
Datus C. Proper
1914 N. Johnson St.
Arlington, VA 22207
Feb. 21, 1937

Mr. Robert A. Bachman 
Rt. 1, Box 243 
Recovery Drive 
Centreville, Md. 21517
Dear Bob,

Thanks for the splendid portrait of Beethoven. I enjoyed 
figuring out the dot sequence. The picture could certainly have 
been taken on Thompson's, and I hope you'll have a chance to do 
similar photography there one day.

My impression is like yours: the trout in Thompson's act 
like yours in Spruce Creek. There may be a couple of exceptions.
1. Some of the lies change from year to year, simply because the 
weeds change. A number of pools are formed by chance as the 
plants grow, and of course the fish adapt. This doesn't apply to 
the pools controlled by permanent features, of which there are 
several. (I hope there will be more as soon as I can get in some 
stream improvements. Next summer I'll be looking for a cheap way 
to do that. Want to try logs secured by iron bars, but if you 
have seen any better ideas, pleas let me know.)
2. I haven't figured everything that happens in late fall and 
winter. Some of the trout stay around, apparently using muskrat 
holes for refuge. There is a shortage of good winter holding 
cover, and stream flows are low at the time. Before that, during 
the browns' spawning season, I may get some migrants up from the 
East Gallatin. One fellow swears he saw a 30" brown in late fall, 
and I'm not aware of any that big in the summer. Could be, though 
—  a 7-pound fish was taken on an artificial grasshopper a few 
years ago.

When I get a chance to spend the season on Thompson's, I'd 
like to do some tagging or fin-clipping to help settle these 
questions, and to find out how often the fish can be caught. As 
you discovered, they get awfully spooky. By late August they 
were nearly unfishable on bright days.

I haven't been fishing in Maryland for years and probably 
won't try it again unless you find something good. Believe I 
mentioned that Big Hunting Creek seemed poor to me even twenty 
years ago, before the dam. Went nearly stagnant in the summer, 
and in the spring the trout were all stocked. The Shenandoah 
streams were a pleasant contrast when I discovered them.



Robert A. Bachman
241 SOUTH PENNSYLVANIA AVE. 

CENTRE HALL, PENNSYLVANIA 16828
814-364-9983

January 28, 1986 

Dear Datus,
Thanks for the opportunity to review your 
manuscript on "The Best Thing About Trout". 
I like the way you think! It's good.
I hope you didn't get the idea thari was 
getting too picky, but I wouldn't be doing 
you any good if I just said it's great.
(But it is.)
There is still a lot we can all learn 
about how and why trout do what they do. 
Selectivity is, no doubt, one of the most 
fascinating things about trout, and I'm 
not sure we will ever figure it all out.
But it sure is fun trying.
Hope to see you this summer some time. Ever/j 
fish the Delaware? It can be dynamite in 
the spring! v

Cheers.

Bob Bachman



Datus C. Proper 
1914 N. Johnson St. 
Arlington, VA 22207

Dear Bob 2/22/86
Thanks for your letter of January 28 and for your help with 
my manuscript on selectivity. I made a number of changes after 
our talk. After some thought, I did leave in the passage about 
the trout's large mouth, but I changed it somewhat and made 
clear that I was offering an opinion which which biologists 
might disagree. I also referred to the mouth later on, in 
another connection. Photocopies of both these passages are 
enclosed. No action needed —  just didn't want you to think 
I had ignored your comments, when and if you see this in 
Trout magazine.

It may be that the grayling is in fact a more efficient 
insect-feeder than the trout. Some of the British seem to 
think so, at least; I don't know. The grayling do seem to 
fill a niche in the chalkstreams that is similar to the Rocky 
Mountain whitefish in Montana. Both are fish that look insectivorous 
to me. I was surprised to find myself agreeing (after fishing
down in numbers.

I was glad to have the full version of your paper 
on foraging behavior. I had read the simplified version of it 
in the magazine. Found it a welcome relief from assertions 
by fish-writers over the years that trout get most of their food 
off the bottom. I don't know who first said it (Hewitt?), but 
it has certainly been repeated without thought too often.

Also enclosed is a copy of an article from The Field.
It appears to summarize some really interesting research.
Among other things, is seems to support a thesis of my book, 
which is that trout pay more attention to the behavior, size, 
and shape of a fly than to its color. If you know where I 
can get the paper this was based on, I'd appreciate a reference.

Thanks again.

the Itchen for a while)

Yours



Robert A. Bachman 
Rt 1, Box 243 
Recovery Dr.
Centreville, MD 21617

Feb 8, 1987

Mr. Datus Proper 
1914 N. Johnson St.
Arlington, Virginia 22207

Dear Datus:

I can't tell you how much I appreciated the fishing on 
Thomson's Creek last summer. That is a fabulous resource.
I had a great time, because those are some of the toughest 
fish I've ever tried to catch. Not because they were 
"selective", but because they were so hard to approach 
without spooking. Of course, it didn’t hurt to find that 
when I watched them, they behaved exactly the way my trout 
at Spruce Creek behaved. I addition to having fun, I 
learned a lot.

I told you most of the details of my fishing. When I was 
there in July, the fish were feeding mainly on pale morning 
duns. It seemed that they would readily take a reasonable 
approximation if̂  I could present a drag-free drift to an 
unalerted trout. But, as you know, that is no small 
challenge there. I used the heaviest tippet I could with 
the size fly I used, and that usually meant 6X. The only 
fish I broke off was the big bank-sipping brown, but that 
was my fault. If I had been using my 2 weight, I might have 
had better luck.

It was after I left your place, and had fished on the 
Madison and the Big Horn that I realised what a nifty piece 
of equipment that 2-weight rod really is.

Enclosed is a photograph of one of my trout at Spruce Creek. 
(Beethoven). Thought you might like it.

I still hope to meet you before too long. If I find time to 
get in some quail hunting I'll be sure to get in touch, but 
February is fast slipping away.
Cheers!

Bob
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HE STREAM BELOW ME was alive 
with yellow-bellied, red-and-black- 
spotted trout, their dorsal, pelvic and 

anal fins delicately outlined in white. The distinctive 
black spots, set off by a light halo, and the red edging 
of the adipose fin told me they were European brown 
trout, Salmo trutta L., now as American as Mac
Donald's and Stroll's and frankfurters and scotch.

Only days before I had been walking the banks of 
Spruce Creek in Pennsylvania, half-heartedly looking 
for a place to set up observation towers from which I 
hoped to learn something about trout behavior. Pro
fessor Robert L. Butler, my thesis adviser, had 
suggested that I ''study" trout by watching them from 
towers. When I first saw Spruce Creek my heart sank. 
The banks were lined by a thick growth of brush and 
overhanging grasses, and many of the pools and riffles 
were edged with snags and log jams. I wondered 
whether Dr. Butler was a trout fisherman. If so, 
perhaps, like many other anglers, he had fished only

hidden under rocks and undercut banks, or in deep, 
turbulent water? Or that they only venture out into 
shallow water at dawn and dusk, or when the stream 
is muddy?

As I walked up and down the banks of this section of 
Spruce Creek, owned by the Pennsylvania State Uni
versity, I repeatedly crossed the stream at the tails of 
pools.Each time I crossed I spooked what appeared to 
be a few small trout. Since the water surface was 
relatively flat and calm, and since it appeared that at 
least a few small trout were present, I set up my first 
observation tower among some honey locusts near the 
tail of a large pool. I was totally unprepared for what I 
saw the next day. My years of fly-fishing for trout, and 
the litany of the angling fraternity, had convinced me 
that brown trout, especially wild brown trout, were 
shy, reclusive creaturesT^But here were dozens of 
brown trout feeding in the bright July sunlight, clearly 
visible to me from my vantage point some ten to fifteen 
feet above the stream. And they were pot just fry and 
parr. Most of them were eight to twelve inches long. 
Butler was right. I really could study wild brown trout 
without handling or constraining them!

I spent the better part of the rest of that summer 
working out how best to observe the trout, what data 
to record, and how to record it. I would like to say that 
it was easy and the ideas were all my own, but that is 
not how science works. For example, my most valu
able tool, a huge old 400mm telephoto lens borrowed 
from the still photo lab of Penn State was originally 
brought out to Spruce Creek by Mark Corneal, an 
undergraduate student who first helped me with the 
observation towers and other "forced labor." Another 
student, Mark Gammerman, came up with the idea of 
using video equipment to record the movement of the 
fish.

M any of those first days were spent just 
watching. Like many other anglers, I had 
often seen trout from bridges, or caught 
short glimpses of trout while approaching a stream 
bank in deep grass or brush, but I had never really 
concentrated on the same part of a stream for days at a 

time. After the first two or three days I was fairly sure 
that I was seeing many of the same trout each day, but 
I did not know how I could be certain. Other scientists 
had identified individual animals by more or less per
manent marking such, as nicks and scratches on the 
dorsal fins of dolphins. But these trout were mint 
perfect!

Nevertheless, certain individual fish gradually be
came more and more familiar to me. The trout were 
quite motionless for fairly long periods of time, and I 
was observing them through eight-power binoculars, 
so I could see them quite well. Suddenly it hit me! The 
black spots formed distinctive shapes like constella
tions of stars, and each one was quite different. I had 
found a method of identifying individuals, but now 
had to be able to demonstrate that it would work 
consistently^ The 400mm telephoto lens was the an
swer.

I started taking photos of every trout I could find and 
naming them. One, a particularly colorful fellow with 
bright yellow pectoral fins I called, not very originally, 
"Yellowfin." Another acquired its name from its spot 
pattern in the shape of the Greek letter Lambda. Still
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another had three spots in a straight line followed by a 
space and then another spot. By this time I was assign
ing the fish numbers and this one Was named 
/'Thirty-One." He was later also known as "Beeth
oven" because his spot pattern reminded one observer 
of the famous da-da-da-DUM of Beethoven's Fifth 
Symphony. In all, in four years of observations at 
Spruce Creek, I identified nearly one hundred differ
ent trout .. Photographs showed that the spot patterns 
remained unchanged as the trout grew over the four 
years of observation.

Within the first few days T realized that the same 
trout were using the same feeding sites day after day. 
They saf ifl M t  or on top 'MM but always on the 
downward-sloping rear surface — of a rock or other 
submerged object From these *Ties'7 the trout would 
darTEotittEIcept food items drifting by on the surface 
and in the water column. Each time a trout left such a 
lie or feeding site, the current would begin to sweep it 
downstream. Immediately after the nymph or mayfly 
was intercepted, the trout would quickly work its way 
back upstream, keeping near the bottom, where the 
current was weaker. Only occasionally would a trout 
spot and take somethingpff the bottom!

I noticed that the position of the trout when in the 
feeding site had a precision measured in fractions of an 
inch. It was quite apparent that the trout chose lies in 
places where they were protected from the current but 
at the same time had an unobstructed view of food 
drifting downstream to them. I could see, for example, 
that when a trout was in its lie very little effort was 
required to maintain its position in the stream. It took 
only a slight movement of the pectoral fins and a flick 
of the tail to propel the trout into the slipstream to 
intercept food. The stream was acting like a conveyor 
belt, carrying food to the waiting trout.

The precision of the feeding sites also provided a 
reference for measuring the home range of individual 
trout and the location of feeding events and other 
activities. Typically, each trout used from six to ten 
feeding sites within an are& 6f approximately 150 
square feet, although the majority of the fame was 
spent in only three or four such sites. The area in 
which a trout spent most ot its time, its home range, 
frequently overlapped the home range of its neighbors 
by a considerable amount. In fact, the home range of 
one trout might be completely contained within that of 
another. It was not unusual to find two or more trout 
using the same feeding site sequentially throughout 
the day. However, no two trout ever used the same site at 
the same time.

Whenever a trout in a feeding site was approached 
by another trout a fight or "agonistic encounter" was 
likely to ensue. The winner of such a contest was 
usually the larger of the two . It was quite apparent that 
neighbors could recognize each other, for the smaller 
of the two would retreat or give way to the larger with 
little or no contest. But trout of equal size, and stran
gers, were much more likely to engage in protracted 
and energetically taxing contests. The result of these 
agonistic encounters was a fairly rigid "pecking order" 
or dominance hierarchy which remained remarkably 
stable from year to year.

Despite the abundance of snags, undercut banks 
and overhanging vegetation, it was a rare occasion

when I could not find a trout I wanted to observe. I 
could see less than one fifth of the total area of the pool 
from the observation towers, but I had better than a 
60% chance of seeing any fish that I wanted to observe 
at any time of the day. Obviously the trout were not 
wandering all over the pool, but had very restricted 
home ranges and they rarely were hidden from my 
l^iew from the observation tower. That is, they rarely 
mere under what is normally referred to as "cover. ~~
TT The trout typically responded to the overhead flight 
of a kingfisher, crow, grackle or other potential pred
ator by a sudden dart to one side or the other and then

"Obviously the trout were not 
wandering all over the pool, but had 
very restricted home ranges . . . they 
rarely were under what is normally 

referred to as 'cover'."

pressing their bodies tight against the bottom and 
remaining perfectly motionless. In such a configura
tion they were very difficult to see. In the absence of 
further fright stimuli the trout would usually resume 
feeding within a minute or two. Stronger stimuli, such 
as the approach of a human, or repeated short stimuli, 
resulted in a wide dash for the nearest brush pile, 
undercut bank or sparp beneath a rock. In such rare 
cases the trout normally did not return to their feeding 
sites for at le^st twpnfy mimifps.nrhe trout in Spruce Creek rarely, if ever, 

got enough to eat. Although Spruce 
Creek is a highly productive, very fertile 

stream, the trout were always feeding. There was 
never ¥  time from dawn t6 duskihomApril through 
October when thelrout were not feeding. To be sure, 
the feeding rates varied greatly from hour to hour and 
day^to day, but in the long run there was little differ- 
ence in the feeding rates from one hour to the next, 
except for short flurries of activity at dusk in May and 
June during the evening sulphur hatches and spinner 
tails. Even when "Beethoven" downed two huge 
crayfish within the space of about twenty minutes his 
ravenous appetite was little affected. He went right o~ 
picking off mayflies and caddisflies as though h 
hadn't had a thing to eat for weeks.

As I mentioned, the trout took a relatiye^ small 
quantity of food off the bottom. Less tha|tl2% of the 
more than 15,000 feeding events I recQJxled in
volved bottom feeding  ̂ even though practically every 
rock in Spruce Creek is covered by caddis, mayfly and 
stonefly nymphs.-Most of these are not available to the 
trouteFirst of all, many of them are under the rocks 
and in the spaces between the rocks. Second, they/ 
like the trout, are quite cryptic in coloration and are not 
easily seen. A trout can see only a small portion of the 
bottom at any given time from its feeding site less than 
a centimeter off the bottom. Items in the drift, how
ever, even those which are submerged, are silhouetted 
against the sky and are therefore more visible than 
things on the bottom ^  y
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The trout moved from one feeding site to another 
like marbles in a Chinese checker game. They moved 
immediately and directly from one discrete site to the 
next. Virtually no time was spent cruising the area in 
search of food on the bottom. The most probable ex
planation, it seems to me, is that the extra energy the 
trout might get by searching for food on the bottom 
would not compensate for the energy spent in con
tinually fighting the current.

Occasionally the trout would rise off the bottom and 
remain stationary with respect to the bottom by 
swimming at the same speed as the current just be
neath the surface, while sipping insects on the surface. 
This occurred only when there was a superabundance 
of food on the surface and only for short periods of 
time, usually less than fifteen minutes.

The trout spent over 86% of their daylight hours in a 
sit-and-wait search mode in feeding sites. An ad
ditional 8.4%  was spent returning to the lie after pur
suing and capturing food in the drift. That is, the 
second most time consuming activity next to searching 
the water column for food from the feeding site was 
fighting the current to get back to the lie. Just slightly 
over 3% of thé time was spent actually pursuing food, 
which left less than 3% for all other activities such as 
agonistic behavior and moving about.

As the trout grew older they fed less frequently. For 
example, the average feeding rate of four-year-old

trout was only about half that of yearling trout. Once 
in a while I would see a younger, smaller trout feeding 
downstream and in sight of a larger trout. Invariably, 
the smaller trout was feeding at a higher raté than the 
larger trout. The large trout was passing up some food 
items that the smaller trout ate. I never, however, 
witnessed the converse: a smaller trout feeding up
stream of a larger trout. Not within sight of the larger 
trout, that is. A small trout feeding — or attempting to 
feed — upstream inevitably ellicited an attack by the 
downstream trout.

The photographs of trout in known feeding sites 
also afforded me a means of measuring their growth. 
The trout grew very rapidly during the first two years 
and then began to grow more slowly. They Reached 
about half their ultimate length at the end ofThe first 
two years of growth, and few trout reached a length of 
twelve inches in less than five years Vellowlin was the 
dominant trout in my observation area each year from 
1978 through 1981. He was eleven inches long when

photographed in August 1977 and when captured in 
1982 he was only slightly over 13 inches in length. 
Other mature trout experienced similar slow growth.

" Food on the bottom contributes little 
to the trout's diet simply because much 
of it is not available and what might be 

available takes too much energy to 
get."

I have attempted to describe what I observed in my 
four year study of a free-ranging population of wild 
brown trout in a productive, fertile stream. While each 
stream is different from every other, I think some 
general conclusions can be drawn from the behavior of 
the trout in Spruce Creek.

First of all, in order for a trout to grow it must obtain 
more energy from the food it eats than it expends in 
routine metabolism and pursuit of food. It appears to 
me that this necessity is reflected in every behavior 
exhibited by the troút I observed in Spruce Creek.

w *
Hgra eeding sites are chosen to minimize the 

energy expended in the time between 
JE L *  feedings. It appears that in Spruce Creek

the trout cannot tell where or when the food will 
become available. Otherwise the home range of indi
viduals would not be so small and so stable from year 
to year. The best that a trout can do is find places in the 
stream, feeding sites, where it has refuge from the 
inexorable downstream pressure of the current and 
from there pick off food carried to it.

The precision of the sites demonstrates that the sites 
are chosen for their energy-saving characteristics 
rather than for thè amount of food which can be ob
tained there.

The dominance hierarchy established by agonistic 
encounters between trout also functions as an energy 
saving mechanism. If two trout were both to pursue 
the same food organism at the same time only one 
would be rewarded. They don't share mayflies. It is 
easy to see that in the long run the energy expended in 
agonstic encounters is more than compensated for by 
the savings brought about by spreading the popula
tion over all suitable habitat.

The fact that larger trout feed less frequently than 
the smaller trout is additional evidence that the trout 
are good at balancing their energy budgets. A larger 
trout must spend more energy to intercept food items 
in the drift than a small trout. As a result, there is less 
food available to larger trout than to small ones. Older 
(and bigger) trout gradually must eliminate the smaller 
food items from their diets. There is no point in spend
ing energy chasing a food item that has in it less energy 
than it takes to catch it.

It must be stated at this point that it is not good 
enough for a trout just to get more energy than it 
expends. It must also try to do this better than its 
neighbors, because its reproductive success depends 
upon maximizing its rate of growth. If a fish does not 
feed at every available opportunity, another trout that
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m
does is likely to have more offspring and more of its 

* genes will be represented in the next generation. The 
bottom line tor a trout is reproductive success. Trout 
must feed at every available opportunity. That is, they 
must feed at all hours ot the c ay when they can see 
well enough to feed efficiently. They cannot afford to 
remain away from their feeding sites for long in places 
where the current would not bring them food.

As we saw, the food on the bottom contributes little 
to the trout's diet simply because much of it is not 
available and what might be available takes too much 
energy to get.

"To you anglers who like to dredge the 
bottom with weighted nymphs, I  can 

only remind you that the trout in 
Spruce Creek took less than % of 

their food o f f  the bo. . . "

And finally, how can the knowledge gained about 
brown trout in this study be applied to the interests of 
anglers and fishery managers?£I

over may or may not be important, de- 
pending upon the level of predation, but 
energy saving feeding sites would ap

pear to be absolutely essential if a stream is to produce 
trout. We all know of food-rich sand and gravel 
streams which are relatively devoid of trout. An v 
example is Big Spring, a wellggnown limestone stream ̂ 
in south-central l^ennsvlvanla.~HuncJreds of yards of 
this stream are devoid of trout where the bottom con
sists only of sand and gravel,put wherever a few rocks , 
break the monotony of the bottom there ~are trotifT* \̂)

Apparently trout rely on their inherent wariness as 
their first line of defense against predators and 
anglers. It follows then that trout which are in slow 
moving, clear water are much more difficult to ap
proach and in heavily fished streams such places may 
be the only ones to hold trout by mid or late season. It 
is even more important to the angler to be especially 
cautious when approaching flat water in heavily 
fished areas. I rarely bother with fast or deep water 
after the hatchery fish are gone because I know there 
will always be plenty of wild trout in these hard-to-fish 
spots.

Trout eat constantly. They have to. For fishermen 
this means that while the short 20 minutes at dusk may 
be the most exciting (or frustrating?) the good angler 
fishes whenever he has time and appreciates the chal
lenge of fishing when the odds are more in favor of the 
trout.

To you anglers who like to dredge the bottom with 
weighted nymphs, I can only remind you that the 
trout in Spruce Creek took less than 12 % of their food 

\ off the bottom and moved a much shorter distance 
\ from their lies for bottom food than for food in the 
 ̂ drift. It takes more casts to cover the saipe amount of

water with a weighted nymph because a trout usually 
cannot see things on the bottom at a distance of more 
than a few inrhpTT

The most startling thing I observed at Spruce Creek 
was the large proportion of relatively slow growing old 
fish in the population. We have seen that the trout in 
Spruce Creek grew rapidly for the first two years, and 
then grew more and more slowly. And we have seen 
that in order for a trout to grow it must obtain more 
energy from the food than it expends getting it. We 
have also seen that a trout may spend most if not all of 
its entire life in an area not much larger than the 
average living room rug. Eventually, the trout grows 
to such a size that the energy it expends approaches 
that obtained and it stops growing. It takes only two 
years to raise an 8 inch trout in Spruce Creek, but it 
may take four or even five years for the average trout to 
reach 12 inches. Even under catch and release regu
lations fewer than 5% of the trout in most streams are

ii

over 12 inches. Most of the trout will never get to be 14 
^inches — regardless of how old they get.

Each stream will differ in growth rates and the 
maximum size that the drift-feeding trout will attain. 
But the shape of the growth curve of other streams does 
not appear to differ greatly from that of Spruce Creek, 
even where angling pressure is heavy. If this is so, it 
seems to me that the larger, slow growing trout must 
be protected to insure a quality sport fishery. We can't 
have our big trout and eat them too. A maximum size 
limit rather than a minimum size limit might be tEe 
answer. ’ “

In any population there are only a few large fish, and 
it takes a long time to grow them. So we've got to put 
the bigger fish back if we want to have big fish to catch. 
We used to say "If a trout is big enough to run the reel 
he is big enough to keep." Did we have it backwards? 
Might we not better say "If he runs the reel he's earned 
his freedom"?
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To Our Fellow Members:
At last . . . we assume you've noticed . . . Chandler, Schwiebert, Whitlock . . . more 

pages, more color, more fishing, better content, better coverage . . . your magazine . . . 
our magazine . . . Trout!!!

One year ago, the National Board of Directors of Trout Unlimited gave us an 
assignment: Give our members more and better . . . make our magazine the rival of any 
sport fishing publication . . . research it, expand it, improve it; in short, give the 
members of Trout Unlimited the best bargain i|| the fishing world and, while you're at it, 
make Trout as fine-quality as any fishing periodical on the market.

What you have in your hands is just the beginning. It is the foundation for what will 
be the very best fishing magazine available. We've got a whole host of new ideas, a hell 
of a lot of enthusiasm, and the complete support of TU's Executive Committee. Now we 
need your help. Please take a few minutes today to fill out this important questionnaire. 
Let us know where we hit and where we miss; tell us what like to see; send us 
your ideas and criticisms.

We even pay real American dollars for first-class articles, photos and artwork — some 
deal, huh?

There are a lot of people to thank for the new Trout. If you see them, pat'em on the 
back: Tom Pero, Jerry Schuder, Bob Herbst, Jim Grade, Jean Bollinger, John Fritts, Sal 
Palatucci, and all the members of the TU Information & Education Committee — just to 
name a few.

In the future we'll be investigating more issues each year, expanded content, more 
superstars and newsstand distribution. It's all for us, the members of Trout Unlimited, 
and all for a low fifteen bucks a year.

So let's hear from you — from the Madison to the Penobscot, from the Chattahoochee 
to the Pere Marquette.

Charles W. Dibner, Chairman 
Information & Education Committee
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Maryland Department of Natural Resources

r t  Tidewater Administration 
Tawes State Office Building 

W  580 Taylor Avenue
AnnapoliJgMaryland 21401

Datus C. Proper 
1085 Hamilton Road 
Belgrade, MT 59714

Dear Datus:
Boy, do I envy that address! You have your priorities straight.
Thanks for the reference, and calling it hard information. 

That is what I intended it to be, and it is still gratifying to 
see it referred to as such.

I have enclosed a copy{the Transactions article, and in it 
you can readily see that a surface feed generated a "rise form". 
In fact, that was how I defined it, (See methods section, page 
5.) Bottom feeds were defined as those times that the trout 
dislodged silt when it fed, or "bumped its nose" when it fed. It 
is hard to explain in the linear context of writing, but is 
exceptionally easy to describe with the aid of video tapes or 
cinematography. Figure 12, page 13 is based on over 32,000 
individual feeding observations, in water depths ranging from six

have floated the Big Horn with him twice, and talked about brown 
trout behavior. He says the brown trout in the Big Horn act just 
like the ones in Spruce Creek. In fact, on our last float, he 
caught a snaggle-toothed brown and commented on how often he had 
caught that very fish, and that he could often count on that one 
to satisfy a client that wanted to catch a trout over 20 inches. 
If you consider the incredible numbers of trout in the Big Horn, 
and the size of the water, that sort of "stationariness" is 
extraordinary. And do they ever feed on the surface!

I can't resist making some additional observations on your 
article. (Obviously I like it.) I have at times described a brown trout a

^w/xl-h h x y l i  l l u C x x d n .  y g j u c T i M p i a .  x n a u  x o , x  i_iixius., wily x x y x x & i i x i i y
originated with trout fishing. And why trout fishermen are £o 
crazy about flyfishing. I could go on!

William Donald Schaefer 
Governor

Torrey C. Brown, M.D. 
Secretary

February 21, 1989

to 40 inches.
You might want to talk to Jim Laughery, Fort Smith, MT|

specific diet

te lep h o n e: ( 3 0 1 )  9 7 4 - 3 0 6 1

DNR TTY for Deaf: 301-974-3683



Comment 2a. I believe I have actually seen some very old 
trout flies in a frame attributed to classical Greek times. I 
can't remember where I saw them, but it could have been the New 
York Anglers Club.

Comment 3. Are you, in a not-too-subtle way, suggesting that 
nymph fishing is just bait fishing, but with bait that doesn't 
smell/taste good? I've been known to think along those lines.

Comment 4. Selectivity can be viewed in two (at least) 
ways. First, as you use it, "hook shy". The other, and vastly 
“more frustrating for me, is when the trout concentrate on just 
one species, usually a midge or trico, and seem to be blind to 
anything else. I believe they do it to feed more efficiently— as 
you may remember my comments on sharks, peanuts and popcorn.

Female browns usually mature by the end of their third year, 
males by the end of the second. I'd venture that the average age 
of the spawning population is about four years old. So it all
depends on your math. I'd settle for three years for a____
generation. but I doubt that other tnan a qulbbler would argue 
^ith you.

Hope this is of use to you. I'm delighted to hear from you, 
and hope to meet up with you next summer. I'm planning to attend 
the Wild Trout Symposium at Yellowstone in September, and spend 
at least some time fishing. I was in Montana last August, and 
had I known that you were out there, I'd surely have stopped by.

Sincerely

Robert A. Bachman, Ph.D.
Chief, Freshwater Fisheries Program

RAB/sg
Enclosure
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Foraging Behavior of Free-Ranging Wild and 

Hatchery Brown Trout in a Stream1
R o b e r t  A . B achmM B  a

The B
University Park, Pennsylvania 16802

Abstract

1 m

a .

Pfl I t . 1

Wild brown trout SalmostfUUaBp. ^fertile, high-conductivitv stream in central PennSvania 
were observed from camouflaged to?vyff5s for three consecutive years inigrder t||huantify the 
diurnal feeding and social behavior of undisturbed adults. The foraging behavior observed was 

f characterized in general as one of net energy maximization effectuated principally by cost min- 
|%|imization. Individuals ranging in age from young of th ^ ^ ^ r to 8 yea|||spent 86H  of foraging 

»■time in al$|it-and-w£i&-$earch state, used discrete, energy-saving foraging_sitM  year after Jear,
I and fed mainly of^drift, faking less than 15% ofjjieir food items directly off the bottom. Feeding 
I rates decreased wrfck-age, were highest in spring and fa lS n d  showed little effect of time of day 

except for short peaks at dusk in May and June. The home range of most individuals was ?̂ 
^ H ^ stablished in the first or second year of life and changed M j^ffliereafS’. The mean si^d’of the 

\ home rjmge q®ndividualsjSafs 15?6 m2 and decreasedsligMy during the first ply ears of growth. 
No individual had jflllusive use of any home range and nd w arly  defined territory could be 
described for any!rfish. Rather, the social structure evidenced is best deKribed as a cbst-mini- 
mizing, size-dependent,^linear dominance hierarchy of individuals having oA|©apping home 
ranges. Th^Kwas no apparent correlation between dominance and site s®ction|withRespect 
to distance to cover oSgiding ratlS^WBof overhead « v b r ranged from 17% o rle sslof daylight 
houriiter wifcfbrowh trout of age-group 2 to no more than 43 <iifo r  age-group 5. Length was 
asymptotic at 40 cin. A rectangular hyperbola described well the overall growth’cfirvel^f fish in 
this population, half of the;,asymptotic fflngth being attained at the age of 23 months. Hatchery^ 
brown trout, introduced fppjlxperimental purposes, fed|®s, moved more, and used cost-mini
mizing features of thd|ubstrate less than wild trout. It is postulated that high energy c o f f l a  
majoitxause of mortality among hatchery-reared brown trout stocked in streamHthat. at high 
population densities foraging sites are limiting factors, and that growth rate oMrift-feeding 
salmonids is density-independent / -
RecSed Jan̂ rayÿl 0W983 Accepted í B S i b e r  6,;;Ï983

M a| w f our ideas about the social structuré 
and population dynamics of salmonids in streams

HKennsylvania Agricultural Experiment §t£tion 
Journal A rtÉ R 6802 .
|^ËThe Pennsylvania Coopef^fÎe F i^ a n d  W ildlH  
Research Unit is jointly supported by the United States 
Fish and Wildlife Servi<m the PehJ I dvania Fi;sji Com
mission, the Pennsylvania Game Commission, and The 
PennsSvania State^jfmversit^M

are- based on studies of juveniles in laboratory 
conditions and spot samplings o f natural pop- 
ulatioH K iorthcote 1969; Butler 1974; Gerk- 
ing 1978). Few studies have included direct ob- 
servationBf undisturbed wild populations and 
those that have, haye been qualitative in nature 
for the fiiBt part (Fabricius and Gustafson 1955; 
Newman 1956; Horton 1961; Keenlepide 1962; 
McCormack 1962). R R entB ® enkins (1969), 
Basigp (1978), and M cLaren® 979) studied the

1
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social structure; Baldes and V incent(1969) t t e  
microhabitat; Devore and White (1978) the re
sponse to coyer stimulBand Ringler (1979) se
lective feeding of:wild brown trout Sabmo triitta 
constrained m artificial or simulated stream 
channels.

Griffith (j|P72) and Fausch and White (1981) 
used mask and snprkel ? to observe wild trout 
populationSn nâtpral streams and to measure 
gn| microhabitat used by individuâg, but, ex
cept for th B  study, I have been unable;to find 
|i the literature any quantified, long-term ob
servations B  the soci& structure and feeding 
behavior b^Mconstrained wild populations.

The densitygregulatory effect of social behaH  
ior among salmonids |ti streams has received 
limsiderable attention (Chapman 1966; Chap
man and Bjornn 1969; McFadden 1969) but 
remains somewhat equivocal. The regula®H| 
mechanism generallBinvoked is territoriality, 
and despite (or perhaps because o f)E ie  lack o f 
direct observational data, the concept of terri
toriality among &eam-living salmonids « V ir
tually dogm ati^B

An increasing number of authors have begun 
So question the concept of• territorialité espe
cially asit applies to thenonreproductive phase 
ojptream-living salmonids. Allen m  969), in at
tempting to correlate territory^ize with the size 
of fish, remarked that he was able to find little 
direct measurement of territorÿ|size in theBjffc 
entific liter attire. Jenkins (1969) reported that 
strict!^territorial individuals well  r a rB  and lat
er ( 197l) ,B n  discussing territoriality;' com
mented, “I find a simple, precise form of social 
density control difficult to Bsualize in such a 
social framework.” Concerning the possibility! 
of territoriality being an artifact of experimen
tal design, Hoar (1969) warned, “ . . . laboratory J 
studies can be misleading as well as revealing in 
our attempts to understand the ecology of fish
es.” Butler (1974) described the behavior of 
salmonidSin terms of a “social|force field” 
(McBride 1964) and suggested that wild adult 
trout, in contrast to juveniles, had “no territory 
as understood in the traditional sense.” Later, 
f io  (1978), in discussing territory stated, “Un
der special circumstances such as fish kept in an 
aquarium, the defense of an area observed will 
not constitute territorialit^unless it ha^lignif- 
icance in thé rmnm& life?Jtpf that species in the 
fie ld .«N oak S (1978), in commenting on the 
distinction between territorialitJ| and domi-i

nance^subordinance relationshipgtated,B‘We 
must havfef individual identification of the fish 
within a group, and S d e n c e  that dominance is 
independent of location within the study aSa* 
before reasonably concluding that a dominance 
hierarchy is present.” And, furthe™ ‘W^|hould 
exercise caution in ascribing consequences to, 
or even inferring the existence of territoriality 
without direct confirmatOryBbservation.”

A basic tenet of behavioral ecology is that 
animals behave as tjfogl do because the behavior 
in question enhances the reproduc|fy£Miccegi 
of the individual exhibiting the b e h ^ B r  (Pyke 
et al. 1977; Krefij and DavH |l978). That is, 
the b eh a w r is adaptive. The interesting ques
tions concerning adaptation oftenffincern how 
animals respond to different aspects of the en- 
Hronment (Maynard Smith 1978). I f  we are to 
understand the mechanisms by which food and 
space regulate the growth and distribution of 
salmonids in streams, we need to understand 
how an individual animal responds to envirofe 
mental variables in order to maximize its re
productive success. The purpose of my 3-year 
»udy was.fo acquire such understanding of an 
undisturbed population of wild brown trout and 
to analyze the extent to which swh concepts 
dominance and ’territoriality* pertain- to - free- 
ranging populations.

A second objective of the study was to quan- 
tifylihe differences in behavior o f wild and 
hatchery-reared brown trout and to investigate 
the possible causes of poor suiBval of hatchef§f 
brown trout in streams.- -

Study Site
M p ruce Creek is a hard-water ||rearn rising 
from limestone springs near Rock Springs, 
Huntingdon Countyg] PennBlvania and flows 
generally southwest through farmland and 
hardwood B rest for 15.5 km to its confluence 
with the Little Juniata River at the town of 
Spruce Creek. Fed bBtw o major tributa|||M 
Halfmoon Creek and W arriorBM ark Creek, it 
varies in width from approximateljfe m at its 
confluence with Halfmoon Creek to 12 m at its 
mouth. Although subject to flooding after se
vere summer thunderstorms and after winter 
rains when the groundgSgfrozen, the~str^i|m 
drops quickl||after such infrequent epilgfdes, 
and has a fairly steady flow year round (H *  
Fadden and Cooper 1964)L

In an ecological comparison of six brown trout
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F igl'RE 1.— The Spruce Creek Experimental Fisheries Area.

and B, observation towers 1-6, and water-level gauge

populatioB in Snnsylvania,Bpru^ffireek had 
the fgi^eatSt biomass,of brown trout: 126 j|^H 
hêejtaffi (M^adden andÆooper 1962)|gjlraspgjl 
¿gific Ifondugtan-c9 is near 28-5- hoB gm  
^R Fadden and 196® McLaren 197 OAg
Tymcal values*-of' total nitrate -and total phos'- 
phoB)us are l R  m gBiter and 0.05, m ^R ter, 
respectively.

T h R  Spr||^Et|fejek ¡ Experimental FisheriM 
S W  sBgMB thls||tud^M!Ôwne^by th||||lnn- 
¡sÿlvanià St a f ^Bni rid lias managed by 
the Pennsylvania Cooperative Fishery?Research 
Unit forÆ tch and release flySsJhng (only)Rom 
April 1968 through thisgitudjjlRornpletion in 
October 1981. ItR  located apprR im âtw  1 km 
from tf^R nfliH nce ^ith thSLittle Juniata R iS  
er. Within the study area; thetftrSm  afIRigM  
12.8 m w idëH®^)62 .m long, has a Q -«|gra~ 
dient and a HrfacHarea of 1.3 hectares^^^p 
/Éaren d 9 7 0 )R rig. 1||* The m S^abundant sal- 
monid in the area is the brplM ^But 
and Coopérai 960; McLarenD970). An e l e c t s  
Hshing census (April 28—M R  1, 197.5) yielded 
a hr (Mm troutHtanding-crop^^Rmate .oR Bl5 
kR hccflpè. O f 1,427 br&lvn trtR t captured, 

R ss than Efe of the yearling andRder fish were! 
over 32 ctn totalflngth (Fig, 2). BecauseAdung 
"o F th ^ B ar emerge from the-grave Hn~Spruce 
¡gireek over an JB n d e d  j j l R d from 1 «  M a r S  
through R rly  M aR and a lR on fjftb ou t 2 cm 
long when th iS  em ergef(BSerle anlBB|pper

TOTAL L E N G T H ( c m )

F igure 2.— Length frequencies o f 1,427 yearling and old
er brown trout captured by electrofishing in the Spruce 
Creek Experimental Fisheries 

' ‘ ; 1975. T , s e c o n d  
peak, age groups II

1960), t h S  were poorly represented in S S e e n - 
Hlsing techniqueSemployed, and’pot included 
in the 1975-.<^HusJfigurHu,

The brown fflout in - th e , E xp J^ M R alR ish - 
•eyi^Ar.fta>'aré:almosf^Kc4usTv>R S^f w ilcRrigiR  
■ h e  S^am is.not-stpcked by the-Pennsylvania 
Fish Commission éSftepLfor a ^ H r L s r e lf l  ap
proximately 14 km upstream of||^Hudy|MM 
McLaren introduRd hatche^SSsed  brown 
trout into the ipseardi área in 1969 affd again 
R  1971 for experir^M tal purposes but theMsur- 
Mved poorlyHMc^^^H 1970, !® 9 )d : Pjfyáte 
landowners and fishing* clubs Song t ®  stream 
stSrkR m e brown R out but no t rxmI  o 
hatcheRorigin were found in t lS  1 9 7 5 R n ^ B  
■ h ese would haVe::ffi(jfti RcogjRzfed by their 
coinparkthBy pale coloration and abraded fins.

O th e w | lm o h id £ a re  ra ^ K n .th e K p a ^  Only 
17 rainbow tró p t H a  a i l R  bropk
trout Salvelinus fontinalis were captured «in the 
1975 ^census. O th R lis h  s p e c i f  in f i e , arbaRn- 
clude the white E c k e r  Catostomus commersoni; 
the tllsellated  darter Etheostoma olmstedi] the 

R im y sculpin the B m n i H
Rhinichthys atratulus, Rhinichthys cataractae, Exo- 
glossum ynaxillingua, Notropis cornutus, and Pi- 

Beyerlé .and Coop® | M )60^ R  
T h e  largelst pébl in the Experim ental Fish- 

R i R P W b a' is lo « e d |  near :t lR  upstiBam end  
^ ^ ^ ■ E ^ ^ t r e a m  s p lS  into th ree ch'annms (Fig. 
n raO K s pool contained an estim ated population  
o f 2 0 0  R a r lin g  and o ld B  wild broiyn flbut in
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F igure 3.— Observation area A (foreground), towers 1 and
' B, is upstream

obsen>ers.

1975M "h e  p ool,*.90 m long B o m  rifflK jjR fflc  • 
and 1 5 Í m  wide, has aK ® $^ce af^a o f ap p rox
imately O d ^ h ectarés .^ M erm ^ an ^ i/m m er lo^| 
f l^ T h ro u g h  the pqol at wflaE gage height 0 .1 5  
m iK $ 8  m ^ ^ R n d .^ H  fish in g^ as perm itted  
in thilfepolH uring the period o f the study (June 
B B S H B m B  O ctob er i  9 8 1 ).

Methods
Bro\yn tfo u t ® g e ;, observed ;,irom s £ c a m -  

^ouflaged p o if ta b fl  a lu m in u m B a d a r  to\vgrs§ 
erected  ¿Long the l^rgé poof in iB iu j& tre a m  
p art o f th 4 ^ 8 p p r im e n t^ E is h ^ K  Áréa^|Fig. 
l i t l l p h  tow er cpnsjgtecl o f m o '^ M io n ffth a t  
raised the Height c ^ B e j B s  m and 3Ó  m above 

^ a t e S e v e l .  Burlap on the t o ^ e r « n d  n a t ^ a f  
vegetation broke t *  s ilh o u ettlp f observer's and 
perm itted m t i y .t o  the tow e® w ith o u t disffl|| 
b an ce-of the fish ( F i g | B ^ % ^ W ^ .r ó o f  Sfid 

~?fisor shiB ffid! o d d B t r s  and equipm ent|fefm  
rain and p re y e S e d  r e f l^ B d  sunlight from  
alarm ing the fish.

During a pilot stucfyin 1 §f| 7 fl; d ^ K ^ re d Jth a t  
I could i d en tB p  individual b ro w S trf e t  b jB h eif  
spot p a tte r®  and t|at the l o c a B n  o f  Individuals 

§||Íhin the large pool was S B  predictable frdmi 
d a m a  day:. I also. d i| | o > ^ ^ S th a « h e  ‘ ‘hesj^-of 
the Hsh (later r e f e r i d  t| ^ p fo ra g in g s it® V e re  

^ B preolM  and the m anner in which diffe|g&' 
fish used t h e m »  similar that th S c p u ld  be used 
as spatial references ¿f)r¡ behavio^^ ro bsefyá-, 
tions.

I firB observed the d r c ^ B  irIH| from  tbrjb(| 
^M |árs along^lgch s ^ H o f the pf&>l. A fter I de-

F i glI re 4 .— Map o f 96 numbered foraging sites in obser
vation area A and mean depth contours in meters. Sites

■ B B - U = un
dercut bank, Ri

ter mined that the behavior of t3§ brown trout 
was quahtatiffly th ^ fm ® n / a ll par$J;(H the 
Wool, l^elected the, tail o llh e  pool (obseW aticB 
area J f i o r  detailed Quantitative: blSM^at ion be- 
fiiuflf (f )%^mstirfa^'; of th B  water ihere^was 
rblativelymee of ripples^(2) the ;Wafe|gshoaled 
off tpwafd the||id of the pool, giving Sfange^ 
of depths in whidfi to ol|&rfve the fish, and (9j)j 
there was lb|figlare m d  better lighting th S q f  
{From towei| 1 and 2, I Sl^^Kuld see » m e  
brown Trout in.t> riffle habitat (Fig: 4). 1 cpfei 
StruqlKia montage H  the observation area byi 
fitting togelfer photograpfflof the bottom. Ekch 
S ta g in g  ||M marked bŷ ildgp Icm B oji of thejB l  
of the fish ocqypying it, wasRsfgJied a number 
and lS ated  on the montagb^^He 'observation 
area wli| measured and e #  foraging site %as 

||Pgned grid cp brd in i.t^ Sr: sub^qufentHom- 
put.er analysis.

rm m
fylientified each brown trout in thBobse'r-, 

vation area by the spot patt J n  on th^HF^sidd: 
mf the body below|he"d^™ fM ?(FigsI B f nd 6). 
IdenfflacatBKand obs^|atio?fi® ^f^Bcilitated 
by 7 S  3.5;'and 3 | 9  50  bingfiKB^  fitted vfqth 
polarizing filters.

The fish w ile phdtographedxrom the tow'<S| 
through ® 00-m m ^ ^ R lep h o to  lerfs*fitteqtwith 
'b t B n n  tn h JB ll  redutcJ§h e  mmmuin focus
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F ig u re  5 .— Spot patterns o f  wild brown trout 31 (top) and

distance.^odacoIor^M m m ^SA  400 film gave 
best BHlutiori. contrast, and color tp h e ^ yom- 
pleB photographic, identiRation file of all fish 
observed was amembled^wnsure |>Bitiye iden- 

flftfiBtion. Wild bròwn trout .wBe assigned num
bers 1 through^?9 and hattc^^SfirowM^out 80 
through 9?rGaps in number serjSBeflect bloc^S 
» ig n e d B )  different observation statioH ^J

Observations
O bservations w ere made/^Mall hou rH of th<l 

day from  dawn to dusk and in all m onths o f th ^  
B ^ a r  R r  th rè^ go n secu t^ ^ P ^ ars. H ow ever, be
c a u s e  not all M tM  observation area could be 
£s,een equally^ well befoffl 0 9 0 0  or a g S  1 9 0 0  

hours §|§d because th ere w ere-very few trou t in 
the mairjÉ>fasérvatiòn, area (A) from  D ecem ber  
through M arch, o nlyjfdata obtained between  
0 9 0 0  and 1 9 0 0  hours April throdgh N (H q|iber 
w ere included in statistical analyses. Oncef.each 
h ou r^ tóch  brown tro u t in the o b s e rv a S n  arqa 

-w a iJR a te d  and identified (‘j^cajif observation^  
o f A ltm ann 1 9 7 4 8  Betw een R é s e  inyBffories 

^ H :h  brown ’tro u t was observed S  turn for 15 
m in u tJi (A ltm ann’8 “ S e a l a n im à lff lo l^ R a -

F ig u r e  6 .— Identifying spot patterns o f 26 wild brown

tions). If  a particularjish w a|® t inllght whJgi 
its turn arrived, the next one on the numbered 
jS W a s  observed. B R h B sy stem , tffl disgpbur 
tion of brown trout \yas mapped 10 timesla day, 
and each individual was closely studied*(bl$ the 
average) eÆ ffl 2 days. ».

Feeding activity w aftategoH Bd 'aS su rfac^  
midwater, |nd bottom. A feed was recorded iff 
a fishjwalplpli to open S  mouth. B h e \ B ’ or 
swallow. If  a brown trout’s head broke the water 
surface during a feeding excursion, the fish e d  
made a- surfacBfeed. If  it| head touched the 
bottom I thiffivas a bottorijjfeed. All othëfslwere 
f^eprded as midwater feeds: thatis^th,e^sh fed 
oSSrganism^^Bpended in th^wat^Bfolumn.

The duration and frequerH fcf “false ris^^H 
during which a fish r o ^ n m  its holding posi
tion to tinS)ec,t; and ® » i^ a n S m in the driffl 
were determined f®rn|ffame-by-frame analysis  ̂
of videotape R||i>rdings.
^^Honistic . behavior Bas sijhilar to that id S  
scribed by Kalleberg (1958MKeenleyside and 
Yamamoto (4^962), Jenkinsë(1969)ÎfeMcLaRn



6 BACHMAN!

(1979), and North (1979)&*and ai^Bcorded in 
the Encyclopedia Cinematographica B m  b)| 
Butler and Hawthorne (197;5^^^^RfarffiendI 
outcome, and location of each agonistic en
counter was-recorded, together with the iden- 
titylgf the fish involved. The winner was det^H 
mined iby|:fhd*ityp® o f agonistic behavior 
displayed by each Contestant.

Each time a brown trout moved to a different 
foraging site, the id entffation  number of thS  
site and the time the f il l  arrived at th atSte was 
recorded. Movement rates we® later Sm puted 
by dividing the number of times a fish moved 
tb a new position during an observation period 
by the total time of the ogiHyation perii|^M

The final type of activw recorded was a gape 
or yawn, characterized by an exaggerated ex
tension o f the opercula and upward rotation of 
the eyes not accompanied by a B  otfflr move! 
ment.

Data
Recording of observationaHJata was greatly 

facilitated by the use of a microcomputefc^Btem 
designed specifically for this studmThe sBtem 
consisted of a power supply, KIM-Hprogram- 
mable microprocessor, clock gen^irator, pro
gram memory, random-access memory, and pe
ripheral interface device (MOS Technology 
1976). A keyboard allowed manual data input. 
At the start of each day the computer program 
was loaded from a cassette tape and the clock 
was synchronized with real time. Most data 
entries could be made with one or two key
strokes, each because the computer automati
cally carried a fish’s identity and its position in 
the observation area (entered; at the start of 
each focal animal observation) through subse
quent data entries until a new fish code or po-S 
sition code was recorded. Whenever an activity 
code was entered, the computer automatically 
recorded the fish’s identitJMposition, and activ- 
ity|' together with date and time to the nearest 
0.01; minute. Other codes recorded the start 
and end of agonistic encounters, the identity o f 
the contestants, and the winner of each bout. 
Data were dumped to a cassette tape each eve
ning. Later, the data were transferred for ed
iting and processing to the ^Digital Equipment 
Corporation Model DEC-10 computet,'» oper
ated by the -Electrical Engineering Department 
of The Pennsylvania State Universit}^H

ThefMtivity of fish also wa^ K prded at sgig. 
lected timek on 16-mm motion-picture film and 
Ogtvideotape^B

Age and Length Determinations

^ ^ ^ e  age of young-of-theSeaH and J H l i l f  
brown trout in S p r u «  Creek can re ad B  be?: 
determined by size alone. T h e data of Beyeira 
and Cooper (1960) show no overlap in jize  be
tween these two age groups in Spruce C reJIj 
and also show that most,wild brown trout reach 
200 mm total length bSphe end of tf!jbi4$econd| 
year of growth (see also Fig. 2). Bffause young 
of the 'jjjar in Spruc^ Cryek emerge from thef 
g ra ill over an ex’tielped period from late March 
through early May (Be^erle and Qbopef^l96Qj;* 
March 1 was arbitrarily assigned the “birtft^^H 
p.f all wild fish.
’) {^ew fish each year consisted of young of T H  

year or yearlings only and many individuals were 
present throughout the cburfelMPher^studv. 
Cod§equentl9 the exact year claH of m ^ S o f 
tfflfish was known by the end fpf the sthj|»Bhe 
age of fish larger than 200 mm at the beginning 
of 'the study was con^Bativel^iestimated to be 
the minimum age at which fish of known age! 
attained such length. The age of the largest S h i  
number 15, estimated at 6 in 1979 and 7 in 
1980, wa${later confirmed by;examination of 
the fish’s otolithsr(sagittae).

The length of individual fish (precision,^® 
mm) was determined from photographs taken 
at known foraging sites. At theHnd of fflch 
season, after brown trout had left for spawning 
sites, photographs were taken of a metal rule! 
in the exact poHion previously qicupMd by thejj 
fish. Thislftchnique eliminated all effectkpf par
allax and refraction.

A biotii VarmM^mi
W ater temperature, tu rb id ^ »  water-gage 

height, and light intensity were recorded for 
analysis of effelij on brown trout behavior (Ta
ble 1). Water temperature was recorded corfy', 
tinuously with Ryan recording therm ograpl® 
Turbidityfdn standard nephelometric turbidity 
unity was measured daily with a Hach turbi
dimeter. Water height was measured dailSvith 
a stream gage installed throughout the duration 
of the study (Fig. 4). A measure of daily light 
intensity in arbitrary units was calculated from
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the area under the c u r f t  o f a B elfort record in g  
pyrheliom eter.

Hatenmy Brotyfy Trout
On August 23, 1979, after the behavior of 

the resident population had been studied for 
approximately 2 years, 200 brown trout.were 
obtained from the Big Spring hatchery in Cum
berland County, Penn|ilvania,%and released in 
the study area. The hatchery fish wer^ in their 
second Bear o f growth and ranged from 28 to 
35 cm in total length. The left pelvic fin was 
removed from each before release. T h B  were 
observed as wild trout had been and those that 
took up residence were identified by spot pat
terns. For the first 4 days after the hatchery 
brown trout were stocked, the activities of both 
hatchery and wild fish were recorded simulta
neously by two observers, who alternated ob
servations between hatchery and wild fish. 
i: T o  test for a difference in effect of stocking 
in spring versus late summer, 200 hatchery/ 
brown trout again were introduced on May 8, 
1980. These, too, were obtained from the Big 
Spring hatchery and had the left pelvic fin re
moved, but they were smaller (23-30  cm) than 
those released the year before.

Statistical Analysis "
All statistical analyses were performed with 

Statistical Analysis System (SAS) computer pro
grams (SAS Institute 1979).

Regression analyses of length and age were 
performed on data obtained from 218 photo
graphs of 26 wild brown trout ranging from 
young of the year to age 8. Because some effect 
of repeated measurife was unavoidable by this 
technique, confidence intervals reported may 
be underestimated. Rectangular-hyperbola and 
negative-exponential models were fitted by the 
Marquardt iterative method (Marquardt 1963).

Multiple-regression techniques were used to 
investigate various biotic and abiotic effects on 
seven behavioral rates; surface) midwater, bot
tom, and total feeding; agonistic interaction! 
gape; and movement. Abiotic variables includ
ed daily amount of solar incident radiation, water 
temperature, water turbidity, water height, and 
temporal effects. Temporal effects were broken 
down by year, month, and hour of day. Biotic

T a b l e  1 .— Range, a f

^ n p3 u t |B
■  rates.

VaTjablelM*: High Low Mean ±\]SD

Water temperatl||b (C) 20.0 3.1 15.3 ± 2.5
;:|purbidity 

(nephelomet r
® 7 :'5  , 2.5 4 . 9 H |  .

Wat||g height (m) 0.22 o t I S O .lp i: 0.02
.Light intensit^H 

(arbitrary unitf)$\j
I K * 2b 15.T ;B9.4

a Cloudless day, midsumm^g 
b R allf day, late fall.

effects considered were age, length, and dom
inance ranking of individual fish.

Exploratory analyses techniques revealed that 
season (month) was the most significant tem
poral variable and that the effect of year and" 
hour could be ignored in subsequent analyses 
of variance.. *

Because the month effect was highly signifi
cant, but the interactions of month and the vari
ables of interest were not, month was treated 
as an indicator variable (Neter and Washerman 
1974) in the formal testing of the effects of the) 
independent biotic and abiotic variables. Any 
data transformations required to achieve nor
mality are llported  in context.

Not all individual fish were equally repre
sented in the observation routine l)The identity 
of all wild fish used in the analyses was known! 
so the most conservativHinferences about the 
wild population were made by treating all wild 
individuals with equal weight, even though the 
total observation time differed from fish to fish. 
Activity rates were’.computed for each indBfih 
ual over the time period in question and each 
such rate was treated as a “single datum.

K m e  Budgets and Bioenergetic Costs
The time it took wild brown trout to intMcept 

food and to return to the site was determined 
by frame-by-frame analyses of videotape re
cordings with a videotape editor. Durations of 
gape|| agonistic en cou n tem  and position 
changes were estimated by analysis of videdl 
tapes and cinematography. Relative bioener
getic costs of different activi®stat|§j were estir- 
mated from tail-beat frequ encies determined 
similarly by analysis of videotapes and motion- 
picturdj§equences. The effect of fish size on tail-
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T a b l e  2 .— Observations o f  brown trout in S q u i c k  inventories) durxng which a fish was 
m (Jmmm^Sinwk. B P I  7 9.^8 r- 1980.

Fish
number

1978 ^ b i

Age Rank

Focal; 
minutes

B B B |
served

of
illp-ans Age Rank

minutes
ob

served'

Number
of

B H B Rank

Focaĵ J
|̂ fout-j||j

ob-
served

Number 
|||||f ■

1 3 3 1 1 B B H 44
3 1 B l B 02 118 2 12,; 45 j i l B B
5 3 ¡¡m u rMlb * 88 4 1  b 322 263 *
7 4 1 350 6.fcv. 5 221 1 ®
8 1 14 1,092 146 2 12 604 ¡B Jp ii 3 10 418 193-; ;

10 b b , 191 ¡B p li " '3 T 4 S B 75 14*̂ M l 26
B I B i 14 B B 2 11 216 264;f 3 11 183 m m

14 ̂ B B 3 - 18 4 4 M M 149H 109 b b S i p 4B B I B15 5 1 16 6 1 i73§t 75 7 I B 102.; 118
B B I 1 13 157 96

23 ■ 2/ 12 431 B B 3 8 205 B&8
24 10 264' - 1Q3 ' ; 4 12 lB 165 ■;'

1 lot; 102 108 '
311 ".WM. 9 1,501 :T0;45 B 9 466: .B 3 4 9 576 ' 184

: 32 B B 11 ||||oJB 131 11 554 310 4 11 166 P p ^
■ | ' 1 2 13H 747 128 3 10 ■ 414 301
B ^ | 1 14 Bill 116

.37 1 B 64 B i
44 2 10 11 10 13 4 1 14 28
45 B B B B 99 13

B H I 4 T 2 ; ■ ..9, . 126 145 ^ B,62 1 15 16 32 2 13 198 f 2m E
53 1 14 289% B B 2 14 f-y205̂ B p ^ r
54 1 1A B ' - 121 13» 124 109

\-57 1 13 131 114 2- 12 181
62 1 I S 10955

Hatchery..- 1 ŷ §38 1 1,474

beailfrequency! was small compared to the e f
fects o f  activity states and was ignored.

Home Range *
Home-range size was ‘estimated from the areas 

of both the minimum convex polygon that en
closed 9 S R ’jo f  the sightings of each fish (A1 
index) and an ellipse based on the determinant 
of th^Bvariance matrix of the sightings (A4 
index of Jennrich and B irn e r  1969)||The latter 
index is a parametric estimate of the area that 
accounts for 9m 1 oh the habitat used by each 
wild brown trout.

The utilization distribution (Jennrich and 
jjh rn e r  1969; Anderson 1982) of each wild 
brown trout, a nonparametric estimate of home 
range, was generated by a computer-mapping 
program called SYMAP (Dougenik and Shee
han 1975). This program creates a contour map 
bjgiinterpolating a continuous surface in the 
region whefe there are no data points. A threes

dimensional visual rep rH en tation  o f  the utili
zation distributi<s§ w a B re a te d  by a c o m p u te ^  
graphics p rogram  SYMVU (L c S s A  1977):.- ,:

Behavior of Wild and Hatchery! Fish
Because not all hatchery brown trout had been 

individually identified at the start of theBom- 
parative study, activities were analjjed  on the 
basis of observation periods^ather than indi
vidual fish. This:|jjesulted in a Hrtain amount 
of repeated m easuipB but was unavoidable. 
Consequentlwconfidench-intervals reported for 
^pmparative behavior of hatchery and wild trout 
may be underestimated.

The data were partitioned into two separate 
distributions f<5 analysi|il||l ratot givgmthatl 
the activity did occur during an observation (zero 
rates were dropped from the analyses);' and 
proportions of observations in which an activity! 
did^fr did not occur. Thegrormli distributions! 
then were tested for n o rm a W  if  an appropfT
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ate transformation achieved normalim a i-sta- 
tistie was calculated to test the hypothesis that 
the means K vo groups of data are unequal. 
^ B 'h e  difference in proportions of non-pro ob
servations between hatchery and wild activity! 
was tested with the (1 — a) confidencSinperval 
for the difference between the proportions of 
a binomial distribution (Walpole, and M y e S  
1972; a ilfh e  probability of a w p S ^ r r o r , and 

is converted to percent).

Results
O f the 18 wild brown trout resident in ob

servation area A in 1978, 15 were present again 
in 1979. S L e lv eo f the 20 fish observed in 1979 
returned again in 1980 (Table 2). Both in 1979 
and 1980, all new fish wereSjgoung of thllyear 
or yearlings. Even though it was'suspected that 
two or three older fish were removed by poach
ers early in the spring of 1980 (fish 51 had been 
positively identified in March) no age-group 2 
or older brown trout moved in to take their 
places.

Home Range
The mean home-rangffsize of 53 wild brown 

trout was 15.6 m2 (SE-,. 1.7) as determined from 
minimum-convex polygons encompassing 95|H 
of the scan sightings of each fish each year. The; 
home-range size decreased steadily during the 
second through fifth years of growth (age groups 
1-4) (Spearman’s rank correlation coefficient 
r = —0.34; P  = 0.02;|^|= 47) but then in
creased (Fig. 7). Home-range estimates based 
on the bivariate normal assumptions dfcgjenn- 
rich and Turner (1969) also yielded a negative 
but nonsignificant correlation (Spearman’s r = 
— 0.15; P  = 0.31) for age groups 1 -4 , and art 
overall mean area of 47.7 m2, three times that' 
obtained by the polygon technique.

Each wild brown trout used only a portion of 
the total 182-m2 observation area and remained 
faithful to the same part of the area from year 
tJp ear (Fig. 8). No fish had exclusive usÉlof any 
home range; considerable overlap existed in the 
home ranges of neighboring wild brown trout. 
For example, in 1979 the home range of fish 
3¡¡¡was wholly contained within that of fish 10, 
site 18 being the most frequently used foraging 
site by both fishHpig. 9|Î;Noné of the 20 wild 
brown trout resident in area A in 1979 was ever 
seen in area B despite over 100 hours of obser-

Figure 7. — Mean size (± SE) o f home ranges fo r  six age 
groumMlSÊm
convex-polygon method, rentheses.

vation from tower 4. Neither was a g ® )f  the 
eight brown trout resident in area B ever seen 
in area A, although area B was le,|s than 30 m 
upstream and in the same pool as area A (Figs. 
2 and 3) ■This is further confirmation J i  the 
small home ranges used by wild brown trout in 
Spruce Greek.

Foraging
Within their home range, individual wild 

brown trout used from H to 32 foraging s i t «  
the mean number accounting for 9 O il of, focal 
animal observations being 6.0 ±  0.5 (SF;
52 fish). From these sites, the fish dar^rato 
intercept food items in the drift and to pick up 
organisms attached to or moving about on the; 
substrate.

Typicalljfl foraging¿sites were B  fronf^of a 
submerged rock, or on top of but on the down
ward-sloping rear su rfaR  of a rock B ig . 10). 
From there the fish had an unobstructed view 
of oncoming drift. While a wild b rw n  trout 
was in such a site, its tail beat was minim|Mg|p 
page 23), 'indicating that little effort wajs re
quired to maintain a stationary position even 
though the current only milhmefe j|  overhead 

$$as as high as 60 to 70 cftMecond. M||t brown 
trout could be found in one of several such ||tes 
day after day (Fig. 10), and it was not uncom
mon to find a fish using m anyjif the same ¡¡Jes 
for three consecutive years B ig . 11). .

The precision with which broroterout usro 
foraging gives an indication of the lattenj î 
function and importance. The position of the
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FISH 0 8  FISH 3 1

0 5 10
METERS

F ig u r e  8 .— Utilization distributions fo r  wild
in 19e78,yl979M nd 1980 . Shaded area A. Peaks r e p ^ K m e ^ m m  time;. i / f lU A H H

' o d H 9 $ |  specific fordmnJ^m M B

eye of fish 31 in position 18 (Fig. 10) in eleven 
photographs taken over 15 months ranged less 
than 40 mm in a longitudinal stream direction 
(SD, 11.7 mm), and cross-stream range was less 
than half of that. The position of the eye of fish 
32 in the three photographs of Fig. 11 is vir
tually identical. This precision, together with 
the ease with which the wild brown trout were 
able to maintain theie positions»;,demonstrates 
the cost-minimizing utility of the site|;.u,f

Many sites were used by more than one brown 
trout during a day||Fig. 9). Different fish used 
a particular site in thJSam e wayf and with tbc| 
same precision. Even though some smaller rocksl 
shifted and moved during the course of the 
study ¿the foraging s i t S  created by the unique 
flow of water over and around the larger 
embedded rock, remained fixed. The most c ®  
tinctive characteristic of thq foraging sites was 
the low water velocity (about 8 cmBBpond) in
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AGE GROUP 3 -  I 9 7 9

FáfüRE 9. — ¿¿ J Í 3  trvumH 1 9 7 J Tu ( 1 9'Bm
method. Site 18 was the primary (most often used) site fo r  both fishes W§^mg31 and site 32 

wMbmTt̂ m̂s 10 andh&MthaLÿêàr. Pnm a^sifei a j

the immediate vicinity of the resident brown 
trout’s-head (Pierce 1982).
^ ■ e  precision with which brown trout used 
foraging sites precluded there being more than 
one fish at a site at a time. The distance between 
adjacent occupied foraging sites was rarely less 
than 1.5 m and if two brown trout were feeding 
within sight of each othelj the larger of the two 
was always upstream.

Refuge sites were those sites to which trout 
fled when disturbed. Because wild brown trout 
rarely used refuge sites and because the exper
imental design of the study precluded obser
vation of some fish in refuge sites, comments 
concerning these sites must be considered an
ecdotal.

The overhead flight of a large bird such as a 
mallard Anas pldîyr%y7f^mior common grackle 
Qu'^mlus qîî^scula typically caused a wild brown 
trout to dart to one side or another and become 
motionless with its body pressed tightly to the 
substrate. With no further stimulus, the fish 
would usually return to its foraging sit£.and 
resume feeding within 3 to~5~minutes. Repeated 
"alarm stimulus or stronger initial stimulus (such 
as a mallard landing) would cause the fish to

flee to deep water and b||ome motionl Jfejbr to 
move under a bankMfock, or some brush. In 
such a case, the fish would usually "fieturhTo a 
foraging site in about 20 to 30 minutes.

T y p ic a l*  more than one wild brown trout 
fled to the same pocket of deep water or under! 
the same bank, rock, or bru|p. On onè>.^çasion 
a 2-year-old brown trout was observed tucked 
tightly along aiid mj^ly^mdíu^ne down-stream 
side of a flat ro^fc, perpendicular to the flow of 
the stream. It reüïaribfïüd there tor about 2 h ou r! 
without any movement. It suddenly left this po
sition, proceeded to one of ¡lis accustomed for
aging sites, and started feeding. Other brown 
trout were occasionallySeen lying motionlesS 
under brush (sometimes only thc^tip^of the tail 
could be seen). Fish fn refugcsites^dfa noiflfiedl 
did not move, and enga^Hhnrno agonistic en
counters.

Feeding, Pc^Mpyi 'Cha!jm% and Gapwfc
ÊÉ|The mean total feeding rate ̂ averaged ¡grer 
all months, from April through B p v em berl 
steadily declined with increasing age from 20.2 

Té'éds per 15 minutesTbr âgé-groüp'l f,oT5'.6 
feeds per 15 minutes for age-group 6 +  (Fig. 1 2 l
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J J J g u r e  11 W&Wild*.m^^Mtrout 32  m ® # ;2  iw three suc
cessive summers. The x̂ ^tnmem timhrnvp ipfcsBIfflU^Bm
¿ w f o f l M spots close

>\ tog,ethewtwSmMBmi^^e>̂ mmddp,iw^^^mit/Ltw^m

F ig u r e  1 Ow^WilMm^^^m bb i 3 1 in-sife 18 
W^m^^Ufrin  ̂,si0i1m$r 197%  ̂ ^

Ifabl^S' 3 and 4). The proportion of surface and 
midwater feeds was approximately the same for 
all age groups; bottom feeds adibunted for or™  
7 - f 3 3  of the total. On numerous occasiorisj 
small fish fed close to,T>ut downstream from, a 
larger, more dominant fish, and at a higher rate 
than the upstream dominant .^TheHprger fish

was passing up some items in drift that the 
smaller wild brown trout ate.

Feeding rates were highest in spring, declined 
in July and Augup| and then increased again 

Jn  September and October. Surface and mid- 
water rates were abouflequal April through Au
gust bH  surface feeding was predominant in 

j fa ll. Mean bottom -feeding rate was low 
f throughout the year l  i able 317"̂ ^— — — ^ 

Total feeding rates w ®  higher on days when
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older fish werespjen in observation area A.glpe 
mean fetping rate - f^ d s  per - minute|| of 

¡¡toung fish (age groups 1-4) on dap when age 
groups 5 and older were seen in daily scan ob
servations/was 20.4 ± 2 .1  | | B g S B 49), and ii| 
was onlygil.4 ±  0.8 |fe|= 67) when older fish 
\y r̂e not seen (F = 6.40; P  = 0 .0 l3 ) i- t

Total and midwat§r feeding r&tlgl were sig
nificantly higher on stmny days than on efpudy 
da# M ff:trea®  wateryfemperature appeared 
to have a depressing effect on midwater and 
tot^Jfeeding rates, even when corrected for the; 

Hffect of month H7;gble 4). The onllpignificant 
effSit of turbidity was a d ep rS in g ’t éffect .¿on 
bottom-feeding rates.

The number of times a fish moved from one 
foraging site to anòfher during a 15-minute ob

servation was highest in April and May and de
clined steadily throughout the rest o f  the year 
(Table 3). Neither size,nor age had a significant 
effect on movement rate of theBounger fish 

|j<4 years old) but larger fish (older than age 3) 
moved lefl than younger fish |3Tablest 'and 4). 

/The time of day had no significant effect on the 
movement rates of the fishK Iib le 3Hnor did 
any of the abiotic variables measured: turbidity; 
light in|lnsifawater temperature; water height 
(Table 4).

There was a very pronounced temporal effect 
on the; rate at which the fish gaped, which was 
highest during summer months and lowest dur
ing the middle of the day (Fig. 13). When cor
rected for the confounding effect of month, gape 
rate was highly correlated with water temper
ature, but turbidity had no significant effect 
(Table;. 4). No difference in the frequencJ|of 
gaping was evident , among the various age 
groups.

Growing
Growth of brown trout was curvilinear with 

age; a rectangular hyperbola fit the data better 
than a negative exponential, which gave too low 
an asymptotic length (Table 5, Fig. 14). For the 
rectangular hyperbola, parameter estimates did 
not differ between the model of all fish and of 
the subset of fish aged 0 -4  (regression analysis; 
P  < 0.05), indicating that the lengths of older 
fish could be predicted by the growth of youn
ger age group#{l

Growth of older browff trout in the study area 
was .very slow. This is exemplified bBfish I S  
dominant in the area during 1978M„9?9, and

ta l rti]m fluid ra
‘Ff'f̂ dtvdter

age^gronp^ììn H

1980. In August 1977fat was 28.3Tm  long and 
it grew slightly less than S W  ovg|;Jthe next 4 
years. Scale samples taken from thijfcsh in Oc
tober 1981 yielded only one uriregenerated seal J  
out of 78 taken, and that-scale contained only/ 
three distinct annul. Fish 15 was captured arid 
killed in April 1982. The otolithsBagittae) dis
played 9 distinct annuli, confirming the age.Csl 
timates used for this fish throughout the study.

Domw^m^  HieFd^hy.
Dominance hierarchi® of wild brown troSt; 

in observations area A $S5r nearly linear and 
quite consistent from year to year (Fig. 15, T a
bles 6-8||Fish 15, never observed to l« e  an 
agonistic encounter in 3Wears, ranked first. 
Other wild brown trout we?re ranted 2-|§5, based 
on the number of fish in the longest linear chain! 
y^hich occurred in 1979. DornlnancSjwa$/ 
strpngly|c„brrelated with age (Spearman’sB =
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T a ble  3 .— Activities o f wild brown trout in observation area A o f Spruce Creek, stratified by age group, time o f day,
■HRRH Within a stratum, means with a letter in common are not significantly different (Duncan’s multiple-range

test; P > 0.05).

,Num- Mean number per 15 minutes ± S E

Num
ber
0 0  

focal ‘
hour ber H H ob

of An serva
month R s h eii^Snters Surface Midwater Bottom T  otal N ^ ^ 0 0 tions

Age
H H 12 2.1 ± 0 .5  a 7 .b B l6 a b l O .o H ^  a ^ S g O - 3  a 20.2 ± 2.2 a 2 .P ;!o .6 !a  f 1.08 ± 0.16 a 0 6 8

2 14 1 . 8 ± 0 .2  a 8.9 ±  iWgM 7.1 H ® 0  ab 1 ,| 0 O .2  ab 18.0 ± 1 $ a 2.5 ± 0.5 a 0.79 ± 0.10 a 350
3 0 M P I 0 0 . 0 - : ' 6.9 ± l.Oab °-8 b H i  00/:4 ab 15.1 d lH a b 2 0 0 0 . 7 ^ 0.75 ± 0.15 a M B
4 8 1.7 ± 0 .2  a ; !5 ;0 2 .5 a b > 4 . 2 0  1.0 b l | H o .2 be 10.8 ± 3.2 ab 1.2 ± 0.6 a 0.f8fffi.|.14 a 133
5 4 2.0 ± 0.2 a 2.9 ± 1.2 b ;| S ±  i . i j ) o n  cd 0 1 0 0 p  b 2 :0 0 0 .4  a 0 .8 6 0  >0.40 a H H
6 + 0.8 ■  o.l b ;;f : f i 0 2 .6 a b 3.3 ± 1.3 b 0.4 0 0 .1  cjf| 6.6 ± 3.6 b 1.1 ± 0.6 a 0.34 ± 0.31 a l 21

Hour of the daya
B n 2,7-' ± 0.2 ; I f ®  1.7 0 9  0 0 .4 13.8 ± 2.2 fMHBjfil 1.05 ± 0.10 1 0 0
ioob 33 i;..r± 0.2 HIM 1.0 5.6 ± 0.7 0H 00H 4 2 ;8 ^ 0 .5 2.7 ± 0.4 1.19 ± 0.16 105
1100 ibvi 1.5 ± 0.3 6.2 ± 0.9 5.4 ± 0.7 1.6 ± 0.3 13.2 ± 1.4 | B 0 O .5 O.100UO H 0 0
1200,; 26 1 . 0 ± 0.2 6.3 ±  1.1 5.7 ± 0.7 2 .^ 0 O .4 R 0 0  1.3 2.7 ± 0.1 0.70 ± 0.10 98
Rob HH 1.4 ± 0.2 5.5H  1.0 ■H| 1.4 1.6 ± 0.3 l f B H H 0 H h).4 O-6OP l 0 ) 1BjpS
1400 30 ± 0.2 8.2 ± 2.4 r;!7.oB 1.1 10K hH 17.1 3.0 ± 0.5 0.63 ± 0.08 117
1500 Ko 1.4 ± 0.2 - 6.3 ± 1.4 8.1 ± 1.5 1.9 ± 0.3 16.3 ± 2.1 qB . 1 0 H B
l w 0 0 m H  0.2 4.2 ± 0.8 7.4 ± 1.8 B p B p M 12 .900p | [fJ 0 4  0 0 .4 00^10.12^1 104
1700 22 i.i ± 0.2 7.2 ± 1.8 6.3 ± i.̂ $| 1 .8 0 0 .4 15.3 ± 2.6 1.7 H H 0.96 ± 0.12 *. 61
1800 10 MLo ± 0.5 0 H  1.4 6.1 ± 1.5 l| 00]^ 0 1® H r7- 1.8 ± 0.5 0.97 ± 0.23 I B - :

Month
Apr 0 B 0.9 1| 0.3 cd 8.6®  2.4 ab R f l  1.7 a 6 ^ 0 2 . 3  a 23.2 ± 3.0 a 0.04 ± 0.04 d 21
MayH 22 1.7 |t| 0.4 ab |pv3|M.8 a 9.9 ± 0.7 a 2.9 ± 0.6 a 2 1 .l jf0 .O  a 4.3 ± 0.5 a 0.72 ± 0.11 ab 1 2 0
Jun. - 20 1.9 ± 0.3 a 9g ± 2.1 h'.\lO.900Ma- 2^0O.^0 23.0 ± 3.7 a 3.6 ± 0.3 ab 0.9000. i^ai lR
J u l - 27 0̂ 9H o.fbc W| 1.0 ab 7.9 ± 1.1 a 1.7 ± 0.2 a 1 6 .8 ^ ^ » a b 2.|‘0 O .2  b 1.07 ± 0.15 a 064
Aug ® 30 1.0 ± 0.2 cd 3.8 ± 0.7bc E M  0.6 b F|^0°.2 a 9.1 20.2 d 2.1 ± jpfii 0.87 jdSlfH 329
Sep 12 1.2 0  0.7 cd 9.2 ± 2.5 ab 2 ,8 ®  0.6 b 0.5 ± 0.2 b 12.5 ± 2.7 cd 1 .^ 0 0 .4  cd O.5T0-24 be •;30
Oct /;ip H 0  cd; 1 2 .1 1 0 2  0 2 .6 0  0.3 b 0.7 ± 0.2 b 05.4',0Hbc 1.0 00.4/cS f r o 0 0 p t ? :d 20
Noy 7 0.3 1  0.2 d S .l  ± 0.4 :c ! 0 .5 ®  0.2 c 0.7 0  0.1' ■ 2.3 ± 0.8 e B  ± 0.3 cd 0 . 1 0  0.08 cdj 22

a No signBant effectBf time' of day on anamivity.

0.81; P m  6.01 50), although the agonistic
encounter rate was essentially the same for age 
groups® through 5 (Table 3). There was noi 
significant effect of dominance on a #  of the 
R ven  behaviors tested (Table. 4)± Agonis'fff • en
counter rates were "highest in May and Jump 
¿corresponding to the m onthsbf highest feeding 
rates (Table f|, but time of day had no signifi- 
canlleffect on agonistic behaijpr. O f the fourl 
abiotic variables measured, only water height 
had a significant (positive) effect on agonisticl 
behavior (Table 4)^0

Use o f
One of the most surprifeig results of this study 

was the high probability of sighting an individ
ual wild brown trout in ajfpraging site during 
scan and focal-animal observations. Age-2-wild 
brown trout were found during 8 3 0 o f the scans 
between 0900 and 1900 hoursM f one defines

“cover” aBccHcealment froW|above, a^e-2 
brown trout spent J e 3  than l ^ S 0 f  thpflhours 
under cover. As the fish got older, t h ^ » e r e  
less!$fkely to b^H en (Fig.M6). Because part B  
the home range of some fish was nbf wholly 
within the bbs«/ation area and the cryptic col- 
oration of the fish inevitably resultS;in |bme fish 
being miffed in a scan observation, the data in 
Fig. 16 must be considered v e B  (consHvativ& 
estimates of the time the fish were not under 
overhead cover. TO&e overall mean probability« 
of sighting an individual of any age group (given 
that it was R e n  at least once that day) ranged 
from a low of 0 .6 4 ®  0.07 (SE) in April and 
•May to 0.81 ±  0.02 in Noyemb^fjfe

Time and Budgets
It took brown trout only lR cond|S in teir^ S  

food items in the driftM fcaptuiB organisms on 
the bottom from their station||lforaging
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T ablöI.— pÆ W m ipm f 5  himatmB ^ S l Créh with jJA ff iiy g g |
H H H ;» i (*) indicate significant QÆ

A hhÆW m K ii^BSlniiP- P = probability; N = number o f  observations; T r »
(CERT  /X  'SQRT S R K z^ iroot).

Indepen
dent Agon|ÿ^pjj|| 

variable '

Feeds

. ; ‘Surface MidÄtef Bottom Total Moves

Age
b -0 .0 0 0 9 -0 .0 2 7 5 * -0 .0 2 1 9 * gO .0048* + 0.0006 fBo.oioo*
P 0.3766 0.0003 0.0001 0.0001 ÄÖf;0001 |§|o.4510 0.0006
N 137 l7(ftF 152 152 183 132 l b B
Trans i/x g§PBR|||| \Log, w  1 SQRT '• i/x Log,

Length
b -O.OO^^M -0 .0 3 6 6 * — 0.0640* +0.0125* -0 .1 4 1 5 * +0.0016
P 0.2272 0.0005 0.0001 0.0001 0.0001 0.$|30 0.0*051 '

I KB 137 171 l5fS 152 / : 1 8 g | « 3 2 152
•Trans Ì A CBRT Log, i/x SQRT 1/X '/Log,

Dominance
— 0.0044 — 0.05Î.T;-( ^ g o .0 1 0 4 go.0039 - \ ^ g 0 ,0 5 5 5 # « 0 .0 0 2 4 +0.0338

P 0.6004 0.0530 0.49|||h 0.4637 0.4881 0.7007 / Ì0 0 7 1 6
N 48 46 50 50 \ 51 47 50
Trans CBRT Log, 1/X SQRT 1/X Log,

T ^ b id lt^ K
b -0 .0013 0.0237. ^ E o .0 7 | ^ ÿ +0.0431* V A 0.1690 +0.0019 | » 0 .0 5 9 7 -
P 0.3114 0.6727 0.1624 0.0002 0.0847 0.8550*,: 0.3244
N 173 153 173 126 186 109 / mm. 460!
Trans ■ Log, Log, 1/X SQRT l / t / j Log,

Light intensity
b m 0 0 0 9 + 0.0097 ^ H 0 .0 0 9 7 * go.oogB ^ g 0 .0 0 7 7 * :7\'rtf0.0003 -0 .0 0 1 5
P 0.4598 0.1119 0.0351 0.0633 0.0374 0.6974 O.8 I 1V+I

171 .. ,250 279 211 293 BB 224
Trans Log, Log, l/x ■ SQRT 1/X ' T o g ' /

Water temperature
-0 .0031 + 0.0231 -0 .0 5 4 3 * $$0.0083'- ^Ho.0642* ^Bo.0179* IIS0-0567' 1

p 0 .7 2 7 ^ P 0.5055 0.0385 0.1775 0.0016 0.0020 0.1607
N 252 371 417 339 401 290 299
Trans 1/X Log, Log, m m SQRT B H Log,

Water height
b -0 .6 9 3 2 * -1 .1 8 4 6 + L 3 3 $ ^ -0 .1 7 8 9 + 3.0000 -0 .2 4 7 9 ^ g g 5 9 11
P 0.0099 0.3056 0.1,806 . 0 .p l 7 0.1112 0.1781 0.5709

BBSS» 136 193, ' 217 160 230 135 176
Trans Wm Log, Log, SQRT B B

but because the current swept the fish farther 
downstream during a surface feed it took the 
fish longer (6 seconds) to return to the site after 
a surfa|g feed than for either a midwater or 
bottom feed (Table 9), A rough approximation 
of the comparative energetic cost of the several 
activities may be obtained from the tail-beat 
frequencies of the trout in different activity states 
(Table 10)W"he high energetic cost of surface 
feeding is evident from the relative duration of I 
and tail-beat frequency during, surfacHFeeding, 
Stationary swimming at the surface, an even 
more costly;i<activity, was very rare (much less

than jj§I|of observations) and alw a« was asso
ciated with very high feeding rates (30-40 feeds/! 
15 minutes), Hhe percent of time spent in each 
behavioral state for each age group was calcu
lated from the general equation:

HgSactivitKg 00(mean duration* of activity x mean 
activity ratSHBbservation time.

The wild brown trout in SpCu|| C rg k  spent 
lê | than their foraging time in ener
getically costly activity (Table 11 l lfflhey spent 
most of their daylight time, an average of 8 6g  
in a sit-and-wait statj^^arching thè; passing
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HOUR

f JB IKe 13.—MemSm-SE) gM ima tes o f  wild brown trout 
fo r  April through ^ 0 .ember alfl 0900—1900 hoummv- 
erfjMa^Ki 1 9 7 8 - 1 bdrWSS S ^ j
parentheses.

w atij column for drifting food. The cost-saving 
value of such behavior is evident from the low 
tail-beat frequencies and time Sp ent in such 
states. As the fish got older, a greater propor
tion of time was spent in agonistic encounters 
and a; smaller proportion in pursuit of food. 
Overall, the fish became less active as they got 
older (Table 11).

Fm Jre 14 K fLe ft
, in, SpY'kd^mffleek. S f i i  the' w ^^^m ar
hyperbola was fitted to
tion o f curve reflects minimum age estimates o f trout older

HatWmy BrWm Trout
Within 20 minutes after the hatchery fish were; 

introduced, the wild brown trout engaged the 
hatchery fish in agonistic encounters. Most agons 
were started by the wild fish but there was no 
prior n^idence effect in the/ Outcome of gin- 
counters between Mild and hatchery fish. O f 
197 contests, 83 were won byifHld fish and 96 
were won by hatchery fish (Tables 7 and 8). 
ThqriSwasyhowever, a significant correlation 
between the dominance rank of the wild fish (as, 
determined from agonistic encounters among 
wild fish) and the proportion of agonistic en
counters between wild and hatchery fish that a

S able ^^^^roipth models fo r  brown trout j$reek, fit by n o n l i n e a r Fnd E0 are asymptotic total
> lengt%6^gr^tfngulhr-hyfer^^,nd expo& it^ ^ m m . res^ ^ ^ ^ ^ ^ ^ m ge afcijMM 

attatmd} B7 tf&xppwential time

Model N Sum of squared V‘̂ ŷmbol

Parameter

Estimate
I^Sym ptotic 95% 

CQnjplence interval

Rectangular 218 Re|rrfesgi©n, 128, 3§|f.6 40.0 cm S 8 . 4 ,  41.6
h ) » o l a a Residual, 643.8 A'A £k 13.2 mont^t^,' 2 8^7/2 5.7

Rectangular 154 Regression, 76,897 v6 4 0 .r fp | ^ 3$A  43.6
hyperbola*
(ages 0 -4  onl'y^H

Residual, A* 23.6 months

Hegative ; ; 218 Regression, 1 2 f| l6 ;9 ;‘:'; BBIH 1 si^ 0 .Sm 30.0 ,3  im m
exponential15 Residual, / S 60-4 B, °-04H H I.0 4 1 , O.oH h

a Rectangular hyperbola model: L = LmaxAgef^^A  
b Negati vlm^xponential model: I/=?
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F ig u r e  h ier  a  troÊfc
agonisât pArMSÊ^Ê Highern rank N um benÆ Ê xfà is th^^Midentifimtian number.

wild fish won|g" = —0.37; P = 0 .03^ ^  = 32,1 
Spearman’s rank correlation coefficient). The| 
large, high-ranking wild fish repeatedly chased 
the hatchery fish completely out of the obser
vation area. Fish 15¿ the oldest wild brown trout 
in observation area A, never lost an agonistic? 
encounter with any brown trout, wild or hatch- 
er)p|dui^gjfcth ? O bservation periods 1978 
through 1980 (Tames 6-8). Although agonistic 
encounters between wild brown trout rarely ex
ceeded 30 seconds, those between wild and 
hatchery trout were frequently very prolonged. 
On one occasion wild f is h 31 engaged seven 
hatchery fish in a series of agonistic bouts that

lasted 3.5 minutes. At the end of t h i K y i «  fish 
31 was breathing heavil|j had a dark, blotchy 
colorSand appeared exhausted. Other wild 
brown trout similarly exhibited evidence of 
stress, not seen before the introduction ngj 
hatchery fish.

A few hatchfry browrSrout took up station
ary positions in foraging sites used by wild brown 
trout. Some hatcheAp trout were observed in 
these discrete sites only minutes after the®vere 
stocked and before theiÿ̂  hacÇftarted to feed. 
They used theseMbrnmon sites with a precision 
similar to that of the wild brown trout. A few 
hatchery brown trout displaced wild fish from
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B ^ ble 6 .— Outcomes o f agonistic encounters between brown trout (identified by number), 197§

Winning
34 45fish 1 B I B  7 8 10 . 11 14 15 22 H M 4 ' 31

1 _ 2 i 1 2 ■■ : 2 1
5 : . _ 2 1 i 8 4 3 2
7 2 4 3 H 4 | SS| 1 A -i1 '
8 1 - 2

10 1 3 - i 10 4 1
11 -

H i - H H
15 1 - 1
22 i - 1 1
23 2 i - 4
24 , i y - 2

H r 1 3 46 P J g l 8 7 1 - 16 H i l l 1
H | H 1 19 1 i 2 - 7 1

34 5 1 i 1 -
44 2 6 - 1

. 45 -
■ M m i 1

52

D otal 5 10 0 83 8 . 6 0 ''• V 13 15 6 25 M l 38 13

m  52 wins

11
21

3 27
0

1 4

3
8
3

M f V  -991 
40; 

8 
9 
0

1 4
0

8 268
losses

these preferred foraging sites and even ap- 
I peared to become integrated into the domi- 
j nance hierarchy o f the wild fish for short pe- 
I riods. Unlike the wild brown trout, however, 

the hatchery brown trout often failed to return 
to the site after an agonistic encounter or after 
they had pursued food items in the drift.

Most hatchery fish moved almost constantly, 
or remained stationaf| in oth^f, le g  energy
saving sites. The tail-beat frequency in such cases 
was significantly higher than that of hatchery 
or wild fish using numbered sites. The overall 
mean tail-beat frequency for stationary hatch
ery fish was 1.9 3 ±  0.10 (SE) beatH |cbnd (A||B 
34) as compared to 0.43 ±  0.03 beatsf^second 

j||H l= 45) for stationary wild fish. The tail-beat 
frequency of moving hatchery fish, 2.31 ±  0.12 
beats/second (iV B 16) was similar to that of 
moving wild fish (Table 10).

The hatchery brown trout fed less, and 
changed position more frequently, than wild 
fish in both 1979 and 1980 (Table 12). Gape 
rates were similar for both types of brown trout.

The number of hatchery brown trout de
clined continuously after they were stocked in 
observation pools in 1979 and 1980 (Fig. 17). 
The decline was more rapid in 1979 (when wild 

\ trout also decreased in abundance) than it was 
in 1980. Only 2 of the 179 hatchery fish stocked 
in the observation pool in;! 979 were B e n  again

in 1980. When seen (once, inibarly April) they 
were thin and moving almost continuously. Very 
few, if any, of the brown trout-¡stocked in 1980 
wintered over. In October 1981, M ien the en
tire area was censused by electrofishing, none 
of the 400 hatchery fish stocked in 1979 and 
1980 was recovered.

Overall, the behavior of the smaller hatchery 
brown trout stocked in the spring of 1980 more 
nearly resembled that of the wild fish than did 
the behavior of larger fish stocked in lateSum- 
mer 1979.

Discussion
The foraging behavior of wild brown trout 

in SprucfiCreek reflects the profound effect 
that current has on the energy fish must expend? 
while living in a lotic environment.^ The re
stricted home?!range of individual fish, the d isj 
crete nature of the foraging sitefflvithin these 
home ranges, and the large proportion of time 
the fish spend stationary in foraging sites sug
gest that energy expended by th|igpld brown 
trout may be a principal determinant of growth 
rate and population density in SprucpGreek’rftl

HoWe

: The restricted nature 'of the home range of 
stream-living trout and juvenile salmon has feeen 
inferred by many ini^'tigatorSStefanich 19521
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Holton 1953; Miller 1954a, 19^H liew m an 
1956M aundM »and Gee 1964; Edmundson et 
al. 1968; Bohlin 1977g| but||he pres^tM udy 
may be the firsm lwhich the actual home-rangeB 
llze of free-ranging salmonids has been mea
sured by direct observation. SchucM(1945) re-B 
ported that most wild brown trout in CrystalB 
Creek, Hew York, wSH recaptured by elgjtro- 
fishing in the f lm e  l l l l t ions of stillim where 
they haw been originallwaptured and tagged. 
He also noted agioming tende^B. Many fish 
caughtfj! an upst|Sam weir during the spawning 
run later were rSaptured in the same section 
w heriJIhShad been originally captured; tagged, 
and released. Miller ,(1954aMeported a simiM® 
homing tendeiSiy by wild cutthroatBout 

mjt&ki removed from their hom e|B.s andffib- 
erated elsewhere in the samMtream, Men after 
several; weeks of enforced B tention  in a new 
locality. Allen M 951) reported that the mHority* i 
of wild brown trout capture«tagged, and re- 
lea j d  in the Horokiwi Stream, New ZejjjandB 
were recaptured either at the point where they 
were initially captured or within a hundred or 
so meters of|£i He noticed that brown trout in 
different parts of the stream greSi at different 
rates and concluded that the stream population 
com p ed  of a linear series of disc^te, nonmix
ing populations. Miller (*1957) recorded 6 7 B  of 
rftaptures of cutthroat trout in the same pool 

.’or within 200 meters of it andBoncluded that 
“ . . . each cutthroat trout of Gorge Creek has 
a home territory not over twenty yards long . . . 
and that the whole lifBls spent f& K ’’ A general 
lack of movement biyiyearling and older brown 
trout also was reported by Solomon and Tem 
pleton (1976).

Although the term “home range’’®  used by?,! 
m anflBologists and behavioristi, there is dis
agreement over unmeaning and how to mea
sure it (Anderson 1982). Burt (1943) defined 
home range as f“ that area traversed b jK ie  in
dividual in its normal activities of food gath
ering, mating and caring for young.” Wilson 
(1975) d efm ij it as the area that an animal learns 
thoroughly »-and patrolHregularlyBphe home 
range reported in this study is an estimate of 
the area an individual wild brown trout used 
during the time of principal growth, April 
through November.

There is little doubt that wild browfi|trout 
learn the home range thoroughly-zand know the. 

lo ca tio n  of hiding placH or refuge sites. Thejj|

proceed directly and withBfttle loBtimHor en
ergy to such places in deep wafer, undeijrocks, 
¡IBBwerhanging brush and banksHvhen dis
turbed from theiramraging sites^;Similarlythej® 
proceed quickly and dirUctl®rom one diI|re||B 
foraging site to another; But whBdct/home 
ranges gJHsmallerRvfish get older^B

If  home-range sigSgy&Sre rela'ted t(§|bod avail- 
abilitgl one woull expect home rangeHto get 
larger as fish get Bgfer. The behavior of the 
B ild  brown tfput in Spruce Creek suggiljts that 
the home ranges oflyounger fiih are larger be
cause older, larger fish a|S|dominant Over small- 
Br fish and force them Bo mofe* about more, 
Such m oBm ent is energeticallyB B lyfAs a fish 
growSits dominance ranking riseBand it is less 
likely to be displaced from a particular foraging 
site. One benefitBf dominancgjmay be a small
er, less energy-consuming home ranged '

If  one part of the pool yielded a significantly 
greater amount of food than anothe|||)ne would 
expect that the locatidfl of the home ranjj^Bof 
the fish would change as they became o ld B  and 
m o|  dominant. But the home ranges of wild 
brown trout ranging in age from ||oung of tMfe 

Sear through 7 + Bem aiigd  substantially theft 
same for as long as threjf successive summers, 
eveS though their rank in the dominance hi
erarchy rose. When some older fish disappeared 
(I suspect fish 51 was caught by po^cheYmarly 
in 1979), such jp lcam flts” weye filled by ipung 
of the year owearling fish. Either difl|3|fint parts 
of the pool do S t  differ significantly in food 
availability, as Jenkins (1969) suggested, <pr thp 

gipmporal and Batial variability of fooBsupplm 
B  so great that the fish cannotBletectthe dif- 
ferencq.:ft

Form ing D r
That trout keep to very prM || locatioijl haH 

been known for some time (Hoar 1951; Fabri- 
ciusftand Gustafson 1955; KSenleyside 19fi2; 

/’McCormack 1962; Hartman 1963; Elliott 1965; 
Baily 1966; Frost and Brown 1967; Chaston 
1968; Jenkins 1969;; Bohlin 1977; Bassett 197 B )H 
Indeed, the persistency with whicffla trout ffBB 
time after time in the same spot is at once both 
the appeal and at time! exasperation oBthe f\m 
fisherman (personal experiencei):. Kalleberg 
(1958) refers to a Swedish author B B )rback  
1884)| as writing “No fish remains foBsuch a 
long time on its station without moving from 
tfllre as tl| |riv«trou t . . . .”
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pjABjij®.—(jlMjl?' Tillli n 'S^m pM lW & ^n Mi batWk9 7t %

WinifmgC1
fish

Losing fish

W i^ H

3 5 ■ h 8 10 11 14 15 24 31 §¡2 3|g 44 51 p>|yi|| 3 H jx 57 62

Wild
- 1

5 2 - 3 2 2
1 ’ ,6 - 2 3 11 1 1 ■;'Tv i

8 - 1 9 4 mm
10 5 - H I 4
l i - 1 3 14
l f l 3 1 n 1 i 1 1 6 2 1

. v is 1 - 2
■  2 .3IS 1 4 - 2 H i! 4

24 1 1
31 4 1 - ¡ ¡| g f||| 12 2 i

H 1 B 2 1 1 1 2
34 1 1 8 - 6
44 i 1
51 2 2 1 7 _ 1 1

-52 _ 1
53 V 2 _ 3

V f s t '" _
Wm _

62 1 -

81 8
|lliH

88
f95a 17 3 3 4 2 4 2 2 1

^fotal 6 13 6 92 HH 9 0 10 3 15 31 M 4X 2 7 28 47 6 7 1
1

* Numoferji95 was assigj^p^iq tinideiMfied hat’ch^y brown trout.

In describing the behavior of juvenile Atlan
tic-salmon S ai$ $ }salar  - and brown trdid|-in a 
stream aquarium, Kalleberg (1958) reported 
“The territorial conditions of the juvenile salm
on and brown trout are characterized in a high 
degree by the fact that each individual possesses 
within its territory one strongly dorriinatingj 
strictly localized station. There the fish spend! 
the greater part of Jp time, from there it del 
fends its territory, and thi|;Sthe starting p «n t 
for its feeding excursions.”

There is considerable variance and iincaH  
tainty in the literature about the meaning of 
such terms asTstation” (Kalleberg 1958; K f̂en- 
leyside and Yamamoto 1962; McCormack 1962; 
Bassett 1978; McNicol and Noakes 1981)| 
“home station” (Slaney and ^fbrthcote 1974), 
“position” (Keenleyside 1962; Jenkins 1969),| 
“holding position” (Feldmeth and Jenkins 197$)|; 
“microhabitat” (Baldes and Vincent 1969), “lie”

(Frost and Brown 1967), “focal point®Crifhth 
1972, 1 9 7 S  Fausch 1981; Fausch and White 
1981), and “territorial focal point” (Everest and 
Chapman 1972).

Explanations for why salmonids in |§ream|j 
exhibit such localized behaviS usually are based 
on inferences that the^^ations choserttnable 
the fish to capture food effi(|||nffeand to awid 
predation. In this studp I fetinguished be
tween thqsSocations thq wild brown trout used; 
when drift-feeding (foraging sites), and those: 
sites used when not feeding (refuge sit|||.;T he 
energy-saving utility of foraging sites is evident! 
from the comparative tail-beat frequ®cies when 
the fish are waiting in the j&te, and from tflp 
time andt^ffort required to return to the site? 
fifter each feeding excursion. W hiH the gross| 
location of foraging sites may be influenced tSI 
drift patterns (Jenkins 1969), the ladll ojgglir- 
relation between site utilization an<|B^ling
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«Table 7 ffl

fish

Hatche^i|$

h m H 81 84 88 95a

Wild
3 3

•5 6 17
7 27
8 ,&$&4

10 1.7.
11 18
14
15 3

14
24
31 9 R i f e
32
34 25
44 2
51 16

f i l l H H
¡ a S H 5

54 0
57 0
62 1

Hatcher^^
81 - • 2 . 10
84 7
88 - 2 4
.95* 6 5 l v? 105

Total 0 : °. ■ 83 r .409
losses

ra te s , d o m in a n ce  ran k in g , an d  d istan ce  to  co v e r
suggests that drift patterns, if present, hav# lit
tle effect on site selection;

Another benefit associated with foraging sites, 
may be that the brown trout usy the energy in 
the current to intercept food in the drift. By a 
relatively small movement of pectoral fins and 
a flick of the caudal fin, the fish’s head is raised 
into the overhead slipstream. The movement, 
as revealed in slow-motion .videotapes and cin
ematography suggests that the differential flow 
over the head and anterior part of the body 
produces a Bernoulli effect, aiding the fish to 
capture food with less energy. Energy maxi
mization should be a powerful selection pres|;j 
sure (Fausch and White 1981; Bachman 1982).
I suggest that foraging sites are chosen primar
ily for their energy-saving utility and that at 
high population densities, foraging sites are a 
limiting factor. Agonistic encounters associated 
with foraging sites but not with refuge sites in 
Spruce Creek support this hypothesis.

Selectivity and siSSep endent fe e d in g ^  a 
l^M envirM m ent has been delfffjistrated in the 
case of brook trout (Allan 1978,® 981), juvenile 
coho salmon HBSMz- (Dunbrafcand
Dill 1 9 8 s , rainbow trout (Mefc^H974; Bisson 
1978), and brown trouLfffillsbn 19 jH Elli& tt; 
1967a; Ringler 1979) from stomach-samplejf 
analyses. Butl6f?and Hawthorn0;|(1968) report
ed that large brown trout frequently tolerate/ f 
smallerTrout downstream of them, bill nevelBB 
upstream. McNicol anp N oake^ w 81) showed' ‘ 

That the area in whi^Sgonisj^C behavior ow l - 
¡¡¡enile brook trout took place was ¡iferdate iia 
shape with the resident stationed at the down
stream end facing into the current. A pbssiblSM 
explanation for size-dependent foodRlectiy^SH  
and the age-dependent decline in feeding rate 
of tjie wild brown trout in Spruce CreekH thaj|f| 
otter, larger fish may pass uw m aller Berns in 
the drift that would not compensate for the 
energy expended in capturing them.

In studies in which the relationships ofiifeigh- 
boring brown trout have been dirgitly obse|yed 
(Jenkins 1969; Bassett 1978BM cLaren 1979; 
present study), dominance;was correlated with 
the agb (size) of the fish, but little or no prior 
residence effect #as evident. Neithgt was„the$;e 
a clear correlation between dominance and po
sition choice, feeding rate, agonistfiencounter 
rate, or distance to cover. In short, the domi
nant individual appears to have no pregrentis^B 
access to any “best area.” So what purpose doefifj 
the linear hierarchy serve?

The establishment of hierarchies should min
imize energy expenditure in the long run. B ro w B l 
trout normally feed on drift items one by on^ H  
If  two or more fish were to pursue the same 
item, at most only one would obtain a benefit 
to offset its cost. In a lotic environment, the 
energetic cost associated with drift-feeding, is 
considerable. Itjfe apparently leS|costl)Ho pe
riodically engage in dominance contests than to 
scramble for food asieach item drifts into view. 
This is, of course, similar to the arguments used 
by MacArthur (1972) and Wilspn (197|| in 

S h o  wing that te rrito ria l^ «  less; costly than pure 
scramble in defense of food resource^®

Li and Brocksen (1977)S#und that certain 
subdominant rainbow trout grew faster than 
the alpha (dominant) individual. A possible ex-
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T able 8 .— Outcome o f agonistic encounters between brown trout (identified by number), 1980. ■

Wifiriifig . 
fish

Wild

H H
8

10
11
14

m m m
30

mm
32

IsjBH !
37

H b&&
54

mm
■gj^chery."

91
^p2
m m

94
H H l

96
97

Total- 'v 
losses

Wild H atj| lillp

10 11 14 ;(xfiM W ,3T “% | M i  v37 ' S | 5 4  § » 1
Total

Ml

5 -

3 -

mm o

9 -  18
1 

4 
1 
3

20
mm

i o —  i -31 4 ®

4

m  26 12 23

94 '95® 96 97 wins

1 N K 1
4 31

mm
1 3 1 12

1 5
’1 12

2
1 4 75

1 12
5
i

5
■ 1 HD 1

9
1 4
1 2 1 33

h i

1 11
1 3

1

21
1

29
- H 9

1 1 3

4 57 4 1 304

‘ d u m b er 9 M ^ ^M^rned to unidentified hatch^ ^ grow n

planation, but by no means the only one, is that 
in the confined space of an aquarium a domi
nant (largest) fish expends too much energy 
when repeatedly confronted by roving subdom
inants. At Spruce Creek, higher-ranking wild 
brown trout, after having repeatedly run off, 
or defeated, lower-ranking individuals, occa
sionally did not return immediately to the site 
at which the agon was initiated, but rather 
moved to another foraging site. Although an
ecdotal, such observations suggest that the dom
inant fish may have moved to another site sim
ply because it was too costly to contiiijie to use 
the former site.

I believe that agonistic behavior at foraging 
sites results in the establishment of dominance 
hierarchies!! and that the behavior, When ob
served over a relatively^short period of time 
gives the impression of territoriality:..

T
Noble’s (1939) definition of a territory, “any 

defended area,” is in common use today (Ito 
1978), although Wilson (1975) defines it some

what differently b p  emphasizing exclusivit|§— 
“An area occupied more or lb§s exclusively by 
an animal or group of animals by means of re
pulsion through overt defense||or advertise
m ent^ Davies (1978) gives a much broader def
inition, and recognize^- a territory whenevM 
individual animals or groups are spread but m «  
than would be expected from a random o||u- 
pation of suitable habitats.

Hixon (1980), on the other hand, takesj^ much 
narrower view in the definition of territ| 3 .a:i  
“the nearlffexclusive access to and utilization 
of food resources within a mobile animal’sjibm M 
range as a direct result of that anim a^H ggrM  
sive a n d S r  ritualized expulsion oHindividu^| 
food com petitorH H

Because salmonids are at times difficult to ob
serve directly and identi j j  individually, indirect 
methods usually have been used ̂ » document 
territoriality. Many authofigimply infer terri
toriality from the observations of stationariness 
or limited home range (Allen 1951; Fabricius 
and Gustafson 1955; Newman 1956; Latta 19f?5| 
Burnet 1969; Le Cren 1973^Bohlin 1977,1978).
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F ig u r e  1 6 .— Megjp, propo ftionwfin 
'' in whi^^^Sidiidls<Sdijfew^am^^p$^Se[dghfed, 

given that the t
ing an observation day; 95% confidence interval is shown 

bars)fw4imber eaclŴ M
group par^^^^m H

Others would maintain that aggressive behavior 
coupled with stationariness implies territoriality 
(Stringer and Hoar 1955; Lindroth 1956; Moyle 
1969; Slaney and Northcote 1974; Dill 1978). 
Some make little distinction between territori
ality and dominance (Chapman 1962; Keenley- 
side and Yamamoto 1962; Symons 1971; Li and 
Brocksen 1977), and Chapman (1966) implied 
that territories develop in riffles but hierarchies 
in pools. Noakes (1978), in a general review*

T a b l e  1 0 .— Tail-hqm,
I . SmKfflan b u  ̂ff lWpy ee k.

Activity
M e am tail b e a t *

N um ber
^ p e fv a -

tiobs«§||

Sit and w S 0.4 ± 0.0 45
R eturn  from  

m idw at6r^e!d |^
l M h . 7  ' 11

R eturn  f S b  
surface f e 5 H

2.3 ± 0.7 43

near surface
5

suggested that dominance may grade into site- 
dependent dominance, territorialitjHor both, a 
concept described as scaling in aggressive be
havior by Wilson (1975).

Perhaps no other paper is more frequently 
cited in regard to territoriality of salmon ids than 
Kalleberg’s of 1958. It was the first study in 
which an attempt was ma<j§ to directly observe 
and measure the size of individual territori^B 
Kalleberg estimated the size of territories of 
juvenile Atlantic salmon in a Bream  aquarium 
by the distance at which individualJ^fiponded 
aggr&ively to neighbors and dum,mlp and b)| 
“dividing a representative part of the bottom 
surface by the number of fishes which the||l 
defend territories.” He implied that! each in
dividual had only one station but allowed the, 
possibihtilof “secondary centr||jBH ^jt all At
lantic salmon occupied fixed stations. More of 
them “defended” territoriB  when the Heater 
velocity in the tank wBincreased, and the ad
dition of large rocks produced a similar increase 
in the number of “territorial” fish. He attrib
uted this change to “Visual isolation,” although 
figures accompanying his article show that many! 
of the juvenile salmon had stations on top ;$ f  
the large rocks.

T able 9 .— Apt{{$jmdurationsfaMpild brMKmAkin Ŝ ^S^Sek. Dai^Me ? 4 | 8 B S i8 B S =  SE, derjvemfwmma 
B lB B B jo  ¡>tapes.

ActivitMH
Number of 

observatipn^M
Pursuit

time
^KTirne to

Total

Feeding
Surface , r 39 1 .0 § 0 .1 I I l . o B o . 3
Mid\|a,t0r ‘ ► 33 1.0 ±  0.1 . 3.8 3  0 . I p 4.9 ± 0.5
Bottom 13 1.0 ± 0.1 2 . 7 l o . 5 3 . 8 ; * . 5

False'-feed 24 2.5 ±  0.3
Agonistic^! 21 1 3 *  1.1

encounters
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T a ble  11 09M )-1900 hours.

Activity

Age group
Weighted

1 2 3 4 5 meana

Pursui^H 3.9 3.4 v 2.9 2.8 1.8 1.0 ' 3.1
Return to site H o . i 9.5 ' 7.8 g i p l H 4.9 ■ ¡ ¡ ¡ I l 8.4
Positioiy%ange 1.3 1 ® [ ■ H  1 0.7 i | H 1.0 1.4
Agonistic 0.6 0.8 0.8 - 0.9 ■ 1.4 1.2 0 9
Ayèncou n tera§|||
Gape ; o . n 0.1 ■ 0.1 0.1 0.1 0.1 0.1
Sit and wait 84.0 86.8 90.8 91f S 86.2

a Weight^Mfopage- group.

I believe that the behavior described by Kal- 
leberg (1958) can be more easily and parsimo
niously explained as an energy-minimizing re
sponse. When water velocities are high, fish 
cannot afford to pursue food or attack intrude® 
at as great a distance as when yeMcities are low, 
K fo  addition of large rocks may well have sim
p le added more energy-saving sites. Stationar- 
iness Accompanied by aggressive behavior, I be
lieve, is not sufficient to define territorialité®

Ito (1978) and N oakesra978) distinguished 
between territoriality and hierarchies on the 
basis of prior rJjlidence. Noakes (1978) stated,, 
“We must have individual identification of thê  
fish within a group, and evidence that domi
nance is independent of location within the study! 
area, before reasonably,concluding that a dom
inance hierarchy is present.” and Ito (1978) 
stated, “ . . . in a conflict over a territory thd 
characteristic of territoriality is, that, unlike so- 
S a l  hierarchies seen within groups of non-ter
ritorial species, the territory holder wins the 
fight as a rule even if he is smaller than thjp' 
intriider.'jThis is called the effect of prior res- 
idence.H lf prior residency, can be considered 
to be a formal test o f territoriality, then the wild 
brown trout at Spruce Creek were not territo- 
rialH jiiat the outcome agonistic encounters 
among wild trout was not site-dependent is at
tested to by the remarkably linear social struc
ture observed, with few reversals or ambigui
ties, and the stability o B h e structure from yeari 
to year. The introduction of hatchery brown 
troufi further demonstrated that no prior resi
dent effect was evident and that the outcome 
of agonistic encounters was primarily a function 
ofiize.

Bohlin (1977) claimed that resident agetí + 
wild brown trout had an owner’s advantage over

wild age-l + brown trout introduced into an 
experimental area from downstream, but the 
results might just aigeasily be explained by a 
homing tendency of the introduced fish (Schuck 
1945).

 ̂Nice (1941) defined six major types of terri
tory according to the function involved. Wilson 
(1975) modified these slightly and described five 
types labeled, A through E, that depended on 
various mixejgof mating, nesting, resting, and 
foraging activities Ito (1978) introduced a new 
Type F territory, a defended area in which the 
food supply is guaranteed, whether for repro
duction or not. Wilson (1975) disagreed with 
thosejgwho would define territory in terms pa 
economic function (Pitelka 1959), and sided with 
those who definSterritory by the mechanism 
through which exclusivenes§jfflmaintained.

All of the brown trout in Spruce Creek used 
more than one foraging site in a day and none 
of the sites was used exclusively by o n l i n e  fish. 
No fish had an exclusive home range or for
aging site, lo  neither the home range nor the 
area surrounding the foraging sitH would pass 
the exclusivity test for territorialityBB

One could argue, of course, that each for
aging site held by the fish is a “partial” (Green
berg 1947g| “floating” or ^spatio-temporal” 
territory (Wilson 1975). One could add to the! 
confusion by coining yet another term “pseudo-! 
territoi^ffll suggest instead that none of th eH  
terms conform any more in form atiS  than mere
ly stating that foraging siftls are energetically! 
efficient and that the agonistic behavidr. ,assol 
ciated with foraging sites is a cost-minimizing 
phenomenon, fflsuggest that the » r m  tdlf'ito- 
riality may be meaningl^SI as generally applied 
to stream-liHng salmonids (with the possible ex
ception of the ayu Plmn&MWM Kawa-
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12 }MrCompa^$i ê activity of wild and Spruce G ^ S  1979^m,198M

Activity
Type ojii|| 

fish

Mean number 
per 15

minutes ±  SE

Data
BKrans-

|j||brmation

Number

minute
obser-
imtidn

periods
P

^?w“te fs M

Propor
tion of 

non-zero 
obser
vations

P
^^^omial)

Late summer 1979
Feeding

Wild 63 <0.01 0.70 .... 0.01
Hatcher|§||g 0.3 ±  <p|$: ' Log,? 6 » | 0,16:'<

Midwater Wild 3.4 » 5 63 ^ H | 2 0 0.70 0.ÔT
Hatchery 1.8 ± 0.4 Log, 11 62 0.46

Bottom W i lH 1.0 ±  0.2 63 0.06 0.41 0.01
Hatcfiery 0.3 ± 0.1 Log/y; 62 0.16

’ll^ o ta l Wild 9.2 ^?1.2 . 63 K K 0.01 0.89 0.01
Hatchery 2.4 ± Log, 62 0.60

Agonisp^^ Wild ■; T .ftfc'0.4
Log,

63 0.06 0.43 0.10
encounters Hatchery 3.4 ±  0.7 62 0.57

Gape W i l i l i 0.4 ±  0.1 Square 63 ^ p ® 2 0 0.81 > 0.20 •
Hatchery . 0.3 ±  Q/jH root 62 0.84

Wild 3.1 S p .6 Log, 6 » <0.01 Ò 62 0.06
Hatchery ' 10.4 ±  2.1 62 ; 0177 '

Spring 1980
Feeding

Wild 9 . Ê ® . 8 Square .• 152‘lv; 0.03 0.86
1Hatchery - 4.8 ±  0.6 roótv, 98 0.61

Midwater ■ Wild 8.2 ±  0.8 Log, 15.2, H | | o i 0.89 0.04
Hatchery 4 .1 K 0.4 98 0.79

Bottom Wild 1.8 ±  0.2 None 152 >0.20 0.62 0.04M
Hatcher^!:? l.jfl||).3 98 0.49

Total Wild 19.4 ±  B Square 15f|| H p o i 0.98 0.02
Hatchery ^|40;6. + 0.9 root ' 98 0.87

Agonisti|||p Wild 1.7 ± 0.2 ÿ#-^>ne': • ' >0.20 0.53
encounters Hatchery 2.^Ho.6 ; 98 0.46

Gape Wild 0.8 ±  0.1 . 1 yNone 152 0T1 0 .| g | 0 :01
Hatchery o.ëff^o.i 98 0.36

Moves Wild 3.2 ± 0.4 Log, 152 0.01 0.60 >0.20
Hatchery 4.4 WO. 7 98 ■ 0 ;^ ^ p

nabe 1969) and that it carries with it certain 
connotations that so far have not been sup
ported by field observations!^

Growth
We would expect to find the reproductive 

success of salmonids to be highly correlated with 
size. Larger fish have more and larger eggs (Frost 
and Brown 1967; Weatherly and Rogers 1978),, 
and larger eggs produce larger young thaBin  
turn, have better growth and survival (Lagler 
et al. 1962; Frost and Brown 1967; Bagenal 
1969). Size is also an important factor in com
petition among males during the spawning

season (Frost and Brown 1967; Butler and Haw
thorne 19753 personal observation). Conse
quently, there should be a strong selective prqsj 
sure for rapid and sustained growth among 
salm onid^g

But growth typically is found to be asymp
totic, the upper limit of growth differing from 
one stream to another. This leads us to search 
for physiological and environmental factoSthat 
determine growth rateSand upper limit^vM 
growth.

In streams such as Spruce Creeh* certain 
species of salmonids may derive the majority of 
their food from drift (Muller 1954; Nilsson 19571
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F i g u r e  17 . — MMfy mu
\7), fout seen during hourly scan observations in 1979 and

1980 . S t o c k in g ' d a ^ (* ^ ^ m  AugUlsii23, l̂ ykM Sl 
* 2 $ i l 9 8 0 .

Elliott 1967b; Waters 1969; Griffith 1974). Al
though the numbers and biomass of drift or
ganisms in streams are spacialljgand temporall)! 
quite |||ariable (Elliott 1967bHLehmkuhl and 
Anderson 1972; Reisen and Prins 1972; Waters- 
1972; Bi$|on 1978) it appears that the mean 
amount of drift that passeS],:a particular point in 
a stream is, over the long run, a linear function 
of the velocity at that point E llio tt 1967bJ 
Chapman and Bjornn 1969). The metabolic rate; 
or amount of energy expended per unit time 
by salmonids, on the other hand, is an expo
nential function of sw im m inipecd (Brett 19641 
Rao 1968).

I previously* showed (Bachman 1982)? that 
these environmental and physiological con- 
straints^et a size-dependent optimum velocity! 
for drift-feeding fish. At the optimum velocitHI 
growth rate should be maximal. Aigording to 
this model, larger drift-feeding fish should grow 
faster in slower water, and a fish that remains 
a drift feeder should ultimately grow to a sizel 
at which the energy in the drift just equals the 
energy expended in capturing food, producing 
gametes, and reproductive behavior.

As a first approximation, then, the growth 
rate of individual fish should be determined H  
the differential energy between that obtained 
from the drift in a fish’s home range and the 
energy it expends to obtain it. Because drift 
densities vary from stream to stream and from 
place to place within a stream, and because many

salmonidHpei^most of th^ir hjjgplin one small 
SjjfBion of a stream (Schuck 1945; Allen 19511 
M illeH l954a, 1951; present study^ differe|| 
places should grow diffeHnt size fish and at dif
ferent rateH Brown trout (Allen 195®, brook 
trout tjGpoper et al. 1962), and cutthroat trout 
(’Cooper 1970) havlgall been reported growing 
faster in thE®|ver parts of a K a m  than in the 
upper part^O

It may be that large trout are repeatedly cap
tured at the same places in a stream becaufeS 
those places grow larger i|sh rather than attract 
larger fish.|irhis idea is supported by the ob
servation that when a few large brown trout 
disappeared mom the observation area in the 
spring of 1980 (there y$asHome evidence of 
poaching at the time) the feeding sites formerly! 
occupied by an age-5 fish (number 51) subs ĵT 
quently were occupied by a yearling.

If  population densities* as I haveHuggested, 
are determined primarily by the number of Hit- 
able foraging sites, and the growth r a t l i  are 
determined by the energy differential at those 
foraging siteSwhat might be the density effect 
on g ro lih ?H

If  the rate at which drift-feeding fish take 
food from the current is much smaller than 
the rate the food enters and leaves the water 
from the surface and the bottom, growth rate.Sii 
should be independent of population densillH 
Although few data exist on the rates food enteSi 
and leaves the drift, because such rates are so 
hard to measure, there is evidence of density 
independent growth by coho salmon (Chapman 
1965), brook trout (Cooper et al. 1962»an d  
brown trout (Mortensen 1982).

Gapmff||
T h e  gape reflex of wild and hatchery brown 

trout appears« to be a comfort movement in
duced by the buildup of C 0 2 in the blood
stream. Twofractofs theoreflffily§Mjl|uld affecti 
blood C 0 2 concentrations, metabolic rate and 
C 0 2 concentrations in the w ater.E he positive 
correlation of gape rate with temperature-, the! 
high gape rates in summeH and t|iH|parp rise 
in gape rate in mid-afternoon appear to reflect 
the temperature effect on metaboliMrate. The 
morning decrease in gape rate probably reflects 
a drop in dissolved C 0 2 in the water associated 
#ith  photosynthetic activity of macrophytH and 
algae in the stream. The temporal gaping pat
tern evident by both wild and hatchery brown
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g o u t suggests that this may be a fruitful area 
for further research.

^ Sh e jp oo r survival o f hatchery trout in streams 
is well documented (Hooker andJohnson 19381 
Hazzard and'Shettep 1939|: Shetter affcj Haz- 
zard 1941; Needham and Slater 1944, 1945;« 
Sch u ck »945 , 1948; Smith and Smith 1945f 
Shetter 1947; Cooper 1953, 1959; Miller 195.8|j 
M asoiiet al. 1967; Millard and MacGrimmon 
1972), but th e r e »  no consensus afflo thScauiffi 
Schuck (1948) listed ten possible cause||] rang
ing from environmental factors such as insuf
ficient food, high; water temperature, and pre
dation to m anagem ent p ractic fsH clu d in g  
planting methods, hatchery diet®  lack of e x 
ercise in the hatchery, and domestication. Mil
ler (1952, 1958) attributed weight loss and mor
tality i| hatchery-reared cutthroat trout stocked 
in Alberta streams to competition with wild trout 
and showed that hatchery fish stocked in a 
Bream  that contained Wild fish had higherfla^ 
tic-acid concentrations in the blood than did 
hatchery cutthroat trout not in “competition” 
with wild fish. Nielsen et al. (1957), on the other 
hand;; reported that differences in stocking den
sities of hatchery rainbow trout had no effect 
on the survival of the stocked fish and conclud
ed that competition with wild brown trout was 
B | a  cause of mortality among hatchery-reared 
trout. Miller (1954b) and Vincent (1960) sug
gested that selection in the hatchery produces 
domesticated fish that cannot survive well in 
streams.

In work with juvenile Atlantic salmon, Fend- 
erson et al. (1968) proposed that unnaturally 
high aggressiveness in hatchery stocks may con
tribute to mortality through loss of feeding time, 
excessive'expenditure of energy, and increased 
exposure to predators. Jenkins (1971) came to 
much the same conclusion, suggesting that the 
behavioral patterns of domesticated trout, suc
cessful in a crowded hatcher\||raceway, are 
wasteful of energy and ill-adapted tollhe con
ditions in a natural environment. Even when 
the return of stocked trout to anglers is high! 
and a large fraction are taken within a few weeks 
of planting, the natural mortality ratef(or “un
accounted mortality”), as reflected in the num
ber of trout lost due to causes other than an
gling, may be very high (Butler and Borgeson 
1965).

The »su its  of my study at Spruce Cre^Ssup- 
' gort the hypothesis that a »n tribu ting  IIuse^H 
m ortal^wmong hatc^^g f r out is excessive ex- 
penditur|fct)f energy. The hatchery brown trout 
molted more ffequently^vere less liU H to  u J  

ignergy-efficient foraging sites^aiid engaged in 
more agcSistic e n c o u n t^  than the wild brg^jfi 
trout. Although hatchery brown troutiMBn aS 
man)f||gons as they lost, they w » e  lefflikely tel 
return to the location where the agon was ini
tiated than were wild fish. The lack of identi
fication with any particular geographic location 
and the attendant failure to become integrated 
into a long-term social structu|| also must Hh 
costly to hatchery fish.

Hatchery brown trout fed much less than did 
wild brown trout, a factor that would aggravate 
the already adverse energy balance. In contrastl 
McLaren (1979) reporteffljthat wild brown trout 
from Spruce Creek transp orted  , tagged, and 
stocked in hatchery raceways, fed less frequent
ly than hatchery brown trout subjected to thé 
same treatment. This suggests that wild brown 
trout may be more stressed by handling and neyi 
surroundings than hatchery brown trout.

The reason the hatchery fish in my study fed 
less than the wild fish may be that it takes a 
considerable time for hatchery broyAi trout tef 
learn to feed on natural food and somHmâ)l 
never learn. Elliott (1975) showed that some 
hatchery brown trout refused to S t  or took 
only a small number o f naturalJipod items in a 
feeding experiment. Ersbak and Haase (1983)*; 
found that wild brown trout ate^early twiceiaa  
much food as hatchery-reared brook ; trout in 
McMichael Creek, Pennsylvania, and conclud- 
edtHat the stocked brook trout were unabB to 
obtain sufficient food for survival in the stream 
they studied.

Other factors;that may ac^bunt for poor sur
vival o f hatchery trout in streams are size and 
condition. Klak (1941), Needham and Slater 

» 9 4 5 ) ,  Miller (1952, 1954^  1958), Reimers 
(1963), Hunt and Jones (1972);; and Egibak and 
Haase (1983) all reported a decline in condition 
factor of hatchery trout |g||Jked in streams. E^P 
bak and H aase'(1983) also showed that the 
higher the coefficient of Hndition wheft stocked! 
the faster it declined. According to the energy- 
balance mocjm for drift-feeding s^almonid  ̂that 
I developed (Bachman 1982), there is an u ppej 
size limit that a drift-feeding salmonid pan attain 
in a particular environment ahqf population
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densit|f;|ias little or no effect on th|| lim ^ »  hS 
hatchery brown trout in Spruce Creek wet:lS 
like the wild brown trout, drift fefederp On^i 
reason many hatchery trout die may be that 
they are too big for the stfeam in which the8 
are stm^ed. iffieems unreasonable to expect a 
35>-cm hatchery trout to surv^Hin a stream 
where the average wild trout rarely exceeds 30 
cm.
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ŝ affected by Hid trout populatiorMllmrnal of 

Wildlife Management 8 :jftr36.
P. R., AND D. W. S l a t e r . 1945. WBfeh'al 

changes in growth, mortality, and condition of 
|jSainbow  trout following planting. T ransactions  

of the American.Fisheries Society 73:117||24.
n B e r , J . ,X nd W. WAs s e r m  a n . 1974. Applied linear 

statistBl models, regression, analysitSw|^Kince, 
and experimental designs.  ̂ Richard D. Irwin, 
Homewood, Illinois, ̂ BSA.

Newman, M. A. 1956. Social behavior and interspe
cific competition in two trout sp eciS  PgiHolog- 

||®al Zoology 29 :6 4 -8 1 .
NicilfM. ] 9  1941. The roleH a^^Sory ih'birct^fe. 

American Midlan4 Naturalist 2 6 :4 4 1M 87.
Nielsen, R. S., N, Reimersl H. D. Re m e d y . 

1957. A six-year study of the survival and vi©|it;.J 
of hatchery-reared trout ofliafchable si^€ in Con- 
vict Creek, Bhfornia. California Fish and GamJ| 
4 3 :5 -4 2 .

NilssqI^ S I  1957. On the feeding habits of trout in 
a ^ B a m  of northern Sweden. Institute of Fresh
water Research Drottningholm Report 3 8 :1 5 4 -  
166.

B o a k e s , D. m  1978. Social behaviorm it'influen^H 
fish production. Pages 3 6 0 - 3 8 2 S. D. Gerking, 
editor. Ecology-; of freshwater' fish prodwtion. 
Halstead PresjjjNew Yorkj»few York, USA.

Noble, G. K. 1939. The role of domfmn||| in the 
Social life of birds. Auk 5 6 :2 63-273 .
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Foraging Behavior of Free-Ranging Wild and 
Hatchery Brown Trout in a Stream1

R o b e r t  A. B a c h m a n

Pennsylvania Cooperative Fish and Wildlife Research Unit2 
The Pennsylvania State University 

University Park, Pennsylvania 16802

Abstract
Wild brown trout Salmo trutta in a fertile, high-conductivity stream in central Pennsylvania 

were observed from camouflaged towers for three consecutive years in order to quantify the 
diurnal feeding and social behavior of undisturbed adults. The foraging behavior observed was 
characterized in general as one of net energy maximization effectuated principally by cost min
imization. Individuals ranging in age from young of the year to 8 years spent 8 6 % of foraging 
time in a sit-and-wait search state, use^dtscr'ete, energy-saving foraging sites year after year, 
and fed mainly off drift, taking less thai/l 5% oj their food items directly off the bottom. Feeding 
rates decreased with age, wereliighest m-sprfng and fall, and showed little effect of time of day 
except for short peaks at dusk in May and June. The heme range of most individuals was 
established in the first or second year of life and changed little thereafter. The mean size of the 
home range of individuals was 15.6 m2 and decreased slightly during the first 4  years of growth. 
No individual had exclusive use of any home range and no clearly defined territory could be 
described for any fish. Rather, the social structure evidenced is best described a5 a cost-mini
mizing, size-dependent, linear dominance hierarchy of individuals having overlapping home 
ranges. There was no apparent correlation between dominance and site selection with inspect 
to distance to cover or feeding rate J l s e  of overhead cover ranged from 17#  nr of daylight
hours for wild brown trout of age-group 2 to no more than 43% for age-group 5 . Length was 
asymptotic at 40 cm. A rectangular hyperbola described well the overall growth curve offish in 
this population, half of the asymptotic length being attained at the age of 23 months. Hatchery 
brown trout, introduced for experimental purposes, fed less, moved more, and used cost-mini
mizing features of the substrate less than wild trout. It is postulated that high energy cost is a 
major cause of. mortality among hatcherv-reared brown trout stocked in streams, that at high 
population densities foraging sites are limiting factors, and that growth rate of drift-feeding 
salmonids is density-independent.
Received January 10, 1983

Many of our ideas about the social structure 
and population dynamics of salmonids in streams
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are based on studies o f juveniles in laboratory 
conditions and spot samplings of natural pop
ulations (Northcote 1969; Butler 1974; Gerk- 
ing 1978). Few studies have included direct ob
servation of undisturbed wild populations and 
those that have, have been qualitative in nature 
for the most part (Fabricius and Gustafson 1955; 
Newman 1956; Horton 1961; Keenleyside 1962; 
McCormack 1962). Recently, Jenkins (1969), • 
Bassett (1978), and McLaren (1979) studied the
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social structure; Baldes and Vincent (1969) the 
microhabitat; Devore and White (1978) the re
sponse to cover stimuli; and Ringler (1979) se
lective feeding of wild brown trout Salmo trutta 
constrained in artificial or simulated stream 
channels.

Griffith (1972) and Fausch and White (1981) 
used mask and snorkel to observe wild trout 
populations in natural streams and to measure 
the microhabitat used by individuals, but, ex
cept for this study, I have been unable to find 
in the literature any quantified, long-term ob
servations of the social structure and feeding 
behavior of unconstrained wild populations.

The density-regulatory effect of social behav
ior among salmonids in streams has received 
considerable attention (Chapman 1966; Chap
man and Bjornn 1969; McFadden 1969) but 
remains somewhat equivocal. The regulatory 
mechanism generally invoked is territoriality, 
and despite (or perhaps because of) the lack of 
direct observational data, the concept of terri
toriality among stream-living salmonids is vir
tually dogmatic.

An increasing number of authors have begun 
to question the concept of territoriality, espe
cially as it applies to the nonreproductive phase 
of stream-living salmonids. Allen (1969), in at
tempting to correlate territory size with the size 
of fish, remarked that he was able to find little 
direct measurement o f territory size in the sci
entific literature. Jenkins (1969) reported that 
strictly territorial individuals were rare, and lat
er (1971), in discussing territoriality, com
mented, “I find a simple, precise form of social 
density control difficult to visualize in such a 
social framework.” Concerning the possibility 
of territoriality being an artifact of experimen
tal design, Hoar (1969) warned, “ . . . laboratory 
studies can be misleading as well as revealing in 
our attempts to understand the ecology of fish
es.” Butler (1974) described the behavior of 
salmonids in terms of a “social force field” 
(McBride 1964) and suggested that wild adult 
trout, in contrast to juveniles, had “no territory 
as understood in the traditional sense.” Later, 
Ito (1978), in discussing territory stated, “Un
der special circumstances such as fish kept in an 
aquarium, the defense of an area observed will 
not constitute territoriality unless it has signif
icance in the normal life of that species in the 
field.” Noakes (1978), in commenting on the 
distinction between territoriality and domi

nance-subordinance relationships stated, “We 
must have individual identification of the fish 
within a group, and evidence that dominance is 
independent of location within the study area, 
before reasonably concluding that a dominance 
hierarchy is present.” And, further, “We should 
exercise caution in ascribing consequences to, 
or even inferring the existence o f territoriality 
without direct confirmatory observation.”

A basic tenet of behavioral ecology is that 
animals behave as they do because the behavior 
in question enhances the reproductive success 
o f the individual exhibiting the behavior (Pyke 
et al. 1977; Krebs and Davies 1978). That is, 
the behavior is adaptive. The interesting ques
tions concerning adaptation often concern how 
animals respond to different aspects of the en-;i 
vironment (Maynard Smith 1978). If  we are to 
understand the mechanisms by which food and 
space regulate the growth and distribution of 
salmonids in streams, we need to understand 
how an individual animal responds to environ
mental variables in order to maximize its re
productive success. The purpose of my 3-year 
study was to acquire such understanding of an 
undisturbed population of wild brown trout and 
to analyze the extent to which such concepts as 
dominance and territoriality pertain to free- 
ranging populations.

A second objective o f the study was to quan
tify the differences in behavior o f wild and 
hatchery-reared brown trout and to investigate 
the possible causes o f poor survival of hatchery 
brown trout in streams.

Study Site
Spruce Creek is a hard-water stream rising 

from limestone springs near Rock Springs* 
Huntingdon County, Pennsylvania and flows 
generally southwest through farmland and 
hardwood forest for 15.5 km to its confluence 
with the Little Juniata River at the town of 
Spruce Creek. Fed by two major tributaries, 
Halfmoon Creek and Warrior’s Mark Creek, it 
varies in width from approximately 5 m at its 
confluence with Halfmoon Creek to 12 m at its 
mouth. Although subject to flooding after se
vere summer thunderstorms and after winter 
rains when the ground is frozen, the stream 
drops quickly after such infrequent episodes, 
and has a fairly steady flow year round (Mc
Fadden and Cooper 1964).

In an ecological comparison of six brown trout
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F ig u r e  1 .— The Spruce Creek Experimental Fisheries Area.
The enlargement shews locations of observation areas A
and B, observation towers 1-6, and water-level gauge
(g). Arrows on stream indicate direction of water flow. .

populations in Pennsylvania, Spruce Creek had 
the greatest biomass of brown trout: 126 kg/ 
hectare (McFadden and Cooper 1962). The spe
cific conductance is near 285 /¿mhos/cm 
(McFadden and Cooper 1964; McLaren 1970). 
Typical values of total nitrate and total phos
phorous are 1.6 mg/liter and 0.05 mg/liter, 
respectively.

The Spruce Creek Experimental Fisheries 
Area, site of this study, is owned by the Penn
sylvania State University and was managed by 
the Pennsylvania Cooperative Fishery Research 
Unit for catch and release fly fishing (only) from 
April 1968 through this study’s completion in 
October 1981. It is located approximately 1 km 
from the confluence with the Little Juniata Riv
er. Within the study area, the stream averages 
12.8 m wide, is 1,062 m long, has a 0.8% gra
dient and a surface area of 1.3 hectares (Mc
Laren 1970) (Fig. 1). The most abundant sal- 
monid in the area is the brown trout (Beyerle 
and Cooper 1960; McLaren 1970). An electro
fishing census (April 28-May 1, 1975) yielded 
a brown trout standing-crop estimate of 145 
kg/hectare. Of 1,427 brown trout captured, 
less than 5% of the yearling and older fish were 
over 32 cm total length (Fig. 2). Because young 
of the year emerge from the gravel in Spruce 
Creek over an extended period from late March 
through early May, and are only about 2 cm 
long when they emerge (Beyerle and Cooper

I 50 -

TOTAL LENGTH (cm)

F ig u r e  2 .—Length frequencies of 1,427 yearling and old
er brown trout captured by electrofishing in the Spruce 
Creek Experimental Fisheries Area, April 28-May 1, 
1975. The first peak is composed of age group I, second 
peak, age groups II and older.

1960), they were poorly represented in the cen- 
susing techniques employed, and not included 
in the 1975 census figures.

The brown trout in the Experimental Fish
eries Area are almost exclusively of wild origin. 
The stream is not stocked by the Pennsylvania 
Fish Commission except for a short stretch ap
proximately 14 km upstream of the study area. 
McLaren introduced hatchery-raised brown 
trout into the research area in 1969 and again 
in 1971 for experimental purposes but they sur
vived poorly (McLaren 1970, 1979). Private 
landowners’ and fishing clubs along the stream 
stock some brown trout but no trout of recent 
hatchery origin were found in the 1975 census. 
These would have been recognized bv their 
comparatively pale coloration and abraded fins.

Other salmonids are rare in the area. Only 
17 rainbow trout Salmo gairdneri and 3 brook 
trout Salvelinus fbntinalis were captured in the 
1975 census. Other fish species in the area in
clude the white sucker Catostomus commersoni: 
the tessellated darter Etheostoma olmstedi; the 
slimy sculpin Coitus cognatus; and the cyprinids 
Rh i nich thys a train lus, Rh inich thys ca ta ra eta e, Exo- 
glossum maxillingua, Notropis cornutus, and Pi- 
mephales notatus (Beyerle and Cooper 1960).

The largest pool in the Experimental Fish
eries Area is located near the upstream end 
where the stream splits into three channels (Fig. 
1). This pool contained an estimated population 
of 200 yearling and older wild brown trout in
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Fic;l rk 3.—Observation area A ('foreground), towers 1 and 
2■, at left. Tower 4, b\ obsen'ation area B. is upstream 
and to the right. Xatural vegetation and burlap shielded 
observers.<

1975. The pool, 9 0  m long from riffle to riffle 
and 15.2 m wide, has a surface area of approx
imately 0 . 1 4  hectares: T h e mean summer low 
flow through the pool at water gage height 0 . 1 5  
m is 2.8 mVsecond. No fishing was permitted 
in this pool during the period of the study (June 
1977 through October 1981) .

Methods
Brown trout were observed from six cam

ouflaged portable aluminum radar towers 
erected along the large pool in the upstream 
part of the Experimental Fisheries Area (Fig. 
1). Each tower consisted of two sections that 
raised the height of eye 1.8 m and 3.3- m above 
water level. Burlap on the towers and natural 
vegetation broke the silhouette of observers and 
permitted entry to the towers without distur
bance of the fish (Fig. 3). A wooden roof and 
visor shielded observers and equipment from 
rain and prevented reflected ¿sunlight from 
alarming the fish.

During a pilot study in 197 7 ,1 discovered that 
I could identify individual brown trout by their 
spot patterns and that the location of individuals 
within the large pool was very predictable from 
day to day. I a l s o  discovered that the “ lies” of 
the fish (later referred to as foraging sites) were 
so precise and t h e  manner in which different 
fish used them so similar that they could be used 
as spatial references for behavioral observa
tions.

I first observed the brown trout from three 
towers along each side of the pool. After 1 de

vadon area A and mean depth contours in meters. Sites 
2 and 18 are labelled. Arrows indicate direction of water 
flow; R = rock, Br -  brush, Gr = gravel bar, U = un
dercut bank, Ri — riffle.

termined that the behavior of the brown trout 
was qualitatively the same in all parts of the 
pool, I selected the tail of the pool (observation 
area A) for detailed quantitative observation be
cause (1) the surface of the water there was 
relatively free of ripples, (2) the water shoaled 
off toward the end of the pool, giving a range 
of depths in which to observe the fish, and (3) 
there was less glare and better lighting there. 
From towers 1 and 2,. I also could see some 
brown trout in riffle habitat (Fig. 4). I con
structed a montage of the observation area by 
fitting together photographs of the bottom. Each 
foraging site, marked by the location of the eye 
of the fish occupying it, was assigned a number 
and located on the montage. The observation 
area was measured and each foraging site was 
assigned grid coordinates for subsequent com
puter analysis.

I den tifica tion o f Fish
I identified each brown trout in the obser

vation area by the spot pattern on the left side 
of the body below the dorsal fin (Figs. 5 and 6). 
Identification and observation were facilitated 
by 7 x 35 and 7 x 50 binoculars fitted with 
polarizing filters,

The fish were photographed from the towers 
through a 400-mm f/5 telephoto lens fitted with 
extension tubes to reduce the minimum focus
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F igure 5 .—Spot patterns of wild brown trout 31 (top) and 
; wild brown trout 32 (bottom) within rectangular reference 

areas between the dorsal fin and lateral line.

distance. Kodacolor 35 mm, ASA 400 film gave 
best resolution, contrast, and color tone. A com
plete photographic identification file of all fish 
observed was assembled to ensure positive iden
tification. Wild brown trout were assigned num
bers 1 through 79 and hatchery brown trout 80 
through 97. Gaps in number series reflect blocks 
assigned to different observation stations.

Observations
Observations were made at all hours of the 

day from dawn to dusk and in all months of the 
year for three consecutive years. However, be
cause not all of the observation area could be 
seen equally well before 0900 or after 1900 
hours and because there were very few trout in 
the main observation area (A) from .December 
through March, only data obtained between 
0900 and 1900 hours April through November 
were included in statistical analyses. Once each 
hour, each brown trout in the observation area 
was located and identified (“scan” observations 
of Altmann 1974). Between these inventories 
each brown trout was observed in turn for 15 
minutes (Altmann’s “focal animal” observa-

I 5 62

F ig u re  6 .—-Identifying spot patterns of 26 wild brown 
trout whose activity patterns were quantified in this study.

tions). If  a particular fish was not in sight when 
its turn arrived, the next one on the numbered 
list was observed. By this system, the distribu
tion of brown trout was mapped 10 times a day, 
and each individual was closely studied (on the 
average) every 2 days.

Feeding activity was categorized as surface, 
mid water, and bottom. A feed was recorded if 
a fish was seen to open its mouth, “chew,” or 
swallow.
s u r fa re | ̂  qg a tee d i ng e x c s h had
m ad^^^uH ac^eed. If  its head touched the 
bottom, this was a bottom feed^S"!! others were 
recorded as midwater feeds: that is, the fish fed 
on organisms suspended in the water colujmj^

The duration and frequency of “ false rises,” 
during which a fish rose from its holding posi
tion to inspect and reject an item in the drift, 
were determined from frame-by-frame analysis 
of videotape recordings.

Agonistic behavior was similar to that de
scribed by Kalleberg (1958), Keenleyside and 
Yamamoto (1962), Jenkins (1969), McLaren
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11979), and North (1979), and as recorded in 
the Encyclopedia Cinematographica film by 
Butler and Hawthorne (1975). The start, end, 
outcome, and location of each agonistic en
counter was recorded, together with the iden
tity of the fish involved. The winner was deter
mined by the types o f agonistic behavior 
displayed by each contestant.

Each time a brown trout moved to a different 
foraging site, the identification number o f the 
site and the time the fish arrived at that site was 
recorded. Movement rates were later computed 
by dividing the number of times a fish moved 
to a new position during an observation period 
'by the total time of the observation period.

The final type of activity recorded was a gape 
or yawn, characterized by an exaggerated ex
tension of the opercula and upward rotation of 
the eyes not accompanied by any other move
ment.

Data Recording
Recording of observational data was greatly 

facilitated by the use of a microcomputer system 
designed specifically for this study. The system 
consisted of a power supply, KIM-1 program
mable microprocessor, clock generator, pro
gram memory, random-access memory, and pe
ripheral interface device (MOS Technology 
1976). A keyboard allowed manual data input. 
At the start of each day the computer program 
was loaded from a cassette tape and the clock 
was svnchronized with real time. Most data 
entries could be made with one or two key
strokes each because the computer automati
cally carried a fish’s identity and its position in 
the observation area (entered at the start of 
each focal animal observation) through subse
quent data entries until a new fish code or po
sition code was recorded. Whenever an activity 
code was entered, the computer automatically 
recorded the fish’s identity, position, and activ
ity, together with date and time to the nearest 
0.01 minute. Other codes recorded the start 
and end of agonistic encounters, the identity of 
the contestants, and the winner of each bout. 
Data were dumped to a cassette tape each eve
ning. Later, the data were transferred for ed
iting and processing to the Digital Equipment 
Corporation Model DEC-10 computer, oper
ated by the Electrical Engineering Department 
of The Pennsylvania State University.

The activity of fish also was recorded at se
lected times on 16-mm motion-picture film and 
on videotape.

Age and Length Determinations
The age of young-of-the-year and yearling 

brown trout in Spruce Creek can readily be 
determined by size alone. The data of Beverle 
and Cooper (1960) show no overlap in size be
tween these two age groups in Spruce Creek 
and also show that most wild brown trout reach 
200 mm total length by the end of their second 
year of growth (see also Fig. 2). Because young 
of the year in Spruce Creek emerge from the 
gravel over an extended period from late March 
through early May (Beverle and Cooper 1960), 
March 1 was arbitrarily assigned the “birthday” 
of all wild fish.

New fish each year consisted of young of the 
year or yearlings only and many individuals were 
present throughout the course of the study. 
Consequently, the exact year class of most of 
the fish was known by the end of the study. The 
age of fish larger than 200 mm at the beginning 
of the study was conservatively’ estimated to be 
the minimum age at which fish o f known age 
attained such length. The age of the largest fish, 
number 15, estimated at 6 in 1979 and 7 in 
1980, was later confirmed by examination of 
the fish’s otoliths (sagittae).

The length of individual fish (precision, ± 5  
mm) was determined from photographs taken 
at known foraging sites. At the end of each 
season, after brown trout had left for spawning 
sites, photographs were taken of a metal rule 
in the exact position previously occupied by the 
fish. This technique eliminated all effects of par
allax and refraction.

Abiotic Variables
Water temperature, turbidity, water-gage 

height, and light intensity’ were recorded for 
analysis of effect on brown trout behavior (Ta
ble 1). Water temperature was recorded con
tinuously with Ryan recording thermographs. 
Turbidity, in standard nephelometric turbidity- 
units, was measured daily with a Hach turbi
dimeter. Water height was measured daily with 
a stream gage installed throughout the duration 
of the study (Fig. 4). A measure o f daily light 
intensity in arbitrary units was calculated from



FORAGING BEHAVIOR OF FREE-RANGING BROWN "TROUT 7

the area under the curve of a Belfort recording 
pyrheliometer.

Hatchery Brown Trout
On August 23, 1979, after the behavior of 

the resident population had been studied for 
approximately 2 years, 200 brown trout were 
obtained from the Big Spring hatchery in Cum
berland County, Pennsylvania, and released in 
the study area. The hatchery fish were in their 
second year of growth and ranged from 28 to 
35 cm in total length. The left pelvic fin was 
removed from each before release. They were 
observed as wild trout had been and those that 
took up residence were identified by spot pat
terns. For the first 4 days after the hatchery 
brown trout were stocked, the activities of both 
hatchery and wild fish were recorded simulta
neously by two observers, who alternated ob
servations between hatchery and wild fish.

T o  test for a difference in effect of stocking 
in spring versus late summer, 200 hatchery 
brown trout again were introduced on May 8, 
1980. These, too, were obtained from the Big 
Spring hatchery and had the left pelvic fin re
moved, but they were smaller (23-30  cm) than 
those released the year before.

Analysis
Statistical Analysis

All statistical analyses were performed with 
Statistical Analysis System (SAS) computer pro
grams (SAS Institute 1979).

Regression analyses of length and age were 
performed on data obtained from 218 photo
graphs of 26 wild brown trout ranging from 
young of the year to a.ge 8. Because some effect 
of repeated measures was unavoidable bv this 
technique, confidence intervals reported may 
be underestimated. Rectangular-hvperbola and 
negative-exponential models were fitted bv the 
Marquardt iterative method (Marquardt 1963).

Multiple-regression techniques were used to 
investigate various biotic and abiotic effects on 
seven behavioral rates: surface, midwater, bot
tom, and total feeding; agonistic interaction; 
gape; and movement. Abiotic variables includ
ed daily amount of solar inciderit radiation, water 
temperature, water turbidity, water height, and 
temporal effects. Temporal effects were broken 
down bv year, month, and hour of day. Biotic

T a ble  1 Range and means of abiotic variables for Spruce
Greek used in analysis of variance of brown trout activity 
rates.

Variable High Low Mean ± SD

Water temperature (C) 20.0 3.1 15.3 ±  2.5
Turbiditv ; A À A 2.5 4.2 ± 1.6

(nephelometric units)
Water height (m) 0.22 0.15 0.19 ± 0.02
Light intensity 43;* . 2b 15.1 ± 9.4

(arbitrary units)

a Cloudless dav, midsummer. 
b Rainy day, late fall.

effects considered were age, length, and dom
inance ranking of individual fish.

Exploratory analyses techniques revealed that 
season (month) was the most significant tem
poral variable and that the effect of year and 
hour could be ignored in subsequent analyses 
of variance.

Because the month effect was highly signifi
cant, but the interactions of month and the vari
ables of interest were not, month was treated 
as an indicator variable (Neter and Wasserman 
1974) in the formal testing of the effects of the 
independent biotic and abiotic variables. Any 
data transformations required to achieve nor
mality are reported in context.

Not all individual fish were equally repre
sented in the observation routine. The identity 
of all wild fish used in the analyses was known, 
so the most conservative inferences about the 
wild population were made by treating all wild 
individuals with equal weight, even though the 
total observation time differed from fish to fish. 
Activity rates were computed for each individ
ual over the time period in question and each 
such rate was treated as a single datum.

Time Budgets and Bioenergetic Costs
The time it took wild brown trout to intercept 

food and to return to the site was determined 
by frame-by-frame analyses of videotape re
cordings with a videotape editor. Durations of 
gapes, agonistic encounters, and position 
changes were estimated by analysis of video
tapes and cinematography. Relative bioener
getic costs of different activity states were esti
mated from tail-beat frequencies, determined 
similarly by analysis of videotapes and motion- 
picture sequences. The effect of fish size on tail-
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T a ble  2 .—Observations of brown trout in Spruce Creek: number of scans (quick inventories) during which a fish was 
sightedt and number of minutes a fish was observed during 15-minute studies'ofthem (focal observations), 1978—1980.

1978 1979 1980

Focal

Fish
number Age Rank

minutes
ob

served

Number
of

scans Age

1
3

3 5 354 44
1

5 I 3 6 485 88 4
7 4 1 350 63 5
8 1 14 1,092 146 2

10 2 4 191 74 3
11 1 14 38 17 '';:2';
14 3 3 18 4 4
15 5 1 16 6 6
22 1 13 157 96
23 V' ' 2 12 431 111 3
24
30

:!r| R 10 204 103 4

31 2 1% 9 1,501 145 3 '
32 2 11 1,041 131 3
34
36
37

2 13 747 128 3

44 2 10 92 11 3
45 2 12 99 13
51 4 2 51 9
52 1 15 16 32 2

tank

Focal
minutes

ob
served

Number
of

scans Age Rank

Focal
minutes Numbe 

ob- of 
served scans

7 102 118 2 12 45 115
6 322 263
5 221 105

12 604 332 3 10 418 193
4 139 75 4 14 61 26

11 216 264 3 11 183 150
3 149 109 ■: 5 3 49 55
1 173 75 7 1 102 118

8 205 198
12 168 165

1 15 102 108
9 466 254 4 9 576 184

11 554 310 4 11 166 69
10 414 ’ 301

1 14 156 116
1 15 64 31

10 13 4 14 28

2 126 145 6
13 198 258
14 289 231 2 14 205 166
15 125 121 2 13 124 109
13 131 114 2 12 181 153
13 109 75

558 1 1,174

53
54 
57 
62

Hatcherv

beat frequency was small compared to the ef
fects of activity states and was ignored.

Home Range
Home-range size was estimated from the areas 

of both the minimum convex polygon that en
closed 95% of the sightings of each fish (A1 
index) and an ellipse based on the determinant 
of the covariance matrix of the sightings (A4 
index ofjennrich and Turner 1969). The latter 
index is a parametric estimate of the area that 
accounts for 95% of the habitat used by each 
wild brown trout.

The utilization distribution (Jennrich and 
Turner 1969; Anderson 1982) of each wild 
brown trout, a nonparametric estimate of home 
range, was generated by a computer-mapping 
program called SYMAP (Dougenik and Shee
han 1975). This program creates a contour map 
by interpolating a continuous surface in the 
region where there are no data points. A three

dimensional visual representation of the utili
zation distribution was created by a computer- 
graphics program SYMVU (LCGSA 1977).

Behavior of Wild and Hatchery Fish
Because not all hatchery brown trout had been 

individually identified at the start of the com
parative study, activities were analyzed on the 
basis of observation periods rather than indi
vidual fish. This resulted in a certain amount 
of repeated measures, but was unavoidable. 
Consequently, confidence intervals reported for 
comparative behavior of hatchery and wild trout 
may be underestimated.

The data were partitioned into two separate 
distributions for analysis: (1) rates, given that 
the activity did occur during an observation (zero 
rates were dropped from the analyses); and (2) 
proportions of observations in which an activity 
did or did not occur. The former distributions 
then were tested for normality; if an appropri-
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ate transformation achieved normality, a ¿-sta
tistic was calculated to test the hypothesis that 
the means of two groups of data are unequal.

The difference in proportions of non-zero ob
servations between hatchery and wild activity 
was tested with the (1 — a) confidence interval 
for the difference between the proportions of 
a binomial distribution (Walpole and Myers 
1972; a  is the probability o f a type-I error, and 
[1 — a] is converted to percent).

Results
O f the 18 wild brown trout resident in ob

servation area A in 1978, 15 were present again 
in 1979. Twelve of the 20 fish observed in 1979 
returned again in 1980 (Table 2). Both in 1979 
and 1980, all new fish were young of the year 
or yearlings. Even though it was suspected that 
two or three older fish were removed by poach
ers early in the spring of 1980 (fish 51 had been 
positively identified in March) no age-group 2 
or older brown trout moved in to take their 
places.

Home Range
The mean home-range size of 53 wild brown 

trout was 15.6 m2 (SE, 1.7) as determined from 
minimum-convex polygons encompassing 95% 
of the scan sightings o f each fish each year. The 
home-range size decreased steadily during the 
second through fifth years of growth (age groups 
1-4) (Spearman’s rank correlation coefficient 
r P  —0.34; P =fI0.02; N  = 47) but then in
creased (Fig. 7). Home-range estimates based 
on the bivariate normal assumptions o f Jenn- 
rich and Turner (1969) also yielded a negative 
but nonsignificant correlation (Spearman’s r 
—0.15; P — 0.31) for age groups 1-4 , and an 
overall mean area o*f 47.7 m2, three times that 
obtained by the polygon technique.

Each wild brown trout used only a portion of 
the total 182-m2 observation area and remained 
faithful to the same part of the area from year 
to year (Fig. 8). No fish had exclusive use of any 
home range; considerable overlap existed in the 
home ranges of neighboring wild brown trout. 
For example, in 1979 the home range of fish 
31 was wholly contained within that of fish 10; 
site 18 being the most frequently used foraging 
site by both fish (Fig. 9). None of the 20 wild 
brown trout resident in area A in 1979 was ever 
seen in area B despite over 100 hours of obser-

F ig u re  7 .—Mean size (±.SE) of home ranges for six age 
groups of wild, brown trout as determined by the minimum- 
convex-polygon method. Sample sizes are in parentheses.

vation from tower 4. Neither was any of the 
eight brown trout resident in area B ever seen 
in area A, although area B was less than 30 m 
upstream and in the same pool as area A (Figs. 
2 and 3). This is further confirmation of the 
small home ranges used by wild brown trout in 
Spruce Creek.

Foraging and Refuge Sites
Within their home range, individual wild 

brown trout used from 1 to 32 foraging sites, 
the mean number accounting for 90% of focal 
animal observations being 6.0 ±  0.5 (SE; N  ^  
52 fish). From these sites, the fish darted to 
intercept food items in the drift and to pick up 
organisms attached to or moving about on the 
substrate.

Typically, foraging sites were in front of a 
submerged rock, or on top of but on the down
ward-sloping rear surface of a rock (Fig. 10). 
From there the fish had an unobstructed view 
of oncoming drift. While a wild brown trout 
was in such a site, its tail beat was minimal (see 
page 23), indicating that little effort was re
quired to maintain a stationary position even 
though the current only millimeters overhead 
was as high as 60 to 70 cm/second. Most brown 
trout could be found in one of several such sites 
day after day (Fig. 10), and it was not uncom
mon to find a fish using many of the same sites 
for three consecutive years (Fig. 11).

The precision with which brown trout used 
foraging sites gives an indication of the latter’s 
function and importance. T h e position of the
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F igure 8 .-Utilizationdistributions for wild brown trout 8 (year class 1977) and wild brown trout class 1976)
in 1978, 1979, and 1980. Shaded area represents observation area A. Peaks represent percent of time the fish was
observed in specific foraging sites.

eye of fish 31 in position 18 (Fig. 10) in eleven 
photographs taken over 15 months ranged less 
than 40 mm in a longitudinal stream direction 
(SD, 11.7 mm), and cross-stream range was less 
than half of that. The position of the eye of fish 
32* in the three photographs of Fig. 11 is vir
tually identical. This precision, together with 
the ease with which the wild brown trout were 
able to maintain these positions, demonstrates 
the cost-minimizing utility of the sites.

Manv sites were used by more than one brown 
trout during a day (Fig. 9). Different fish used 
a particular site in the same way and with the 
same precision. Even though some smaller rocks 
shifted and moved during the course o f the 
study, the foraging sites, created by the unique 
flow of water over and around the larger 
embedded rock, remained fixed. The most dis
tinctive characteristic of the foraging sites was 
the low water velocity (about 8 cm/second) in

f m
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AGE GROUP 3 -  1979

F ig u r e  9 .—Home ranges of jive age-3 wild brown trout in 1979, as estimated by the jennrich and Turner (1969) 
method. Site 18 was the primary (most often used) site for both fishes 10 and 31 and site 32 was the secondary site for 
both fishes 10 and 32 that year. Primary sites are indicated by stars, secondary sites by dots.

the immediate vicinity of the resident brown 
trout’s head (Pierce 1982).

T h e precision with which brown trout used 
foraging sites precluded there being more than 
one fish at a site at a time. The distance between 
adjacent occupied foraging sites was rarely less 
than 1.5 m and if two brown trout were feeding 
within sight o f each other, the larger o f the two 
was always upstream.

Refuge sites were those sites to which trout 
fled when disturbed; Because wild brown trout 
rarely used refuge sites and because the exper
imental design of the study precluded obser
vation of some fish in refuge sites, comments 
concerning these sites must be considered an
ecdotal.

The overhead flight of a large bird such as a 
mallard Anas platyrhynchos or common grackle 
Qidscalus quiscula typically caused a wild brown 
trout to dart to one side or another and become 
motionless with its body pressed tightly to the 
substrate. With no further stimulus, the fish 
would usually return to its foraging site and 
resume feeding within 3 to 5 minutes. Repeated 
alarm stimulus or stronger initial stimulus (such 
as a mallard landing) would cause the fish to

flee to deep water and become motionless or to 
move under a bank, rock, or some brush. In 
such a case, the fish would usually return to a 
foraging site in about 20 to 30 minutes.

Typically, more than one wild brown trout 
fled to the same pocket of deep water or under 
the same bank, rock, or brush. On one occasion 
a 2 year-old brown trout was observed tucked 
tightly along and partly under the down-stream 
side o f a flat rock, perpendicular to the flow of 
the stream. It remained there for about 2 hours 
without any movement. It suddenly left this po
sition, proceeded to one o f its accustomed for
aging sites, and started feeding. Other brown 
trout were occasionally seen lying motionless 
under brush (sometimes only the tip of the tail 
could be seen). Fish in refuge sites did not feed, 
did not move, and engaged in no agonistic en
counters.

Feeding, Position Change, and Gaping
T h e mean total feeding rate, averaged over 

all months from April through November, 
steadily declined with increasing age from 20.2 
feeds per 15 minutes for age-group 1 to 5.6 
feeds per 15 minutes for age-group 6 +  (Fig. 12;
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F ig u re  10 .-—Wild brown trout 31 in site 18 on successive 
days during summer 1979.

Tables 3 and 4).
midwater feejsj^a^fliM^jdJliai£llJil£^aJ31gjQr

^ ^ fS ^ r o P tR ^ o ta r T^rTnume^
^siRSiFTffff *fecT TfoseTo, but downstream from, a 
larger, more dominant fish, and at a higher rate 
than the upstream dominant. The larger fish

F igure 11 .— Wild brown trout 32 in site 2 in three suc
cessive summers. The rectangular group o f six spots below 
the dorsal fin (large arrow) and the tuv small spots close 
together (small arrow) were key identifying features.

was passing up some items in the drift that the 
smaller wild brown trout ate.

Feeding rates were highest in spring, declined 
in July and August, and then increased again 
in September and October. Surface and mid  ̂
water rates were about equal April through Au
gust but surface feeding was predominant in 
fall. Mean bottom -feeding rate was low 
throughout the year (Table 3).

Total feeding rates were higher on days when
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older fish were seen in observation area A. The 
mean feeding rate (feeds per 15 minutes) of 
young fish (age groups 1-4) on days when age 
groups 5 and older were seen in daily scan ob
servations was 20.4 ±  2.1 (SE; ¿V -  49), and it 
was only 15.4 ±  0.8 (N — 67) when older fish 
were not seen (F — 6.40; P  = 0.013).

Total and midwater feeding rates were sig
nificantly higher on sunny days than on cloudy 
days. Increase in water temperature appeared 
to have a depressing effect on midwater and 
total feeding rates, even when corrected for the 
effect of month (Table 4). The only significant 
effect o f turbidity was a depressing effect on 
bottom-feeding rates.

The number of times a fish moved from one 
foraging site to another during a 15-minute ob
servation was highest in April and May and de
clined steadily throughout the rest of the year 
(Table 3). Neither size nor age had a significant 
effect on movement rate of the younger fish 
(< 4  years old) but larger fish (older than age 3) 
moved less than younger fish (Tables 3 and 4). 
The time of day had no significant effect on the 
movement rates of the fish (Table 3), nor did 
any of the abiotic variables measured: turbidity; 
light intensity; water temperature; water height 
(Table 4).

There was a very pronounced temporal effect 
on the rate at which the fish gaped, which was 
highest during summer months and lowest dur

i n g  the middle o f the day (Fig. 13). When cor
rected for the confounding effect of month, gape 
rate was highly correlated with water temper
ature, but turbidity had no significant effect 
(Table 4). No difference in the frequency of 
gaping was evident among the various age 
groups.

Growth
Growth of brown trout was curvilinear with 

age; a rectangular hyperbola fit the data better 
than a negative exponential, which gave too low 
an asymptotic length (Table 5, Fig. 14). For the 
rectangular hyperbola, parameter estimates did 
not differ between the model of all fish and of 
the subset of fish aged 0 -4  (regression analysis; 
P  ^ 0.05), indicating that the lengths of older 
fish could be predicted by the growth of youn
ger age groups.

Growth of older brown trout in the study area 
was very slow. This is exemplified by fish 15, 
dominant in the area during 1978, 1979, and

F ig u re  12.—Mean (±SE) feeding rates for six age groups 
of wild brown trout: total rates and rates for surface, 
midwater, and bottom feeding. Number offish in each 
age group is in parentheses.

1980. In August 1977, it was 28.3 cm long and 
it grew slightly less than 4 cm over the next 4 
years. Scale samples taken from this fish in Oc
tober 1981 yielded only one unregenerated scale 
out o f 78 taken, and that scale contained only 
three distinct annuli. Fish 15 was captured and 
killed in April 1982. The otoliths (sagittae) dis
played 9 distinct annuli, confirming the age es
timates used for this fish throughout the study.

Dominance Hierarchy
Dominance hierarchies of wild brown trout 

in observations area A were nearly linear and 
quite consistent from year to year (Fig. 15, T a 
bles 6-8). Fish 15, never observed to lose an 
agonistic encounter in 3 years, ranked first. 
Other wild brown trout were ranked 2 -15 , based 
on the number of fish in the longest linear chain, 
which occurred in 1979. Dom inance was 
strongly correlated with age (Spearman’s r =
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T a b l e  3 .__ Activities of wild brown trout in obsen'ation area A of Spruce Creek, stratified by age group, time of day,
and season. Within a stratum, means with a letter in common are not significantly different (Duncan s multiple-range 

test; P > 0.05).
Num

ber
of

v. Mean number per 15 minutes .± SE focal
Age. Num-_______________________________________ ______ ! _ ------------- --- -----------------------------------------------------------  ob_
hour ber Feeds v r va-

or of Agonistic ----------- — ------------ —--------------------------is--------------- ;------------ -- ft
month fish encounters Surface Midwater Bottom Total________ Moves________ Gapes

1 12 2.1 ±  0.5 a 7.6 ±  1.6ab 110.0 ±  1.2 a
A g e

2.6 ±  0.3 a 20.2 ±  2.2 a 2.6 ±  0.6 a 1.08 ±  0.16 a 168

2 14 1.8 ±  0.2 a 8.9 ± 1 . 0  a 7.1 ±  1.0 ab 1.9 ±  0.2 ab 18.0 ± 1 . 7  a 2.5 ±  0.5 a 0.79  ±  0.10  a 350

3 12 1.9 ±  0.3 a 6.9 ±  1.0 ab 6.1 ±  0.8 b 2.1 ±  0.4 ab 15.1 ±  1.7 ab 2.9 ±  0.7 a 0.75 ±  0.15  a 252

4 8 1.7 ±  0.2 a 5.2 ±  2.5 ab 4.2 ± 1 . 0  b 1.3 ±  0.2 be 10.8 ±  3.2 ab 1.2 ±  0.6 a 0.85 ±  0.14 a 133

4 2,0 S? 0.2 a 2.9 ± 1 . 2  b 3.5 ± 1 . 4  b 0.6 ±  0.2 cd 7.1 ±  2.8 b 2.7 ±  0.4 a 0.86 ±  0 .40  a 38

6 + 2 0.8 ±  0.1 b 2.8 ±  2.6 ab 3.3 ±  1.3 b 0.4 ±  0.1 cd 6.6  ±  3.6 b 1.1 ±  0.6 a 0.34 ±  0.31 a 21

0900 27 0.9 ±  0.2 6.7 ±  1.7

Hour of the day* 
5.3 ±  0.9 1.9 ±  0.4 13.8 ±  2.2 2.0 ±  0.3 1.05’$  0.10 105

1000 33 1.1 ±  0.2 5.3 ±  1.0 5.6 ±  0.7 2.0 ±  0.5 12.8 ±  1.5 2.7 ±  0.4 1.19 ± 0.16 105

1100 30 1.5 ± 0.3 6.2 ± 0.9 5.4 ±  0.7 1.6 ± 0.3 13.2 ±  1.4 3.6 ± 0.5 0.94 ± 0.10 113

1200 26 1.0 ± 0.2 6.3 ± 1.1 5.7 I 0.7 2.2 ±  0.4 14.3 ±  1.3 2.7 ±  0.1 0.70 ±  0.10 98

1300 27 1.4 ±  0.2 5.5 ±  1.0 6.9 ±  1.4 1.6 ±  0.3 13.9 ±  2.1 3.3 ± 0.4 0.60 ± 0.10 135

1400 30 1.2 ± 0.2 8.2 ± 2.4 7.0 ± 1 .1 1.9 ± 0.4 17.1 ± 2.5 3.0 ± 0.5 0.63 ± 0.08 117

1500 30 1.4 ± 0.2 6.3 I 1.4 8.1 ± 1.5 1.9 ± 0.3 16.3 1 2.1 2.9 ± 0.4 0.95 ± 0.17 95

1600 33 1.3 ± 0.2 4.2 ± 0.8 7.4 ± 1.8 1.3 ± 0.3 12.9 ± 2.6 2.4 ± 0.4 1.00 ± 0.12 104

1700 22 1.1 ± 0.2 7.2 ± 1.8 6.3 ± 1.3 1.8 ± 0.4 15.3 ± 2.6 1.7 ± 0.3 0.96  ± 0.12 61

1800 10 1.0 ± 0.5 5.3 ± 1.4 6.1 ± 1.5 1.3 ± 0.5 12.7 ± 2.7 1.8 ± 0.5 0.97 ± 0.23 14

Apr
May
J un
Jul
Aug
Sep
Oct

9 0.9 ± 0.3 cd 8.6 ± 2.4 ab 8.6 ± 1.7 a

Month 
6.0 ± 2.3 a 23.2  ± 3.0 a 4.4 ± 1.6 ab 0.04 ± 0.04 d 21

22 1.7 ± 0.4 ab 8.3 ±  1.8 a 9.9 ±  0.7 a 2.9 ±  0.6 a 21.1 ±  2.0 a 4.3 ±  0.5 a 0.72 ±  0.11 ab 125

20 1.9 ± 0,3 a 9.6 ± 2.1 a 10.9 ± 2.5 a 2.5 ± 0.7 a 23.0 ± 3.7 a 3.6 ± 0.3 ab 0.90  ± 0.12 ab 166

27 0.9 ± 0.1 be 7.2 ± 1.0 ab 7.9 ± 1 .1 a 1.7 ± 0.2 a 16.8 ± 1.7 ab 2.8 ± 0.2 b 1.07 ± 0.15 a 261

30 1.0 ± 0.2 cd 3.8 ± 0.7 be 3.7 ± 0.6 b 1.6 ± 0.2 a 9.1 ± 1.2 d 2.1 ± 0.2 be 0.87 ± 0.13 a 329

12 1.2 ± 0.7 cd 9.2 ± 2.5 ab 2.8 ± 0.6 b 0.5 ± 0.2 b 12.5 ± 2.7 cd 1.3 ± 0.4 cd 0.54 ± 0.24  be 30

10 0.7 ±  0.2 cd 12.1 ±  3.2 a 2.6 ±  0.3 b 0.7 ± 0.2 b 15.4 ± 3.4 be 1.0 ± 0.4 cd 0.07 ± 0.05 d 20

Nov 7 0.3 ± 0.2 d 1.1 ± 0.4 c 0 .5  ± 0.2 c 0.7 ± 0 .2  b 2.3 ± 0.8 e 0.8 ± 0.3 cd 0.16 ± 0.08 cd 22

* No significant effect of time of day on any activity.

0.81; P  = 0.01; N  = 50), although the agonistic 
encounter rate was essentially the same for age 
groups 1 through 5 (Table 3). There was no 
significant effect of dominance on any of the 
seven behaviors tested (Table 4). Agonistic en
counter rates were highest in May and June, 
corresponding to the months of highest feeding 
rates (Table 3), but time of day had no signifi
cant effect on agonistic behavior. O f the four 
abiotic variables measured, only water height 
had a significant (positive) effect on agonistic 
behavior (Table 4).

Use o f Cover
One of the most surprising results of this study 

was the high probability of sighting an individ
ual wild brown trout in a foraging site during 
scan and focal-animal observations. Age-2 wild 
brown troutwere found during 837c of the scans 
between 0900 and 1900 hours. If one defines

“cover** as concealment from above, age-2 
brown trout spent less than 17% of those hours 
under cover. As the fish got older, they were 
less likely to be seen (Fig. 16). Because part of 
the home range of some fish was not wholly 
within the observation area and the cryptic col
oration of the fish inevitably results in some fish 
being missed in a scan observation, the data in 
Fig. 16 must be considered very conservative 
estimates of the time the fish were not under 
overhead cover. The overall mean probability 
of sighting an individual of any age group (given 
that it was seen at least once that day) ranged 
from a low of 0.64 ±  0.07 (SE) in April and 
May to 0.81 ±  0.02 in November.

Time and Energy Budgets
It took brown trout only 1 second to intercept 

food items in the drift or capture organisms on 
the bottom from their stationary foraging sites, |
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T a b l e  4 .—Relationships of activity rates (events) 15 minutes) of wild brown trout in Spruce Creek with fish age, length, 
dominance rank, and abiotic variables, corrected for effect of month. Asterisks (*) indicate significant slopes (T ^ 0.05). 
Abbreviations: b -  slope; P =  probability; N = number of obsermtions; Trans ¡3 transformation of dependent variable 
(CBRT = cube root; 1 / X  = inverse of dependent variable; SQRT — square root).

Indepen
dent Agonistic

encounters

Feeds

variable < Æ iurface^J Mid water Bottom Total Gapes Moves

Age
b -0 .0 0 0 9 -0 .0 2 7 5 * -0 .0 2 1 9 * + 0 .0 0 4 8 * -0 .1 7 8 7 * + 0 .0 0 0 6 -0 .0 1 0 0 *
P 0.3766 0.0003 0.0001 0.0001 0.0001 0.4510 0.0006
N . • 137 170 152 152 183 132 152
T  rans l/X CBRT Log, i / x SQRT i / x Log,

Length
b -0 .0 0 4 4 -0 .0 3 6 6 * -0 .0 6 4 0 * + 0 .0 1 2 5 * -0 .1 4 1 5 * + 0 .0016 -0 .0 2 7 8 *
P 0.2272 0.0005 0.0001 0.0001 0.0001 0.5430 0.0051
N 1 137 171 152 152 185 132 152
Trans i / x CBRT Log, i / x SQRT l / X Log,

Dominance
b -0 .0 0 4 4 -0 .0 5 1 7 + 0 .0 1 0 4 -0 .0 0 3 9 - 0 .0 3 5 5 + 0 .0 0 2 4 + 0 .0338
P 0.6004 0.0530 0.4926 0.4637 0.4881 0 .7007 0.1716
N 48 46 50 50 51 47 50
Trans l/X CBRT Log, i / x SQRT i / x Log,

Turbidity
b -0 .0 0 1 3 -0 .0 2 3 7 -0 .0 7 3 2 + 0 .0431* ;.-r0 .1690 + 0 .0 0 1 9 -0 .0 5 9 7
P 0.3114 0.6727 0.1624 0.0002 0.0847 0 .8550 0.3244
N 173 153 173 126 186 109 145
Trans l/X r o QTQ Log, i / x SQRT i / x Log,

Light intensity
b -0 .0 0 0 9 + 0 .0097 + 0 .0097* + 0 .0019 + 0 .0 0 7 7 * + 0 .0003 -0 .0 0 1 5
P 0.4598 0.1119 0.0351 0.0633 0 .0374 0 .6974 0.8112
N 171 250 279 211 293 175 224
Trans l/X Log, Log, l/X SQRT l/X Log,

Water temperature 
b -0 .0 0 3 1 + 0.0231 -0 .0 5 4 3 * + 0 .0083 -0 .0 6 4 2 * -0 .0 1 7 9 * + 0 .0 5 6 7
P 0.7279 0.5055 0.0385 0.1775 0.0016 0 .0020 0.1607
N 252 371 417 339 401 290 299
Trans l/X Log, Log, l / X  ̂SQRT l / X Log,

Water height
b -0 .6 9 3 2 * -1 .1 8 4 6 +  1.3345 -0 .1 7 8 9 + 3.0000 - 0 .2 4 7 9 -0 .5 9 1 1
P 0.0099 0 .3056 0.1806 0.4517 0.1112 0.1781 0.5709
N 136 193 217 160 230 135 176
Trans i / x Log, Log, l/X SQRT l / X r 0 arq

but because the current swept the fish farther 
downstream during a surface feed it took the 
fish longer (6 seconds) to return to the site after 
a surface feed than for either a midwater or 
bottom feed (Table 9). A rough approximation 
of the comparative energetic cost of the several 
activities may be obtained from the tail-beat 
frequencies of the trout in different activity states 
(Table 10). The high energetic cost of surface 
feeding is evident from the relative duration of, 
and tail-beat frequency during, surface feeding. 
Stationary swimming at the surface, an even 
more costly activity, was very rare (much less

than 1 % of observations) and always was asso
ciated with very high feeding rates (30-40  feeds/ 
15 minutes); The percent of time spent in each 
behavioral state for each age group was calcu
lated from the general equation:

% activity =  100 (m ean  d u ration  o f  activity *  m ean  
activity ra te )/o b se rv a tio n  tim e.

The wild brown trout in Spruce Creek spent 
less than 14% of their foraging time in ener
getically costly activity (Table 11). They spent 
most of their daylight time, an average of 86%, 
in a sit-and-wait state, searching the passing
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F ig u re  1 3 .—Mean (±SE) gape rates of wild brown trout 
for April through November and 0900-1900 hours av
eraged over 3 years (1978-1980). Number of fish is in 
parentheses.

water column for drifting food. The cost-saving 
value of such behavior is evident from the low 
tail-beat frequencies and time spent in such 
states. As the fish got older, a greater propor
tion of time was spent in agonistic encounters 
and a smaller proportion in pursuit o f food. 
Overall, the fish became less active as they got 
older (Table 11).

F ig u r e  1 4 .— Length-age relationship for wild brown trout 
in Spruce Creek. Dots are empirical; the rectangular 
hyperbola was fitted to them by least-squares. Broken por
tion of curve reflects minimum age estimates of trout older 
than 4 -h

Hatchery Brown Trout
Within 20 minutes after the hatchery fish were 

introduced, the wild brown trout engaged the 
hatchery fish in agonistic encounters. Most agons 
were started by the wild fish but there was no 
prior residence effect in the outcome of en
counters between wild and hatchery fish. O f 
197 contests, 83 were won by wild fish and 96 
were won by hatchery fish (Tables 7 and 8). 
There was, however, a significant correlation 
between the dominance rank of the wild fish (as 
determined from agonistic encounters among 
wild fish) and the proportion of agonistic en
counters between wild and hatchery fish that a

T a b l e  b.—Growth models for brown trout in Spruce Creek, fit by nonlinear regression. Lmax and L0 are asymptotic total 
lengths for rectangular-hyperbola and exponential models, respectively. Ay, is age at which half of asymptotic length is 
attained; B/ is exponential time constant.

Model N Sum of squares Symbol

Parameter

Estimate
Asymptotic 95%  

confidence interval

Rectangular 218 Regression, 128,333.6 LmmJt 40.0  cm 38.4 , 41.6
hyperbola* Residual, 643.8 Ayk 23.2 months 20.7 , 25.7

Rectangular 154 Regression, 76,897 .6 Lm„ 40.3 cm 37.0 , 43.6
hyperbola* 
(ages 0 -4  only)

Residual, 539.3 Ah 23.6 months 19.1, 28.0

Negative 218 Regression, 128,316.9 Lo 30.8 cm 30.0 , 31.6
exponential1* Residual, 660.4 0.045 0 .041 , 0.047

• Rectangular hyperbola model: L -  Lm̂ \ge/{Av,+ Age). 
b Negative exponential model: L =* /.©[l ~ exp(—BxAge)\.
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F ig u re  15.—Social hierarchies of wild brown trout resident in observation area A, 1978-1980, based on outcomes of 
agonistic encounters. Highest rank is at top. Number in circle is the fish identification number.

wild fish won (r = - 0 .3 7 ;  P  «  0.03; iV = 32, 
Spearman’s rank correlation coefficient). The 
large, high-ranking wild fish repeatedly chased 
the hatchery fish completely out of the obser
vation area. Fish 15, the oldest wild brown trout 
in observation area A, never lost an agonistic 
encounter with any brown trout, wild or hatch
ery, during the observation periods 1978 
through 1980 (Tables 6 -8 ). Although agonistic 
encounters between wild brown trout rarely ex
ceeded 30 seconds, those between wild and 
hatchery trout were frequently very prolonged. 
On one occasion wild fish 31 engaged seven 
hatchery fish in a series of agonistic bouts that

lasted 3.5 minutes. At the end of this series, fish 
31 was breathing heavily, had a dark, blotchy 
color, and appeared exhausted. Other wild 
brown trout similarly exhibited evidence of 
stress, not seen before the introduction of 
hatchery fish.

A few hatchery brown trout took up station
ary positions in foraging sites used by wild brown 
trout. Some hatchery trout were observed in 
these discrete sites only minutes after they were 
stocked and before they had started to feed. 
They used these common sites with a precision 
similar to that of the wild brown trout. A few 
hatchery brown trout displaced wild fish from
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T a ble  6 .__Outcomes of agonistic encounters between brown trout (identified by number), 1978.

Winning
fish

Losing fish . Total 
wins1 5 7 8 10 11 14 15 22 23 24 31 32 34 44 45 5 1 . 52

1 2 1 1 2 2 2 1 11

5 2 1 1 8 4 3 2 21

7 2 3 4 3 1 4 3 1 5 26

s 1 _ 2 3

10 1 3 _ 4 1 10 4 1 3 27
011

14 -  ; . 3 1 4

15 1 - 1 2

22 1 1 1 3

23 2 1 1 4 8

24 1 2 3

31 3 46 3 8 7 1 - 16 11 1 3 99

32 1 19 1 1 2 - 7 1 8 40

34 5 1 1 1 - 8

44 2 6 - 1 9

45 I 0
Pi 1 j 1 1 — 1 4D 1
52 f t  3 0

Total 5 10 0 83 8 6 0 0 13 15 6 25 35 38 3 13 0 8 268

losses

these preferred foraging sites and even ap
peared to become integrated into the domi
nance hierarchy of the wild fish for short pe
riods. Unlike the wild brown trout, however, 
the hatchery brown trout often failed to return 
to the site after an agonistic encounter or after 
they had pursued food items in the drift.

Most hatchery fish moved almost constantly, 
or remained stationary in other, less energy
saving sites. The tail-beat frequency in such cases 
was significantly higher than that of hatchery 
or wild fish using numbered sites. T he overall 
mean tail-beat frequency for stationary hatch
ery fish was 1.93 ±  0.10 (SE) beats/second (N = 
34) as compared to 0.43 ±  0.03 beats/second 
(N — 45) for stationary wild fish. The tail-beat 
frequency of moving hatchery fish, 2.31 ±  0.12 
beats/second (N = 1 6 )  was similar to that of 
moving wild fish (Table 10).

The hatchery brown trout fed less, and 
changed position more frequently, than wild 
fish in both 1979 and 1980 (Table 12). Gape 
rates were similar for both types of brown trout.

The number of hatchery brown trout de
clined continuously after they were stocked in 
observation pools in 1979 and 1980 (Fig. 17). 
The decline was more rapid in 1979 (when wild 
trout also decreased in abundance) than it was 
in 1980. Only 2 of the 179 hatchery fish stocked 
in the observation pool in 1979 were seen again

in 1980. When seen (once, in early April) they 
were thin and moving almost continuously. Very 
few, if any, of the brown trout stocked in 1980 
wintered over. In October 1981, when the en
tire area was censused by electrofishing, none 
of the 400 hatchery fish stocked in 1979 and 
1980 was recovered.

Overall, the behavior of the smaller hatchery 
brown trout stocked in the spring of 1980 more 
nearly resembled that of the wild fish than did 
the behavior of larger fish stocked in late sum
mer 1979.

Discussion
The foraging behavior of wild brown trout 

in Spruce Creek reflects the profound effect 
that current has on the energy fish must expend 
while living in a lotic environment. T h e re
stricted home range of individual fish, the dis
crete nature of the foraging sites within these 
home ranges, and the large proportion of time 
the fish spend stationary in foraging sites sug
gest that energy expended by the wild brown 
trout may be a principal determinant of growth 
rate and population density in Spruce Creek.

Home Range
The restricted nature o f the home range of 

stream-living trout and juvenile salmon has been 
inferred by many investigators (Stefanich 1952;
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Holton 1953; Miller 1954a, 1957; Newman 
1956; Saunders and Gee 1964: Edmundson et 
al. 1968: Bohlin 1977), but the present study 
may be the first in which the actual home-range 
size of free-ranging salmonids has been mea
sured by direct observation. Schuck (1945) re
ported that most wild brown trout in Crystal 
Creek, New York, were recaptured by electro
fishing in the same sections of stream where 
they had been originally captured and tagged. 
He also noted a homing tendency. Many fish 
caught in an upstream weir during the spawning 
run later were recaptured in the same section 
where they had been originally captured, tagged, 
and released. Miller (1954a) reported a similar 
homing tendency by wild cutthroat trout Salmo 
clarki removed from their home sites and lib
erated elsewhere in the same stream, even after 
several weeks of enforced retention in a new 
locality. Allen (1951) reported that the majority 
of wild brown trout captured, tagged, and re
leased in the Horokiwi Stream, New Zealand, 
were recaptured either at the point where they 
were initiallv captured or within a hundred or 
so meters of it. He noticed that brown trout in 
different parts of the stream grew at different 
rates and concluded that the stream population 
consisted of a linear series o f discrete, nonmix
ing populations. Miller (1957) recorded 67% o f  
recaptures of cutthroat trout in the same pool 
or within 200 meters of it and concluded that

. . each cutthroat trout o f Gorge Creek has 
a home territory not over twenty yards long . . . 
and that the whole life is spent in it.” A general 
lack of movement by yearling and older brown 
trout also was reported by Solomon and Tem 
pleton (1976).

Although the term “home range” is used by 
many ecologists and Behaviorists, there is dis
agreement over its meaning and how to mea
sure it (Anderson 1982). Burt (1943) defined 
home range as “that area traversed by the in
dividual in its normal activities of food gath
ering, mating and caring for young.” Wilson 
(1975) defined it as the area that an animal learns 
thoroughly and patrols regularly. The home 
range reported in this study is an estimate of 
the area an individual wild brown trout used 
during the time of principal growth, April 
through November.

There is little doubt that wild brown trout 
learn the home range thoroughly, and know the 
location of hiding places or refuge sites. They

proceed directly and with little lost time or en
ergy to such places in deep water, under rocks, 
or overhanging brush and banks when dis
turbed from their foraging sites. Similarly they 
proceed quickly and directly from one discrete 
foraging site to another. But why do home 
ranges get smaller as fish get older?

If  home-range size were related to food avail
ability, one would expect home ranges to get 
larger as fish get older. The behavior of the 
wild brown trout in Spruce Creek suggests that 
the home ranges of younger fish are larger be
cause older, larger fish are dominant over small
er fish and force them to move about more. 
Such movement is energetically costly. As a fish 
grows, its dominance ranking rises, and it is less 
likely to be displaced from a particular foraging 
site. One benefit of dominance may be a small
er, less energy-consuming home range.

If  one part of the pool yielded a significantly 
greater amount of food than another, one would 
expect that the location of the home ranges of 
the fish would change as they became older and 
more dominant. But the home ranges of wild 
brown trout ranging in age from young of the 
year through 7+  remained substantially the 
same for as long as three successive summers, 
even though their rank in the dominance hi
erarchy rose. When some older fish disappeared 
(I suspect fish 51 was caught by poachers early 
in 1979), such “vacancies” were filled by young 
of the year or yearling fish. Either different parts 
of the pool do not differ significantly in food 
availability, as Jenkins (1969) suggested, or the 
temporal and spatial variability of food supply 
is so great that the fish cannot detect the dif
ference.

Foraging Sites and Drift-Feeding
That trout keep to very precise locations has 

been known for some time (Hoar 1951; Fabri- 
cius and Gustafson 1955; Keenleyside 1962; 
McCormack 1962; Hartman 1963; Elliott 1965; 
Baily 1966: Frost and Brown 1967; Chaston 
1968; Jenkins 1969; Bohlin 1977; Bassett 1978). 
Indeed, the persistence with which a trout rises 
time after time in the same spot is at once both 
the appeal and at times exasperation of the fly 
fisherman (personal experience). Kalleberg 
(1958) refers to a Swedish author (Norback 
1884) as writing “No fish remains for such a 
long time on its station without moving from 
there as the river trout . . . .”
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T a b l e  7 .— Outcome of.agonistic encounters between brown trout (identified by number), 1979.

Losing fish

Winning . 
fish

Wild

3 5 7 8 10 11 14 15 23 24 31 32 34 44 51 52 53 54 57 62

Wild
3 ■ _  s 2 1
5 2 _ 2 3 2 2
7 1 6 |''III 2 3 11 1 1 1 1
8 _ 1 9 5 4 3

10 5 - 1 7 4
11 n 1 3 14
14 3 1 1 1 1 - 1 1 1 6 2 1
15 1 - 3 2
23 1 4 - 2 2 4 1
24 1 | 1 1

31 4 1 - 3 1 2 12 2 1

32 39 2 1 1 - 1 2
34 9 1 1 8 \ -  ; 6
44 1 1 -
51 2 2 1 2 7 - 1 1
52 1
53 2 3
54 pw M
57 -
62 1

Hatchery
81 8
84 7
88 2

95* 5 17 3 3 4 2 4 2 2 i

Total 6 13 6 92 1 9 2 0 10 3 15 31 34 2 7 28 47 6 7 1

losses

| Number 95 was assigned to unidentified hatchery brown t

In describing the behavior of juvenile Atlan
tic salmon Salmo salar and brown trout in a 
stream aquarium, Kalleberg (1958). reported 
“The territorial conditions o f the juvenile salm
on and brown trout are characterized in a high 
degree by the fact that each individual possesses 
within its territory one strongly dominating, 
strictly localized station. There the fish spends 
the greater part o f its time, from there it de
fends its territory, and this is the starting point 
for its feeding excursions.”

There is considerable variance and uncer* 
tainty in the literature about the meaning of 
such terms as “station” (Kalleberg 1958; Keen- 
leyside and Yamamoto 1962: McCormack 1962; 
Bassett 1978; McNicol and Noakes 1981), 
“home station*' (Slanev and Northcote 1974), 
“position” (Keenleyside 1962; Jenkins 1969), 
“holding position” (Feldmeth and Jenkins 1973), 
“microhabitat” (Baldes and Vincent 1969), “lie”

(Frost and Brown 1967), “focal point” (Griffith 
1972, 1974; Fausch 1981; Fausch and White 
1981), and “territorial focal point” (Everest and 
Chapman 1972).

Explanations for why salmonids in streams 
exhibit such localized behavior usually are based 
on inferences that the locations chosen enable 
the fish to capture food efficiently and to avoid 
predation. In this study, I distinguished be
tween those locations the wild brown trout used 
when drift-feeding (foraging sites), and those 
sites used when not feeding (refuge sites). The 
energy-saving utility of foraging sites is evident 
from the comparative tail-beat frequencies when 
the fish are waiting in the site, and from the 
time and effort required to return to the site 
after each feeding excursion. While the gross 
location of foraging sites may be influenced by 
drift patterns (Jenkins 1969), the lack o f cor
relation between site utilization and feeding
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T a b l e  7.— Extended.

Losing fish

Winning
Hatchery

Total
fish 81 84 88 95» wins

Wild
3 3
5 6 17
7 27
8 2 24

10 17
11 18
14 19
15 3 9
23 14
24 3
31 9 35
32 1 47
34 25
44 2
51 16
52 1
53 5
54 0
57 0
62 1

Hatchery
81 - 2 10
84 - 7
88 - 2 4
95- 6 58 105

Total 0 6 0 83 409
losses

rates, dominance ranking, and distance to cover
suggests that drift patterns, if  present, have lit
tle effect on site selection.

Another benefit associated with foraging sites 
may be that the brown trout use the energy in 
the current to intercept food in the drift. By a 
relatively small movement of pectoral fins and 
a flick of the caudal fin, the fish’s head is raised 
into the overhead slipstream. The movement, 
as revealed in slow-motion videotapes and cin
ematography suggests that the differential flow 
over the head and anterior part o f the body 
produces a Bernoulli effect, aiding the fish to 
capture food with less energy. Energy maxi
mization should be a powerful selection pres
sure (Fausch and White 1981; Bachman 1982). 
I suggest that foraging sites are chosen primar
ily for their energy-saving utility and that at 
high population densities, foraging sites are a 
limiting factor. Agonistic encounters associated 
with foraging sites but not with refuge sites in 
Spruce Creek support this hypothesis.

Selectivity and size-dependent feeding in a 
lotic environment has been demonstrated in the 
case of brook trout (Allan 1978, 1981), juvenile 
coho salmon Oncorhynckus kisutch (Dunbrack and 
Dill 1983), rainbow trout (Metz 1974; Bisson 
1978), and brown trout (Nilsson 1957; Elliott 
1967a; Ringler 1979) from stomach-sample 
analyses. Butler and Hawthorne (1968) report
ed that large brown trout frequently tolerate 
smaller trout downstream o f them, but never 
upstream. McNicol and Noakes (1981) showed 
that the area in which agonistic behavior of ju 
venile brook trout took place was chordate in 
shape with the resident stationed at the down
stream end facing into the current. A possible 
explanation for size-dependent food selectivity 
and the age-dependent decline in feeding rate 
of the w ild browm trout in Spruce Creek is that 
older, larger fish may pass up smaller items in 
the drift that would not compensate for the 
energy expended in capturing them.

Dominance Hierarchies
In studies in which the relationships of neigh^ 

boring brown trout have been directly observed 
(Jenkins 1969; Bassett 1978; McLaren 1979; 
present study), dominance was correlated with 
the age (size) of the fish, but little or no prior 
residence effect was evident. Neither was there 
a clear correlation between dominance and po
sition choice, feeding rate, agonistic encounter 
rate, or distance to cover. In short, the domi
nant individual appears to have no preferential 
access to any “best area.” So what purpose does 
the linear hierarchy serve?

The establishment of hierarchies should min
imize energy expenditure in the long run. Brown 
trout normally feed on drift items one by one. 
If  two or more fish were to pursue the same 
item, at most only one would obtain a benefit 
to offset its cost. In a lotic environment, the 
energetic cost associated with drift-feeding is 
considerable. It is apparently less costly to pe
riodically engage in dominance contests than to 
scramble for food as each item drifts into view. 
This is, of course, similar to the arguments used 
by MacArthur (1972) and Wilson (1975) in 
showing that territoriality is less costly than pure 
scramble in defense o f food resources.

Li and Brocksen (1977) found that certain 
subdominant rainbow trout grew faster than 
the alpha (dominant) individual. A possible ex-
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T a b l e  8 .— Outcome of agonistic encounters between brown trout (identified by number), 1980.

Losing fish

Winning . 
fish

Wild Hatchery
Total

3 8 10 11 14 15 30 31 32 36 37 53 54 57 91 92 93 94 95* 96 97 wins

Wild
3 _ 1 1 2
8 - 2 3 8 8 2 3 1 4 31

is 5 2 7
11 1 _ 3 1 1 1 1 3 1 12
14 1 3 1 5
15 1 1 - 3 5 1 1 12 24
30 1 - 1 2
31 8 9 / /  >■;; 18 20 1 4 7 3 1 4 75
32 1 -  : 1 3 1 4 1 1 12
36 4 IBB 1 5
37 1 - 1
53 3 1 5 9
54 2 1 1 4
57 1 3 1 8 1 3 5 ■ B ■ 4 3 1 2 1 33

Hatchery
91 2 2 9 8 1 9 1 % /:>■ 31
92 2 1 1 4 1 i - 1 11
93 2 - 1 3
94 1 / .;:r> 1
95* 1 3 1 1 1 1 21 29
96 4 4
97 1 1 1 3

Total 4 19 0 8 1 0 27 1 31 47 16 26 12 23 18 2 3 4 57 4 1 304
losses

1 Number 95 was assigned to unidentified hatchery brown trout.

planation, but by no means the only one, is that 
in the confined space o f an aquarium a domi
nant (largest) fish expends too much energy^ 
when repeatedly confronted by roving subdom
inants. At Spruce Creek, higher-ranking wild 
brown trout, after having repeatedly run off, 
or defeated, lower-ranking individuals, occa
sionally did not return immediately to the site 
at which the agon was initiated, but rather 
moved to another foraging site. Although an
ecdotal, such observations suggest that the dom
inant fish may have moved to another site sim
ply because it was too costly to continue to use 
the former site.

I believe that agonistic behavior at foraging 
sites results in the establishment o f dominance 
hierarchies, and that the behavior, when ob
served over a relatively short period of time 
gives, the impression of territoriality.

Territoriality
Noble’s (1939) definition of a territory, “any 

defended area,’’ is in common use today (Ito 
1978), although Wilson (1975) defines it some

what differently by emphasizing exclusivity—  
“An area occupied more or less exclusively by 
an animal or group of animals by means o f re
pulsion through overt defense or advertise
ment^’ Davies (1978) gives a much broader def
inition, and recognizes a territory whenever 
individual animals or groups are spread out more 
than would be expected from a random occu
pation o f suitable habitats.

Hixon (1980), on the other hand, takes a much 
narrower view in the definition of territory as 
“the nearly exclusive access to and utilization 
o f food resources within a mobile animal’s home 
range as a direct result o f that animal’s aggres
sive and/or ritualized expulsion of individual 
food competitors.’’

Because salmonids are at times difficult to ob
serve directly and identify individually, indirect 
methods usually have been used to document 
territoriality. Many authors simply infer terri
toriality from the observations o f stationariness 
or limited home range (Allen 1951; Fabricius 
and Gustafson 1955; Newman 1956; Latta 1965; 
Burnet 1969; Le Cren 1973; Bohlin 1977,1978).
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F ig u re  16.—Mean proportion of daily scan observations 
in which individuals of different age groups were sighted, 
given that the individual was observed at least once dur
ing an observation day; 95% confidence interval is shown 
by vertical bars. Number of observations for each age 
group is in parenthesesi

Others would maintain that aggressive behavior 
coupled with stationariness implies territoriality 
(Stringer and Hoar 1955; Lindroth 1956; Moyle 
1969; Slaney and Northcote 1974; Dill 1978). 
Some make little distinction between territori
ality and dominance (Chapman 1962; Keenley- 
side and Yamamoto 1962; Symons 1971; Li and 
Brocksen 1977), and̂  Chapman (1966) implied 
that territories develop in riffles but hierarchies 
in pools. Noakes (1978), in a general review,

T a ble  1 0 .— Tail-beatfrequencies of wild brown trout dur- 
i ng va rious a divides in Spruce C reek.

Activity
Mean tail beats 

per second ±  SE

Number of 
observa

tions

Sit and wait 0.4 ±  0.0 45
Return from 

midwater feed
1.8 ±  0.7 11

Return from 
surface feed

2.3 ±  0.7 43

Stationary swimming 
near surface

3.0 ±  0.6 5

suggested that dominance may grade into site- 
dependent dominance, territoriality, or both, a 
concept described as scaling in aggressive be
havior by Wilson (1975).

Perhaps no other paper is more frequently 
cited in regard to territoriality of salmonids than 
Kalleberg’s of 1958. It was the first study in 
which an attempt was made to directly observe 
and measure the size of individual territories. 
Kalleberg estimated the size of territories of 
juvenile Atlantic salmon in a stream aquarium 
by the distance at which individuals responded 
aggressively to neighbors and dummies and by 

“ dividing a representative part of the bottom 
surface by the number o f fishes which there 
defend territories.” He implied that each in
dividual had only one station but allowed the 
possibility of “secondary centres.” Not all At
lantic salmon occupied fixed stations. More of 
them “defended” territories when the water 
velocity in the tank was increased, and the ad
dition of large rocks produced a similar increase 
in the number of “territorial” fish. He attrib
uted this change to “visual isolation,” although 
figures accompanying his article show that many 
of the juvenile salmon had stations on top of 
the large rocks.

T a ble  9 .—Activity durations for wild brown trout in Spruce Creek. Data are mean seconds ± SE, derived from analysis 
of video tapes.

Activity
Number of 

observations
Pursuit

time
Time to 
return Total

Feeding
Surface 39 i  ' 1.0 ±  0.1 6.0 ±  0.3 7.0 ±  0.4
Mid water 33 1.0 ±  0.1 3.8 ±  0.4 4.9 ±  0.5
Bottom 13 1.0 ±  0.1 2.7 ±  0.5 3.8 ±  0.5

False feed 24 2.5 ±  0.3
Agonistic 21 13.7 ±  1.1

encounters
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T a b l e  11.— Age-related distribution of activity times (%) for wild brown trout in Spruce Creek, 0900-1900 hours.

Activity

Age group
Weighted

1 2 3 4 5 6 + mean*

Pursuit 3.9 3.4 2.9 2.8 1.8 1.0 3.1
Return to site 10.1 9.5 7.8 7.7 4.9 2.6 <8.4
Position change 1.3 1.7 1.7 0.7 1.1 1.0 1.4
Agonistic 0.6 0.8 0.8 0.9 1.4 1.2 0 .9

encounters
Gape 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Sit and wait 84.0 84.5 86.8 87 .8 90.8 91.1 86.2

* Weighted for age group.

I believe that the behavior described by Kal- 
leberg (1958) can be more easily and parsimo
niously explained as an energy-minimizing re
sponse. When water velocities are high, fish 
cannot afford to pursue food or attack intruders 
at as great a distance as when velocities are low. 
T he addition of large rocks may well have sim
ply added more energy-saving sites. Stationar- 
iness accompanied by aggressive behavior, I be
lieve, is not sufficient to define territoriality.

Ito (1978) and Noakes (1978) distinguished 
between territoriality and hierarchies on the 
basis of prior residence. Noakes (1978) stated, 
“We must have individual identification o f the 
fish within a group, and evidence that domi
nance is independent of location within the study 
area, before reasonably concluding that a dom
inance hierarchy is present.” and Ito (1978) 
stated, . . in a conflict over a territory the 
characteristic o f territoriality is, that, unlike so
cial hierarchies seen within groups o f ‘non-ter
ritorial species, the territory holder wins the 
fight as a rule even if he is smaller than the 
intruder. This is called the effect o f prior res
idence.” I f  prior residence can be considered 
to be a formal test o f territoriality, then the wild 
brown trout at Spruce Creek were not territo
rial. That the outcome of agonistic encounters 
among wild trout was not site-dependent is at
tested to by the remarkably linear social struc
ture observed, with few reversals or ambigui
ties, and the stability o f the structure from year 
to year. The introduction o f hatchery brown 
trout further demonstrated that no prior resi
dent effect was evident and that the outcome 
of agonistic encounters was primarily a function 
of size.

Bohlin (1977) claimed that resident age-1-h 
wild brown trout had an owner’s advantage over

wild age-H- brown trout introduced into an 
experimental area from downstream, but the 
results might just as easily be explained by a 
homing tendency o f the introduced fish (Schuck 
1945).

Nice (1941) defined six major types o f terri
tory according to the function involved. Wilson 
(1975) modified these slightly and described five 
types labeled, A through E, that depended on 
various mixes o f mating, nesting, resting, and 
foraging activities. Ito (1978) introduced a new 
Type F territory, a defended area in which the 
food supply is guaranteed, whether for repro
duction or not. Wilson (1975) disagreed with 
those who would define territory in terms of 
economic function (Pitelka 1959), and sided with 
those who define territory by the mechanism 
through which exclusiveness is maintained.

All o f the brown trout in Spruce Creek used 
more than one foraging site in a day and none 
o f the sites was used exclusively by only one fish. 
No fish had an exclusive home range or for
aging site, so neither the home range nor the 
area surrounding the foraging sites would pass 
the exclusivity test for territoriality.

One could argue, o f course, that each for
aging site held by the fish is a “partial” (Green
berg 1947), ‘‘floating” or “spatio-temporal-’ 
territory (Wilson 1975). One could add to the 
confusion by coining yet another term “pseudo
territory,” I suggest instead that none o f these 
terms confers any more information than mere
ly stating that foraging sites are energetically 
efficient and that the agonistic behavior asso
ciated with foraging sites is a cost-minimizing 
phenomenon. I suggest that the term territo
riality may be meaningless as generally applied 
to stream-living salmonids (with the possible ex
ception o f the ayu Plecoglossus altivelis: Kawa-
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T a b l e  12.—Comparative activity of wild, and hatchery broxvn trout in Spruce Creek, 1979 and 1980.

Number
of 15- Propor
minute tion of

Mean number Data obser non-zero
Type of per 15 trans vation P obser P

Activity fish minutes ±  SE formation periods (/-test) vations (binomial)

Late summer 1979
Feeding

Surface Wild
Hatchery

4.7 ±  1.0 
0.3 ±  0.1 Log*

63
62

<0.01 0.70
0.16

0.01

Mid water Wild
Hatchery

3.4 ±  0.5  
1.8 ±  0.4 Log,

63
62

> 0 .2 0 0.70
0.46

0.01

Bottom Wild 1.0 ±  0.2
Log,

63 0.06 0.41 0.01
Hatchery 0.3 ±  0.1 62 0.16

Total Wild
Hatchery

9.2 ±  1.2 
2.4 ±  3.5 Log,

63
62

<0.01 0.89
0.60

0.01

Agonistic Wild 1.7 ±  0.4
Log,

63 0.06 0.43 0.10
encounters Hatchery 3.4 ±  0.7 62 0.57

Gape Wild 0.4 ±  0.1 Square 63 > 0 .2 0 0.81 > 0 .2 0
Hatchery 0.3 ±  0.1 root 62 0.84

Moves Wild 3.1 ±  0.6 Log, 63 <0.01 0.62 0.06
| Hatchery 10.4 ±  2.1 62 0.77

Spring 1980
Feeding

Surface Wild 9.4 ±  0.8 Square 152 0.03 0.86 0.01
Hatchery 4.8 ±  0.6 root 98 0.61

Midwater Wild
Hatchery

8.2 ±  0.8  
4.2 ±  0.4

Log, 152
98

<0.01 0.89
0.79

0.04

Bottom Wild 1.8 ±  0.2 None 152 > 0 .2 0 0.62 0.04
Hatchery 1.6 ±  0.3 98 0.49

Total Wild 19.4 ±  1.3 Square 152 <0.01 0.98 0.02
Hatchery 10.6 ±  0.9 root 98 0.87

Agonistic Wild 1.7 ±  0.2 None 152 > 0 .2 0 0.53 > 0 .2 0
encounters Hatchery 2.2 ±  0.6 98 0.46

Gape Wild 0.8 ±  0.1 None 152 0.11 0.55 0.01
Hatchery 0.6 ±  0.1 98 0.36

Moves Wild
Hatchery

3.2 ±  0.4  
4.4 ±  0.7

Log, 152 . 
98 ’

0.01 0.60
0.53

> 0 .2 0

nabe 1969) and that it carries with it certain 
connotations that so far have not been sup
ported by field observations.

Growth
We would expect to find the reproductive 

success of salmonids to be highly correlated with 
size. Larger fish have more and larger eggs (Frost 
and Brown 1967; Weatherly and Rogers 1978), 
and larger eggs produce larger young that, in 
turn, have better growth and survival (Lagler 
et al. 1962; Frost and Brown 1967; Bagenal 
1969). Size is also an important factor in com
petition among males during the spawning

season (Frost and Brown 1967; Butler and Haw
thorne 1975; personal observation). Conse
quently, there should be a strong selective pres
sure for rapid and sustained growth among 
salmonids.

But growth typically is found to be asymp
totic, the upper limit of growth differing from 
one stream to another. This leads us to search 
for physiological and environmental factors that 
determine growth rates and upper limits to 
growth.

In streams such as Spruce Creek, certain 
species o f salmonids may derive the majority of 
their food from drift (Muller 1954; Nilsson 1957;
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F ig u re  1 6 .—Mean proportion of daily scan observations 
in which individuals of different age groups were sighted, 
given that the individual was observed at least once dur
ing an observation day; 95% confidence interval is shown 
by vertical bars. Number o f observations for each age 
group is in parentheses.

Others would maintain that aggressive behavior 
coupled with stationariness implies territoriality 
(Stringer and Hoar 1955; Lindroth 1956; Moyle 
1969; Slaney and Northcote 1974; Dill 1978). 
Some make little distinction between territori
ality and dominance (Chapman 1962; Keenley- 
sideand Yamamoto 1962; Symons 1971; Li and 
Brocksen 1977), and̂  Chapman (1966) implied 
that territories develop in riffles but hierarchies 
in pools. Noakes (1978), in a general review,

T a b l e  1 0 .— Tail-beat frequencies o f wild brown trout dur
ing various activities in Spruce Creek.

Activity
Mean tail beats 

per second ±  SE

Number of 
observa

tions

Sit and wait 0.4 ±  0.0 45
Return from 

midwater feed
1.8 ±  0.7 11

Return from 
surface feed

2.3 ±  0.7 43

Stationary swimming 
near surface

3.0 ±  0.6 5

suggested that dominance may grade into site- 
dependent dominance, territoriality, or both, a 
concept described as scaling in aggressive be
havior by Wilson (1975).

Perhaps no other paper is more frequently 
cited in regard to territoriality o f salmonids than 
Kalleberg’s of 1958. It was the first study in 
which an attempt was made to directly observe 
and measure the size of individual territories. 
Kalleberg estimated the size of territories o f 
juvenile Atlantic salmon in a stream aquarium 
by the distance at which individuals responded 
aggressively to neighbors and dummies and by 
“dividing a representative part of the bottom 
surface by the number of fishes which there 
defend territories.” He implied that each in
dividual had only one station but allowed the 
possibility of “secondary centres.” Not all At
lantic salmon occupied fixed stations. More of 
them “defended” territories when the water 
velocity in the tank was increased, and the ad
dition o f large rocks produced a similar increase 
in the number of “territorial” fish. He attrib
uted this change to “visual isolation,” although 
figures accompanying his article show that many 
of the juvenile salmon had stations on top of 
the large rocks.

T a ble  9 .—Activity durations for wild brown trout in Spruce Creek. Data are mean seconds ± SE, derived from analysis 
of video tapes.

Activity
Number of 

observations
Pursuit

time
Time to 
return Total

Feeding
Surface 39 I ' 1.0 ±  0.1 6.0 ±  0.3 7.0 ±  0.4
Midwater 33 1.0 ±  0.1 3.8 ±  0.4 4.9 ±  0.5
Bottom 13 1.0 ±  0.1 2.7 ±  0.5 3.8 ±  0.5

False feed 24 2.5 ±  0.3
Agonistic 21 13.7 ±  m

encounters
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T a ble  11.— Age-related distribution of activity times (%) for wild brown trout in Spruce Creek, 0900-1900 hours.

Activity

Age group
Weighted

1 2 3 4 5 6+ mean*

Pursuit 3.9 3.4 2.9 2.8 1.8 1.0 3.1
Return to site 10.1 9.5 7.8 7.7 4.9 2.6 « .4
Position change 1.3 1.7 1.7 0.7 1.1 1.0 1.4
Agonistic 0.6 0.8 0.8 0.9 1.4 1.2 0.9

encounters
Gape 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Sit and wait 84.0 84.5 86.8 87.8 90.8 91.1 86.2

* Weighted for age group.

I believe that the behavior described by Kal- 
leberg (1958) can be more easily and parsimo
niously explained as an energy-minimizing re
sponse. When water velocities are high, fish 
cannot afford to pursue food or attack intruders 
at as great a distance as when velocities are low. 
The addition of large rocks may well have sim
ply added more energy-saving sites. Stationar- 
iness accompanied by aggressive behavior, I be
lieve, is not sufficient to define territoriality.

Ito (1978) and Noakes (1978) distinguished 
between territoriality and hierarchies on the 
basis of prior residence. Noakes (1978) stated, 
“We must have individual identification of the 
fish within a group, and evidence that domi
nance is independent of location within the study 
area, before reasonably concluding that a dom
inance hierarchy is present.” and Ito (1978) 
stated, “ . . . in a conflict over a territory the 
characteristic of territoriality is, that, unlike so
cial hierarchies seen within groups o f mon-ter
ritorial species, the territory holder wins the 
fight as a rule even if he is smaller than the 
intruder. This is called the effect of prior res
idence.” If  prior residence can be considered 
to be a formal test o f territoriality, then the wild 
brown trout at Spruce Creek were not territo
rial. That the outcome of agonistic encounters 
among wild trout was not site-dependent is at
tested to by the remarkably linear social struc
ture observed, with few reversals or ambigui
ties, and the stability of the structure from year 
to year. The introduction of hatchery brown 
trout further demonstrated that no prior resi
dent effect was evident and that the outcome 
of agonistic encounters was primarily a function 
of siie.

Bohlin (1977) claimed that resident age-1 + 
wild brown trout had an owner’s advantage over

wild age-l-f brown trout introduced into an 
experimental area from downstream, but the 
results might just as easily be explained by a 
homing tendency of the introduced fish (Schuck 
1945).

Nice (1941) defined six major types o f terri
tory according to the function involved. Wilson 
(1975) modified these slightly and described five 
types labeled, A through E, that depended on 
various mixes of mating, nesting, resting, and 
foraging activities. Ito (1978) introduced a new 
Type F territory, a defended area in which the 
food supply is guaranteed, whether for repro
duction or not. Wilson (1975) disagreed with 
those who would define territory in terms of 
economic function (Pitelka 1959), and sided with 
those who define territory by the mechanism 
through which exclusiveness is maintained.

All o f the brown trout in Spruce Creek used 
more than one foraging site in a day and none 
of the sites was used exclusively by only one fish. 
No fish had an exclusive home range or for
aging site, so neither the home range nor the 
area surrounding the foraging sites would pass 
the exclusivity test for territoriality.

One could argue, o f course, that each for
aging site held by the fish is a “partial” (Green
berg 1947), “floating” or ‘‘spatio-temporal” ' 
territory (Wilson 1975). One could add to the 
confusion by coining yet another term “pseudo
territory.” I suggest instead that none of these 
terms confers any more information than mere
ly stating that foraging sites are energetically 
efficient and that the agonistic behavior asso
ciated with foraging sites is a cost-minimizing 
phenomenon. I suggest that the term territo
riality may be meaningless as generally applied 
to stream-living salmonids (with the possible ex
ception of the ayu Plecoglossus altivelis: Kawa-
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AGE GROUP

F ig u re  1 6 .—Mean proportion of daily scan observations 
in which individuals of different age groups were sighted, 
given that the individual was observed at least once dur
ing an observation day; 95% confidence interval is shown 
by vertical bars. Number of observations for each age 
group is in parentheses.

Others would maintain that aggressive behavior 
coupled with stationariness implies territoriality 
(Stringer and Hoar 1955; Lindroth 1956; Moyle 
1969; Slaney and Northcote 1974; Dill 1978). 
Some make little distinction between territori
ality and dominance (Chapman 1962; Keenley- 
side and Yamamoto 1962; Symons 1971; Li and 
Brocksen 1977), and Chapman (1966) implied 
that territories develop in riffles but hierarchies 
in pools. Noakes (1978), in a general review,

T a b l e  1 0 .— Tail-beat frequencies of wild brown trout dur
ing various activities in Spruce Creek.

Activity
Mean tail beats 

per second ±  SE

Number of 
observa

tions

Sit and wait 0.4 ±  0.0 45
Return from 

midwater feed
1.8 ±  0.7 11

Return from 
surface feed

2.3 ±  0.7 43

Stationary swimming 
near surface

3.0 ±  0.6 5

suggested that dominance may grade into site- 
dependent dominance, territoriality, or both, a 
concept described as scaling in aggressive be
havior by Wilson (1975).

Perhaps no other paper is more frequently 
cited in regard to territoriality o f salmonids than 
Kalleberg’s of 1958. It was the first study in 
which an attempt was made to directly observe 
and measure the size of individual territories. 
Kalleberg estimated the size o f territories of 
juvenile Atlantic salmon in a stream aquarium 
by the distance at which individuals responded 
aggressively to neighbors and dummies and by 
“dividing a representative part of the bottom 
surface by the number of fishes which there 
defend territories.” He implied that each in
dividual had only one station but allowed the 
possibility of “secondary centres.” Not all At
lantic salmon occupied fixed stations. More of 
them “defended” territories when the water 
velocity in the tank was increased, and the ad
dition of large rocks produced a similar increase 
in the number of “territorial” fish. He attrib
uted this change to “visual isolation,” although 
figures accompanying his article show that many 
of the juvenile salmon had stations on top of 
the large rocks.

T a b l e  9 .—Activity durations for wild brown trout in Spruce Creek. Data are mean seconds ± SE, derived from analysis 
of video tapes.

Activity
Number of 

observations
Pursuit

time
Time to 
return Total

Feeding
Surface 39 ;  * 1.0 ±  0.1 6.0 ±  0.3 7.0 ±  0.4
Midwater 33 1.0 ±  0.1 3.8 ±  0.4 4.9 ±  0.5
Bottom 13 1.0 ±  0.1 2.7 ±  0.5 3.8 ±  0.5

False feed 24 2.5 ±  0.3
Agonistic 21 13.7 ±  1.1

encounters
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T a b l e  12.—Comparative activity of wild and hatchery brown trout in Spruce Creek, 1979 and 1980.

Activity
Type of 

fish

Mean number 
per 15

minutes ±  SE

Data
trans

formation

Number 
of 15- 
minute 
obser
vation 

periods
P

(¿-test)

Propor
tion of 

non-zero 
obser
vations

P
(binomial)

Late summer 1979
Feeding

Surface Wild 4.7 ±  1.0 63 <0.01 0.70 0.01
Hatchery 0.3 ±  0.1 Log. 62 0.16

Midwater Wild 3.4 ±  0.5 63 > 0 .2 0 0.70 0.01
Hatchery 1.8 ±  0.4 Log, 62 0.46

Bottom Wild 1.0 ± 0 . 2 63 0.06 0.41 0.01
Hatchery 0.3 ±  0.1 Log, 62 0.16

Total Wild 9.2 ±  1.2 63 <0.01 0.89 0.01
Hatchery 2.4  ±  3.5 Log, 62 0.60

Agonistic Wild 1.7 ±  0.4

r o %

63 0.06 0.43 0.10
encounters Hatchery 3.4 ±  0.7 62 0.57

Gape Wild 0.4 ±  0.1 Square 63 > 0 .2 0 0.81 > 0 .2 0
Hatchery 0.3 ±  0.1 root 62 0.84

Moves Wild 3.1 ±  0.6

r 0 09

63 < 0.01 0.62 0.06
.. u t i g Hatchery 10.4 I 2.1 62 0.77

Spring 1980
Feeding

Surface Wild 9.4 ±  0.8 Square 152 0.03 0.86 0.01
Hatchery 4.8 ± 0.6 roót 98 0.61

Midwater Wild 8.2 ±  0.8 Loer, 152 < 0.01 0.89 0.04
Hatchery 4.2 ±  0.4 98 0.79

Bottom Wild 1.8 ±  0.2 None 152 > 0 .2 0 0.62 0.04
Hatchery 1.6 ±  0.3 98 0.49

Total Wild 19.4 ±  1.3 Square 152 <0.01 0.98 0.02
Hatchery 10.6 ±  0.9 root 98 0.87

Agonistic Wild 1.7 ±  0.2 None 152 > 0 .2 0 0.53 > 0 .2 0
encounters Hatchery 2.2 ±  0.6 98 0.46

Gape Wild 0.8 ±  0.1 None 152 0.11 0.55 0.01
Hatchery 0.6 ± 0 .1 98 0.36

Moves Wild '3.2 ±  0.4 Log, 152 . 0.01 0.60 > 0 .2 0
Hatchery 4.4 ±  0.7 98 * 0.53

nabe 1969) and that it carries with it certain 
connotations that so far have not been sup
ported by field observations.

Growth
We would expect to find the reproductive 

success of salmonids to be highly correlated with 
size. Larger fish have more and larger eggs (Frost 
and Brown 1967; Weatherly and Rogers 1978), 
and larger eggs produce larger young that, in 
turn, have better growth and survival (Lagler 
et al. 1962; Frost and Brown 1967; Bagenal 
1969). Size is also an important factor in com
petition among males during the spawning

season (Frost and Brown 1967; Butler and Haw
thorne 1975; personal observation). Conse
quently, there should be a strong selective pres
sure for rapid and sustained growth among 
salmonids.

But growth typically is found to be asymp
totic, the upper limit o f growth differing from 
one stream to another. This leads us to search 
for physiological and environmental factors that 
determine growth rates and upper limits to 
growth.

In streams such as Spruce Creek, certain 
species of salmonids may derive the majority of 
their food from drift (Muller 1954; Nilsson 1957;
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F ig u re  17.—Mean number of wild and hatchery brown 
trout seen during hourly scan observations in 1979 and 
1980. Stocking dates (*) were August 23, 1979, and May 
28, 1980.

Elliott 1967b; Waters 1969; Griffith 1974). Al
though the numbers and biomass of drift or
ganisms in streams are spacially and temporally 
quite variable (Elliott 1967b; Lehmkuhl and 
Anderson 1972; Reisen and Prins 1972; Waters 
1972; Bisson 1978) it appears that the mean 
amount of drift that passes a particular point in 
a stream is, over the long run, a linear function 
of the velocity at that point (Elliott 1967b; 
Chapman and Bjornn 1969). The metabolic rate, 
or amount of energy expended per unit time 
by salmonids, on the other hand, is an expo
nential function of swimming speed (Brett 1964; 
Rao 1968).

I previously showed (Bachman 1982) that 
these environmental and physiological con
straints set a size-dependent optimum velocity 
for drift-feeding fish. At the optimum velocity, 
growth rate should be maximal. According to 
this model, larger drift-feeding fish should grow 
faster in slower water, and a fish that remains 
a drift feeder should ultimately grow to a size 
at which the energy in the drift just equals the 
energy expended in capturing food, producing 
gametes, and reproductive behavior.

As a first approximation, then, the growth 
rate of individual fish should be determined by 
the* differential energy between that obtained 
from the drift in a fish’s home range and the 
energy it expends to obtain it. Because drift 
densities vary from stream to stream and from 
place to place within a stream, and because many

salmonids spend most of their lives in one small 
section of a stream (Schuck 1945; Allen 1951; 
Miller 1954a, 1957; present study), different 
places should grow different size fish and at dif
ferent rates. Brown trout (Allen 1951), brook 
trout (Cooper et al. 1962), and cutthroat trout 
(Cooper 1970) have all been reported growing 
faster in the lower parts of a stream than in the 
upper parts.

It may be that large trout are repeatedly cap
tured at the same places in a stream because 
those places grow larger fish rather than attract 
larger fish. This idea is supported by the ob
servation that when a few large brown trout 
disappeared from the observation area in the 
spring of 1980 (there was some evidence of 
poaching at the time) the feeding sites formerly 
occupied by an age-5 fish (number 51) subse
quently were occupied by a yearling.

I f  population densities, as I have suggested, 
are determined primarily by the number of suit
able foraging sites, and the growth rates are 
determined by the energy differential at those 
foraging sites, what might be the density effect 
on growth?

If  the rate at which drift-feeding fish take 
food from the current is very much smaller than 
the rate the food enters and leaves the water 
from the surface and the bottom, growth rates 
should be independent of population density. 
Although few data exist on the rates food enters 
and leaves the drift, because such rates are so 
hard to measure, there is evidence of density- 
independent growth by coho salmon (Chapman 
1965), brook trout (Cooper et al. 1962), and 
brown trout (Mortensen 1982).

Gaping

The gape reflex of wild and hatchery brown 
trout appears to be a comfort movement in
duced by the buildup of C 0 2 in the blood
stream. Two factors theoretically would affect 
blood C 0 2 concentrations, metabolic rate and 
C 0 2 concentrations in the water. T he positive 
correlation of gape rate with temperature, the 
high gape rates in summer, and the sharp rise 
in gape rate in mid-afternoon appear to reflect 
the temperature effect on metabolic rate. T he 
morning decrease in gape rate probably reflects 
a drop in dissolved C 0 2 in the water associated 
with photosynthetic activity o f macrophytes and 
algae in the stream. T he temporal gaping pat
tern evident by both wild and hatchery brown
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trout suggests that this may be a fruitful area 
• for further research.

Hatchery and Wild Trout Compared
The poor survival of hatchery trout in streams 

is well documented (Hoover and Johnson 1938; 
Hazzard and Shetter 1939; Shetter and Haz- 
zard 1941; Needham and Slater 1944, 1945; 
Schuck 1945, 1948; Smith and Smith 1945; 
Shetter 1947; Cooper 1953, 1959; Miller 1958; 
Mason et al. 1967; Millard and MacCrimmon 
1972), but there is no consensus as to the cause. 
Schuck (1948) listed ten possible causes, rang
ing from environmental factors such as insuf
ficient food, high water temperature, and pre
dation to management practices including 
planting methods, hatchery diets, lack of ex
ercise in the hatchery, and domestication. Mil
ler (1952^ 1958) attributed weight loss and mor
tality of hatchery-reared cutthroat trout stocked 
in Alberta streams to competition with wild trout 
and showed that hatchery fish stocked in a 
stream that contained wild fish had higher lac
tic-acid concentrations in the blood than did 
hatchery cutthroat trout not in “competition” 
with wild fish. Nielsen et al. (1957), on the other 
hand, reported that differences in stocking den
sities of hatchery rainbow trout had no effect 
on the survival of the stocked fish and conclud
ed that competition with wild brown trout was 
not a cause of mortality among hatchery-reared 
trout. Miller (1954b) and Vincent (1960) sug
gested that selection in the hatchery produces 
domesticated fish that cannot survive well in 
streams.

In work with juvenile Atlantic salmon, Fend- 
erson et al. (1968) proposed that unnaturally 
high aggressiveness in hatchery stocks may con
tribute to mortality through loss of feeding time, 
excessive expenditure o f energy, and increased 
exposure to predators. Jenkins (1971) came to 
miich the same conclusion, suggesting that the 
behavioral patterns of domesticated trout, suc
cessful in a crowded hatchery raceway, are 
wasteful of energy and ill-adapted to the con
ditions in a natural environment. Even when 
the return of stocked trout to anglers is high, 
and a large fraction are taken within a few weeks 
of planting, the natural mortality rate (or “un
accounted mortality”), as reflected in the num
ber of trout lost due to causes other than an
gling, may be very high (Butler and Borgeson 
1965).

The results of my study at Spruce Creek sup
port the hypothesis that a contributing cause o f 
mortality among hatchery trout is excessive ex
penditure of energy. The hatchery brown trout 
moved more frequently, were less likely to use 
energy-efficient foraging sites, and engaged in 
more agonistic encounters than the wild brown 
trout. Although hatchery brown trout won as 
many agons as they lost, they were less likely to 
return to the location where the agon was ini
tiated than were wild fish. The lack of identi
fication with any particular geographic location 
and the attendant failure to become integrated 
into a long-term social structure also must be 
costly to hatchery fish.

Hatchery brown trout fed much less than did 
wild brown trout, a factor that would aggravate 
the already adverse energy balance. In contrast, 
McLaren (1979) reported that wild brown trout 
from Spruce Creek, transported, tagged, and 
stocked in hatchery raceways, fed less frequents 
ly than hatchery brown trout subjected to the 
same treatment. This suggests that wild brown 
trout may be more stressed by handling and new 
surroundings than hatchery brown trout.

The reason the hatchery fish in my study fed 
less than the wild fish may be that it takes a 
considerable time for hatchery brown trout to 
learn to feed on natural food and some may 
never learn. Elliott (1975) showed that some 
hatchery brown trout refused to eat or took 
only a small number o f natural food items in a 
feeding experiment. Ersbak and Haase (1983) 
found that wild brown trout ate nearly twice as 
much food as hatchery-reared brook trout in 
McMichael Creek, Pennsylvania, and conclud
ed that the stocked brook trout were unable to 
obtain sufficient food for survival in the stream 
they studied.

Other factors that may account for poor sur
vival of hatchery trout in streams are size and 
condition. Klak (1941), Needham and Slater 
(1945), Miller (1952, 1954b, 1958), Reimers 
(1963), Hunt and Jones (1972), and Ersbak and 
Haase (1983) all reported a decline in condition 
factor of hatchery trout stocked in streams. Ers
bak and Haase (1983) also showed that the 
higher the coefficient of condition when stocked, 
the faster it declined. According to the energy- 
balance model for drift-feeding salmonids that 
I developed (Bachman 1982), there is an upper 
size limit that a drift-feeding salmonid can attain 
in a particular environment and population
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density has little or no effect on that limit. The 
hatchery brown trout in Spruce Creek were, 
like the wild brown trout, drift feeders. One 
reason many hatchery trout die may be that 
they are too big for the stream in which they 
are stocked. It seems unreasonable to expect a 
35-cm hatchery trout to survive in a stream 
where the average wild trout rarely exceeds 30 
cm.
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ABSTRACT
During the past century the Eurasian and North African range of the brown trout,'Salmo 

trutta L., has been extended to include discontinuous populations on all continents except Antarc
tica. Primary factors affecting the establishment of naturalized populations are water tempera
ture, precipitation, and suitable spawning grounds. Any future major expansion in the world 
distribution of the brown trout, with the possible exception of Asia, is unlikely.

INTRODUCTION

During the past century the pristine range of the brown trout, Salmo 
trutta Linnaeus, in Eurasia and North Africa, has been extended through 
introduction to include waters on all continents except Antarctica.

Linnaeus, when naming the trout of Sweden Salmo trutta in 1758, regarded 
the sea trout (5. eriox) and the brook trout (5. fario) as distinct species. The 
latter species must not be confused with the North American brook trout, 
Salvelinus fontinalis (American Fisheries Society, 1960). After that time 
various local representatives of the genus were given a variety of common 
and specific names (Regan, 1911) which included the common trout (S. fario, 
ausonii, gairnardi, cornubiensis), the English salmon trout (S . trutta, eriox, 
cambricus, albus, phinoc, brachypoms), the golden estuarian trout (S . estuarius, 
orcadensis, gallivensis), the great black lake trout (S . ferox, nigripinnis), the 
gillaroo (S. stomachicus), and the silver or Loch Leven trout (5. caecifer, 
levenensis). The exchange of brown trout stocks among European countries, 
such as the transfer of German brown trout to England in 1884 (Smiley, 
1884) and to Italy in 1885 (Pavesi, 1887), further complicated the problem 
of speciation.

Modern ichthyologists, however,** generally accept the concept of Gunther 
(1866), Regan (1911), Jordan (1926), and Hubbs (1930) that there is but one 
species, Salmo trutta, and that trout with distinctive features should be 
recognized at only the subspecific level, if at all.

Most populations of brown trout now resident in hatcheries and natural 
waters throughout the world stem from the following three sources: sea run 
specimens of the European trout . (Salmo trutta trutta), European trout per
manently resident in fresh water (Salmo trutta fario)l, and the trout (Salmo 
rutta levenensis) from Loch Leven, and other waters of Scotland and northern
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England. Because of interbreeding in fish culture programmes, and the in
troduction of hybrids or several stocks to many waters, it would seem im
prudent for practical purposes to identify the brown trout beyond the specific 
level ̂ (Wiggins, MS, 1950) .

The objectives of this paper are: firstly, to present an account of known 
attempts to introduce the brown trout (Salmo trutta L.) beyond its native 
range; and secondly, to document the present world distribution of the species 
which has resulted from these introductions.

NATIVE RANGE

The native range of the brown trout (Fig. 1) has been established es
sentially from published material by Seeley i(l 886), Bean (1888), Dahl (1918,

1919), Berg (1932); Tchernavin (1939), Wiggins (MS, 1950), Nikolskii (1937, 
1961), and Vladykov (1931, 1963).

The early distribution of the species is believed to have extended from 
Iceland and the northern coasts of Europe southward to the countries fronting 
on the Mediterranean Sea, the islands of Corsica and Sardinia, and Algeria 
in northern Africa. The range extended eastward from the Atlantic drainage 
towards the northern slopes of the Himalayas. Migratory brown trout in
habited the Black, Caspian, and Aral seas and their tributaries.
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KNOWN INTRODUCTION^!
AUSTRALIA AND NEW ZELAND

Australia

The earliest known introduction of the brown trout beyond its native 
range was a planting made in Tasmania in 1864 (Lake, personal commu- 
nication||2 The ova, obtained from the Wey and River Itchen at High Wy
combe, left London, England, on January 21, 1864, and arrived in Tasmania 
91 days later. Although only some 300 eggs hatched, a small planting made 
in the Plenty River would seem to have established a naturalized population 
there. Of a further experiment of 15,000 trout eggs transported to Tasmania 
in the following year, about 500 fry were hatched (Frost and Brown, 1967). 
From the progeny of these stocks came widespread introductions into the 
rivers of Tasmania, mainland Australia, and New Zealand. At present, nat
uralized populations of brown trout occur in most waters of Tasmania (Lynch, 
personal communication).

On mainland Australia, the possibility of a second importation from 
England to Victoria has been noted by Tonbridge (personal communication). 
Weatherley and Lake (1967) citing Roughley (1951), also indicate that eggs 
from Tasmanian stocks were distributed in Victoria. Progeny of the Victorian 
stocks were then introduced into the waters of New South Wales by 1888.

Presently, brown trout occur in tableland streams of the eastern highlands 
of New South Wales and Victoria above 600 m elevation (Fig. 2). In the case 
of steep mountain streams they may be found as low as 300 m (Lake, 1957).

F ig . 2 . Naturalized distribution of Salmo trutta in Australia and New Zealand.

2A11 personnal communications cited in this paper are listed alphabetically after the 
References section of this paper.



2530 J<B$KAL FISH E R IE S RESEA RCH  BOARD OF CI^A dA, vooitss, NO. 12, 1968

Weatherley and Lake (1967) further note that in the more northern regions 
of the Highlands in New South Wales, waters below 1200 m provide only a 
marginal summer existence.

Attempts to introduce brown trout into Queensland began in 1896, when 
the Government purchased 32,000 ova from New Zealand. To date, the prin
cipal areas of introduction have been the Stanthorpe and Warwick districts 
in the south and the Atherton Tablelands of the north (Haysom, personal 
communication). The known extent of naturalized populations is limited to 
the former Districts.

Although no dates of introduction are given, trout (brown or rainbow) 
also may be found to a limited extent in the Pemberton region of Western 
Australia and in some small streams near Adelaide, South Australia (Weath
erley and Lake, 1967).

New Zealand

In New Zealand, Hobbs (1948) reported that imports from Tasmania 
continued from at least 1867 to 1875 at which time populations on the South 
Island, through the effort of societies in Otago and Canterbury provinces, 
became self-supporting. By 1885, plantings on the North Island had become 
equally successful.

Little (personal communication) reports that brown trout have since 
been stocked in almost every conceivable lake, river, or stream, such that 
the present naturalized distribution encompasses every suitable ecological 
niche in the confines of New Zealand (Fig. 2)HLittle also mentions that sup
plemental private plantings by acclimatization societies have continued in 
support of the popular sport fishery.

Three thousand brown trout fry sent to the Chatham Islands (1100 km 
east of New Zealand) failed to survive a voyage there in 1916 or 1917. Further 
private introductions between 1934 and 1949 also were unsuccessful (Skrynski, 
1967).

ASIA
India

European brown trout were first transplanted to the District of Nilgiris, 
State of Madras, in 1863. These, and later plantings of the Loch Leven variety 
between 1866 and 1873, failed to establish populations (Tripathi, personal 
communication; Wiggins, MS, 1950).

The most important introduction to India was made in 1889 (Table I) 
when brown trout ova of European origin were hatched in the more northerly 
State of Kashmir. Here they became firmly established in a number of streams 
of the Kashmir Valley (Fig. 3) and some 20 years later progeny of these fish 
were being distributed in the waters of two adjacent southern states, Himachal 
and Uttar Pradesh (Tripathi, personal communication). Himachal State met 
with good success in naturalizing the species although unprecedented floods 
in 1947 were reported to have destroyed river populations in the Chamba
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T a b l e  I. Introductions of brown trout to India.

State/district
Year of 

introduction Source Present status

Madras
Nilgiris 1863-73 England Apparent failure

Jammu & Kashmir
Kashmir 1889 Europe Well established
Jammu 1963 Kashmir Not yet known

Nefa 1966 /a ' * Not yet known
Uttar Pradesh

Kumaon Hills 1910, 1912 M Not known
Himachal Pradesh

Mandi 1909 ? 1 Well established
Kulu 1909 Well established
Kangra 1911 Kulu Perished in 1947
Chamba 1919 Kulu Perished in 1947
Mahasu 1915 Kashmir Well established
Kinnaur 1963 Kashmir Well established

and Kangra valleys. Plantings in the Uttar State appear to have met with 
failure. The result of introductions to Jammu in 1963, and NEFA in 1966 
have not yet been appraised.

Ceylon
Although records of the earliest plantings were reported to have been 

lost, approximately 20 brown trout (Salmo fario) were liberated in a small 
stream crossing the plain of Nuwara Eliya in 1892 (Fowke, 1938). Ova of 
unrecorded origin were imported each year between 1886 and 1889, their 
disappearance leading to further importations in 1892 and 1893. Brown trou|; 
were known to breed only occasionally during exceptionally cold years and 
for this reason were always “under control” (Fowke, 1938M Fowke further 
implies that with the failure of brown trout breeding, the culture and dis
tribution of the naturally reproducing rainbow trout, Salmo gairdneri (Richard
son), have flourished.

West Pakistan
A report of brown trout within 200 km of the Kashmir border lacks 

confirmation. However, proximity of the flourishing Kashmir populations 
would offer substantial evidence in favour of the report.

J apan
Importation of “trout” from the United States took place prior to 1900 

(Jordan and Snyder, 1902). Brown trout are presently reared in two research 
laboratories and two hatcheries from which limited plantings are made to
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F ig. 3. Naturalized distribution of Salmo trutta in South Central Asia.

local waters, although the species is not valued by the Japanese (Shiraishi, 
personal communication). The only known naturalized population of brown 
trout exists in Chuzenji Lake, Nikko City, Tochigi Pref.

NORTH AMERICA 

United States of America

The original plantings of brown trout into North America came from 
eggs sent from Germany to New York by Herr Von Behr during the winter 
of 1883. These eggs were hatched at the Northville Hatchery, Michigan, and 
the fry released in early April in the Pere Marquette River of northern Mich
igan (Mather, 1889; Goode, 1903). Limited success followed a second shipment
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of Von Behr trout -#hich were again incubated at the Northville Hatchery, 
and at the Caledonia Hatchery, New York. Further shipments of eggs from 
Germany between 1884 and 1887 were reared in hatcheries at Cold Spring 
Harbour and Caledonia, New York; Northville, Michigan; Central Station, 
Washington; and Wytherville, Virginia^Smiley, 1884). Shipments of German 
ova were sent, also, to hatcheries in Pennsylvania and New Hampshire (Smiley, 
1889a) and by 1897 eggs had been received by hatcheries in California (A- 
nonymous, 1897).;

The Loch Leven variety was first imported to the United States in 1885 
(Smiley, 1889b). From this first shipment, ova were immediately transferred 
to hatcheries in Maine, New Hampshire, Iowa, and Minnesota. By 1887 
they were being held in hatcheries extending from the states of Maine, M ary! 
land, and Illinois in the east to Colorado and California in the west (Anong 
ymous, 1897® However, because of numerous hatchery transfers, the identity 
of the German and Loch Leven varieties was soon lost (Miller and Alcorn, 
1945). •;

Apparently more tolerant of environmental conditions than the native 
brook trout (Salvelinus fontinalis Mitchill);; the brown trout was accused of 
serious competition with the former species and a precedent was set in 1906 
when New York State sharply reduced the magnitude of its brown trout 
propagation (Bean, 1906).

In spite of the action of most government agencies in following the policy 
established by New York State, a survey of all states agencies in 1967 ini 
dicates that brown trout were ultimately introduced into 45 of the 50 American 
states (Table II). In the 34 states which now have naturalized populations 
in some waters within their boundaries (Fig. 4)  ̂all plantings had been made 
prior to 1936. Although no known naturalized populations of brown trout 
exist in Delaware, IndianaHIllinois, Missouri, and North Dakota, stocking 
programs continue. In Florida, Kansas, Oklahoma, Ohio, Kentucky, and 
Hawaii, failure in naturalization resulted in discontinuation of plantings. 
Texas, Louisiana, Mississippi, Alabama, and Alaska have never attempted 
brown trout introductions.

Canada

The first introduction to North America of the Loch Leven trout occurred 
in 1884 when 100,000 ova were shipped from the Howietoun hatchery in 
Scotland to Newfoundland (Anonymous|^!l887; Catt, 1950). The first of the 
German brown trout to reach mainland Canada camf^from New York State 
and were planted in Lac Brule, Quebec, in 1890 (Catt, 1950). A recent survey 
indicates that although the dissemination of brown trout in Canada was slow 
and dependent on neighbouring American statesman provinces but Prince 
Edward Island and Manitoba and the Northwest and Yukon territories 
ultimately experienced successful introductions.’ Despite naturalization in 9 
of the 10 provinces, Nova Scotia and Alberta remain Us*the only two presently 
conducting stocking programs (Table III)® y
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T a b l e  II. Introductions and present status of the brown trout in the United States of America.

State
Year of 

introduction Survival

Current
stocking

programme
Naturalized
distribution

Alabama None
Alaska None
Arizona Prior to 1930 Y a Y Y
Arkansas Unknown Y ■ Na Y
California 1894-95 Y Y Y
Colorado 1887 Y Y Y
Connecticut 1899 Y Y Y
Delaware 1950 Y Y N
Florida 1956-57 N N N
Georgia Unknown Y Y Y
Hawaii 1935 N N N
Idaho 1915 Y Y Y
Illinois 1887 Y Y N
Indiana Unknown Y Y N
Iowa 1885 Y Y Y
Kansas 1951 N N N
Kentucky 1948 Y N N
Louisiana None
Maine 1885 Y Y Y
Maryland Unknown Y Y Y
Massachusetts 1887 Y Y Y
Michigan 1883 Y Y Y
Minnesota 1888 Y Y Y
Mississippi None
Missouri Unknown Unknown Y N
Montana 1889 Y Occasional Y
Nebraska 1889 Y Y Y
Nevada 1895 Y Y Y
New Hampshire 1887 Y Y Y
New Jersey 1900 Y Y Y
New Mexico 1893-94 Y Y Y
New York 1883 Y Y Y
North Carolina 1887 Y Y Y
North Dakota Unknown Y Y N
Ohio Unknown N N N
Oklahoma 1930’s N N N
Oregon Early 1900’s Y Y Y
Pennsylvania 1886 Y Y Y
Rhode Island Late 1930’s Y Y Y
South Carolina Unknown Y Y Y
South Dakota Late 1880’s Y Y Y
Tennessee Unknown Y Y Y
Texas None
Utah 1900 Y Y Y
Vermont Early 1890’s Y Y Y
Virginia Unknown Y Y Y
Washington 1935 and earlier Y Y Y
West Virginia 1925-26 Y Y Y
Wisconsin 1887 Y Y Y
Wyoming 1933 Y Y Y

aY  = Yes; N = no.

Quebec and Newfoundland, the first provinces to introduce the brown 
trout, were also the first to withdraw from major stocking programs. As of 
1954, brown trout existed only as planted fish in the North River, Terrebonne
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Table III . Introductions and present status of the brown trout in Canada.

^Current
Province Year of stocking Naturalized

or territory introduction Source Survival programme distribution

Alberta ' 1924 Montana Y a Y Y
British Columbia 1932 Wisconsin, Montana Y Y
Manitoba 1943 Washington N - N N
New Brunswick 1921 New York Y N Y
Newfoundland 1884, 1892 Britain, Germany Y N : Y
Northwest

Territories None
Nova Scotia 1925 Unknown Y Y Y
Ontario 1913 Pennsylvania Y N Y
Prince Edward

Island None
Quebec 1890 New York Y
Saskatchewan 1924 Wisconsin, Montana Y N Y
Yukon Territory None

aY  = yes; N = no.

County, and in Lake Memphremagog (Legendre, 1954), Stocking in New
foundland was discontinued prior to the 1920’s (Andrews, 1965) but the 
species is now widely distributed in southeastern Newfoundland especially 
on the Avalon Peninsula; it is also present in rivers and streams on the north 
side of Trinity Bay and on the Burin Peninsula. Well-established anadromous 
runs are also known in many of these areas. No authenticated reports are 
available for western or northern Newfoundland.

The Ontario Government developed an ambitious stocking program and 
distributed nearly 10 million fry, fingerling, and yearling brown trout to 
provincial waters between 1913 and 1962. Plantings were made primarily in 
waters marginal for the native brook trout. Distribution was discontinued 
after 1962 for a variety of reasons, the most important appearing to have 
been the low return of hatchery-reared fish realized by anglersHMason, MS, 
1961), Naturalized populations of brown trout presently occur only in river 
systems of southern Ontario that are tributary to lakes Huron, Erie, and 
Ontario.

In New Brunswick, brown trout of both Loch Leven and German origin 
were introduced to Saint John and Charlotte counties as early as 1921 (Catt, 
1950),. Catt noted, also, that excellent angling had been reported from these 
same waters. As well, brown trout had also been harvested in salt water off 
the Little Mis Pec River. Pelletier (personal communication) reports that 
naturalized populations now exist in the aforementioned counties.

Introductions to Saskatchewan in 1924 were primarily to the Cypress 
Hills region of southwest Saskatchewan. Early plantings in the Hudson Bay 
region were unsuccessful. The Cypress Hills plantings were continued annually
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until 1934 (Wiggins, MS, 1960) and thereafter sporadically until discon
tinuation in the mid 1950’s (Johnson, personal communication).

Nova Scotia and Alberta, the only two provinces still with stocking pro
grams, both report widespread naturalized populations. As well^brown trout 
have been reported in estuarial waters off Nova Scotia (Prime, personal com i 
munication). The first introductions to Alberta’s Raven River of the Red 
Deer system in 1924 and Carrot Creek of the Bow River system, 1925, rei 
suited in a downstream dissemination which in the case of the latter, covered 
141 km (Nelson, 1965)7 Plantings to date have distributed the brown trout 
and resulted in good angling in wide areas of the Saskatchewan and Athabaska 
watersheds (Paeta, personal communication).

Introductions to a few lakes of Jasper National Park, Alberta, in 1924 
and 1942 were successful and resulted in natural populations. However, stocking 
was later discontinued and the fish poisoned, when deemed unpopular with 
the angler (Ward, personal communication).

In British Columbia, plantings of brown trout were made in the Cowichan 
and Little Qualicum River systems of Vancouver Island during the period 
1932-35. Although spawning was noted in the former river system as early 
as 1937, natural populations made an insignificant contribution to the angler’s 
catch (Carl et ah, 1959)* The practice of stocking brown trout was discontinued 
about 1961 (Northcote, personal communication).

In Manitoba, limited stockings between 1943 and 1961 failed to result 
in naturalized populations. As few stocked fish were captured by the angler, 
the rearing of brown trout was discontinued by 1962 (Kooyman, personal 
communication).

In spite of the limited naturalized distribution of the brown trout in 
Canada (Fig. 4), Dymond (1955||listed it and the carp Cyprinus carpio Lini 
naeus as the only two non-North American fishes in which introduction to 
Canadian waters proved to be significant.

Mexico

Information was not obtained for brown trout in Mexico. However, 
rainbow trout, Salmo gairdneri, are endemic to thè mainland at elevations of 
2000-2400 m above sea level (Needham and G ard^l959)^ Successful intro
ductions of rainbow trout were reported in tributaries of the Lerma and 
Amoloya Rivers of the high plateaus (Berriozabal, 1937). This evidence would 
probably support the hypothesis that brown trout habitat does exist in 
Mexico.

Puerto Rico
Brown trout ova were first imported to Puerto Rico around 1934. The 

eggs were reared to fingerlings and subsequently released in the Espiritu 
Santo River at El Yungue Forest. These and later introductions did not 
result in naturalized populations. Subsequently,;; stockings were discontinued 
by 1924 (Inigo, personal communication&y
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AFRICA
South Africa

The earliest importations of brown trout ova from the United Kingdom 
to Cape Town and Natal, South Africa, were made in 1876 (Hey, 1947). 
These and later importations made between 1881 and 1884 to Cape Town, 
King Williams Tofyn, and the Drakensburg Mountains of Natal were failures. 
However, introductions of United Kingdom stock in 1890, 1892, and 1895| 
to cool mountain streams in the vicinity of the aforementioned areas, produced 
the present day naturalized populations (Smith, personal communication).

The establishment of two government hatcheries at Jonkershoek and 
Pirie, Cape Province, in 1893 and 1895 respectively, provided sources of 
brown trout for waters of the Transvaal and the Orange Free State, South 
Africa, and most of the nations of the south and eastern portion of the con
tinent |jSmith, personal communication; Harrison et al., 1963) (Table IV).

T a b l e  IV. Introductions and present status of the brown trout in Africa.

Year

Count ry/pro vince

First
intro

duction

Successful
intro

duction Source Survival

Current
stocking

programme

Natu
ralized
distri
bution

South Africa
Natal 1876 1890 U.K. Y a Y Y
Cape Province 1876 1892 U.K. Y Y Y
Transvaal 1903 1903 Cape Prov. Y Y Y
Orange Free State Unknown Unknown Y Y

Basutoland (Lisotho) 1904 7 7

Kenya 1906 1921 U.K. Y Y Y
Malawi 1907 Cape Prov. Y Y
Rhodesia 1907 1929 f7}: ;  \' ^ Y Y
Tanzania 1934 1934 ” Y Y Unknown
Uganda 1930 U.K. Na N N

aY  == yes; N = no.

Smith (personal communication);; reported that because of a reduction 
in prime brown trout habitats, the species is less abundant than in earlier 
years. Also, he noted that rainbow trout, Salmo gairdneri, introduced locally 
have taken over marginal waters which once supported flourishing brown 
trout populations. However, limited hatchery production and plantings have 
continued in South Africa, particularly in impounded waters. Although growth 
is reported to be good in ponds and reservoirs, naturalization has not occurred 
(Department of Nature Conservation, 1964).

E astern and Central Africa

All brown trout distributed in Eastern and Central Africa, except in 
Kenya and Uganda, although essentially of British origin, were from South 
African hatcheries.
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The first importations were made into the waters of Basutoland (Lisotho) 
in 1904. Harrison et al. (1963) report that brown trout thrived and remained 
local to a number of large pools in the Langabeletsi, Quthing, Maseru, 
Sangabethu, and Mokhotlong rivers.

Successful introductions to Malawi (Nyasaland) of both brown and 
rainbow trout, were made in 1907 and 1908. A later importation and planting 
in 1932 was likely responsible for the establishment of a naturalized population 
in the Zamba Plateau (Harrison et al., 1963).

Rhodesia (Southern Rhodesia) attempted to introduce the brown trout 
in 1910, 1921, and 1924 but did not attain success until 1929 when populations 
were established in the streams of Inyanga, especially in regions with elevations 
of 1500-2300 m above'sea level%(Harrison et alfi 1963).

Kenya experienced similar failures from 1906 and 1910 plantings but 
in 1921 established naturalized populations in waters of the Aberdare«/loun- 
tains and Mount Kenya at minimum elevations of 2000 m above sea level 
(Harrison et al., 1963). Watson (personal communication) stated that the 
brown trout has proved less adaptable to local conditions than the introduced 
rainbow trout and, consequently, brown trout are now limited to about eight 
rivers on Mount Kenya and the Aberdare range. As well, a government trout 
hatchery, built in 1947||al though still importing some 50,000 brown troufe 
ova, now concentrates on annual productions of 250,000 rainbow trout ova.

Plantings of brown trout to waters of the Mount Elgon region of Uganda 
in 1930 failed and the project was discontinued (Semakula,^personal commul 
nication). Plantings were made in streams of the Takukuya District of 
Tanzania (Tanganyika) in 1934 but continuous stocking has been considered 
necessary to maintain the species, as naturalized populations are questionable 
(Harrison et al., 1963).

The present naturalized distribution of brown trout in Africa (Fig. 5); 
is limited essentially td the rivers of mountainous regions and to eastern 
coastal streams of South Africa.

SOUTH AMERICA

Argentina

The introduction of brown trout (la trucha marron o europea) to Argentina 
from England began as early as 1904 when plantings were made in rivers in 
the vicinity of Santa Cruz (de Plaza and Plaza, 1949). Since that time, the 
species has become naturalized in nearly all of the rivers and large lakes of 
the Patagonian Steepe (Mastrarrigo, personal communication) (Fig. 6).

Chile

Brown trout eggs were first brought to Chile in 1905 from Hamburgi 
Germany, and placed in streams between 33° and 41°S lat (Astete, personal 
communication).

The present naturalized distribution of brown trout (Fig. 6gis more or 
less continuous between 30° and 42°S lat with only a few isolated populations
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beyond this range (Astete, personal communication). However, the dispersal 
of fish from three Government hatcheries maintains standing populations of 
the species between 19° and 55°S lat where the brown trout are considered 
to be one of Chile’s richest fisheries resources.

P e r u

Introductions of salmonids to Peru did not occur until 1928 (Tovar S., 
personal communication). Although the source or date of introduction of 
brown trout is unavailable, Tovar S. (personal communication) indicates 
that they are held in a trout culture station at Chucuito, State of Puno, and 
naturalized in the lakes and rivers of the same state at or above an elevation 
of 2500 m above sea level. Trout culture (although not necessarily brown 
trout) is also conducted in five other states encompassing elevated regions of 
the Andes. The hatcheries distribute trout, including the best adapted species, 
the rainbow trout, to the lakes and rivers of the various National Parks (Tovar 
S., personal communication).

Brown trout have not been introduced into Colombia where rainbow trout 
thrive (Gomez, personal communication). No evidence of the presence of 
brown trout in other countries of the Andes has been obtained. However,
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the naturalization of rainbow trout in Ecuador in the 1930’s (Howard and 
Godfrey, 1950) and brook trout Salvelinus fontinali%£MitchM in the Cordillera 
of Merida, Venezuela (Werbezahn||personal communication) supports the 
possibility that brown trout may be scattered throughout thMength of South 
America.

T he F alkland Islands

Although the early records of the introduction of brown trout to the 
Falkland Islands were lost in a fire, the first attempts at introduction were
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made apparently during World War I l||(Arrowsmith and Pentelow, 1965). 
In 1947, 30,000 brown trout ova listed as Salmo fario were received as a gift 
from the Chilean Government. Most of the shipment was stocked as fry into 
rivers of East Falkland. From 1948 through 1952, when stocking was dis
continued, 55,000 ova of lake origin were flown from Great Britain to Stanley 
and subsequently distributed to waters in both the East and West Falklands. 
Angler’s returns since 1954 indicate the presence of natural reproduction and 
a resultant sea run population (Arrowsmith and Pentelow, 1965|i *

DISCUSSION

Dissemination of the European brown trout appears to have been so 
complete in the past 100 years that most areas of the world capable of sup
porting significant natural populations have now received introductions. 
Discontinuity or limitation in range is typical, however, on all continents 
where the species has become naturalized.

The most important ecological factor limiting the endemic geographical 
distribution of salmonoid fishes appears to be water temperature (Vladykov, 
1963). Brett (1956) states that not only are temperature extremes important 
to the life of fish but also that moderate extremes may effect an inability to 
feed, resist diseases, reproduce successfully, and be sufficiently active in the 
face of competition and predation, thus causing death.

An examination of mean air temperature, which may be considered to 
approximate adequately water temperatures (Weatherley, 1963), reveals 
that mean air temperatures (Dent, 1936) not exceeding 27 C in July nor drop
ping belowH-17 C in January characterize the native range of brown trout. 
Further, a cold temperate climate prevails with substantial autumn and winter 
precipitation in the form of rain or snow.

Thermal tolerance limits for brown trout have been reported by several 
workers. Fry (19479- gives an upper incipient lethal temperature of between 
25 and 27 C. Gardner and Leetham (1914) record the death of brown trout 
held at temperatures above 25 C. However, thermal requirements in the 
embryological stage would seem more critical than in fully developed fish. 
Embody (1934) gives a water temperature range of 1.9-11.2 C as that within 
which brown trout eggs were observed to hatch in nature. Gray (1928) states 
that eggs of the species can be incubated between 2.8 and 13 C and excessive 
mortality occurs about 15 C. Brown trout, of course, live in natural waters 
during cold weather at temperatures as low as 0 C.

Ferguson (1958) found that the preferred temperature of brown trout 
ranged between 12.4 and 17.6 C in fish living in a thermal gradient over a 
2-year period. Although the optimum temperature for growth may approx
imate the preferred temperature, Swift (1961) reports a temperature of 12 
C and Brown (1957) concludes that there are two ranges: 7-9 C and 16-19 C. 
Differences in thermal acclimation would seem a likely explanation for these 
phenomena. The ability of the brown trout, unlike many species, to exhibit 
peak metabolism at temperatures approaching the upper incipient lethal
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temperature (Fry, 1947) would indicate that the brown trout is capable of 
thriving over a wide range of ambient water temperatures.

Areas of the world with naturalized brown trout populations have, as 
might be expected, temperature regimes similar to those of the native range. 
Resident populations of the species in Australia and New Zealand occur only 
in areas characterized by a damp temperate climate at elevations of 300 m 
or more above sea level. The growth rate of brown trout in New South Wales 
and Tasmania was found by Weatherly and Lake (1967) to exceed rates in 
the Lake District of England.

In South America, the naturalization of brown trout has occurred in areas 
typified by air temperatures reaching a maximum of 21 C in summer (January) 
and not exceeding 10 C in winter. The extensive elevated areas of the Cordillera 
of the Andes and Patagonia account for the presence of brown trout along 
the continental divide.

In North America, despite a wealth of native trout and char, the brown 
trout has become naturalized over an extensive area characterized by damp 
temperate to wet winter climates. The northern limit of the range follows 
closely a mean minimum daily air temperature in January of %12 C and a 
snow cover of no less than 2.5 cm extending over an annual mean maximum 
of 140 days. Plantings of brown trout further northward in parts of Sas
katchewan and Ontario failed to establish known naturalized populations.

The southern limit of range of the brown trout in North America appears 
to be restricted by summer air (July) temperatures in excess of 21 C. However, 
range extensions into warmer areas where July temperature may reach 27 
C have occurred in elevated areas of the Appalachian, Ozark, Cascade, Rocky, 
and Wasatch mountains. As in Africa, brown trout in North America inhabit 
waters in warmer regions including the Wasatch Mountains and Colorado 
plateau, but are limited to heights of 2000 ft or more above sea level.

Ecological factors other than temperature may be expected to limit the 
survival of planted fish or the establishment of naturalized populations. The 
absence of satisfactory spawning grounds, particularly in lowland reaches 
of streams where the fish have often been planted, may prevent the production 
of progeny especially if natural or artificial barriers prevent the upstream move
ment of mature fish to suitable breeding grounds. Likewise, the microhabitat 
may not provide the cover necessary for young or adult fish. Sporadic flooding 
may destroy spawning beds or microhabitat and, as in Chambe, India 
(Tripathi, personal communication) may completely displace the fish. Also, 
seasonal or permanent availability of food, predator-prey relationships, and 
physical and chemical factors, alone or in combination, may have significant 
effects on survival (Weatherly, 1963||||

Although several studies have been undertaken on populations of brown 
trout in Great Britain (Horton, 1961; Thomas, 1964), New Zealand (Hobbs, 
1948; Allen, 1951), Australia (Lake, 1957; Nicholls, 1958), and North America 
(McFadden and Cooper, 1962, 1964; Marshall, MS, 1968), specific differences 
in ecological requirements between this species and other stream-spawning 
salmonids are not clearly defined.
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Perhaps the best evidence of ecological differences comes from the relative 
success of introductions of brown, brook, and rainbow trout to the waters of 
foreign countries. In New Zealand (Allen, 1956)fcwhere brown and rainbow 
trout have been disseminated to most rivers, the brown trout dominated in 
the South Island whereas the rainbow trout generally failed to establish itself. 
On the!North Island, brown trout predominated to the south of a line from 
“Southern Hawke’s Bay to north Taramaki,” rainbow trout to the north of 
the line, and neither species was dominant along the line. Allen (1956) stated 
that the reason for this precise distribution was not known.

In streams of Natal, South Africa, into which brown trout were the first 
trout species introduced, later introductions of rainbow trout generally failed 
(Crass, 1964),-? However, Crass *(1964) stated that for unknown reasons well- 
established populations of brown trout in the Polela River were displaced by 
introduced rainbow trout. In Sweden (Nilsson, 1967), plantings of brook and 
rainbow trout into the endemic waters of brown trout were largely unsuc
cessful. Similarly in France (Vivier, 1955, cited in Nilsson, 1967) attempts to 
acclimate brook and rainbow trout failed except in areas where brown trout 
were absent.

In North America, brown trout have been planted generally in waters 
considered to be marginal or unsuitable for native trout or char. The apparent 
failure of many plantings over the past eight decades to establish worthwhile 
naturalized populations and, as a consequence, the discontinuous distribution 
of the species across the continent may be attributed, in part at least, to 
unfavourable aquatic environments in which hatchery-reared brown trout 
were expected to survive and reproduce. Evidence of both the coexistence of 
brown trout with other salmonids and the displacement of brook and rainbow 
trout (Bean, 1906; Brynildson et al., 1964; Dymond, 1955) where such plantings 
have been made in streams, ponds, and lakes suggests that brown trout would 
be expected to become widely naturalized if introduced into numerous North 
American trout and char waters from which it has intentionally been excluded.

Any major future expansion in the world distribution of the brown trout, 
with the possible exception of Asia, is unlikely. Climate restrictions would 
seem to be of singular importance in defining the general range of the species 
on all continents. Because of a general disinterest in brown trout in countries 
which have other indigenous salmonids, and a general preference for the rainbow 
trout on continents where the two exotics have been established, there is no 
evidence of enthusiasm among fisheries managers to engage actively in further 
disseminating the brown trout to local waters.
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