

Finally, as regards sub-aqueous feeding, I  disagree with Colonel 
H arding’s theory th a t a trou t watches the under water mirror bordering 
the window to enable him to intercept nymphs ascending to the surface 
to hatch, or merely drifting downstream towards him. In any case 
he could only use the under surface of the water as a mirror on an 
absolutely calm day, and even then it is so much easier for him to watch 
and intercept the actual insect rather than its mirrored image. I t  is a 
pretty  thought, but quite unnecessary for a trou t earning its livelihood 
to indulge in such feats of optical gymnastics !

. G. C. Monkhouse.

A TWEEDSIDE MEMORY
TT is more than 50 years ago since I had the privilege of making the 
. . acquaintance—and in a dour, Lowland-Scot fashion—the friendship 
of M att Oldham, of Peebles : odd-job man by day, and by night pro­
fessional trou t fisherman on the Tweed.

My meetings with him were all in the evening, when my fishing



we have a long way to go before we can rival the success of 
some other branches, but members can be assured of an 
enfoyable outing or evening if they accept the invitations they 
will receive.

Any Wiltshire reader who is not a member and would like 
information should get in touch with me. It costs less than four 
gallons of petrol to join the Association; a small enough 
premium to protect your fishing from the many threats it now 
faces.

Graham Swanson 
Public Relations Officer, Wiltshire Branch, 

Salmon and Trout Association 
Search Farm House, Stourton,

Warminster, Wiltshire

Latin scholar wanted
CAN ANY reader with enough of his Latin learning still present 
provide translations of the several Latin names and 
expressions used by G. E. M. Skues, especially in the delightful 
Sidelines, Sidelights and Reflections. A few examples are 
^"Integer Vitae", "Simplex Mundishes", and "Scelerisque 
Purus".

P. Kofoed Jensen
Lille VaerlBseyej 72,

DK-3500 Vaerl0se, Denmark

Talking about cameras
IT WAS a great pleasure to read Dr Frank Ridell's carefully- 
reasoned article "Through the Eyes of a Trout" in the January 
issue of Trout and Salm on. As a scientist he presents all his 
facts in a logical manner and it is quite obvious that a great 
deal of research has gone into his writing.

He dealt with the questions of focusing and angle of vision, 
and- while these two important subjects are still fresh in our 
minds, I would like to make a few comments on them, as some 
clarification and verification appear necessary to the angler's 
understanding of them.

For instance, the focusing of a fish's eye, comparable with 
the focusing of a quality camera lens, is highly understandable 
and logical. What has not been dealt with, or made clear to us 
anglers, is the acceptance angle or the angle of view of the 
trout's eye. Dr Riddell states, and I agree with him, that the 
total vision is almost 360 degrees —  practically a full circle, 
allowing each eye its quota of 180 degrees. That means that a 
fish can see from horizon to horizon without any movement of 
eye or body. No camera lens yet made can quite equal that, 
but it can get fairly near with the introduction of rare-earth 
glass and a retro-focus system.

So we have a parallel again with the camera, and if the 
pictures from such a lens are examined, it will be seen that at 
anything but the closest distances, all images are very small 
indeed I Even at 100ft on an 8in x 10in print the bricks in a 
building would tend to disappear, so surely with such a wide- 
angle lens it would be impossible for a trout to see a 10 pence 
piece at a distance of 65ft as Dr Riddell states. Some further 
proof of this is really required.

Furthermore, I do not know from whence he obtains his 
parallel with the vision of the human eye. The accepted 
formula for normal human vision is known as the 'six-six 
axiom' and is accepted in optics and by ophthalmic opticians 
as a main base from which they work. This means that a 6mm  
square detail of letter or figure can be recognised at a distance 
of 6 metres —  a far cry from his 10p coin (28mm) at 650ft, 
about 200 metres I

Now this is where angle-of-view comes into the discussion. 
Faced with such a problem, the professional photographer
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N EW  "GRAPHITE 200"
F L Y  R O D S  FO R 1980

S tart the season w ith  a superbly fin ished Carbon  
Fibre Rod, specially m ade fo r Unsleys of Leeds 
w ith  Fibatube Blanks by one o f the country's  
leading rod builders. Q uality  at a realistic price 
and all PO ST FREE (UK only, Ireland £3.50)
8!4ft AFTM 5 /6 .............................................. £48
9ft AFTM 5 /6 .................................................   £50
9ft AFTM 7 /8 ..............................................   ....£50
9y2ft AFTM 8 /9 /10 ............   £59
10ft AFTM 8 /9 /1 0 ........................................    ..£62
101/ 2ft AFTM 8 /9 /10 .....................................  £64
All the above rods are two-piece with a reinforced 
hollow spigot ferrule. Fuji butt and tip rings with hard 
chrome intermediates for extra lightness. The reel 
fittings on the 814ft and 9ft rods are a high quality 
lightweight screw grip fitting on a cork barrel. The 914ft, 
10ft and 1014ft models have a lightweight screw reel 
fitting with provision for an extension handle (extra). 
Whippings are black with red tips, blue cloth bag 
included. All rods delivered in plastic tube.

THE "NU FISHER" JACKET
WATERPROOF 

WINDPROOF WASHABLE
Two patch pockets : Storm cuffs : 
two-way heavyweight zip with 
veicro-fastened storm flap : extra 
long to cover waders — well cut 
hood with draw cords : made 
from polyurethane proofed nylon 
in country olive.
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40"-42". LARGE 44"-46'\ 
OUTSTANDING VALUE AT
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MATCHING WATERPROOF OVER­
TROUSERS (ELASTICATED WAIST). 
SMALL -  MEDIUM -  LARGE
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Wilco Folding Landing Nets
(Knotless)
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No 20 Telescopic (Trout)...........................  £11.51
No 15 Telescopic (Trout)......... ..................   £9.87
No 25 (Sea Trout).......    £14.80
No 50 (Sea Trout/Salm on)........... ............................£16.91

Wooden Fly Boxes 12" x 8"........................................ . £5.75
(Ethafoam lined)

COMPLETE FLY TYING OUTFIT 
with Veniard Vice..................................................... £17.50

UNSLEYS OF LEEDS
(Est. 1780)

m rm  28 KIRKGATE, LEEDS LS2 7DR. 
h— I Tel. 0532 452790. l^ Q l

T o  Unsleys o f Leeds, 28 K irk g a te , Le e d s LS 2  7 D R . 

Please send the following item s..................... .

.............................................................................. I enclose £.
n a m e ...................................................... ..............
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Leiters
would whip off his wide-angle lens and substitute a telephoto 
lens, which has a very narrow angle of acceptance. By this 
means he would produce a larger and therefore much more 
visible image. This brings us back to my original thesis; how 
can we reconcile the wide-angle lens in a trout's eye with its 
ability to see very small items at long distances, whether in 
water, or through water into air?

The diagrams on page 43 of the issue concerned confuse the 
issue and would be optically possible only if the boat and 
angler on the bank depicted were almost on top of the fish I 
Take them both away to a distance of, say, 30-50ft and they 
would, with the trout's wide-angle eyes, be almost invisible 
specks on the fish's horizon. So, in my lay opinion, coloured as 
it is by a lifetime of professional photography, I must conclude 
that Dr Riddell has not given an answer to the basic question, 
and we are still left with the conundrum.

My original fantasy of a lens deformed aspherically to 
produce a zoom effect was a possible solution, but without 
scientific backing. So there must be som e  method by which 
the fish carry out this amazing function. The introduction of 
the paragraph on the resolving power of a trout's eye-lens is a 
red herring and not relevant to the major problem still waiting 
to be solved: how can an extremely wide-angle lens produce 
large detail at a considerable distance??

I do hope that Dr Riddell can pin down this one, as, to my 
mind, it is the most important problem of all, the solving of 
which would give us anglers a solid base on which to plan our 
fly-tying and our fishing methods.

I am quite happy for my theory to be completely wrong, so 
long as another satisfactory and provable theory can be put in 
its place.

Alec Pearlman
Arkley, Hertfordshire

Easier, stronger 'Pa' flies
ONE OF THE more tiresome operations in making a 'Para­
chute' fly is passing the tip of the hackle through the loop prior 
to securing it. The normally recommended way of doing this is 
by the use of a small pair of tweezers. However, it will be found 
that a small crochet hook not only facilitates the operation, but 
enables you to work with a smaller loop which gives you a 
longer hackle stalk and loop with which to work.

J. W. Booth
Pulborough, West Sussex

Carbon rods do differ
THE IDEA seams to be getting around that the manufacturing 
costs of carbon blanks are always the same, and that market! 
ing policies account for the wide variation in price. I'm afraid 
that this isn't the picture. Undoubtedly marketing structures 
can influence retail prices, but with both glass and carbon, 
manufacturing processes and raw-material choice vary, giving 
consequent differences in quality, selection by customers, and 
eventual retail price.

It would now be possible to give a long list of these technical 
differences, but the easiest way to demonstrate the differences 
is by the weave of the cloth from which both glass and carbon 
rod-blanks are made. It is possible to choose a material with a 
wide, relatively coarse, weave and then to put fewer turns 
around the mandrel before cooking the blank. Many would 
prefer to choose a much closer and finer weave of cloth, and 
thinner wall, even with more turns around the mandrel.

There is less difference between carbon and glass blank 
manufacture, but in a glass blank the difference can easily be 
seen. If, say, you examine a Conoflex glass blank, you can see 
its fine grain, which explains its higher cost, and many home

3 0 Trout and Salm on
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long been the object of attention of members of the Club 
and their guests and some fish coming yards to take it. 
Grayling also accepted it freely.

The old anglers patterns were, of course, dressed to 
sink and it is only since the dry fly became effective that 
patterns were evolved, like the quills, whose business it 
was to float and to suggest surface flies. The older pat­
terns of duns would naturally have been the more effective 
the more they reproduced the features of the nymph.

S.A.S.

Fly-Fishers’ Club Journal, vol. 15, No. 59. Autumn, 
1926.

VII

TRANSLUCENCY

I am inclined to think that the argument in favour of 
translucency or transparency of trout flies has been worked 
pretty mgh to death. It is assumed for the purpose of the 
argument that a trout rising to the fly always has the fly 
between itself and the fight— and that therefore the artificial 
fly always looks black and opaque in strong contrast with 
the natural fly which looks transparent or translucent. 
If this thing were as universally sound as its advocates 
would have us. believe, trout would rarely be caught with 
the artificial fly— and we know well that is not the case. 
That there is something in the theory cannot in honesty 
be denied. But it is far from universally true. One 
constantly finds a trout taking a fly which has covered him 
several times in vain. Why ? Probably because he sees it 
on the fatal occasion at a different angle with the fight upon 
it in such a way as to give it the appearance of a natural 
fly. Perhaps the fly has been passing all the time on his
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TRANSLUCENCY s6g

right side between him and the sun. It is there black and 
opaque and did not suggest a natural fly. But let it pass 
down on the opposite or left side and the sun illumines it so 
that it suggests by reflection the translucency which it 
has not in nature»

In truth there are more ways in which the fly can reach 
him looking to him like a natural fly than otherwise. In 
1911, when looking up at flies on the surface of Dr. Ward's 
pond at Ipswich, from the underground glass fronted 
chamber in the side, I was greatly impressed by the extra­
ordinary clearness of detail in which one saw artificial flies 
floating in the window of surface vision. There was then 
no effect of blurring or opacity. No doubt this was because 
the outlook through |  the window ” was not into the eye

Putting it broadly, I should say that a floating fly 
delivered to trout will quite as often in a day’s fishing be 
seen in its colours as resembling a natural fly as it will be 
seen black and opaque against the light. In the case of a 
wet fly, the odds in favour of the trout seeing it as he is 
meant to see it are much longer. It will seldom be between 
his eye and the source of light. So that if the pattern be 
well devised to give by reflection the appearance or sugges­
tion of translucency, it will be good enough for most 
practical purposes. Many dubbings and some herls suggest 
translucency^ admirably. So does the shiny, surface of 
peacock s quill, so like the bodies of many nymphs.

The argument in favour of translucency is in truth a 
counsel of almost unobtainable perfection. If it were 
obtainable it would, I agree be desirable, but in practice it 
is not obtained very often. And yet trout continue to be 
killed. I am not forgetting Mr. J. W. Dunne’s ingenious 
invention for obtaining translucency— but I cannot recon­
cile myself to his methods of wing suggestion, and such



370 SIDE-LINES, SIDE-LIGHTS &  REFLECTIONS

success as I have had with flies with bodies of artificial 
silk tied over white enamelled hook shanks has been 
obtained by the use of ordinary starling wings or hen black­
bird wings and silk of such colours as appeared to me to 
reproduce the appearance of the natural insect without 
paying regard to the elaborate combinations and blendings 
formulated in “ Sunshine and the Dry Fly.”

S.A.S.
Field. 1929.

VIII

WHEN WEEDS ARE . ADRIFT

It is a misfortune of the length of the Itchen on which I 
spend most of my week-ends during the season, that twice 
a year, once in the first half of May and once towards the end 
of July, both that length and the fisheries immediately above 
are subjected for the miller’s sake to a weed-cutting which 
leaves the bottom of the river practically bare. The masses 
of weed which come floating down from above must carry 
with them enormous quantities of trout food in the shape of 
shrimps and nymphs or larvae. But it would seem that 
insects which are content to harbour in the weeds are not so 
content to remain in the same weeds when they are detached 
and floating with the stream ; and it has been m y observa­
tion in previous seasons, as in the present one, that they
swarm into quiet eddies, where the trout takes heavy toll 
of them.

This season, after the May weed-cutting on my length was
over, I had a week-end and one which was rather instructive 
in this respect. The general direction of the river is north 
to south, and during the two days in question there was a 
strong wind blowing across from the west with a slant to­
wards the easterly, or left bank. For some two hours on the
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REFLECTION

and justify, the use of such large and garish flies as are 
illustrated in these American works, and that such are not
to be sneered at or condemned because they are not as our 
flies.

The moral suggested by the argument here presented for 
all classes of fishers for trout is that it would be well for them 
to confine moral indignation and condemnation to breaches 
on their own waters of the conventions which the conditions 
of those waters dictate, and to unjust criticism of their 
methods on the part of outsiders, and to exercise a large 
charity towards practices on other waters which may be 
dictated by conditions of which they are not cognisant.

E.O.E.

Salmon and Trout Magazine, No. 57. April, 1928.
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REFLECTION

In the early days of the present century I had a series 
of holidays in Bavaria on a water where the May fly teemed 
and trout of fair size were plentiful, and I used to take out 
with me for these holidays a large selection of May flies in. 
several sizes and of differing colours, ranging from the 
palest Summer duck to a tint almost as dark as the bronze 
of Brown Mallard, and, though the fish could not be called 
difficult, it was a curious fact that each day they appeared to 
affect one pattern rather than another, and that the size of 
the score was very much dependent on one’s finding out, and 
finding out as early as possible, the particular pattern which 
on the day in question suited their vagrom fancy. I never 
found out the precise reason for the changes of fancy ex­
hibited by the trout, and though I guessed that it was due



\

m m m m ,

|| > V ' ^
| r^Jy^y_j 
‘Mwmmm‘/is«

440 SIDE-LINES, SIDE-LIGHTS &r REFLECTIONS

to vanatmns in the light, or the colour of the sky, I never
could formulate any theory which I could apply to the
parhculax conditions of each day so as to deduce what shade
of fly would prove most attractive, and I had to go on
empirically, changing patterns until I found the most fatal 
medicine.

My last visit was in 1909, and I had done little May-fly 
fishing since. It thus happened that in the beginning of the 
present year (1927) I had still a large collection of unused 
May flies, and I  took down an assortment of several shades 
for a week-end visit to the Upper Kennet as a precautionaiy 
measure, though I sincerely hoped to find that the May .fly 
was over for the season. As it fell out, however, I ran in for 
an early stage (though not the earliest) of the main hatch, 
when the trout were beginning to take the fly on the surface*

JII My supply of 
I  B f  and SedSeswhich I had hoped to use had, therefore,

|° f §  pUt by> and the May  fiies substituted. For a wonder 
m this year of storms both days were warm and bright with 
an open blue sky, and after trying several patterns and 
observing how much brighter they looked on the surface 
than the natural flies, and finding that such trout as rose 
often came short, I tried a cork-bodied pattern with dark 
wings of a brown Mallard hue and I found that this appealed 
to the fish better than any other I had tried, and in the two 

ays fishing I landed some fifteen brace, putting back most 
of them. Other rods on the water to whom I gave the same 
pattern of fly found it attractive, and took fish which had - 
hitherto been coming short. I was not sure of the reason 
which made this particular fly more attractive than others 
and I relegated the experience to the same class as those 
which I had had m Bavaria. But thinking the question
over I recalled an earlier, but recent, experience with the 
small f ly .' . j
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Some three or four years since, I had been on Itchen-side 
one morning early in May, just after the Spring weed-cut, 
and, as usual, the miller, who maintains his right immemorial 
to cut the weeds, had cut them to the bone, leaving the 
bottom almost bare. Nevertheless, there was a fair hatch of 
pale watery duns of Spring, and the trout soon began to take 
them or nymphs, not under the banks as one might have 
expected, but in the open all over the river. There was 
a faint air from south-west which, though up-stream in 
trend, was insufficient to create a ruffle. It so happened 
that I had lately been, dressing some flies with bodies of floss 
silk (of a yellow which goes greenish when oiled) wound over 
the bare hook from shoulder to tail, under the ginger whisks 
then over and back to the shoulder again and with a pale 

cock s hackle. This, would have been like enough to 
No. i  Whitchurch for all practical purposes, but I had varied 
the pattern by using the darker-hued hen blackbird for 
wings and tying it a size larger. So, recollecting that the 
Dark Spring Olive had still been on in my last week’s visit to 
the water, and thinking there might still be a scattering 
among the more numerous Pale Watery Duns, I knotted one 
on to my cast and covered the first rising fish with it. He took 
it the first time I covered him and proved to be two-and- 
three-quarter pounds. A few minutes later I was in battle 
with a second trout which took the same fly and pulled 
down the scale at exactly three pounds, and I took a brace of 
smaller fish before the rise, which was a short one, was over. 
But while it lasted I did not see a single large Dark Spring 
Olive, and I was not a little puzzled to divine why the dark 
wing proved so effective.

I recalled, however, that many years ago, when I main­
tained a long angling correspondence with the only begetter 
of Tup’s Indispensable, the late Mr. R. S. Austin, he had ' 
told me that in dressing winged trout flies, most, dressers
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tied them with too pale a wing, and he recommended me 
always to use as dark a wing as possible. He never ex­
plained to me the grounds of his opinion, and it may be 
that he did not know, or had never put himself to formulate 
the reason, but had laid down the rule as an outcome of his 
long and varied experience. So I had put the incident by 
as one of those many unexplained and often inexplicable 
things which happen in trout fly-fishing. Nevertheless I had 
not entirely forgotten it and on several subsequent occasions 
I had put up the same pattern when Pale Wateries were on, 
both the Spring and the Autumn kinds, and had at times 
found it deadly.

Yet I still had the unsolved question in the back of my 
mind, awaiting a further clue, when in a volume which I 
picked up and read after the trout fishing season was over, I 
found some fishing talk which seems to me to present the 
solution for which I had been seeking for years— from the 
hand of an author long since dead. I feel, therefore, justi­
fied in quoting his ipsissima verba and I hope not to be sued 
for infringement of copyright. The author is J. Arthur 
Gibbs and I quote from pages 158 and 159 of “ A Cotswold 
Village/’ second edition. Writing of May-fly fishing he 
says

“ As a general rule they cannot be too dark.
“ Some years ago we caught a live fly, and. took it up to 

London for the shopman to copy. | At last/ we said to 
ourselves, ‘ we have got the right thing.’ But not a bit of it. 
The first cast on to the water showed us that- the fly was 
utterly wrong. It was far too light. The fact is the insect 
itself appears very much darker on the water than it does 
in the air. But the artificial fly shows ten times lighter as 
it floats on the stream than it does in the shop window.

Dark mottled grey for your wings and a brown hackle, 
with a dark rather than straw-coloured body, is the fly we

find mosl 
too light 
by expei 

In otl 
makes tl 
appears 

This eJ 
had at tl 
dreadfulll 

I imas 
learned 
the hope 
not least 

Probat 
attractive 
light. Bj 
for Mr. Di 
insects b]

Fly-F

In his 
Fishers' 
desirabilit] 
when he sj 
small rod 1 
find it dif| 
fishing is 

The sm£ 
there but



4

§ 1 5 - h' ' %? 9IP?lfcPf̂T% >V 5' * ' i3p§||ij

LIGHT RODS— FINE TACKLE 443

find most killing. . . . I suspect there is a tendency to use 
too light a fly everywhere, save among those who have learnt 
by experience how to catch trout.”

In other words the reflection of light from the water 
makes the artificial fly much lighter on the surface than it 
appears in the hand.

This explains why a colleague of mine on my water has 
had at times a hitherto unexplainable success with some 
dreadfully tied but quite dark Greenwell’s Glories.

I imagine the lesson conveyed by Mr. Gibbs has been 
learned and forgotten many times— but I record it again in 
the hope that it may be of service to many a brother angler, 
not least to those who tie their own flies.

Probably a dark fly may present by reflected light as 
attractive in appearance as a natural fly by transmitted 
light. But even if this be so, it does not prejudice the case 
for Mr. Dunne’s flies which get their effects, as do the natural 
insects by transmitted light.

S.A.S.

Fly-Fishers’ Club Journal, vol. 17, No. 65. Spring, 1928.

X X

LIGHT RODS— FINE TACKLE

In his article under the heading in No. 68 of the Fly-. 
Fishers’ Club Journal, N.F.B. very soundly stresses the 
desirability of killing a trout in the minimum of time. But 
when he says that Americans are really the pioneers of the 
small rod and fine leaders movement and have overdone it, I 
find it difficult to accept his proposition so far as trout 
fishing is concerned.

The small rod has undoubtedly been gaining in favour over 
there but so far as my observation goes the American, using
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