
spillway and turbine passage, (4) reduction of predation, (5) elimination of gas supersaturation from the migration 
route, and (6) maintenance of water resources and economic development in Ihe Basin.

Annual Report 
University of Idaho 

Aquaculture Research Institute

commercial and conservation aquaculture. The 
programs and studies underway at the University of 
Idaho in behalf of this valuable industry are exciting 
and innovative.

Aquaculture has always been an important industry to 
Idaho’s economy. In terms of “on-the-farm” meat 
production, aquaculture ranks fourth in Ihe world. In 
Idaho, commercial aquaculture is the third largest 
animal agriculture induslry, after beef and dairy cattle. 
Idaho produces about 75% of Ihe farm-raised food 
trout in the United States, in addition to smaller 
quantities of other species such as catfish, tilapia and 
alligators. Income from Ihe sale of Idaho-produced 
aquatic animal products, fish feeds, and aquafarm 
supplies and equipment is approximately $ 100 million 
annually.

The American Sportfishing] 
Association’s latest study found i 
recreational fishermen contributed 

\ $ 108 billion to the US economy in 
1996, including $38 billion in direct 
expenditures on trips and 
equipment. The economic oulput 
to Idaho was $465 million, • 
including $280 million in directs 

expenditures. Anglers from within Idaho and from 
around the world flock to Idaho’s world-renown Irout 
slreams every year. The sport fishing industry relies 
heavily on the ability of resident state and federal fish 
hatcheries to supply sufficient quantities of sport fish 
to supplement the wild fish populations. These 
activities, combined with activities designed to protect 
and restore populations of threatened and 
endangered aquatic species in the Columbia/Snake 
river system, comprise Idaho’s very important 
conservation aquaculture industry.

—

The ARI is fortunate to have a well-qualified and 
dedicated staff for its programs at both its campus in 
northern Idaho and at the Hagerman Fish Culture 
Experiment Station in southern Idaho. All staff work 
together to form a dynamic and effective team.

Aquaculture Research Institute, Moscow

Dr. Ernest L. Brannon, Director (Aquaculture and
Conservation Fisheries); State Aquaculture Extension 
Specialist; Prof., Animal and Veterinary Sciences, 
College of Agriculture-, Prof., Fish and Wildlife 
Resources, College of Forestry, Wildlife and Range 
Sciences

Paul Anders, Graduate Research Assistant (Ph.D.)
Gayle Bryngelson, Account Technician and Secretary 
Matt Campbell, Scientific Aide (Fish Genetics)
Keya Collins, Sr. Research T echnician (Water Quality) 

and Graduate Student (M.S.)
Joyce Faler, Sr. Scientific Aide (Fish Genetics)
Joel Green, Graduate Research Assistant (Ph.D.)
Bonnie Jacobsen, Educational Outreach Program 

Administrator and Sr. Administrative Assistant 
Bill Johnson, Wet Lab Manager and Graduate Student 

(M.S.)
Dave Smith, Graduate Research Assistant (Ph.D.)

ARI Hagerman Fish Culture Experiment 
Station, Hagerman

The Aquaculture Research Institute (ARI) at the 
University of Idaho assists in the development and 
expansion of aquaculture statewide through research, 
education and outreach in the areas of both

Dr. Ronald W. Hardy, Director, HFCES and Assoc. 
Director, ARI (Fish Nutrition); Prof., Animal and 
Veterinary Sciences, College of Agriculture 

Michael Casten, Hatchery and Facility Manager 
Jana Cole, Sr. Secretary
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Carol Hoffman, Scientific Aide (Fish Nutrition)
Dr. Madison Powell, Research Scientist (Fish Genetics) 
Dr. Shozo Sugiurai  Post Doctoral Fellow (Fish Nutrition)

Other Closely-Affiliated Personnel

Dr. Larisa Ford, Assistant Professor (Aquaculture and 
Fish Health); Dept, of Fish and Wildlife Resources; UI 
College of Forestry, Wildlife and Range Sciences 

Gary Fornshell, Aquaculture Extension Educator and 
Assistant Professor; College of Agriculture 
Cooperative Extension Service; UI Twin Falls County 
Extension Office; Twin Falls, Idaho

In addition to the above, UI faculty from various 
academic disciplines are involved in aquaculture- 
related activities. These disciplines include fish 
resources (fish health and physiology), agricultural 
economics (marketing aquaculture products), 
agricultural engineering (fish farm effluent 
technology), animal sciences (fish nutrition and 
growth physiology), and biological sciences 
(reproductive fish physiology).

The Center for Salmonid and Freshwnter Rponiag nt 
Risk. The great abundance of natural resources 
along the Pacific Coast of North America that 
attracted the early pioneers, is the foundation of 
economic prosperity in the West. However, as rivers 
were harnessed and foresls cut, it became apparent 
that such exploitation also destroyed ihe habitat so 
critical to Pacific salmonid species. New pioneers of 
the west are Ihe scientists that are restoring Ihe 
salmonid legacy using a “Common Ground” 
approach, referred to as such because a healthy 
environment is common to both our economic 
development and recovery of our renewable 
resources. We can have both, and coming togelher 
through science is Ihe key to achieving such a goal.

The Center for Salmonid and Freshwater Species at 
Risk was established by Ihe University of Idaho with 
an EPSCoR grant from the National Science 
Foundation to provide essential information on 
genetics, life history, and recovery measures of

salmonid and other aquatic species that were facing 
risk of extinction. Some of the only remaining native 
fish species in the Columbia River basin are in the 
upstream habitats; including Snake River Chinook 
salmon, Snake River sockeye salmon, and Kootenai 
River white sturgeon. The interior lands east of the 
Cascade mountains are also central to other affected 
species in the Pacific Northwest, including bull trout 
and cutthroat trout. The objectives of the Center are:

□  to genetically identify stocks of fish and aquatic 
species at risk of endangerment-

□  to preserve genetic diversity;
□  to provide new aquaculture and habitat 

supplementation technology, including captive 
broodstock;

□  to provide a germ plasm repository for fish 
species; and

□  to develop water quality assessment and 
mediation measures to meet the objective of the 
Endangered Species Act (ESA) process with 
minimum negative impacts on other resource 
use.

A methodical and independent approach is 
necessary in the ESA process to recognize the 
equitable interests of the public in protecting species 
at risk of extinction, assure that species are 
appropriately identified, and ensure lhat recovery 
efforts maximize the capability of the environment 
available.
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tí*v-tAjuf^r+A T?**- ‘̂dôb̂ó*̂&£ tu X «^  » v̂i<*v

**ÎÂ«' fx/zß,QS&\>& v̂JLufr4j fĵ  \J-4tAÂ r**~ rtc-ao»vt-a»-. «û l axj»̂ " 'vl«|c*<xitf̂¡É*, 

f Lto»go TínCT «í^Váíü^ti éĵ  Jf)CÍtS*>6 U **t
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î ßM p S ^ C I ^ 1 ‘ V $1°  ̂ f̂*
•̂l j* \u? -* »»

• **•  ^  ¿ ¿ C/ - ô fl(! k
|wÇ^j |» r |^ | —

) 'V/îfw  ̂ ^ 7 - .

& S  {?\k ) 9 ^  N t/wv ^Ü -E—̂  w i

• H «

■^t-^- h ? î  j y ~ Y -  -
__U—Sjféfc A& : . -

-^Tv ^|^ve^/ - ,c>Tĉ î WIx 
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SAVING CALIFORNIA STEELHEAD. H e rb  Joseph, M .D .

MI
im

Herb Joseph first wrote in these pages in 
January 1992(IssueNo. 14). A tthattim ehe 
had been “(chasing) steelhead from  Cali
forn ia to Alaska fo r  40 years. ” A retired 
dermatologist, Herb was a founding govern 
nor o f  Cal Trout and chairman o f  that 
organization *s steelhead committee. In this 
(his third) article Herb continues his vigor
ous crusade to contest his state's prioritiz
ing o f money and manpower to steelhead  
habitat restoration at the expense o f  devel
oping baseline data fo r  existing wild popu
lations and conserving what already is work
ing. Readers can refer to California F  & G 
biologist Dennis McEwan (The Osprey, Is
sue No. 28, November 1996) to see how 
these two authorities differ in their ap

p r o a c h e s  to saving California steelhead.

“ T h e r e  are hundreds of fishery and 
"  watershed restoration projects either 

completed or how underway in California. 
In fact, the State of California expended over 

VI/ \ $60 million for stream and fishery restore- % 
lion from 1981 to 1996. Recent legislation. 
35B 271, allocates an additional $43 million 
over a six year period. Additionally, the 

^Governor s 98-99 budget proposes signifi- 
u ^ -^ -x a n t bond funds to support watershed efforts 
I y  jo tfi State-wide.** So states The California De- 

J !, partment of Fish y d  Game in its February 4, 
1998 Strategic Plan for Management of  
Northern California Steelhead Trout;

¿C*'
What have the $60 million done, over 

o  thoseTSyears, for steelhead and coho? After 
an extended search, not a single stream res- 
toration pfbject has been discovered from 
which it can be conclusively documented 
that a substantial, sustained wild (naturally ̂  
spSwnedJ'steelhead run has been restored. 
No previous runs have been re-established . 
of shown to return as a result of one of these , 
projects... This observation has been verified 
by distinguished fishery biology professors 
from two universities. "

o s j t f m  e+  v  ^

instream haoitats and watersheds cannài but
hefpToTestore steelhead numbers.*1

Coho salmon, since 1981 and under 
DF&G management, for all practical pur
poses have disappeared from California. Are 
the Golden State’s wild steelhead headed in 
the same direction? Without adequate data 
it is not possible to know. Many of us 
believe they are, but steelhead differ from 
coho in many ways. Coho were subjected to 
intense commercial harvesting in addition to 
severe habitat losses. Coho are more vulner
able and sensitive, die after spawning, and 
have a different life cycle. Steelhead are 
tough, resilient, tolerate harsher conditions, 
do not all die after spawning, and have not 
been subjected to widespread commercial 
fishing. Repeat spawning and straying helps 
preserve steelhead runs which otherwise 
would be lost. Straying averts inbreeding, 
which, if prolonged, weakens the stock.

i
be expected on anadromous salmonids, in
cluding steelhead. . *

“Every possible effort 
must be made to avoid 
further habitat loss.”

;  In his article on Kamchatka steelhead 
(Issue 31 of The Osprey, March 1998) Mark 
Chilcote emphasized the importance of re
peat spawnersT More than twenty years ago 
38 percent of Gualala steelhead were found 
to be repeat spawners —  a much higher 
percentage than usual. These numbers were 
obtained by scale readings from large fish, 
and it is noteworthy that the large, early run 
Gualala steelhead now appear to hâve been 
lost Many other steelhead runs have been 
lost as their gene pools disappear.^

Since 1981, California’s coho have be
come practically extinct.

Why are the coho gone? Destruction of | 
gene pools of individual stocks and sub
stocks is the basic reason. After at least one 
completely non-productive life cycle (aver
age 4 years for steelhead, 3 for coho) a stock 
or sub-stock is extinct Each spawning pair 
must produce another pair in order for that 
run to remain viable. During the recent 
seven-year drought, in addition to habitat 
losses from logging, water diversions and 
development, many runs of steelhead were 
lost, and it is not surprising that coho are 
practically gone. Wild steelhead are an 
indicator species for the health of an ecosy s- 
tem encompassing both sea and land. The 
prognosis is not good.

Restoring habitat has not been shown to 
restore wild steelhead that previously uti
lized the habitat Once its gene pools are 
destroyed, that stock of fish is extinct and 
cannot be brought back. This principle ap
plies to all species.

What are the solutions?
For starters:

y *  1. Stream-by-stream, tributary-by-tribu
tary, baseline inventories of fish populations 
and habitat: There must be identification of 
each stream’s several genetically diverse 
stock and sub-stocks with acknowledgment 

p of the special, genetic basis of spawning 
behavior such* as timing arid the selection of 
each special spawning habitat Modem tech
nologic methods for accurate determination 
of fish populations and genetic variations 
are readily available. Populations can be 

" calcul ated from " direct and u nderwater 
.  observations, tagging and recapture, creel 
2 cen su s,- "punch vcard s, redd counts, 

electrofishing, weirs and electronic de
vices. Genetic varieties can be separated 
by combinations of physical characteris
tics, behavior patterns (e.g. repeat spawn
ing),and by laboratory procedures such 
as DNA testing, electrophoresis, and chro
mosome studies. -T-V Lm  1  .:“v,: f f i  •

Here,\ at the southern extreme of their 
range, "as with their Kamchatka cousins, 
repeat spawners are important for preserv
ing gene pools under difficult conditions.
Some California steelhead still manage to'

In response to a letter of inquiry to the survive extremely harsh, inhospitable envi- 
chief of DF&G’s Inland Fishery Division,’:; ronments. Magically, their existence hangs W ËBÈÈB  :
h£  writes, on December 5, 1997, "It is riot by a thread. :r; ;v || v\ 2. Focus on conservation of existing,
possible to state the overall effect, or even V>; < > 7* . - ;A -̂7 ~*7 •< established, viable runs of wild steelhead
the^specific individual restoration projects* Ocean ¿¿mmercial harvesting was a fac-c>a^d of their identified habitat: ^Restoration

ion steelhead populations given currently j 1 tor in the coho’s demise. Steelhead also are projects have failed  ̂and time is mnmng out 
available information and staffing levels. / / commercially haryestedat sea, but the num- 4 on remaining runs of wild steelhead. Known 
jMany factors affect steelhead populations,r  bers are not known. ^However, there are spawning and rearing habitat can be im- 
both in fresh water and in the ocean. There is recent reports that El Nino depleted the food
no simple answer, much as we might wish it  chain from plankton upward through ancho-

i We_continue to believe thaf restoration of vies and sardines, so a negative impact can

proved, but first pre- and post-project popu
lation counts will be needed. Every possible 
effort must be made to avoid further habitat

¿fee
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A b o u t  T r o u t

Robert Behnke

Catchable
Trout
Are Anglers
Getting
Their
Money’s
Worth?

P
UT-AND-TAKE FISHERIES ARE TO ANGLING WHAT PROSTITUTION IS 

to love. This opinion was expressed by environmental author Mark 
Sagoff in a 1991 essay, “On Making Nature Safe For Biotechnolo
gy” The analogies between prostitution and catchable trout and 
between love and wild trout have some obvious implications for 
both moral and economic values. No matter how much one may agree with 
SagofFs sentiments, however, the controversy over catchable trout vs. wild 
trout —r where to place the emphasis in fisheries program s^^ will not be 

determined on moral or ethical grounds. Prostitution is not known as the 
world s oldest profession because of lack of demand.

How does one respond to the charge that elitist fly fishers want to 
impose their standards of angling ethics and morality on the general public 
and do away with catchable trout stocking thereby depriving the poor com
mon man, the children, the old, and the physically challenged of the oppor
tunity to catch fish?

For many years, I have attempted to respond to this myth (“From  
Hatcheries to Habitat? Look Again,” Autumn 1991 Trout)..During the 
past year I published a paper with natural resource economists on the eco
nomics of catchable trout and participated in a review of an assessment of 
the California Department of Fish and Game hatchery system. I now have 
more detailed information and data to address certain key issues of the wild 
trout-catchable trout debate that have not, heretofore, been adequately con
sidered or were misunderstood.

My major goal is to demonstrate the need for examination of the role of 
catchable trout in government hatchery programs and in overall fisheries 
programs into the 21st century. My presentation should not be construed as 
anti-hatchery. Hatcheries are indeed necessary to create and maintain 
salmonid fisheries in lakes, reservoirs, tailwaters, and other waters where 
natural reproduction is lacking or inadequate. My contention is that this 
vital aspect of hatcheries Could achieve much greater success if emphasis 
were to be shifted from catchable trout as the dominant hatchery product.

My focus is on inland fisheries which omits anadromous fisheries and 
the fisheries of the Great Lakes. I use my critique of the California hatchery 
program as a basic outline to address such questions as:

■ What proportion of the total fishery budget is devoted to hatcheries 
and, what proportion of the hatchery budget is devoted to catchable trout 
production?

■ How important are catchable trout in the overall fishery? That is, 
what proportion of total angling recreation (angler days per year) is “depen
dent on,” “attributable to,” or “resulting from” stocking catchable trout?

■ What is the economic value of an angler day and how much can 
catchable trout contribute to this value?

Reforming catchable trout programs requires exposing some long held
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myths, fallacies, and misconceptions. 
This concerns mainly issues of econom
ics, equity, and better fisheries manage
ment. Ethics and morality, and elitists vs. 
the common man are really not issues.

The annual inland fisheries budget of 
California Fish and Game is about $48 
million, of which, $19 million (40 per
cent) is consumed by the hatchery pro
gram. Although California Fish and 
Game administrators claim that “direct” 
hatchery costs are only about half this 
amount, if one uses true economic evalu
ation (which includes administrative 
overhead, other support services, and 
capital replacement (depreciation amor
tization)), the true economic costs of 
hatcheries are at least twice what is 
claimed by selective cost accounting.

Thus, for the California study, a “true 
estimate” of the cost to produce catch- 
able trout came to about $3 per pound 

ff|- about 4.5-5 million pounds could be 
produced for about $15 million, or 30  
percent of the total inland fisheries bud
get. O f all hatchery production, by 
weight, of all fishes in California state 
hatcheries, catchable trout production 
makes up 97 percent of the total! The 
other 3 percent consists mainly of fin- 
gerling trout and kokanee salmon plant
ed in lakes and reservoirs for put-and- 
grow fisheries which can be very 
effective in cost-benefit comparison of 
pounds stocked vs. pounds caught |||j 
the type of fisheries typically highlighted 
to demonstrate the benefits and need for 
hatcheries. Indeed, this 3 percent by 
weight of fingerling production proba
bly accounts for more angler days than 
does the 97 percent.

Wild trout and threatened native 
trout programs have received about 1 to 
2 percent of the total annual inland fish
eries budget over the past several years. Is 
this the proper “balance” we often hear 
of when the catchable-wild trout debate 
is raised?

Is the catchable program a good bar
gain for California anglers? Are they get
ting their moneys worth? How are the 
benefits distributed? California stocks 
about 9 million catchable trout per year. 
Let us make a best case scenario and 
stock 10 million catchables with a 60  
percent return to the creel (=6 million 
fish caught). It is claimed that in Califor

nia, the average catch is three per angler 
day in put-and-take catchable fisheries. 
This catch would be equal to two million 
angler days. The total annual number of 
inland fishing days is estimated to be 30  
million. According to the above calcula
tions, the catchable trout program sup
ports two million of the 30 million days 
or about 7 percent. Even if 10 percent, is 
it fair to devote 30 percent of the total 
budget for this 10 percent of angling use? 
In regard to equitable distribution, a Cal
ifornia study on catchable trout fisheries 
found that less than 10 percent of the 
anglers fishing for catchable trout caught 
more than 50 percent of all catchables 
that were caught. The highly subsidized

It is the romance and the 
mystique of wild trout 
fishing that accounts for 
most of the trip’s value, 
not the number of fish 
caught.

catchable trout specialist is the real elitist 
in regard to monopoly of benefits. If the 
catchable program in California were put 
in proper perspective and costs contained 
to devote to other management and 
research programs, would most anglers 
benefit? According to 1991 data, about 
70 percent of inland angling in Califor
nia was devoted to nonsalmonid fishes. 
Are these anglers getting their moneys 
worth from the catchable program?

Commonly, greatly inflated numbers 
of angler days and economic values are 
attributed to catchable stocking. For 
example, catchables are stocked in lakes 
and reservoirs where other species of 
game fish such as bass, walleye, and pan
fishes are dominant, but all the angler 
days are attributed to catchable stocking. 
In the 1994 proceedings of the sympo
sium, “Wild Trout and Planted Trout: 
Balancing the Scale” (the cover of the 
proceedings shows a scale - S  wild trout 
on one side and planted trout on the

other —  perfectly balanced), one can 
read that in the northeast region of Col
orado “...84  percent of the total recre
ation days result from the stocking of 
hatchery-reared trout, primarily catch
able rainbow trout.” This catchable 
trout success story goes on to tell how 
many millions of angler days generating 
hundreds of millions of dollars in eco
nomic benefits “result from,” are “depen
dent on,” or “attributed to” stocking 
catchable trout. I don’t doubt that the 
zealous pushers of the catchable agenda 
believe what they claim, but it simply 
ain’t so. If we dig below the dazzling dis
play of benefits “resulting” from catch
able stocking and dissect the assump
tions made, fallacies become apparent.

The basic questions concern: Why do 
we go fishing? W hy do we spend the 
money we do on the sport? Study after 
study, for many years, has looked into 
the question: What motivates people to 
go fishing? All studies agree that the 
main motivations cited by anglers are 
attributes as beauty, solitude, getting 
away, relaxation, adventure, mental 
health, and so on. The fish themselves 
and the number caught consistently 
receive the lowest score in the scale of 
values that make up an angler day of 
recreation. The differential economic 
values between wild trout and catchable 
trout and the relatively low monetary 
value of the fish themselves is apparent 
when considering what motivates an 
angler to spend thousands of dollars on a 
trip to New Zealand, Argentina, or 
Chile. They are not attracted by stocked 
trout. The economic value of an angler 
day of a long distance trip compared to 
the number of fish caught makes clear 
that it is the romance and the mystique 
of wild trout fishing that accounts for 
most of the trip’s value, not the number 
of fish caught.

I became interested in attempting to 
better quantify the value of the number 
of fish caught during an angler day of 
recreation and this led to a publication, 
coauthored with three economists, on the 
economic benefits of catchable trout. The 
results of studies on two rivers in Col
orado were presented. Both rivers had 
good populations of wild trout and also 
were stocked with catchables. Anglers 
were asked what they would be willing to
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pay to catch an additional trout. For 
example, if an angler caught three wild 
trout and his total catch could be 
increased to five by adding two catchable 
trout, what would the fourth and fifth 
fish be worth (willingness to pay or con
tingent valuation of marginal values)?

In both studies, adding a fourth or 
fifth trout in the days catch were valued 
at less than one dollar each. In one river, 
with an abundant wild brown trout pop
ulation, creel census revealed that only 
29 percent of the catchables stocked were 
taken by anglers. This resulted in a cost 
of over $3 for each catchable caught, 
while the anglers were valuing them at 
less than $1. If it were assumed that an 
angler day has an economic value of $50  
and an angler caught two catchable 
trout, it might be further assumed that 
even if these two trout cost $6, they “cre
ated” $50 in economic benefits resulting 
in a highly favorable cost-benefit ratio. 
By understanding the human motiva
tions of why we go fishing and using 
contingent valuation to get at the value 
to the angler of additional fish in the 
days catch, we can put the true contribu
tion of catchable trout to economic ben
efits in its proper perspective.

The fallacy of a dependency between 
catchable trout stocking and angler use is 
also evident in California statistics. From 
about 1965 to 1980, an average of slight
ly more than two million licenses were 
sold each year for inland angling. In the 
1980s a sharp decline in license sales 
occurred —  from about 10 percent to 5 
percent of the states population who 
purchased inland fishing licenses. Yet 
during these two periods, catchable trout 
production increased from about 3.5  
million pounds per year (pre 1978) to 
about 4.5 million pounds per year (late 
1980s, early 1990s). This should not be 
surprising in view of the relatively minor 
contribution catchables make to all sport 
fishing in California and in relation to 
angler motivation.

It would seem obvious that the bal
ance of the scale measuring relative val
ues of wild trout and catchable trout is 
in need of recalibration. Opinions simi
lar to mine are found in a Report of the 
National Fish Hatchery Review Panel to 
the Director of the U.S. Fish and 
Wildlife Service (December, 1994). The

panel concluded that because 80 percent 
of the total fisheries resource budget of 
the Fish and Wildlife Service is con
sumed by hatcheries (the largest hatch
ery system in the world), there are insuf
ficient funds to initiate new and needed 
studies for true resource management. 
The real resources are being short
changed.

One hopes that intelligent, rational 
dialogue and critical, true economic eval
uations will be made on catchable trout 
programs and their role in overall fish
eries management as opposed to the 
emotional rhetoric often used in defense 
or promotion of what has come to be 
viewed as an “entitlement” program 
(creel insurance).

I hope I can make a contribution to 
the cause. If I have some success, I 
acknowledge some predecessors who 
have oriented my thinking on the mat
ter. The late Paul Needham of the Uni
versity of California began the Sagehen 
Creek trout research project 45 years ago 
to demonstrate the considerable amount 
of angling and angler satisfaction that 
could be generated by wild trout in good 
habitat. Phil Pister, retired California 
Fish and Game biologist, made the true 
transition from Aldo Leopold s type A 
(perceives nature as commodities) to 
type B (as something more, much more) 
biologist, and has been an inspiration for 
a new generation of fisheries biologists.

Despite the examples and influence 
of Paul Needham and Phil Pister, the 
California catchable trout juggernaut 
rolls on, constantly expanding in the 
belief that it represents a mandate from 
anglers. It just ain’t so. ■

Editor's N ote: Beginning in 1996, 
Trout U nlim ited w ill be conducting a  
national coldwaterfish hatchery assessment 
fu n ded  by the Coldwater Conservation 
Fund. The study w ill examine the biologi
cal and economic impacts associated with 

fish  hatchery production and stocking.
The Orvis Company has established a  

$30,000 matching-funds drive in which 
your donation w ill be doubled to support 
this important effort.

To contribute to Orvis generous cam
paign, call 1-800-333-1550 or write: 
Trout UnlimitedJHatchery Review, c/o The 
Orvis Company, Route / A, Manchester, 
VT 05255.

Advertise in
DESTINATION: TROUT

TROUT magazine's newest 
advertising section. Our 1 1/2 
inch wide ads are sold by the 
vertical inch (with a four-time 
rate of $75/inch), giving you 

m axim u m  exposure to 70,000 
Trout Unlimited members at 

m in im a l cost!
For m ore in fo rm atio n , 

ca ll (703) 5 2 2 -0 2 0 0

F L I E S  5 0 0
SASE FOR LISTING 

YOU SELECT 
PATTERNS. 

DEALERS WELCOME 
SAM, 1122 First St, 

Canonsburg, PA 15317

O u r  P e r s p e c t iv e  O n  
F l y  F is h in g  P r o p e r t ie s  

Is A  C a s t  A h e a d  
O f  T h e  R e s t

Wide open spaces, beautiful 
mountain scenery and crystal clear 

trout streams are Montana's legacy-

We specialize in marketing^ selling 
Montana fly fishing properties.

C a l l  u s â t  1-800-238-8616 f o r

INFORMATION AND A FREE BROCHURE.

P.O. Box 397 
Bozeman, MT 59771 
(406) 586-4001 
Gregory W. Fay GRI, 
Owner/Broker

Real Estate Investments 
For Fly Fishermen

’’D edicated to the E nhancement oj 
the R esource and the Investment"
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M a s t e r  ( l a s s

Gary LaFontaine

Giant
Mayflies,
Pesky
Whitefish,
and “High
Sticking”

f ince w e’re trying to make T rout a little fishier,.I  am  delighted 
to welcome Gary LaFontaine to the magazine. No serious angler’s book- 
shelf is complete without a copy o f  his sem inal work Caddisflies, and I  

H  am convinced that 1994’s Trout Flies: Proven Patterns, with its unique 
blend o f  the science, lore, and practical experience o f  angling w ill prove 

an enduring classic, too. As a longtime adm irer o f  his work, I  can honestly say 
that it is an honor to add him to the list o f  contributors to this magazine. Gary’s 
new column is intended to be interactive. An angling challenge got you stumped? 
Wondering not just how, but why? Want to know a  little more about the science 
o f  fishing? Send your questions to Gary, care o f  this magazine. For this first col
umn, the questions come from  Gary’s files. — PAR

“What are the largest mayflies?”
Joseph Worthem —  Oklahoma

M n N orth America, the largest 
mayflies fly fishermen try to imitate are in the Hexagenia genus. These bur
rowing mayflies are abundant in silt-bottomed streams and lakes throughout 
the Midwest. On Michigan’s Au Sable the erroneously named Michigan 
Caddis, Hexagenia limbata, emerges at night. Anglers come from all over for 
this event, looking for the huge brown trout that gorge on the big bugs.

Its not easy to imitate large insects. They 
move on the water the Hex flutters and flex
es as it tries to fly off the surface. A fly tied on a 
regular size 4 hook, with that long, perfectly 
straight and rigid shank, is such an obvious 
fake that selective fish refuse it even in the black 
of night. An articulated hook that bends offers 
a big advantage for any imitation larger than 
size 12.

In the Carboniferous Period, 360 to 286  
million years ago, mayflies were as big as 
canaries. Zoologists speculate on the reasons 
for the giant insects in that age of swampy 
forests. The atmosphere was rich in oxygen,
measuring 35 percent (compared to 21 percent today). Because of all this 
oxygen, the atmosphere was denser, making it easier for insects to fly, and, 
with their simple respiratory system of spiracles, to breathe.

I would have liked to have seen the fish rising to those mayflies.
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Robert Behnke and Donn Johnson 
Department of Fishery and Wildlife Biology and 

Department of Agricultural and Resource Economics 
Colorado State University

ABSTRACT

Over the years various pleas have appeared in the literature 
proclaiming the need for "assessment" or "consensus" on the role of 
catchable trout in a state’s fishery program. No one, to our 
knowledge, however, has given directions on how such an assessment 
should be made. We propose various standard ratios that express the 
role of catchable trout in terms of percent of total stocking to assess 
the question of how much is enough? The results for Colorado and 
Wyoming may be surprising.

•in the 1940s it became apparent that the traditional fisheries 
management practice of stocking large numbers of trout fry and 
fingerlings was wasteful and essentially useless, especially in 
streams, as a way to increase the catch of adult trout. Survival and 
return to the creel were found to be directly related to the size of 
the fish stocked. Thus began the era of put-and-take catchable trout 
stocking as a significant part of state agencies’ overall management 
programs in states with coldwater resources.

Catchable trout programs are generally well received by the public 
(often it may be the only perception of what fish and game agencies do 
with their money) and can be goo«i public relations. Catchable trout 
programs, however, can grow to a'disproportionate size, diverting funds 
that could be better used elsewhere (for example, management options 
lost that could produce an angler day for much less cost). It is also 
recognized that put-and-take catchable trout stocking is not true 
natural resource management in the sense of preserving, protecting, and 
enhancing —  to maximize future returns on investment. Catchable 
trout stocking is a sbort-term investment comparable to a return in 30 
days of 60 to 70 cents on each dollar invested.

The problems and dangers of catchable trout programs getting out 
of control and threatening the integrity and creditability of a state’s 
fishery agency were early recognized. The November 1956 Sport 
Fisheries Institute Bulletin discussed the long-range program of the 
Connecticut Fish and Game Department. The decision to limit the annual 
production of catchable trout to 100,000 lbs. was highly praised in the 
following quotation: "Without this limit, as with cancer, the trout 
hatchery craze would continue to eat away the vitals of the fishery



program. Connecticut anglers owe a debt of gratitude to the 
Connecticut Board of Fish and Game for wisdom and intestinal 
fortitude."

In 1959, Trout Unlimited was founded specifically to change the 
Michigan Department of Natural Resources’ overwhelming emphasis on the 
stocking of catchable trout to an emphasis on wild trout management. 
The Winter 1980 issue of Trout Magazine presented an interview with 
T. U. founders George Griffith and Arthur Neumann with the following 
quotations: "By the late 1950’s the fisheries program was geared 
almost 100 percent to put-and-take and so reduced the quality of wild 
trout fishing that, if something hadn’t been done, we might have lost 
it all...What was needed was sound wild trout management, but the 
hatchery bureaucracy was so entrenched there was no way we could do 
anything with the Fish Division or the Conservation Department or the 
Commission itself...A million and a half catchables a year were being 
stocked...We knew it was a great waste."

The response of the Michigan DNR to the challenge of the upstart 
T. U. organization was to conduct a simplistic public opinion survey.
We use the term "simplistic," because the angling public, by and large, 
is not informed on the issues and alternative management strategies to 
make intelligent choices. Some questions asked on the Michigan survey 
were "Do you think that hatchery trout stocked by the Conservation 
Department improve trout fishing to an important degree? (Yes. No.
No opinion). Do you feel that the proportion of the Conservation 
Department budget now spent on trout stocking is: too small, 
satisfactory, too great, no opinion?" (McFadden et al. 1964). Such
simplistic questions stack the deck and load the dice to obtain a sham 
public endorsement of the status quo because of the lack of knowledge 
and understanding by the angling public to make intelligent choices.
It is comparable to setting standards of medicine and for disease 
treatment in public hospitals based on public opinion surveys.

Fortunately, the early membership of Trout Unlimited included 
politically influential people. Despite the "endorsement" of the 
status quo by the public opinion survey, the Fisheries Division of 
Michigan’s Department of Natural Resources was completely reorganized 
and the stocking of catchable trout in inland waters ceased (it must be 
recognized that the booming coho salmon fishery in Lake Michigan 
greatly dampened public outcry against the termination of catchable 
stocking). James McFadden, the senior author of the public opinion 
survey paper cited above, gave the keynote address at the 1968 annual 
meeting of the American Fisheries Society in which he stressed the need 
for leadership among fisheries managers to set trends rather than 
blindly follow the trends of the status quo (McFadden 1969). A few 
years and political and biological realities can make a large 
difference in one’s perspective.

The Michigan case history, although providing insight into how 
angler organizations can effect a change in a state agency, does little 
to address the basic question on the role of catchable trout in a state 
program —  how much is enough?



TABLE 1: Comparative data on catchable trout programs of selected 
states. Numbers of catchable trout and costs from Fisheries, Mar.-Apr. 
1988 based on 1982 figures for Colorado and Wyoming (1983 figures for 
other states). License sales and revenue data from S. F. I. Bull.,
Aug. 1987 (1986 figures).

State
Catchable 

Trout Stocked

No. Licenses Sold 
(No. Catchable 
Per License)

Total Revenue 
(Catchable 
per Dollar)

CO 5,419,802 842,367 (6.4) $ 8,112,431 (.67)
CA 12,350,000 3,425,717 (3.6) $36,768,883 (.34)
ID 2,221,881 469,667 (4.7) $ 4,259,384 (.52)
NV 885,335 258,907 (3.4) $ 2,359,840 (.38)
NM 1,412,840 262,748 (5.4) $ 3,153,737 (.45)
NY 2,138,541 1,140,926 (1.9) $ 9,446,449 (.23)
OR 2,351,230 1,115,944 (2.1) $10,471,777 (.22)
PA 4,911,600 1,110,054 (4.4) $12,687,629 (.39)
UT 1,569,856 421,746 (3.7) $ 5,715,367 (.27)
WA 2,528,000 1,156,777 (2.2) $11,337,798 (.22)
WY 1,209,172 285,000 (4.2) $ 3,351,403 (.36)

Cost of Cost of Percent of
Catchable Cost per Catchables License

State Production Catchable oer 1License Revenue

CO $3,047,127 $0.56 $3 .62 38%
CA ca. $5,000,000 $0.40 $1 .46 14%
ID $ 925,000 $0.42 $1 .97 22%
NV $ 503,352 $0.57 $1 .94 21%
NM $ 673,000 $0.48 $2 .56 21%
NY $2,500,000 $1.17 $2 .19 26%
OR $1,500,000 $0.64 $1 .34 14%
PA $3,966,800 $0.81 $3 .57 31%
UT $ 784,928 $0.50 $1 .86 14%
WA $1,280,000 $0.51 $1 .11 11%
WY $ 302,000 $0.25 $1 .06 9%



Johnston (1979) published a paper entitled "Catchable trout - a 
consensus needed." Hartzler’s (1988) paper is entitled "Catchable 
trout fisheries: the need for assessment." Neither paper, however, 
tells us just what the "consensus" or "assessment" is all about in 
relation to the question of the overall role of catchable trout in a 
state program. Since the first wild trout symposium was held in 
Yellowstone Park in 1974, numerous symposia and proceedings have been 
devoted to wild trout and hatchery trout in fisheries management. None 
has adequately addressed the question of assessing the role of 
catchable trout in a quantitative manner. Typical of what one will 
find in such proceedings is the telegram from then Secretary of 
Interior Rogers Morton, read by the then Assistant Secretary Nathaniel 
Reed to the first wild trout symposium in 1974: "The future of wild 
trout, well balanced with selective use of hatchery-raised trout, is in 
your collective hands." This is a noncommittal, mush-like statement, 
unlikely to offend anyone, but it does raise the issue of balance 
between wild trout and hatchery trout.

An attempt to make a quantitative assessment of the "balanced" 
role of catchable trout in a state program is long overdue. The data 
presented in Table 1 can be considered as a beginning for such an 
assessment. The first point that we stress is that Table 1 represents 
a method to quantitatively address the question; the precision of the 
outdated data as a basis for valid comparisons is questionable. For 
example, it is doubtful that the $0.25 Wyoming catchable trout is truly 
comparable to the $1.17 New York catchable trout. It is likely that 
many of the Wyoming "catchables" were subcatchable trout (125-175 mm) 
stocked in put-grow-and-take fisheries. Increased precision and 
refinement based on up-to-date figures would allow Table I to be used 
as a basis for assessment and consensus on the role of catchable trout 
in a state’s program and to answer the question "How much is enough?"

Besides Colorado and Wyoming, states were selected to represent 
high and low population densities and abundant and limited cold water 
resources to assess magnitude of their catchable trout programs in 
relation to these factors.

If at least the ratios presented in Table I are approximately 
correct, it can be seen that Colorado is second only after California 
in the number of catchable trout stocked; but it leads the nation in 
the number stocked per license sold (6.4), the number stocked per 
dollar of revenue (.67), the amount per license devoted (or diverted) 
to the catchable program ($3.62), and the proportion of license revenue 
devoted to the catchable program (38%). Are these leading figures 
something to be proud of, or should they be played down as indicative 
of shortcomings in the state’s overall fisheries program? The answer 
to this question concerns the role of the catchable program in relation 
to its support of annual angler days of recreation in the state.

Some basic, bottom-line questions to be asked in relation to the 
percent of the total license revenue (or total fisheries budget) 
devoted to maintain a catchable trout program concern: What percent of 
the total annual statewide angler days of recreation is supported by 
the catchable program? What is the cost to produce (create or support)



an angler day by catchable stocking? What management options are 
foregone (programs not funded or inadequately funded) that could 
produce an angler day for less cost?

The first problem faced in an attempt to assemble quantitative 
data to deal with these questions concerns the validity of the figures. 
The Colorado Division of Wildlife periodically issues planning 
documents ("Today’s Strategy —  Tomorrow’s Wildlife," 1973, 1980, 1988 
draft). The 1988 draft plan claimed a total of 7,750,000 statewide 
angler days for 1988 broken down into 21% warmwater, 29% coldwater 
streams, and 50% coldwater lakes. Projection to the year 2002-03 is 
nine million angler days. The 1973 plan claimed about 8.2 million 
angler days in Colorado at that time and projected a 1983 figure of 
about 11.3 million days. The 1980 plan stated 11.5 million angler days 
in 1980 and projected 14.6 million days for 1988. The reason for the 
discrepancies in estimated angler days is not explained. If the 
present estimates in the 1988 draft are the "best guess," why then were 
the earlier figures so grossly inflated?

To get on with the analysis, let us take a figure of eight million 
angler days with the average catch of 2.3 fish per day, as given in the 
state’s plans. This roughly translates into about 800,000 or so 
anglers fishing about eight million days to catch about 18.4 million 
fish. If five million catchable trout are stocked with a 60% return, 
then three million catchables are taken by anglers. With an average 
catch of 2.3 per angler day, three million fish support 1.3 million 
angler days or about 16% of the eight million angler days of the 
statewide total. If it costs three million dollars to stock five 
million catchables, then the 1.3 million angler days cost an average of 
about $2.30 per angler day. With further refinement, this cost per 
angler day could be a standard by which other management options might 
be compared. Can they produce an angler day for less? It can also be 
used to evaluate the cost effectiveness of various fisheries based 
largely or wholly on catchable trout. For example, if a river or 
section of a river is stocked with 15,000 catchable trout at a cost of 
$9,000 and the angler use is 2,000 days per year, the cost to produce 
these angler days, assuming no fishing would occur without catchable 
stocking, is $4.50 per angler day or about twice the "standard" cost.

Inherent to such quantification is the danger of gross 
oversimplification. Socioeconomic values are different for different 
angler days, depending on the angler group producing the angler days. 
Johnson and Walsh’s (1989) study based on a survey of Poudre River 
anglers confirms previous studies that an angler day based on wild 
trout (mainly by the high-skill angler group) has a considerably higher 
value than an angler day based mainly on catchable trout stocking 
(mainly the low- and medium-skill groups). The relative significance 
of socioeconomic factors as an influence in a state agency’s generation 
of recreational days can be debated; but for consideration of state and 
regional economic impact, it cannot be ignored. An angler day based on 
catch-and-release regulations in sections of the South Platte,
Gunnison, and Frying Pan rivers has a much greater value than an angler 
day based on catchable trout stocking.



The inequities of cost-benefits and catch distribution resulting 
in a heavy subsidy to a small group inherent in catchable trout 
fisheries must also be recognized. Butler and Borgeson (1965) profiled 
a typical catchable trout fishery in California. Six percent of the 
most successful anglers took half of the total catch. The other half 
was divided among 39% of the anglers, and 55% had zero catch. Of a 
total of 1,381 angler days recorded, half of the total catch was 
accounted for by 86 angler days (the highly subsidized catchable trout 
specialist group). Interpreting these figures in reference to Table 1, 
all license buyers have 38% of their license fees diverted to catchable 
trout production. Only a minority derive proportional benefits, and a 
very small minority receives a heavy subsidy.

An obvious factor necessary for an assessment of a catchable 
program concerns the relative magnitude of angling opportunity 
available without catchable stocking. How many anglers and angler days 
are supported on how many surface acres or hectares of all fishable 
lotic and lentic waters in a state? How many angler days per unit 
area? CDOW claims about 20,000 acres of coldwater streams for Colorado 
(supporting 2.26 million angler days according to 1988 draft plan or 
4.8 million angler days according to 1980 plan) and about 100,000 acres 
of lakes and reservoirs with salmonid fishes (supporting 3.88 million 
angler days in 1988 draft and 5.9 million angler days in 1980 plan). If 
the lowest estimate of angler days is used, it reveals more than 100 
angler days (and more than 300 angler hours) per acre of every square 
foot of public trout stream in the state --- which would focus 
attention on the type of angling in shortest supply, wild trout angling 
in streams. Figures we have for Idaho are 122,000 surface acres of 
lotic waters and 464,000 surface acres of lakes and reservoirs. If 
only half of the water in Idaho is "coldwater" with roughly half the 
licensed anglers as Colorado, the ratio of fishable water per angler is 
enormously greater in Idaho. In view of this and in reference to 
Table 1, it could be predicted that the catchable trout program in 
Idaho is extravagant and wasteful to the extreme. The 22% of the 
license revenue devoted to the Idaho catchable program would appear to 
be more disproportionate, more out of line in relation to its role in 
the overall state program, than is the 38% of Colorado’s license 
revenue devoted to catchable production. The basic question relating 
to the magnitude of disproportion in Idaho’s catchable program concerns 
what management options, if funded from money now wasted (or drawing 
very low return on investment) on the catchable program, would most 
probably create lower cost angler days or "higher quality" (more 
valuable) angler days than is currently generated by catchable 
stocking.

Some suggested management alternatives with a goal of increasing 
angler days and/or increasing values of an angler day include: an 
ambitious and committed program to work with BLM and USFS to effect 
better multiple use management on federal lands. With the recent 
publication of the GAO report on public rangelands (GA0/RCED-88-105), 
the time is ripe to launch a determined program for better multiple-use 
management to restore and rehabilitate degraded streams. If, for 
example, such a program spent $100,000 and with the help of angler 
organizations such as Trout Unlimited was successful in restoring 1,000



miles or 3,000 surface acres of stream to good condition and if these 
3,000 acres then supported 100 new angler days per acre, the 300,000 
annual angler days would have been created at an extremely low cost, 
especially when amortized into the future.

In relation to the ratio between lotic and lentic waters in 
Colorado, it is obvious that the greatest opportunities to increase 
angler days are in lakes and reservoirs, both warmwater and coldwater. 
Warmwater programs should emphasize the most cost-effective programs to 
increase angler catch with such fishes as walleye, channel catfish, 
wipers, tiger muskies, etc. The catch from coldwater lakes and 
reservoirs could be increased by intelligent and creative use of 
interspecific and intraspecific diversity (Trojnar and Behnke 1974) and 
learning how to optimize growth and survival of stocked salmonids for 
individual lakes by manipulating the time, size of fish, and place of 
stocking. The use of mass-produced sterile fish for lake stocking 
would perhaps double the lifespan and maximum size of the fish stocked. 
The combined use of these suggested options should be expected to 
increase the catch and angler days on the 100,000 acres of lakes and 
reservoirs by at least 30% -- from the present estimated 3.9 million 
angler days to more than five million angler days at much less than 
$2.30 per additional angler day.

The greatest disparity between supply and demand for specific 
types of angling in Colorado is wild trout angling in streams. The 
viable options to improve this situation concern the restoration and 
rehabilitation of streams on public lands discussed above, special 
regulations designed to recycle the catch, and stream improvement. 
Colorado is a leader in special regulations for stream trout fisheries 
and has a record of outstanding success. Special regulations for wild 
trout fisheries must continue to be expanded. Despite the successes, 
considerable opposition to expanded special regulations exists among 
the angling public. The role of public information and education is 
most important to inform the public on the need for special regulations 
to maximize use of the limited resource of wild trout. This raises the 
issue of credibility of the profession of fisheries biology —  we 
don’t get much respect. As an example, I cite Bill Logan’s outdoor 
column in the January 29, 1989, edition of the Rocky Mountain News, 
Colorado’s largest circulation newspaper. Mr. Logan, it should be 
mentioned, has never been noted for heaping praise on CDOW or for doing 
his homework on the subject matter of his articles. His January 29th 
column concerned the "deterioration" of the Blue River since it became 
a wild trout fishery managed under special regulations. Some of the 
comments include: "...it’s only a shadow of what it could be. Its 
fish population in both numbers and size has fallen off drastically 
within the past few years. Why is this? Common sense would tell you 
the policy of trying to turn the Blue River into a wild trout river 
without any stockers is a faulty one. The failed attempts to try to 
let wild trout grow to size in the river and term the Blue a Gold Medal 
stream are an insult to the angler’s intelligence."

CDOW annual D-J reports (stream fisheries investigations) contain 
sampling data on the Blue River. It would be assumed that a newspaper 
writer doing a story on the Blue River would consult these reports to



document his contention of a drastic decline in size and number of fish 
and the failure of wild trout management. Since the change in 
management to wild trout under special regulations, the sampling data 
reveals the following changes in two sections of the Blue River. In 
one section, from 1983 to 1987 the trout biomass continually increased 
from 77 kg/ha to 223 kg/ha and the number of trout more than 356 mm 
increased from 12 to 94 per ha. In the other section, from 1981 to 
1987 the biomass continually increased from five to 135 kg/ha, and 
trout larger than 356 mm. increased from one to 60 per ha.

The Rocky Mountain News runs a diversity of columns, such as Dear 
Abby, Bridge, Parenting, Health, etc. If, for example, the health 
columnist wrote an expose of current health fads and included his own 
expert advice that to live a long, healthy life, one should start off 
each day with a pound of bacon, consume lots of fats and sugars, smoke 
at least two packs of cigarettes per day, and finish each day with a 
fifth of bourbon. What might be the response of health professionals 
and the informed public to such an outrageous article? What would it 
do to the reputation of a newspaper that would publish it? The 
parallel makes it clear that we don’t get no respect and that we have a 
long way to go. An ever-expanding catchable trout program, however, is 
not the way to get there, despite what people like Mr. Logan might 
think.
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Catchable Trout:

By Robert J .  Behnke, Phd
Dept, o f  F ishery and W ildlife Biology, C olorado State University I

8  his title was the theme o f a workshop held in 
Denver in May, 1994. To me it was so much déjà 
vu; I’ ve heard that song before. My quest to seek 

a proper balance between catchable put-and-take fish
eries and wild trout fisheries in state fisheries programs 
began in 1957 when I began graduate school at the 
University o f California, Berkeley. We had a trout 
research station at Sagehen Creek, a small creek in the 
Sierras. The purpose o f the research was to demonstrate 
with abundant data that wild trout in a good environment 
can support considerably more angling than was general
ly believed possible by the advocates o f catchable trout 
The research was intended to influence the California 
Department o f Fish and Game to place more emphasis on 
wild trout management and less on the production of 
catchable trout. Success, or lack thereof, can be assessed 
by the fact that in the next 40  years, production o f catch
able trout in California hatcheries increased by more than 
three fold, by the 1990’s consuming about 30  percent of 
the total inland fisheries budget (while “supporting” 
about eight percent o f total angling days). Catchable 
trout make up 97  percent by weight o f all fish production 
in California hatcheries (about 94 percent in Colorado 
Division o f Wildlife hatcheries which produce large 
numbers o f kokanee and walleye). In the 1990’s, 
California Fish and Game was spending about one to two 
percent o f their annual inland fisheries budget on wild 
trout and native trout programs.

After all these years, five national wild trout 
symposia and articles on the subject o f proper “balance,” 
without any basic change for the better, might seem dis
couraging, but if  nothing else, I do have patience and per
severance. Thus, I have another article in the Winter 
1996 issue o f Trout magazine on proper balance and the 
need to recalibrate the1 scale. For those who have a pas
sion to join the cause, I can offer some advice.

My position is not anti-hatchery. I want to 
stimulate rational dialogue to critically examine the 
role o f catchable trout in a state’s overall fisheries pro
gram and the relative emphasis o f catchable production 
in hatcheries. The three percent of noncatchable trout 
production in California and the six percent in Colorado

represent the stocking o f fingerling and subcatchable size 
fish for put-and-grow type fisheries. I would like to see 
this small segment o f total hatchery production greatly 
expanded and refined to make it more effective. We 
should avoid anti-vs. pro-hatchery polarization. We only 
want to put the catchable program in proper perspective 
by using an economic cost benefit analysis to come up 
with what might be called optimum production of catch- 
ables - how to get the most bang for the buck; find the fat 
that needs trimming.

We must avoid inflammatory rhetoric which 
reflects an unfocused, irrational position. I f  there is to be 
emotional, irrational rhetoric, let it come from the advo
cates o f catchable trout.

Avoid appealing to ethics and morality. This is 
basically an issue o f economics, equity, and better fish
eries management.

Learn the line o f reasoning used by catchable 
advocates and understand the fallacies o f the basic 
assumptions used to support their position. Here is an 
example. Catchable trout are stocked in many waters 
(can be a specific water, regional or whole state) and so 
many angler days are counted on these waters; each 
angler day has an economic value (say $40 or $50 or 
whatever), therefore all economic benefits o f angling (on 
waters stocked with caitchables) is “created” or “results 
from” the stocking o f catchables. This line o f reasoning 
typically goes over big with the chambers o f commerce, 
but won’t hold up to critical analysis. The basis for 
analysis here concerns human motivation. Why do we 
go fishing and spend money on the sport? In study after 
study, the fish caught have the lowest value o f economic 
valuation o f an angler day. Adventure, beauty, “getting 
away,” mental health aspects have the highest values 
in motivating anglers. To sort out the value anglers place 
on each trout caught in relation to total economic value 
o f an angler day, I collaborated with three economists to 
publish a paper in the N orth Am erican Jou rn al o f  
F ish eries M anagem ent on the results o f studies in the 
Poudre and Taylor rivers in Colorado. Anglers were 
asked how much they would be willing to pay to catch 
1 -2-3—1-5, etc. trout per day. Both rivers have abundant wild

12 a  Rocky Mountain Streamsidc



sxtaat&2P!&i&Zìzai

trout and are stocked with catchables. By the fourth and 
fifth fish, anglers were valuing them less than the produc
tion and stocking costs. That is, if  an angler caught three 
wil<l trout and his total catch would be five if  two catch
ables are provided, the “benefits” or value to the angler of 
the catchables is less than the costs to produce and stock 
them. This is the type of critical analysis necessary to 
optimize use o f catchables and avoid wasteful stocking.

i| Also, it must be understood that economic value 
o f an angler day varies greatly and that wild trout fish
eries; have greater values than put-and-take catchable 
fisheries. Anglers do not travel long distances and spend 
large sums to fish for catchables. In Montana the eco
nomic value o f nonresident anglers fishing the Madison 
River is calculated at $156, whereas a resident fishing 
local water (as in a Colorado put-and-take fishery) has a 
value o f $30 per angler day. Twenty years ago Dick 
Vincent convinced the Montana commissioners to cease 
stocking catchables in the Madison and manage it as a 
wild trout fishery, the business people and most local 
anglers in the Madison Valley were outraged. Today, 
they would be more outraged if  it were to be proposed to 
stock catchables again. The economic benefits o f a wild 
trout fishery are very apparent.

California, Colorado, and Pennsylvania are the 
three states with the largest catchable programs. California 
stocks the most catchables but Colorado stocks more catch
ables per licensed angler than any other state (about five

million catchables weighing two million pounds: equal
ing about six catchables per licensed angler). 
Pennsylvania stocks about the same amount o f catch
ables as Colorado but has almost three times the demand 
for trout angling. Although Pennsylvania has consider
ably higher demand, with “supply” o f catchables to 
anglers similar to Colorado, there are much less quality 
wild trout waters in Pennsylvania and much less area of 
lakes and reservoirs for put-and-grow type o f stocking. 
Pennsylvania has, perhaps, about 1,000 miles o f streams 
that support wild trout populations o f 50 pounds per sur
face acre or more vs. about 6,000 miles in Colorado. 
Pennsylvania has 23,000 surface acres o f lakes and 
reservoirs suitable for stocking trout and kokanee for 
put-and-grow fisheries vs. about 120,000 acres in 
Colorado. Yet, angler satisfaction in Pennsylvania is 
high. This might seem impossible to Colorado catchable 
trout advocates: How could this be? Can we learn some 
valuable lessons from Pennsylvania?

In this brief article, I have barely scratched the 
surface of the issues and subject matter necessary to ade
quately address the question o f balance between catch
able trout and wild trout in a state’s fisheries program. 
Another symposium on balancing the scale might be a 
possibility, but it should address what was not said at the 
May, 1994 workshop. The facts, figures, and economic 
evidence are on the side of wild trout, but to get the evi
dence out for critical review we need dialogue, not diatribe.
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From
Hatcheries 
to Habitat? 
Look Again.
Despite the rhetoric exalting 
wild trout management, 
catchable trout production 
still dominates.

Robert J. Behnke

TRO U T UNLIM ITED WAS FOUNDED in 1959specifically 
to address die issue o f wild trout versus hatchery-raised 
catchable trout -  and to the emphasis given to each in a 
state’s trout management program. Since then considerable 
progress has been made toward increasing emphasis on wild 
trout management by special regulations and better under
standing o f habitat. All this was summarized by Ray White in 
his excellent feature article, “We’re Going Wild: A 30Afear 
Transition from Hatcheries to Habitat,” in the summer 1989 
issue o f Trout. \et greater progress is needed.

I served as the summarizer for the 
Wild Trout IV symposium in 1989, 
where I pointed out that this transition 
from emphasis on hatchery trout to 
emphasis on wild trout during the past 
30 years has not been proceeding as 
rapidly as most anglers believe it has. I 
cited presentations given at the first 
wild trout symposium in 4,974. The 
tenor was one of euphoria, celebrating 
a new age of fisheries management - 1 
then cited figures comparing total pro
duction of catchable-sized trout in all

The battle for 
more rapid imple
mentation of wild 
trout programs 
will not be won 
by emotion or 
rhetoric...but by 
hard evidence.

state and federal hatcheries from 1958 
to 1983. During this 25-year period, 
catchable trout production increased 
in the United States from 50.2 million 
to 78 million fish. The cold facts reveal

that, during this period of transition 
from hatcheries to habitat, catchable 
trout production increased by 55 per
cent!

I provided data in my summary to 
show that, in many states, the continu
ing emphasis on catchable trout results 
in inequities in relation to cost-benefits 
to the majority of anglers. A relatively 
small proportion of licensed anglers is 
heavily subsidized by all other anglers 
in large-scale catchable programs.

The battle for more rapid implemen
tation of shifting emphasis 
from catchable trout to wild 
trout will not be won by emo
tion or rhetoric. Changes for 
the better will come about 
by compiling, analyzing, and 
documenting evidence from 
diverse sources -  making a 
case much as a skillful attor
ney prepares for trial. Gain 
an in-depth understanding 
of all of the évidence favor
ing your point of view and 
all of the evidence support
ing the opposing viewpoint.

I will review some of the 
evidence that relates to the issue of wild 
trout versus catchable trout and will 
attempt to present an unbiased inter
pretation -  while admitting that I am 
handicapped by a strong bias for wild,
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natural trout, especially in wild, natural 
environments.

Some important fundamentals that 
relate to the wild trout/catchable trout 
issue concern the missions, mandates, 
and goals of government agencies 
involved with fisheries management, 
economics of fisheries management, 
and economic values associated with 
angling.

Probably all state conservation agen
cies have a legislative mandate that di
rects the agency to preserve, protect, 
and enhance the natural reSourcès of 
the state. A public fisheries program 
based on catehable trout is not natural 
resource management; it does not pre
serve, protect, or enhance natural re
sources; it is at variance with the agency’s 
mandate. Many agencies have recog
nized the internal contradiction inher
ent in their catehable trout programs. 
(Typically non-native rainbow trout are 
stocked.) The agency’s fisheries man
agement plans or policy state
ments may have a footnote or a 
parenthetical disclaimer to the 
effect that the stocking of catch- 
able trout is necessary in certain 
areas to maintain recreational 
fishing. The implication is that 
the catehable program is de-em- 
phasized, a minor part of the 
state’s overall fisheries program.

A basic question concerns the 
distinction between major and 
minor: If 10 percent to 20 per
cent of all funds derived from angling 
license sales are devoted to raising and 
stocking catehable trout, would this be 
considered minor? What about 30 per
cent to 40 percent or more? A critical 
examination should also be made of 
the accuracy and veracity of how costs 
are computed. How does the percent
age of license fees devoted to catehable 
trout production compare to the per
centage of total angler days expended 
in the state that are dependent of catch- 
able stocking?

Concerning economic valuations o f 
wild trout versus catehable trout fisher
ies, I will not attempt a weak imitation 
of Roderick Haig-Brown to extol the 
more intangible aesthetic values associ
ated with wild trout, but a value differ
ential becomes apparent by playing a 
game of “what if.” Consider the changes 
in impact, meaning and symbolism in

Ernest Hemingway’s story, “Big Two- 
Hearted River,” if Hemingway had Nick 
Adams drive to a stocking site, toss out 
his bait, and haul in a fish transported 
from a hatchery a few hours before.

With more tangible economic analy
ses, the value of an angler-day is always 
higher for a wild trout fishery than for 
a catehable trout fishery. The differen
tial varies from slight to enormous de
pending on the quality of the fishery, 
demand in relation to supply, and the 
method of economic valuation.

In relation to the economics of a 
fisheries program, an in-depth, critical 
economic evaluation of the true costs 
of producing fish in hatcheries has yet 
to be done, to my knowledge. Histori
cally, state and federal hatchery costs 
have been computed by cost account
ing methods, not by economic evalua
tion as done by economists. Thus, in 
many instances, the cost to produce 
the fish does not include capital con-

Consider the changes in 
impact, meaning and 
symbolism in Ernest 
Hemingway’s  story, “Big 
Two-Hearted River,” if 
Hemingway had Nick Adams 
drive to a stocking site, toss 
out his bait, and haul in a 
fish transported from a 
hatchery a few hours before.

struction costs. For example, if $10 mil
lion is invested to construct a large 
hatchery which produces one million 
pounds of catehable trout per year, with 
good interest rates, a private investor 
may pay off the debt in 20 years for $20 
million. During that 20 years, each 
pound of trout produced would have 
an additional cost of two dollars just to 
retire the debt, but this cost can be 
hidden in computing fish costs in gov
ernment hatcheries. Construction and 
many other costs (land acquisition and 
taxes) borne by the private sector are 
not calculated in computing fish pro
duction costs by many state and federal 
hatcheries. Until a true economic evalu
ation is made of fish production costs, 
all that can be said is that the true 
economic cost to produce a catehable 
trout in a -state or federal hatchery 
considerablyivimore than the official

figure arrived at by selective cost ac
counting.

To this point, it may $eem like an 
open and shut case for reducing catch- 
able trout programs -  diverting funds 
to more morally and economically de
fensible fisheries programs. It’s not that 
simple. Changes for the better will come 
about slowly and only after all aspects 
of a state’s fisheries program are criti
cally analyzed and the findings effec
tively communicated to the public 
(including legislators and commission- 
érs). Some fondamental factors that 
favor continual expansion of catehable 
trout stocking must be clearly under
stood before effective counter argu
ments can be developed.

The first concerns public perception 
of fish hatcheries and the role played 
by the stocking of hatchery fish to main
tain public fishing.

For more than 100 years, the public, 
political, and business perception of 

fish hatcheries and fish stock
ing has been enthusiastically fa
vorable. In 1872, Congress 
appropriated $15,000 to fund 
the United States Fish Commis
sion to investigate the causes of 
decline in our fisheries and to 
come up with a solution to re
verse this decline. The obvious 
solution was to build many 
hatcheries and propagate and 
stock millions and billions of 
baby fish of many species and 

scatter them about like Johnny Apple- 
seed.

The unbridled optimism of fish cul- 
turists in their belief that they would 
make our waters teem with fishes is 
epitomized in an address made by Rob
ert Barnwell Roosevelt at the annual 
meeting of the American Fish Culturist 
Association in 1876. Roosevelt re
counted the great deterioration of our 
fisheries but concluded that “there is 
no need to fear scarcity of fish food 
either in the ocean or in our great 
lakes -  we have only to take advantage 
of these opportunities” (to build more 
hatcheries and stock increasing num
bers of fishes). Roosevelt continued: 
“This is the national centennial; fish 
culture has existed only a fewr years; 
what will be its condition at its centen
nial the;mostenthusiastic can hardly 
conceive...A new science was being
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born into the world.. ♦but the clear light 
is visible at last.. .There need be no fear 
for the future, and in much less than a 
hundred years, the waters of America 
will teem with food for the poor and 
hungry, which all may come and take.”

Roosevelt's prophecy came true, but 
with an ironic King Midas-like twist 
The following year, 1877, the U. S. Fish 
Commission began the propagation of 
carp, imported from Europe, and soon 
dispersed them all over the country. In 
much less than 100 years, the carp be
came the dominant species in freshwa- 
ters of America -  that is, there are more 
pounds, tons and megatons of carp than 
of any other single species -  but even 
the poor and hungry don’t want to 
come and take them.

During the 1940s and ’50s, the rear
ing and stocking of catchable trout for 
instant put-and-take fisheries increased 
at a rapid rate. Objections were raised 
on moral, aesthetic, economic and bio
logical grounds, but no real organized 
opposition to catchable trout came 
about until Trout Unlimited was estab
lished. During the past 30 years, how
ever, the catchable trout tidal surge 
that began in the 1940s has not been 
checked to a significant degree. The 
annual production figures for state and 
federal hatcheries continue to rise.

The tide cannot be easily turned be
cause the public, in general, still main
tains a favorable perception of fish 
hatcheries. Hatcheries and stocking are 
typically the only tangible part of fisher
ies management of which the public is 
aware. Angler surveys consistently show 
endorsement of catchable trout stock
ing. The most common response when 
the average angler is asked how the 
state fisheries agency can make his 
fishing better is, “to stock more and 
bigger fish.” This is due to the makeup 
of the angling public.

Anglers can be commonly grouped 
into categories for economic analysis. 
The largest group are the “casual” (or 
occasional) anglers who fish inciden
tally as a secondary aspect of an out
door recreational experience such as 
family picnics or camping trips, and 
the “‘skilled” (generally experienced) 
angler whose primary outdoor experi
ence is focused on fishing and who 
have % typical goal to “catch a limit.” 
The overwhelming majority of the an

glers grouped as casual or skilled have 
no real preference for wild trout over 
catchable hatchery trout -  to most of 
them, a trout is a trout, is a trout. The 
smallest group (about 10-15 percent of 
all anglers in states wh^re trout fishing 
is dominant but where warmwater 
fishing is available) is the “purist? (or 
expert) angler group who are con
cerned with tackle and techniques and 
have a distinct preference for wild trout. 
Almost all angler opposition to catch
able trout comes from the purist group. 
When a state agency transforms a 
stream or a section of a stream from a 
catchable trout fishery to a wild trout 
fishery with special regulations, which 
prohibit bait, there is often a backlash 
of outrage from the main body of an
glers who believes that wild trout man
agement with special regulations is 
simply a ploy by elitist fly fishers deny 
them fish that are rightfully theirs-  
frequently they have the backing of 
politicians and local business people.

If anyone believes that a rapid turn
ing of the catchable trout tide will be a 
reality soon, the experiences of the 
Idaho Department of Fish and Game 
in recent years is instructive.

The ratio of miles of wild trout 
streams or surface acres of salmonid 
waters per licensed angler in Idaho is 
about the most favorable of any state. 
That iSj Idaho has the least need for 
catchable trout stocking to meet an
gler demand. Idaho, however, stocks 
more catchable trout per licensed 
angler than does Pennsylvania -  by 
popular demand. When the Idaho De
partment of Fish and Game declared 
certain sections of the Henry’s Fork of 
the Snake and Wood River drainage to 
be wild trout waters with special regula
tions, the changes were met with fierce 
opposition from organized anglers, re
sulting in legal challenges and threats 
of legislative injunction.

Because of the abundance of high 
quality wild trout waters, it is predict
able that catchable trout fisheries in 
Idaho are wasteful to an extreme de
gree. A study was conducted in 1976, 
1977 and 1980 on five sections of the 
Henry’s Fork stocked with catchable 
trout. A total of 105,000 catchables was 
stocked in these sections during these 
years. The catchable trout averaged 11 
inches in length and slightly more than

a half pound in weight. The return of 
these catchables to anglers in the vari
ous sections ranged from 3 percent to 
46 percent of the numbers stocked. In 
total, 18,743 (18 percent) of the 105,000 
fish stocked were caught by anglers. O f 
about 60,000 pounds o f catchables 
stocked, no more than 10,000 pounds 
were harvested by anglers. Even in the 
section where catchable trout made 
their greatest contribution to the 
fisher^, 56 percent of all trout caught 
were wild rainbows. Despite such statis
tics, many anglers and business people 
vehemently protested against replacing 
catchable stocking with wild trout man
agement and special regulations; they 
believed the Fish and Game Depart
ment had caved in to a small group of 
fly fishing elitists.

An important finding on the Henry’s 
Fork was that in the special regulation, 
wild trout section in the Box Canyon, 
more than half of the anglers were non
residents (from other states). These are 
the anglers who produce the greatest 
angler-day value, especially in relation 
to money spent in the local region -  
these are the anglers that chambers of 
commerce want to attract. They won’t 
come to Idaho to fish for stocked trout.

It should be obvious that the catch
able tide cannot be stemmed by an “us 
versus them” approach based on mo
rality, ethics or poetry. There are many 
more of them than there are of us. 
(See Del Graff’s ‘T he Politics of Wild 
Trout” in the winter 1986 issue of Trout 
to understand why the fiercest opposi
tion to implementing Pennsylvania’s 
wild trout program came from the pur
ist fly-only group.) “Us” or any group
ing is far from a unified entity. In any 
event, we must convince “them,” who
ever they may be, that better fisheries 
management is in their own best inter
est. We must examine options that will 
provide as many or more catchable 
trout to those anglers who want them, 
distribute them in a more equitable 
manner, while creating more wild trout 
waters. In the Henry’s Fork area, for 
example, if there are waters such as 
gravel excavation ponds where catch
ables can be dumped, a return of 75 
percent of the stocked fish could be 
expected. (Angler profiles show that 
most anglers in the casual and general
ist groups do not place much emphasis
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on aesthetic considerations o f their 
fishing sites.) With a 75 percent return, 
the same number of fish would be 
caught by stocking 25,000 catchables as 
were caught in the Henry’s Fork from 
stocking 105,000. Could the money 
saved be put to better use?

Several studies have agreed that with 
catchable trout stocked in streams, 50 
percent of all the catchables caught are 
caught by a small proportion (6-8 per
cent) of the anglers fishing that stream 
(the catchable trout specialist). In 
ponds or small lakes (typically less than 
100 acres surface area) with good ac
cess, not only is the percent return typi
cally higher than with catchables 
stocked in streams, the catch is better 
distributed among all anglers and ex
tends over a longer period of time.

The key to stemming the catchable 
trout tide is not to cease or even reduce 
production, but to hold the line and 
develop strategies to make more effec
tive use of hatchery fish. For example, a 
hypothetical state agency presently takes 
in about $10 million annually in license 
sales and spends $3-4 million on catch
able trout; if the expenditures for catch
able trout production remains stable 
over the next 10 years, while license 
sales rise to $15 million, an additional 
$5 million would be available for better 
fisheries m anagem ent, including 
greater emphasis on wild trout, warm- 
water species, and studies on how to 
use hatchery trout more effectively to 
increase returns to the angler. This 
sounds good, but the success or failure 
for additional funding to result in bet
ter fishing depends on the talent and 
enthusiasm of agency biologists. In 
agencies that have long devoted a large 
proportion of their total fisheries bud
get to operating hatcheries and stock
ing great numbers of catchable trout, 
and where the administrative hierar
chy is dominated by hatchery people, 
management and research has suffered. 
Such an agency may be staffed by man
agement and research biologists who 
have no feasible alternatives for spend
ing additional funds to provide more 
fish for more anglers except by stock
ing more catchable trout.

In my summary for the Wild Trout 
IV symposium I suggested some ideas 
how money could be well-spent in 
fisheries programs. A program that

should yield a greater cost-benefit ratio 
concerns strain evaluation of hatchery 
trout stocked at a small size in lakes 
and reservoirs for what is known as put- 
grow-take fisheries. Where natural se
lection factors such as competition and 
predation are prevalent, the genetics 
of the stocked fish can be extremely 
important for survival and growth. 
There are tremendous opportunities 
to increase the effectiveness of put-grow- 
take fisheries.

A recent paper in thé North American 
Journal o f Fisheries Management reported 
on salmon and trout stocked into Lake 
Michigan by the Wisconsin Department 
o f Natural Resources. From 1968 
through 1980, 4,354,471 yearling rain
bow trout were stocked. The angler 
catch one and two years later equalled 
a 9.8 percent return of the stocked fish 
(considering that after one or two years 
of growth in Lake Michigan, the rain
bows caught should be large and the 
weight of caught fish probably exceeded 
the weight offish stocked). From 1981 
through 1984, 1,832,487 yearling rain
bows were stocked but only 5.1 percent 
were subsequently caught by anglers. 
For every million yearling rainbows 
stocked, the difference between a 5.1 
percent return and a 9.8 percent re
turn is 47,000 fish (and probably well 
over 100,000 pounds). The difference 
in percent return was the result of the 
strain of rainbow raised in Wisconsin 
hatcheries. During the 1981-84 period, 
the highly domesticated Shasta strain 
was used, probably because they are 
cheaper to rear. In the 1980s, could it 
be that Wisconsin fish culturists were 
unaware of evidence accumulated over 
many years that there is! a strong in
verse correlation between degree of do
mestication (cheapness to raise) and 
survival-return to angler in put-grow- 
take fisheries, especially in lakes with 
an abundance of competitors and 
predators?

Wisconsin has some excellent trout 
biologists; were they asked for advice?

How good is communication among 
management, research and hatcheries?

Fish culturists may be doing an 
outstanding job, based on job  perfor
mance ratings for cost effective fish pro
duction, but the fate of the fish after 
leaving the hatchery is not part of their 
job. Wisconsin stocked more than five

million brown trout yearlings, which 
returned to the fishery at a 12.2 per
cent rate. Skamania strain steelhead 
rainbows stocked in Lake Michigan by 
Indiana returned at a 12.8 percent rate. 
When one considers the multitude of 
strains represented by diversity within 
trout species, the potential to greatly 
increase the effectiveness of put-grow- 
take fisheries appears almost unlimited.

This same issue of the North American 
Journal o f Fisheries Management contained 
a report comparing three strains of cut- 
throat trout stocked in two Montana 
ponds. Over a two-year period, the to
tal return to angler of the three strains 
were 11, 28 and 52 percent of the fish 
stocked -  quite significant differences 
and fisheries management implications 
resulting from very slight intraspecific 
genetic differences.

What is your state agency doing on 
the matter of improving the returns of 
hatchery fish? Probably all would agree 
that it would be a good idea to devote 
the time of one or more biologists to 
study the issue, but that funds are not 
available to staff such a position. Why 
not? Any state with a large-scale catch
able program, no matter how efficient 
the return to the angler is assumed to 
be, will have pockets of wasteful stock
ing as bad or worse than what occurred 
in the Henry’s Fork. Elimination or 
large reduction of wasteful stocking 
should result in savings to fund several 
professional positions.

The progress made in fish culture 
techniques, engineering, improved di
ets, disease control, and overall skill 
levels and efficiency during the past 30 
years, far exceed advances made in 
fisheries management and research 
(which have been inhibited by funds 
diverted to fish culture). In relative dol
lar terms, hatcheries can produce a 
pound of trout for much less cost than 
they could 30 years ago. And better use 
is made of catchable trout in relation 
to percent return and reduced con
flicts with wild trout management in 
streams. Much improvement is yet pos
sible, however, in increased effective
ness of hatchery fish utilization to 
provide more fish for more anglers.

Before any new major hatchery con
struction for continued expansion of a 
state’s catchable program is approved, 
I would urge critical scrutiny.
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Division Activity $ (x 1000) % Of IFD 
funds

Personnel % o f IFD 
personnel

Field Offices* 726 25 10 21

Hatcheries 2132 1,700 60 31 65
Administration 2130 425 15 7 14

Atlantic Salmon** 42 -
Education*** 184 -

Public Access**** 423 -
IFD Total 2,851 48

DFG Total 13,900

* Inland Fisheries program (2283-2286)
**  Wildlife Management Division (2166)
#** Public Affairs Division, Aquatic Resource Education (2122) 
* * * *  Access and Engineering Division, Public Boat Access (21X7)

Facility Total Biomass 
Produced (Lbs.)

O&M
Expenditures

Mean 
Average 
Marginal Cost 
per Lb.

Total1
Capital Outlays

Berlin 180,650 700,393 3.88 496,035
M ilford 212,607 798,723 3.76 63,776
New Hampton 148,242 543,480 3.67 7,585
Powder M ill 369,047 675,252 1.83 16,392
Twin M t. 25,549 228,519 8.94 304
W arren 8,392 225,995 26.93 3,133
NH 944,487 3,149,546 3.33 598,381

Warren is a special use facility producing brood stock and

1 This total figure is larger over die past decade, approaching a million dollars (Fawcett 1997).
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X m ‘d v*y/ e  v - e J T  u  £  -̂ *t*Vie. 'A I « ?  *h »| ^  ,‘̂ ü k

I  - s » - s  - H *  b a x í x  S o  re  *  l c < y  «

J û. «3 ta a  b  W  'tV d u T " , *,A ©-c^v^AVyi^ K/ ' C^e>\ô, -»ts'cWe^

1-13/ (3 MA vUìerj c  ‘t’ HYV'J. I»^l Wl*i*
I ̂  -2 ^5" ' "fV# JT^/ ) 1? • o S  9  ̂  'fv 'f’a.l t» aT^he.i*'^ ßifVöJtaciTî M
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j 2!. S  ¥0 C & »voji ĵ L 3  ~ l?of~ C o s  I r Atv I 1 C € n J"-«. cArc?«J
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1 o  i~r¿ot* 3  ili. ( ôr 5 2 .0 To#u1r
.gr ■ 9 . ...r..... r r~
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