
Volume4 Number 1 

niversityotldaho 
Forest, Wildlife and Range Experiment Station 
College of Forestry, Wildlife and Range Sciences 
Moscow, Idaho 



We Want You to Know What We Have Learned 

When we began this annual series a few years ago, 
our primary objective was to communicate what we are 
learning about Idaho's natural renewable resources to a 
broad public.· This includes federal and state legislators 
and officials, agency personnel, industrial concerns and 
interested citizens in Idaho, all who provide input for key 
resource decisions. That objective remains the same. We feel 
information generated through research should be a key­
stone in making those decisions. In each issue of FOCUS, 
we highlight some of the projects currently underway. 

Fisheries 

Idaho's fisheries resources are among some attire best 
in the world. However. multiple demands on our water 
resources are changing the aquatic environment. The 
minimum stream flow projects (see page 7 J are designed to 
evaluate the effects of reduced stream flow on salmonid 
egg incubation and on response of fish and microinver­
tebrate populations. While we must get sound answers to 
our minimum flow questions. it is imperative that we miti­
gate for the losses in natural spawning opportunities. The 
project on steelhead smolt raised by hatcheries attempts to 
determine the best release schedule of such man-produced 
smolts to meet the rigors of migration to the sea and 
eventual return for spawning some 2 to 4 years later. The 
data from this project will provide information for planning 
future Idaho hatcheries. 

Several other studies in this issue address pressing 
problems facing our fisheries. For example, increased land 
management activities, as well as natural processes, are 
creating varying amounts of siltation in fish spawning 
grounds. How much siltation can fish tolerate before 
unacceptable reductions in productivity occur? What 
important behavioral changes take shape with increasing 
siltation? The project noted on page 2 addresses these 
questions. When stocked fry in streams have a less than 
l O-percent survival rate, the question of possible predation 
becomes paramount. This is particularly true in streams 
without vegetative cover affording little or no protection 
for young fish. The project described on page 5 provides 
some answers important to proper stream management. 

What has happened to our famous Snake River 
sturgeon? Are their numbers declining as their habitat has 
changed? If you are concerned about these questions, a 
sturgeon inventory is described on page 4. Over a J·year 
period, some 876 sturgeon were captured. Necessary data 
were collected, the fish tagged, then released. Results show 
that small sturgeon are holding their own as long as a catch­
and-release program prohibits fish takes. 

An important element of our fisheries program is our 
aquaculture research. Some 35 million pounds of fish are 

produced in Idaho under intensive fish cultural arrangements. 
The Forest, Wildlife and Range Experiment Station has a 
continuing program relating to water management, fish 
diseases and nutrition. In this issue, pollution·water manag~ 
ment questions are discussed. Aquaculture is gaining 
attention as a viable source of edible protein. Our program 
is ·moving forward to meet this challenge. 

Tim ber Management and Economics 

In meeting our timber needs, grand fir is one of the 
most important species to be considered in northern Idaho. 
This species often begins growth in the forest understory 
and occurs over a wide range of ecological conditions. 
Substantial inventories of this species now exist in various 
age classes. The management of advanced regeneration in 
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Fisheries Resources 

SEDIMENT AFFECTS F ISH, 
AQUATIC INSECT HABITATS 

Coarse sand from granitic base rock in the ce ntral 
Idaho batholith is carried each yea r into the streams where 
chinook salmon and steelhead trout are spawned and reared. 
In 1972, researchers began a study to determine the amounts 
of fine sediment in st reams that are harmfu l to aquatic 
insec ts and juvenile fish. 

Study areas for the project included Knapp Creek, a 
natural stream with rapid water movement ; Elk and Bear­
skin creeks, which meander through wide valleys; and 
artificial channels at Hayden Creek Research Station. 
Records were kept of spring snowmelt runoff and summer 
low·flow periods for 2 years, to determine the applicabiUty 
of a predictive equation for estimating sediment transport 
in streams of Idaho's Salmon River drainage. 

I ; ' . ~:.: 

Fine sediment , defined as particles less than 6 111m in 
diameter , was found in concentrations of 20 to 75 percent 
in most streams, through core sampling techniques. luvenile 
fish, which hide among cobbles and small rocks in a stream , 
were affected when the spaces in the subst rate were fiUed 
with coarse sand . As suitable habitats for both fi sh and 
aquatic insects were reduced , the abundance of insec ts and 
fish declined. 

During the summer months with low fl ows, little 
sediment was carried by the st reams. Natural streams with 
large amounts of sediment were found to have fewer aquat ic 
insects, but fi sh density and size were equal to those in 
streams with smaller amounts of sediment. When sediment 
was added to stream pools , fish abundance decreased in 
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proportion to the decrease in pool area. Drift insect abun­
dance did not decrease when sediment was added to labora­
tory riffles or small sections of a strea m. 

With maximum stream discharge in 1974, the 
researchers measured the rates at which transportable 
sediment was carried by water in the study streams. Trans­
portable sediment was defined as sediment above the pro­
tective armor layer of the stream, and was in most cases 
cleansed from the st reams by the runoff. 

In studies of insect drift in natural streams which were 
left alone or arti ficially cleaned of sediment , the researchers 
found greater densities of insects in the cleaned segments. 
Larvae and riffle beetles, which had burrowing habits, were 
more abundant in the uncleaned sec tions. Cobbles or 
coarsely sedimented areas where fine sediment had been 
cleaned away supported high levels of aquatic insects in the 
larval and nymphal stages. In Knapp Creek, where water 
velocity was sufficie nt to displace fine sediment , coloniza­
tion by insects took place immed iate ly after the addition 
of sediment. 

Using the laboratory channels, the resea rchers moni­
tored fish that stayed in unsedimented channels, and in 
those with varying degrees of sediment. In general, they 
found that increasing amounts of sediment reduced the 
number of fish that would remain in the channel, because 
hiding places among the rocks were silted in , and pools 
became more shall ow. Fish se ttled quickly into un sed i­
men ted habitats and selected territories. During a 35 -day 
test period , fish grew longer and heavier in the unsedimented 
channel than in the sedimented one. 

Sediment which is carried into the mountain valleys 
in the 16,000 square mile batholith area comes from steep, 
relat ively unstab le slopes. The research did not indicate the 
amount of sediment caused by construction and main ten­
ance of roads or by grazing. 

The project was a cooperat ive effort of the Forest , 
Wildlife and Range Experiment Station and the Idaho 
Water Resources Resea rch Inst itute. It was supported by 
funds from the Office of Water Research and Technology, 
the U.S. Fish and Wildlife Service, the University of Idaho 
and the Idaho Department of Fish and Game . 

T .C. Bjornn, Idaho Cooperative Fishery Research 
Unit leader, was the principal investigator. M.A. Brusven , 
Entomology; M. Molnau, Agricultural Engineering and J . 
Milligan , Civil Engineering. were co-principal investigators. 
Graduate researchers were R. )(Jamt , of Fisheries Resources; 
E. Chacho, Civil Engineering; and C. Schaye, Entomology. 
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Cooperative Fishery Research Unit 
Sa lmo nid s returning from the ocean to spawn will soon include large percentages of hatchery ra ised fish. A successful hatchery program is 
nceded to maintain fish runs because of losses that take place at dams along the migrat ion routc. 

HATCHERY RAISED FISH 
MAINTAIN STEELHEAD RUNS 

Concern over the quali ty of juvenile steelhead trout 
raised at the Dworshak National Fish Hatchery has prompted 
an evaluation of the hatchery raised fish. Person nel of the 
Idaho Cooperative Fishery Research Unit are engaged in 
the project , under contract with the U.S. Fish and Wildli fe 
Service . 

Before Dworshak Dam was built in 1969, steel head 
trout produced in the North Fork of the Clearwater Ri ve r 
began their downstream migration and made the transition 
from living in fresh water, as parr, to silvery-colored 
Sl110lt able to live in the ocean, according to an inner time 
schedule. Dworshak National Fish Hatchery, one of two 
large stee lhead hatcheries in the state, now produces the 
yo ung steelhead needed to perpetuate the run of fish from 
the Clearwater 's North Fork. 

Artificially rearing the fish brings a new set of prob­
lems. TIle fish are raised from eggs taken in April and May 
from returning spawners. Hatchery raised fish must be 
ready to migrate seaward by the following Apri l, or must be 
kept an additional year. Wild fish normally leave their 
Clearwater drainage reari ng areas at 2 to 3 years of age, 
spend I or 2 years in the ocean , then return to spawn 
between the ages of 4 to 6 years. Increasing the water 
temperature can speed the growth of the young fi sh, but 
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water too warm may retard the transition from parr to 
smoit at migration time, acco rding to Professor T.e. Bjornn. 
If they are ready to migrate on release, the fish move down­
stream past Lower Granite and other dams, or are collected 
in facilities ope rated by the Corps of Engineers and National 
Marine Fisheries Service. 

In 1976 and 1977, a fi sheries team under the leader­
ship of Bjornn, Research Associate Rudy R. Ringe and 
biologist Phil Hiebert, marked 28 di ffe rent groups of 
juvenile fish with a cold brand , or a magnetic nose tag and 
clipped upper fin before releasing them. A sa mple of fish 
migrating downstream were recovered at Lowe r Granite 
Dam. At that poi nt the fi sh were checked for general health 
and marks. 

Dwo rshak Hatchery is producing about 2 million 
smolLs per year, which is more than the wild production of 
the Clea rwate r. Survival of the hatchery raised fi sh from 
smolt to returning adult has been variable, ranging from 1. 1 
to 1.0 percent. Investigators have determined that a length 
of 200 mm (8 inches) is the optimum size at which to release 
the hatchery reared fish. 

Because of losses that take place at dams along the 
migration route, a successful hatchery program is necessary 
to maintain steelhead runs. Data from DworShak Hatchery 
will aid in the planning of other large hatcheries to be buil t 
in Idah o dur ing the next 10 years. 

UIIlVERSlTY DE IDAHO US.tAR 



DAMS BRING CHANGE 
FOR WHITE STURGEON 

White sturgeon, the largest freshwater fish in North 
America, once swam the waters of the Columbia 3rtd Snake 
rivers to the ocean, ranging as far as 100 miles. Today , with 
dams across the rivers, the life patterns of the sturgeon have 
been altered. 

To discover the effect of the restrict ions on sturgeon 
move ment in the rivers, the Idaho Cooperative Fishery 
Research Unit launched a study of the abundance, growth , 
distribution and movements of white sturgeon in the Hells 
Canyon sections of the Snake River in 1972. Daily now 
and discharge from Hells Canyon Dam created ri ve r level 
nuctuations of more than 2 feet during the study period. 
Lower Granite Dam on the Lower Snake River in Wash­
ington was completed and filled near the end of the study. 
Applica tions pending for more dams in the Hells Canyon 
portion of the Snake have not been approved. With the 
inclusion of part of the Hells Canyon area in the wild and 
scenic rivers system , further dam construction o n the Snake 
must be approved by Congress. 

Graduate student John C. Coon and Research Asso­
ciate Rudy R. Ringe worked on the project under the 

direction of Fisheries Professo r Ted C. Bjornn, capturing 
876 sturgeon, then tagging, measuring and releasing them 
between 1972 and 1975. Of these, 204 we re late r recap­
tured, providing information on growth and movements in 
the river. Sturgeon under 3 feet in length accounted for 86 
percent of those caught , with 3- to 6-foot sturgeon making 
up 4 percent, the smaliest number in the survey . Sturgeon 
over 6 feet in length made up 10 percen t of the sample. In 
the 138 miles of open water researchers est imated a popu­
lation of 7,000 to 10 ,500 fi sh in the 45 to 92 cm (18 to 36 
inch) range, 500 fi sh 9 1.5 to 183.5 cm (3 to 6 ft), and 700 
to 1,000 fi sh larger than 183 cm (> 6 ft). 

Primary holding hab itat for the st urgeon was in deep 
pools between rapids. Small sturgeon preferred big sa ndy­
bottomed holes in the downstream section of the river. 
The middle Snake River downstream fro m the Hells Canyon 
Dam nows through the deepest gorge in North America. 
Middle-sized and large fish , which were better able to swim 
in turbulent wate r, were found near rapids in the canyon. 
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Researchers fitted 10 sturgeon with transmitters 
before the filling of the reservoir behind Lower Granite 
Dam. Of those fitted, nine moved upstream after impound· 
ment. After 4 months, most had been tracked to an area 
38.9 km (24.18 mi les) above the dam, where there is con­
siderable current , showing a preference for ri ver rather 
than reservoir environment. 

Smal l sturgeon were relati ve ly abundant in the river 
but researchers found that sturgeon in the 60 to 75 em 
range (23.6 to 29.5 inch) tended to move downstream, prob­
ably past so me dams. Sturgeon are rarely found in the fish 
ladders at the dams, and probably do not return to the 
middle Snake once they have moved downst ream past a 
dam. 

The small population of residual fish has exhibited 
a slower growt h rate than occurred before impoundments 
were formed in the canyon. Three reservoirs at the upper 
end of Hells Canyon have eliminated large salmonid and 
lamprey runs, a factor which researchers fear will reduce 
available food for the sturgeon populatio n. Sturgeon do 
welJ with the catch-and-release angler program, which pro­
hibits keeping the fish once they are caught. Maintaining 
a stable populat ion of sturgeon, though smaller fish, in the 
middle Snake River appea rs poss ible. 

FISHERIES PROGRAM 
HISTORY RECOUNTED 

Fisheries Management at the University of Idaho began 
with the arrival of Virgil S. Pra tt in 1950. At that time the 
fisheries option was associated with the Wildlife Cooperative 
Research Unit headed by Paul Dalke, now retired as pro­
fessor emeritus. 

Dr. Pratt engineered the fisheries program with energy 
and enthusiasm, des igning a basic curriculum which in depth 
and breadth was superior to that in some larger and older 
institutions. The basic courses that were originaUy required 
of fisheries students stiU constitute the program's core 
with li ttle change . 

Initially , only a few students enrolled in the fisheries 
management option ; six students graduated be tween 1953 



and 1957. Fisheries broadened the course offerings in the 
college and provided supporting courses for studen ts in wild­
life and other areas. Disciplines across campus also benefited. 
A total of four master's students earned their degrees with 
Dr. Pratt as their advisor and major professor. Following his 
death in 1957 , the Coeur d'Alene Wil dli fe Federation 
honored his memory by donating a work of art to the 
college. 

The fisheries program received impetus from the 
estab lishmen t of the Idaho Cooperative Fishery Research 
Unit at tlle college in 1963. The Unit was obtained at the 
request of the university administration and Craig MacPhee , 
who succeeded Dr. Pratt in 1957. 

n,e Unit was fund ed jointly by the U.S. Fish and 
Wildli fe Service, the Idaho Department of Fish and Game 
and the University of Idaho. Donald W. Chapman was the 
first leader, with Robert Thompson as assistant leader. 
Theodore C. Bjornn joined the Unit in 1966 as assistant 
leader, becoming leader in 1973. Robert White became 
assistant leader in 1974. Unit personnel engage in teaching. 
research and service and have professorial ranks and other 
University facu lty privileges . 

An expansion in undergraduate and graduate level 
teaching as well as research followed the increase in fi sheries 
faculty. 

Problems conce rned with reservoirs on the lower 
Snake River were anticipated. In 1968 C. Michael Falter 
joined the staff to research the effect s of impoundment on 
steel head migration in the Snake River. Since then he has 
spearheaded many projects concerned with water quality 
and limnology and now teaches in these subject areas. 
In 1972 William Klontz contributed his expertise in aqua· 
culture and fi sh disease to the fi sheries program. David 
Bennett arrived as a wannwater fish ecologist in 1975. 
Prese ntly. we have two visitin g scientists on the fi sheries 
team. A. Jim Chacko, a speCialist in fi sh culture and lim­
nology, and Khiet Van Lai , who has had considerable 
tra in ing in fish culture in Japan. Rudy Ringe and James 
Leonard are Research Associates with the program. 

Since its inception the Fisheries Resources program 
has graduat ed about 168 students with the B.S. degree, 
5 1 students with the M.S. degree and 19 students with th e 
Ph.D . degree. Many students who major in other fields take 
support ing courses in fisheries. 

Cooperating agencies in research include the U.S. 
Fish and Wildlife Service, the ational Marin e Fishery 
Service, the U.S. Corps of Engineers, the Environmental 
Protection Agency, and the Idaho Department of Fish and 
Game. Fisheries personnel have taken their research as far 
as Alaska and the African continent. Outside funds provide 
work experience for undergraduate students and fe llowsh ips 
and professionaJ training for graduate students. 
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Research projects keep the fisheries staff in tune with 
current developments and provide a wealth of experience 
to pass on to students in the classroom. 

Construction of the fores try building in 197 1 provided 
a light and temperature contro lled laboratory facility for 
growing and experimenting \vith live fish. Much of the 
laboratory research involves fish diets , behavior, the effect 
of sedimentation on egg and fry development and survival 
and fi sh bioassay work of various kinds. 

PREDATOR FISH KEEP 
FRY SURVIVAL LOW 

Raising fish to stock streams and achieving an increased 
fish density through stocking, are two different matters , 
as fi shery managers have found out. While fertile streams in 
the central Idaho area nea r the Continental Divide have had 
a first summer fry survival record of 5 to 10 percent , less 
fertile streams, without vegetative cover, have had such low 
surviva l rates , that 1110St are no longer stocked with fry. 
Graduate researcher Ned Horner and Idaho Cooperative 
Fishery Research Unit Leader Ted Bjornn began a study in 
1975 to determine the role of predation by va rious fi sh 
species in the loss of fry each summer. Cutthroat trout fry 
were released during the summer of 1975 with the normaJ 
predator populat ion present , in Big Springs and Bear Valley 
creeks- representative fertile, and infertile st reams, respec· 
ti ve ly. About 10 percent of the introduced I·inch fry 
survived . 

Du ring the summers of 1976 and 1977 , large predator 
fi sh were removed from the streams before the fry were 
re leased. Fry survival rate for bot h yearS jumped to about 
25 percent. As a part of the study, the behavio r of different 
fry species was evaluated. Steelhead trout and chinook 
salmon fry were less susceptible to predation than the 
smaller cutthroat trout. Swimming ability is re lated to size, 
and the larger stee lhead and chin ook fry we re able to escape 
from preda tors more successfully. Fry tended to head fo r 
still pools or vegetative cover, which afforded protection. 
Fish which were caught in rapidly moving water were often 
swept away, as they were not large or strong enough to 
swim aga inst the current. 

Observation of predator fi sh by snorkelling, and 
exa mination of the stomach contents showed that some 
fish were more active as predators. Dolly Varden proved to 
be the most active predator, followed by brook trout. 
Rainbow trout and sculpins were also found to have eaten 
fry , by examinat ion of their stomach contents. Rainbow 
trout fed actively on the fry only at the time of release, 
while sculpins were never see n eating the fry. 



G. IV. Klontz 

Mechan ica l continuous feeders at the Rapid River Salmon Hatchery, Idaho Department of rish and Game, distribute small amounts of feed at 
frequent intervals. Matching the habits of fi sh, this method is less wasteful than o ne or two large feed ings per day. 

PROPOSED LIMITS CAUSE PROBLEMS 
FOR F ISHERIES MANAGEMENT 

Abatement or reduction of pollutants in grou nd 
waters and streams is currently a national priority. The 
Environmental Protect ion Agen cy issued proposed guide­
lines for effluent limitations in 1974. Permits based on 
these guidelines have been issued for the past two yea rs. 

Although the ini tia l discharge limits for alTltllonia­
ni trogen and solids (both suspended and se ttleable) were 
not too rest rictive, the limits proposed for the period 
beginning I July 1977 require extensive modification of 
current fish culture practices at most fish hatcheries and 
farms . The proposed limits were derived largely from data 
gathered empiricaUy and are unrealistic in the opinions of 
many. Current fish culture methodology cannot pre­
dict the time at which the limits will be exceeded in a 
given situation , according to Fisheries Resources Professor 
George W. Klontz. " In other words, an individual will not 
know he has exceeded the permitted discharge limitations 
until he has done so." 

Dr. Klontz explained that whi le fish are nonconsump· 
tive users of water , they do alter the water where they live. 
The more important biological alterations include: I) 
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increased nitrogenous compounds , i.e., ammonia-nitrogen , 
nitrite-nitrogen, and nitrate-ni trogen; 2) increased carbon 
dioxide and phosphates; 3) increased solids- both suspended 
and settleable; 4) decreased oxygen ; and 5) increased bio­
logical oxygen demand (BOD) in an aquatic system. 

Three studies have been published o f the amoun ts of 
waste products generated daily by fish. While each method 
app lied individually see ms feasible to use, when all three are 
app lied to the same system, a significant difference among 
values obtained for each waste product occurs. Further, the 
methods take into account only the quantity and not the 
metabolic qua lity of the diet. 

The generation of waste products in an aquaculture 
faci lity consists of a com plex series o f interactions among 
fish, nutrition, water and management. SimplisticaIly, the 
fish-nutrition interactions would seem to be the most 
important , but they are modified drastically by those with 
and among the other components. 

Fisheries researchers at the University of Idaho are 
engaged in two in-depth projects to describe the pollution 
production parameters. A simple formula ca nn ot be se t 
down to cover all fish. Fish-related va riables are size, species 
and growth rate. Smaller fish require more oxygen and have 
a higher metabolic rate than large fi sh. To equate the 



amount of food fed to a fish and its resultant weight gain 
is difficult because a smaller fi sh will put on more body 
weight per pound of feed than a larger fish. Nutritional 
and space requirements also vary among species. Growth 
weights of fish in commercial or conservation hatcheries 
differ with regard to growth objectives, e.g., whether 
the fis h are being fed to achieve optimal or normal growth 
rates. 

Nutr itionally, the amount of food in t roduced into 
hatchery waters, the amount ea ten that is conve rted to 
sa lmonid weight gain , and the amoun t used as energy 
rather than returned to the water influence the amount of 
waste generated through the feeding process. How efficiently 
the feed is used by fi sh affects the waste load in discharge 
waters, making estimation difficult. Ideal conversions of 
feed to poundage often differ from actual utilization. Wate r 
temperature , too, affects growth. The metabolic rate for 
salmonids decreases 5 percent for each degree drop below 
the preferred water temperature, and the amount of dis­
solved oxygen in the water changes with both tempera ture 
and altitude. 

Not o nly t he food, but also the meth od and freque ncy 
of fee ding influence the performa nce of the fi sh . Frequent 
feeding was tes less feed tha n one or two da ily feedings. 
Hand feeding is the least wasteful an d the most accurate , 
but the most cos tly from a labor standpoint. Mechanica l 
feeders or blowers also have favorable and /o r unfavorable 
qualit ies. Unea ten feed adds directly to the solid stream 
discharge waste, and increases the cost of raising fi sh. 

Cleaning the ponds increases the fi sh carrying capacity 
by removing sed iment. Any fish-disruptive process, known 
as " working the fish," creates a potential health hazard for 
(he fish , and needs to be undertaken weighing the benefits 
and effec ts. 
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RESEARCHERS TO ASS ESS 
ST REAM F LOW NEEDS FOR FISH 

Stream systems are declining in quality and extent at 
a rapid rate in proport ion to man's development of water 
resources for domestic, industrial and irrigation uses and 
may decline at more rap id rates under proposed energy 
development programs. Ex isting and proposed water 
reSource development projects in the western United States 
wi ll ultimately result in the removal of substantial portions 
of stream flows during all or portions of the year. 

Water resource development entails the modifica tion 
of a natural hydrologic system to meet man's needs. Changes 
to be expected as the result of altering water n ow within a 
st rea m are complex. This complexi ty is primarily due to 
the many interactions wh.ich may occur both with in the 
st ream environment and external to it. 

Biologists and managers are under increasing pressure 
to provide information on the amount of water needed to 
meet the ecological requirements of fi sh species and pot en tial 
loss in te rms of fi sh production , numbe rs or biomass at 
va rious incremen ts of red uced discharge. However, at the 
present level of knowledge, the effec ts of reduced discharge 
upon natural self-sustaining fi sh populations a re poorly 
understood. The amoun t of stream now which can safely 
be removed without drastically altering the aquat ic eco­
sys tem must be determined. 

To provide needed information on fauna -discharge 
relationships, deve lopment of a research program addressing 
instream flow needs of fi sh and invertebrates was initiated 
in 1975. Efforts to procure funds for this research culmin ­
ated in 1977 with two studies being funded by the Office 
of Water Research and Technology. One study will evalu­
ate effect s of reduced stream flow on incubation of salmonid 
eggs, while the other will focus on response of fis h and 
macroinvertebrate populat ions to incremental reductions 
in stream fl ow. Both studies will util ize a combina tion 
laborato ry-fie ld approach. Results o f these st udies will 
provide legislato rs and state and federa l fi sheries ma nage­
ment agencies with infonllal ion wh_ich ca n be used in deter­
mining what stream fl ows should be maintained for optimal 
fish production, and what will be lost with decreases in 
discharge. These studies will also serve as the basis for a 
long-term research effort into instream flow problems. 

Fisheries Resources Assistant Professor Robert G. 
White and graduate researcher Dudley W. Reiser are inves­
tiga tors for the first project. White is joined on the second 
projec t by Civil Enginee ring Associate Professor James H. 
Mill igan, as co-principal investigator, and by Fisheries 
Resources graduate researche rs Alle n Bingham, Robert 
Ruediger and Thomas Vogel. 



Wlldland Recreation Management 

MODEL COMBINES DATA TO PREDICT 
RECREATION BEHAVIOR 

What motivates people to seek and participate in 
recreation? What expectations do recreationists hold and 
how do these influence their behaviors? What benefits do 
people receive from recreation experiences? What is a satis­
fying recreation experience? These are basic questions 
that have been asked by recreation resea rchers for decades. 
But the research approaches taken to answer these questions 
have often been atheoretical and isolated frolll other works. 
Lately, many researchers have called for the application of 
social psychological models to problems in recreation. 

Wildl and Recreation Management Assistant Professor 
John H. Schomaker and graduate researcher David Cockrell 
are making an effort to answer this call. They are sys temati­
cal ly applying a social psychological model developed by 
Martin Fishbein and leek Ajzen to prob lems in recreation. 
This model is well grounded in the expectancy theory 
approach to human motivation and has been applied to 
practical problems in other fields. The model uses data 
concerning beliefs, attitudes, and intentions in a precise 
formulation to predict behavior. An extension of the model 
suggests methods for changing behavior through persuasive 
communications. 

The app~cations of the Fishbein and Ajzen model to 
management situations are numerous. By specifying the 
determinants of a behavioral intention , the model can 
offer insights into who participates in what activities and 
why. Some of these determinants of part icipation are 
subject to management control. The model may also offer 
clarification of the elements of a "quality recrea tion 
experience" and help us to understand what constitutes 
satisfa ction. 
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The first task in utilization of this model is its appli­
cat ion to previous social psychological research findings in 
recreation. This stage is presently underway. Issues under 
investigation from the Fishbein and Ajzen approach include 
studies of satisfaction in recreation , motivation and benefits 
of participation in recreation activities, subst itutability of 
recreation experiences, and the dynamiCS of social groups in 
leisu re activities. This effort will result in a theoretical 
paper to be completed early in 1978. 

A second stage of the project will test the model 
through an examinat ion of the variables in a recreation field 
setting. This empirical research was begun during the 
summer of 1977 by Stacy Young, an undergradua te 
researcher supported by a grant from the University of 
Idaho Wilderness Research Center. Her exploratory study 
assessed the wilderness users' beliefs about various aspects 
of wilderness. Tllis work will be extended during the 
summer of 1978 as the complete model is tested. 

The project , supported by McIntire-Stennis funds, 
should serve two valuable purposes , offering recreation 
professionals insights into the dynamicS of recreation be­
havior and providing integrated conce pts for recreation 
resea rchers. It is hoped that the model will help to explain 
previous research findings, aid in the planning and manage­
ment of quality recreation experiences, and generate new 
hypotheses from a coherent framework. 



Wlldlife Resources 

WILDLIFE SURVEY SHOWS DEER, 
ELK, WOODPECKER USE 

A wildlife land habitat inventory conducted 011 Bureau 
of Land Management holdings north of St. Maries in 1977 
provides the first mapping of the area according to wildlife 
use, and offe rs direction fo r its management. 

The study was conducted by a research team fr0111 
the College of Forestry, Wildlife and Rahge Sciences, under 
a cooperative agreement with the Bureau of Land Manage­
ment and the U.S. Fish and Wildlife Service. Wild­
life Resources researcher Jeffrey A. Keay and Assistant 
Professor Edward O. Garton were pr incipal invest igators. 

Elk and deer lise were monitored on 11 42 stands in 
the rugged Rochat Peak study area between the Coeu r 
d'Alene and St. Joe rivers in northern Idaho. The area is 
characterized by sharp ridges and deep V-shaped va lleys , 
with heavy winter snowfall in the mountains. The stands, 
broke n into 13 inventory areas, were delineated 0 11 aer ial 
photographs in planning the project. 

The area is st ill recovering from serious fire damage in 
the early 1900s. Seral shrub communities exist in many areas 
60 years after fire disturbance. Mature timber was found on 
57 percent of the sites, and shrub fie lds on 24 perce nt. 
Grand fir/ pachistima habi tat was located on 30 percent of 
the stand s, Douglas-fir/ ninebark on 25 percent, and moun­
tain hem lock/beargrass on 24 percent. 

The land suppo rts big game summer range , spring 
green-up areas for early feeding , and one large tract of high 
quali ty elk and deer win ter habitat. Seve ral stands were 
identified which may be im portant for calving and rut. Nine 
of 13 inventory areas had snags in the size range preferred 
by the pileated woodpecker. Other woodpeckers, hawks 
and owls, are cavity nesting species which also make use of 
snags. 

The Federal Land Policy and Managemenl Act of 
1976 directed the Bureau of Land Management to manage 
public lands under its con trol in accord with multiple land 
use. With surrounding land heavily infl uenced by the 
economic market, researchers noted that the Bureau's 
holdi ngs have Il igh potentia l as wildlife refuge. 
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DIET LAB FACILITATES FOOD HABITS 
ANA LYSIS ON ANTELOPE 

Knowledge of the food habits of a species is one of 
the most im portant , and difficult , kinds of information that 
a wi ldlife biologist needs to collect. Tradi tional methods 
necessitate killing animals for stomach content analysis. 

Use of an alternative technique, analysis of fecal 
material, is now possible through the Range Resources' 
new Dietary Analytical Lab. Technician Wayne Kasworm 
identifies food items consumed by big game and domestic 
livestock by means of microscopic examination of food 
materials surviving the digestive process. Plant materials 
can be identified to species by virtue of characteristic 
ce ll shapes and arrangements , microscopic hairlike struc­
tures , and other features. 

Before this microhistological technique can be 
applied to a given anima l species , it must be va lidated by 



running checks with the standard stomach·analysis tech· 
niques. This standardization process corrects for any dif· 
fe rential digestion that has occurred on consumed food 
items. These relationships have been wo rked out for cattle, 
deer, elk , bighorn sheep , some game birds, and several 
other species. Wildlife Resources Assistant Professor 
Winifred Kessler is comparing rumen and fecal samples 
of pronghorn antelope, wit h the aim of valida tin g fecal 
analysis for tilt! species. 

The advantages of the technique to future pronghorn 
research should be clear: 

Food habits ca n be studied wit hout kil ling o r 
ot herwise disturbing the animals in their naturaJ 
setting; 
Sample sizes can be greatly increased; 
The food habits of en ti re populat ions, rather 
than of just a few selected individuals, can be 
studied ; and 
The investigat ion can be conducted continuously 
over an indefinit e time period. 

TAGGED OTTER TRACKED IN 
WEST-CENTRAL IDAHO 

Setting out to discover more about the river otter led 
graduate researche r Wayne Melquist and Cooperative Wil d· 
life Research Unit Leader Maurice Hornocker into west· 
ce ntra l Idaho in 1977. The river otter is being considered 
for threatened or endangered st atus by the U.S. Secretary 
of the Inte rior, and information from basic invest igations is 
critical for sound decision making and the management of 
wild species. The study area for the project included the 

orth Fork Payette River, from its origin to Cascade Reser· 
voir, and Lake Fork Creek from Brown 's Pond to the 
reservoir. River otter food habits, movement, social organi · 
zation, condition , and population density were examined 
during the course of the study. Data were collected from 
visual observations and radiotracking on foraging, feed ing, 
grooming, socializing, traveling, playing, resting, and 
searching for other members of the group. 

Eighteen otter were captured or recaptured by 
trapping, mostly during late spring, su mmer and fall. A 
total of 13 otter were tagged with external radio collars. A 
radio was surgically implanted in one juvenile male otter. 
While some tagged otter spent extended periods at one 
location, two others were tracked from the Payette River 
drainage to the Salmon Rive r drainage, and to Lake Fork 
Creek , distances of 3 1 km and 35 km, respectively . 

A variety of den sites were used by the tagged otter, 
including beaver dens, houses and tunnels , rock talus along 
lakes and streams, and road rip·rap (rock fill). Certain sites 
were used mOre frequently than others, and some by several 
differe nt anim als. One female used II different sites, but 
only 5 of these more than o nce. An old beaver tunnel was 
used by six otter, often concurrently. 
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Otter scats were collected and analyzed to determine 
food habits and predator·prey relationships. Partial analysis 
indicated a correlation of prey items in the diet with pres· 
ence and abundance of prey species. 

Simultaneous radiotracking of differe nt age, sex and 
social groups provided information on the social organiza· 
tion of the river otter. Frequen t observations of ad ult and 
subadult male s and females and famil y groups in the same 
area suggest that these animals have a high degree of toler· 
ance for each other. During the non breeding period there 
was no evidence of territoriality. Mu tual avoidance of 
adults of the same sex did not appear to exist. 

Radiotracking, the OCCurrence of sign, and visual 
observations provided evidence that otter use portions of 
their range on a seasonal basis. During the winter, otter 
spent very little time in sections of the lakes and st reams 
that were ice·covered. At other times of the yea r, their 
presence in certain portions of the st udy area appeared to 
be related to prey abundance and availability. During 1977, 
researchers estimated a minimum of 15 otter on Payette 
River. or one otter for every 3.6 km of waterway. On Lake 
Fork Creek, they estimated a minimum of 11 olter, or one 
for eve ry 2.6 km of waterway. 

The otter population within the study area appea red 
healthy. Although factorS regulating the population density 
are not entirely understood, protec tion given the ri ver otter 
through a statewide closure of trapping in 1972 has probably 
contributed to their numbers. 



SNAG STUDY PI NPOINTS 
WILDLIFE HABITAT TREES 

Snags on forested lands have become increasi ngly 
important in the past few years. Basel ine studies indicate 
many hole-nesting species of birds rely solely on snags for 
their livelihood. For this reason Illany believe all snags should 
be left standing. Howeve r, fire policy, safety procedures, 
firewood cutters and the timber industry require the felling 
of many snags. With these conflicting interes ts it is necessary 
to determine the value of snags before management pla ns 
can be developed. The USDA Forest Service has imple' 
mented snag management plans for many of its districts. 

At prese nt transects are being run to ascertain the 
number of snags and volume of dead standing material on 
the University of Idaho Experimental Forest, north of 
Moscow, Idaho. The area is characteri st ic of much of 
northern Idaho and results from the st udy could easily be 
applied elsewhere in the state. Information gai ned from 
these transects includes a survey of snag use by wil dlife. 
Some snags appear espec ially important to woodpeckers 
and other hole-nesting birds, while others receive little or 
no wildlife use. Non-essent ial snags could be rem oved with­
out any adverse effect on wildlife populations. Some snags 
which offer sound merchantable wood can be used by the 
wood products industry. Good woodpecker habitat is neces­
sary to forest maintenance. Woodpeckers consume large 
numbers of forest insects , some of which are harm ful to 
growing trees. 

Information gained frol11 this study will aid in the 
development of a so und management plan for snags on the 
University of Idaho Experimental Forest and other similar 
areas and set guidelines for interested private landholders. 
Wildlife Resources graduate researcher Gordon D. Bunch 
and Associate Professor Steven R. Peterson are the principal 
invest igators. 

BOBCAT NUMBERS DECLINE 
IN ACCESSIBLE AREAS 

Combining the mailed questionnaire and personal 
inte rview techn iques to gather in fonnat ion 011 bobcat 
harvests , changes in bobcat abundance and opinions on 
possible management regulations , Wildlife Resources Pro­
fesso r Ernest D. Ables and graduate researcher Donna 
Rounds covered many parts of Idaho during the summer of 
1977. During their interviews with 48 trappers and hounds­
men , and 9 game biologists and conservation officers, the 
researchers obtained detailed information on the st atus of 
local bobcat populations. According to those interviewed , 
bobca ts have declined in numbers throughout Idaho in 
areas accessible to trappers and houndsmen. Some felt the 
population has been severely reduced, usually citing trapping 
and hunting pressure as responsible. A decline in rabbits, 
ground·nesting birds and other bobcat prey species popu· 
lations were also considered a factor by many. The decline 
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in prey populations coincided with the increase in the value 
of the bobcat pelt. The researchers also contacted 28 fur· 
dealers to determine the volume of pelts handled durin g 
1976 and 1977. 

A planned survey of bobcat dens was limited by 
known whereabouts of dens. Nine dens located by Theodore 
Bailey, wildlife biologist , during a study of bobcat social 
organization on the Idaho National Engineering Laboratory 
in southern Idaho, were visited in June.and again in August. 
No signs of occupancy were found on either visit. 
Researchers believe that scarc ity of prey is responsible. 
The rabbit population decl ined sharply in 1971 , and is just 
beginning to recove r, according to security personnel at 
the site. 

Although the study is not yet complete, it has already 
contributed to the management of bobcats in Idaho. lnfor· 
mation derived from questionnaires and interviews and sent 
to the Idaho Department of Fish and Game was later used 
to formul.te regulations for the 1977· 1978 trapping season . 
From the 527 question naires first returned, 380 respondents 
.greed that there was a need to limit the take of bobcats , 
88 disagreed, and 59 were neutral. Management suggest ions 
made during the interviews ranged from a trapping season 
with no other restrictions, to statewide closure until the 
bobcat returns to former population leve ls. 

"'''' 



Forest Products 
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PHYSICAL PROPERTIES COMPARED 
FOR LIVE, DEAD WHITE PINE 

Physical propert ies of live and dead western white 
pine were compared on 12 areas in northern Idaho by 
Forest Products gradua te researcher Glenn L. Gernert and 
Associate Professor Arland D. Hofstrand. 

Dead standing, dead down , and live western white 
pine were sampled in speci fi c gravity and shrinkage tests. 
Measurements for each physical property were analyzed 
statistically using the analysis of covariance . The researchers 
used moisture content and specific gravity variab les in test ing 
shrinkage, and moisture centcllt alone in testing specific 
gravity . 

Although significant differences were recorded among 
findings on different sample areas, no significant difference 
at the 5 percent level was observed between means of dead 
standing, dead down or live trees for shrinkage or specific 
gravity. Moisture content means were calculated at 42 , 33 
and 73 percent , respectively, for the three categories. 

DEAD WHITE PINE MAY 
BE PROFITAB LE 

The dead white pine utilization project conducted by 
Kjell A. Christophersen and John P. Howe is now in its 
second phase, which emphasizes economic feasibility. As 
dead white pine deteriorates, volume and quaJity grade 
suffe r for conventional uses. It was hypothesized that the 
characteristics which degrade the quality of conventional 
lumber would enhance the va lue of the speciality products 
manufactured frol11 it. In short, it is possible to capitalize 
on the presence of defects and turn them into profitable 
prod ucts such as interior panell ing, cabinetry, picture 
framing, and furniture . A cursory survey of the markets 
for such products indica tes a large poten tial. Only a few 
prod uce rs are making specialty products out of distressed 
wood, primarily ponderosa pine and lodgepole pine, and 
their returns are high. 0 similar processing of dead white 
pine has been detected . 

The economic feasib ili ty portion of the study will 
include the identification of each production step from 
raw material to distribution of the final product with 
corresponding cost and benefi t measurements. Each step 
will be analyzed separately and collecti ve ly to determine 
optimal economic production sequencing and level of 
capitalization. Christophersen and Howe are Assistant 
Professor and Professor, respectively, of Wood Products. 



M. Hirollaka 
Vast acres of sagebrush in the Intermountain wcst often arc burned whcn rangeland is cleared for reseed ing or cult ivation. Artemisia tridell toto 
ssp. lVyommgellsls, the most common sagebrush on dr y rangelands, was harvested, chipped, and processed into paper using the kraft process. 

CHIPPED SAGEBRUSH 
YI ELDS PAPER PULP 

Much of the rangeland in the In termountain Region 
of the west is covered with sagebrush, which is usually 
burned when rangeland is cleared for cultivation or for range 
reseeding. Forest Products Professor John P . Howe and 
Chemical Engineering Professor Andrew J . Chase of the 
Unive rsity of Maine initiated a project to determine the 
technical feasibility of making paper from sagebrush. 

A sample of Wyoming big sagebrush, Artemisia tri· 
del1tata, subspecies wyomingellsis, was harvested south of 
Boise, Idaho, in Ada County on the Snake River Plain. 
This subspecies was chosen because it is the most common 
type of sagebrush to be found on the drier rangelands of 
the Intermountain Region. 

The sample consisted of "above ground" components 
of the sagebrush and included leaves that remained on the 
plants after shipment to the laboratory. 

The sagebrush was "chipped," using a drum chipper. 
TIle material was then winnowed to remove dirt which had 
been embedded in the bark and very fine particles of bark 
and wood formed in the chipping operation. The remain ing 
material, probably 99 percent of the sagebrush as received, 
was sufficie nt for two pulpings by the kraft process. 
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Cook no. 1 used conditions of chemica l to wood ratio 
and cooking time less severe than would be common for 
pulping of conventional hardwood chips. It was thought 
that the open structure and small average particle size of 
the sagebrush chips might result in rapid chemical pene ­
tration and reaction. However . the resulting pulp was 
extremely undercooked. The relatively high chemical con· 
sumption showed that insufficient chemical was charged 
initially~ consequently the average chemical concentration 
in the digester was low. 

For cook no. 2 the chemical charge was in creased to 
give an initial chemical to wood ratio of 0.2 pounds of alkali 
per pound of wood, and cooking time was increased from 
I to 2 hours. The result was a higher yie ld of accep table 
pUlp. The chemical co nsumption was low, ind icat ing that 
the chemical charge was higher than necessary. 

The study cannot be considered conclusive because of 
insufficient material for establishing opt imum pulping con­
ditions. However, sagebrush can be pulped successfully by 
'he kraft process. Significant yield of fiber can be realized, 
probably within the 30 to 40 percent range, although pulp 
yie lds and st rengths will probably be lower than those 
realized from more conventiona l raw materials. 

A comprehensive study of the pulping variables and 
of other pulping processes would undoubtedly give the 
sagebrush a better showing than was accomplished in this 
brief study. 



Forest Resources 

WATER QUALITY GUID ELI NES 
TO ALTER FOREST PRACTICES 

Sc ientis ts from a broad range of discipli nes in the 
University of Idaho's Forest, Wildlife and Range Experi­
ment Station have undertaken a sweeping, statewide 
program to evaluate and improve forest practices that affect 
water quality within the state. 

Setting water quality standards is just one funct ion of 
the forest practices project. Current laws, specifically the 
Idaho Forest Practices Act of 1974, and the Rules and 
Regulations of 1978, will be examined in terms of their 
potential effectiveness in maintaining these standards. The 
crux will come in developing standards and keeping regu­
lations flexible to deal with wide variations which exist in 
pristine water quality_ 

Technology now exists which would allow forest 
managers to enter and work within a forest ecosystem 
without causing more than natural variation in water quality. 
Choosing the best forest practices for the ecology of each 
site needs to be encouraged. An education/extension pro· 
gram, recommendations for changes in forest practice regu· 
lations and a training program on enforcement and adminis· 
tration of the Forest Practices Act will be by-products of 
the project-

The interdisciplinary research team is headed by 10hn 
H- Ehrenreich, Dean of the College of Forestry , Wildlife 
and Range Sciences, as project director. Professor Arthur D. 
Partridge, Forest Resources, is project coordinator. Members 
of the team and their areas of specialization include Pro­
fessors David L. Adams, Forest Resources; David 1-1. Bennett 
and C. Michael Fal ter , Aquatic Biology; Kjell A. 
Christophersen , Charles W. McKetta and E. Lee Medema , 
Fo rest Economics; Leonard R. Johnson, Fo rest Engineeri ng; 
John G. King, Hydrology; Howard Loewenstein , Soils; 
Kenneth M. Sowles, Forest Policy and Administration ; 
and E. Woody Trihey, Water Resources. Larry Dawson 
served as a technician to the project. 

Agency contracts for forest practices were reviewed , 
along with all manuals, handouts, guides and procedures to 
determine their ability to maintain water quality during and 
after each forest practice. Federal , state and private con· 
tracts were compared for effectiveness. 

Representative operations were st udied on federal, 
state and private land to identify existing management 
praCtices , high environmental risk areas and water quality 
problems, Site evaluations from this portion of the project 
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fo rmed the basis for state management guidelines. For 
t hose sites which did not meet the required standards , 
addit ional manpower, training and administration needs 
have been estimated which would bring the area up to the 
guidelines. 

Exist ing st udies and information from the site evalu­
at ions have been used to determ ine which regulations do or 
do not ensure maintenance of water q uali ty. Addi tio nal 
regulatio ns have been suggested whe re necessary, while 
Some have been eliminated. Management con tro l practices 
such as buffer st ri ps , road t rea tment measuring and road 
density have been st udied for thei r effec t on water q uality . 
Costs and benefi ts of the rules and regulations have been 
evaluated. Suggested amendments have been d rafted to be 
stringent enough to maintain proposed water quali ty 
standards while being enforceable , and economically 
feasible. 

PHOTO INTE RPRETATION KEYS 
MADE FOR CROPS, TIMBE R 

Resea rchers in the College's Remote Sensing Unit 
have prod uced a calenda r of Idaho cropping pract ices by 
region, and a photo in te rpreta tion key to fo rest cover types 
in west central Idaho through subprojects of the Pac ific 
Northwest Regional Commission's Remote Sensing Demon­
stration project. The project was partly funded by a 
National Science Foundation Undergraduate Research Par­
tic ipation Grant. 

The cropping calendar and photo in terpre tation key 
were developed for use in a survey of irrigated croplands by 
the Department of Water Resources, and for a forest inven­
to ry conducted by the Department of Lands, respect ively. 
Satell ite imagery, high and low aeria l photography and 
ground checks we re ut ilized in the projects. 

In attempting to identify crop types using the dif­
ferent levels of imagery, invest iga tors requested a guide 
showing which crops grew at wha t ti mes for differen t 
sections of Idaho. Mark She lton , an entomology student , 
deve loped and mail ed a crop quest ionnaire to all County 
Coope rative Extension Agents and Soil Conserva tion 
Service represe ntatives in Idaho. The quest ionnai re req ues ted 
the plowing, planting, fertili zing, irrigating and harvesting 
times for each county or region by crop , and also the soil 
types , slope, aspec t , row width, fi eld size, types of irri ­
gation and crop rotation pract ices. 

The result ing in fo rmat ion consti tutes the fi rst state­
wide comprehensive crop survey. Using this guide , remote 
sensing in te rpreters will be able to dete rmine the probable 
crop for a particular region , and its stage in the growing 
season. 

A photo interpre tation key to forest cover types and 
timber vo lume was developed by graduate researcher Bill 
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Befort and Paul Luther, an NSF unde rgraduate research 
part icipant, for use in the Department of Lands survey of 
8 million acres of fo rest land in west-central Idaho. 

The larger study by the Departmen t of Lands, using a 
multistage sampling approach, wi th LANDSAT sa tellite 
imagery, NASA high altit ude U-2 photography, and larger 
scale resource aer ial ph otography, is being conducted with 
the cooperation of the Nat ional Aeronaut ics and .Space 
Administ rat ion and the U.S. Geological Survey. To develop 
the photo interpre tat ion key, U.S. Fo res t Service resource 
photography was used as the bas ic imagery, along with large 
scale 70-m m ae rial photos taken on overflights by the 
College's re mote sensing uni t. Terrest rial colo r ste reo photos 
and ground in fo rmat io n for the projec t were co llec ted by 
Befort. 

A descript ive , well -illust rated manual , " Airph oto 
Guide to Forest Cover Types in West-central Idaho," is one 
product of the study. Aerial photo volume tab les also were 
deve loped fo r a composite cover type , ponde rosa pine, 
Douglas-fir and "m ixed" cover types. The ta bles were 
developed by regression of fi eld-measured height and photo­
es timated crown coverage o n gross me rchantab le volume 
da ta from 444 plots previously cruised by the Depa rtmen t 
of Lands. 

The informati on was put in to table form using a 
mat rix of height in fee t ve rsus pe rcentage crown closure , 
and shows the cubic foot volume for those en tries. The 
table equat ion is also given . 

MANAGEMENT CAN BA LANCE 
TIMBER GROWTH/PRO F ITS 

Idaho commercial forest plantations, both act ual and 
hypothet ical, are being exami ned by compute r for fina ncial 
product ivity. Using a stand prognosis model deve loped by 
Albert R. Stage (1973) in conjunction with an economi c 
model, resea rchers applied a var iety of treatments to timber 
stand conditions on 11 7 case studies and 39 hypothetical 
plantat ions, then followed their projec ted deve lopment. 
Use of plan ting, preco ll1 merc ial and commercial thi nni ng, 
oversto ry removal and fer til izat ion in various combinations 
resulted in d if ferent levels of fiber and sawtimber o utput. 
Each of the 1560 poss ible yield horizons was exa mined for 
its economic potential. 

While some in tens ive silvicultu ral trea tments, i.e., 
planting and precommercial thinning, may increase wood 
yie lds , they may lead to net losses as investments. ChOOSing 
to grow t rees until they reach a maximum number of 
board fee t , rat her than harves ti ng them as soon as their 
size makes that option profi tab le, may Signi ficantly lowe r 
potentia l stumpage revenues. 

In spite of record hi gh urea-nit rogen prices, fert iliza­
tion combined with commercial thinning showed surprising 



promise. An economic analysis of fertilization projects 
within the Experiment Station has been proposed to rigor­
ously test that result. 

Each stand in the st udy had at least one option which 
resulted in positive net present returns, according to Forest 
Resources Professor Charles R. Hatch, and Assistant Pro­
fessors Kjell A. Christo phersen, Charles W. McKetta , and 
E. Lee Medema. Study results showed that Idaho forests 
can be financ ially productive. Idaho timber product ion 
potential is high re lative to other Rocky Mountain stat es. 

This type of analysis is dependent on its assumptions 
of basic economic conditions. The use of a 5-perccnt dis­
count rate is particularly critical to the results. A complete 
sensitivity analysis is included to enable the reader to evalu­
ate the credibility of the study findings and adjust it to 
individual conditions. 

This economic analysis of Idaho Forest Productivity 
could be expanded for analyses of critical Idaho forest 
policy issues, practical timber supply projections, and forest 
investments. The research and findings are being rewritten 
as an experiment station bulletin for public distribution. 

HAZARD RATING MODELS 
AID FOREST MANAGERS 

Forest resources researchers began work in 1972 both 
to deve lop a rating system for stand hazards and to deter­
mine the in fl uence of silvicultural practices on fir engraver 
beetle populations and damage trends. TIle project focus 
has broadened to include analysis of the inter-relationships 
of the beetle community by structure and dynamics, stand 
density and diversity, intensity of harvest cutting, slash 
accumulation and logging practices, understory vegetation, 
cone and seed production and loss , stand regeneration and 
residual tree growth. 

Models have been developed and val ida ted by Pro­
fessors John A. Schenk and David L. Adams, Research 
Assistant Professor James A. Moore and Research Associate 
Ronald L. Mahoney. The original of these models (the 
Stand Hazard Rating) offers the land manager assista nce 
in treatment decisions by rating grand fir stands for fir­
engraver caused tree mortality hazard. It is based on the 
re lationship between stand density and tree species diver­
sity and is easily calculated using standard forest cruise 
data. Th is model has been refined and va lidated using addi­
tional experimental stands. Further validation in stands of 
different geographical and ecological character is planned. 

A second model rates grand fir growing sites by their 
susceptibility to fir -engraver caused tree mortality. TillS 
rat ing system is based on the moistness of the site as 
expressed in the composition of understory vegetation. It 
has been established that grand fir is more susceptible to 
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attack and subsequent mortali ty on sites at the drier end 
of its ecological range. Interpretation of th is phenomenon 
will continue, using additional data from studies of tree 
mortality in re lation to forest habitat types and post­
logging examination of understory vegetation. 

The effects of logging practices and slash accumu­
lation on beetle population levels and community structure, 
grand fir mortality leve ls, stand regeneration, understory 
plants, and cone and seed production and loss are being 
assessed by graduate students involved in this project. 
These studies involved collection of pre-logging and post­
logging data from stands harvested at two levels of cut 
intensity. Further refinement of the Stand Hazard Rating 
Model will ma ke use of the density and diversity data from 
each stand. 

A growth projection model has been designed to 
assess tree growth response relative to growing space after 
logging, and to relate probabili ty of beetle attack to com­
petition. Data analyses are in progress. The outcome will 
aid in decisions relating to pre-commercial as well as com­
mercial cutting systems. 

Dr. Adams is attempting to compare the effects of 
the various harvest intensities on stand regeneration and 
subsequent site conditions. This information will be va lu­
able to foresters as they calculate a compromise between 
maximum profits from harvest operations and optimum 
stocking of regeneration for the new stand. 



TREE GROWTH GUIDE 
AND MODEL PLANNED 

In a cooperative stud advanced regeneration t Y, resear~hers have found that 
c _ ' rees grawmg unde tI ' 
anopy 111 a suppressed condition r le lorest 
a rth Idaho forest stackin th ' make up a larger part of g an prevIOusly expected_ 
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Resources Professor Da 'd L . ergusol1 and Forest t1 I VI . Adams in coo . . 
le ntermountain Forest dR ' peratlOn with 

of the USDA Forest 5 an ange Experiment Stat ion 
ervlce will be c . 
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range of ecological conditions.

orest 
understory over a wide 

. Under shel ter wood regenerat ion 
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lC prevIOUS crop. 
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David L. Adams 
Use or a portable oscilloscope and square-wave generator may orrer nursery men a precise method to tell when seedlings enter dormancy. Strong 
signa ls are received, above, rrom a live, healthy tree sample. 

WAVE SIGNALS MAY 
SHOW PLANT STATUS 

If living and dead plant ti ssues modify induced wave 
signals in different patterns , researchers in the Forest, Wild· 
life and Range Experiment Station may be able to distin­
guish dormant, living plants from dead ones. 

Graduate researcher David L. Wenny and Fores t 
Resources Professor David L. Adams are testi ng waveform 
output obtained from a portable oscilloscope and square­
wave generator as a potential tool for determining physio­
logical status of tree seedlings. Dther studies have indica ted 
that induced square-wave signals are altered by a plant'S 
physiological state as they pass tluough its tissues. 

Use of such a technique would be valuable in deter­
mining the precise onset of dormancy for nursery ope rators. 
Seedling trees are planted whjle dormant to reduce stress 
and achieve better survival rates. Nurserymen must wait 
until do rmancy begins to lift the seedlings safely for trans­
portation to short·tenn storage , or a planting site. 

Visually, dormancy begins with the formatio n of the 
terminal bud and ends with bud burst. Because dead and 
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dormant plants often look the same, methods are being 
studied to establish the condition of the plant in a non­
destructive manner. 

The demand for gene tica lly improved planting stock 
has shown a remarkab le increase in recent years, and will 
continue to expand. Last year, approximately 2 1 million 
seedlings were produced by Idaho's forest tree nurseries. 

Prompt regeneration of fo rest stands fo llowing harvest 
or wildfire is an essential part of accelerated forest .nanage­
ment in Idaho. Manageme nt , both public and priva te, is 
placing a much greater emphasis on arti ficial regeneration, 
with special atten tion to planting. 

As site preparation and planti ng costs now commonly 
exceed 565 per acre, and many thousa nds of acres need 
reforestat ion, the success of a planting operation is of great 
concern. Cutover lands should be restocked promptly using 
the seedlings and methods that will offer the greatest 
potential for success, and thereby meet management objec­
tives at minimum cost. 

Precise knowledge of a plant's physiological status at 
the time of planting would give nurserymen better 
control , lengthen the plan ting season, and increase the 
seed ling survival rate . 



Range Resources 

HABITAT TYPE CLASSIFICATION TESTING 
SCHEDULED IN SOUTHERN IDAHO 

A habitat type classification that is app licable to 
nearly 18 million acres of rangeland in southern Idaho has 
been developed and will be rigorously field tested during 
the coming year. The classification applies to the major 
habitat types of the sagebrush and mountain brush zones, 
all non-forest vegetation. 

The habitat type classification is based on the land­
scape's ecological potential rather than its vegetative char­
acteristics which may be drastically modified by fire, 
grazing and other disturbances. The habitat type and its 
attendant community types would provide the land manager 
with additional information for making management 
decisions that cannot be obtained from the range type 
classification. 

Tentative ly, 28 habitat types that support various 
species of Artemisia and 5 habitat types in the mountain 
brush type have been identified by Professors Minoru 
Hironaka and Maynard Fosberg of Range Reso urces and 
Plant and Soil Sciences, respec tively. A key to their class i­
fication has been prepared and characteri za tion of each 
identified hab itat type is in progress. 

The classificat ion is based on the dominant shrub and 
perennial understory species. Variation in the lesser species 
composition and productivity within habitat ty pes results 
mainly from the broad range of conditions under which the 
same combinations of shrub and understory dominants 
occur. Disturbance adds further complex ity to the within 
habitat type variation. 
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Because pristine examples of habitat types in southern 
Idaho are ra re , the investigators assumed that all exa mined 
stands had been d ist urbed , though to a varying degree. 
They a.lso operated on the premise that a particular so il 
body supports o r supported a single climax plant community. 

The use of so ils infonnation is an integral part o f this 
projec t , as there is a high correlation between the habitat 
type and so ils , and the vegetation that is present. Although 
more than one soil can support the same climax plant 
comm unity , a ll areas of the same soil belo ng to the same 
habitat type regardless of the vegetation they presently 
support. Thus, a habitat type may include more than one 
soil, but only a single climax plant community. With proper 
interpretation the community types and their probable 
successional sequence within a habitat type can be deduced. 

Use of the habitat type system permits landscape 
classificat ion on the basis of vegetation that it can support 
in it s natural state. This provides the land manager with a 
useful reference not only to the land 's present productivity. 
but also to its potential. The classification also offers a basis 
for a storage and retrieva l system capable of providing 
in format ion on responses to management practices useful 
to other areas of the same habitat type. Documentation of 
management responses by hab itat type would be invaluable 
to manage rs who wished to foUow up the results of their 
predecessors. 

This classification is a first approxim at ion. As more 
in formation becomes ava ilable and reduction in the va ri­
ability within habitat types is deemed necessary for more 
int ensive managemen t, addit ional habitat types or phases 
can be recognized. 



Annette S. VOlh 
Patterns of natural revegetation are compared on grazed and ungrazed study plots of sagebrush/bu nchgrass rangeland on the Boise National 
Forest. The Wood Creek exclosurc, above, is located on the Boise District. 

PLANT SUCCESSION T RACED ON GRAZED, 
U GRAZED LAND 

Long term changes in sagebrush-bunchgrass vege­
tation on once heavily grazed rangeland are being investi­
gated by Range Resources Assistant Professor Kenneth 
Sanders and grad uate resea rcher Annette Voth in coopera­
tion with the USDA Forest Service. 

Rangelands on the Boise National Forest were heavily 
grazed by cattle, sheep, and horses in the early 1900's. 
The result was Sign ificant deterioration of vegetation, soil 
and watersheds. In 1930, concern over this deterioration 
led to construction of several domestic livestock excJosures 
with permanent study plots located in both grazed and 
ungrazed areas. Studies were initiated at that time to deter­
mine the exte nt to which natural revegetation of these 
rangelands would occur. 

Since 1930 these plots have been studied periodically, 
the most recent study having been conducted in 1955. The 
current study, which was initiated in part to determine if 
continued maintenance of the exclosures is justifiable, will 
encompass both data collected during the summer of 1977 
and data collected over the past 50 yea rs. 
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This SO-year time span in data on several specific 
areas is a relatively rare feature among successional studies. 
Commonly, the researcher must attempt to pick several 
areas for which similar vegetation potentials exist, examine 
these at one point in time, and then make in ferences about 
succession on a single area through time. 

Because the study was initiated ea rl y ( 1930) in the 
development of range management as a Science, many of 
the methods used have long since been discarded and 
replaced by newer techniques. Among these tech niques are 
the use of a pantograph for charting vege tation and the tenl 
tenths method of cover est im ation. Familiarity with old 
methods and with their strengt hs and weaknesses is a pre­
requisite to understanding early work; the transforming and 
combining of old and new information to extract the 
maximum available information is a chall enging task. 

Aims of the study include identification of patterns 
of secondary succession both on areas which for the most 
part have been continuously grazed since the early 1900's 
and on areas from wh ich grazi ng has been excluded since 
1930. Comparisons between grazed and ungrazed areas also 
will be made. Hopefully, this knowledge will lead to better 
grazing management and , consequen tly, more productive 
rangelands. 
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RESEARCH PROJ ECTS AND INV ESTIGATO RS 

To save space, abbreviated project titles are given If additional illfomzation is needed, 
please write to the principal investigators or the Office of Associate Dean for Research. 

FISHERI ES RESOURCES 

Response of selected salmonids to now reduct ions in artificia l 
stream channels. D. H. Bennett . 

Development of a generalized model to pred ict spawning success 
of fi shes in reservoir s with nuctuating water levels. O. H. Bennett. 

Response of mosquitofish to therma l effluents. D. H. Bennett. 

Special ang ling regulations in management of cutthroa t trout. 
T. C. Bjornn. 

Thc car ry ing capacity of streams for rearing salmon ids as affected 
by sed iment a nd other components of the habitat. T. C. Bjo rnn . 

Wolf Lodge Creek culthroat trout studies. T. C. Bjornn. 

A study of adu lt chinook sa lmo n and steelhead trout " losses" in 
the McNary Pool area of the Co lumbia and Snake rivers. 
T. C. Bjornn. 

Co mparat ive characteri stics of wild and hatchery Clearwater River 
steelhead trout. T. C. Bjornn. 

Vancouver Island steelhead angler behavior, opinio ns and 
preferences toward artificial enhancement. T. C. Bjornn. 

Evaluation of var io us hat chery rearing conditions on the seaward 
migrat ion of steel head trout. T. C. Bjornn. 

Density of juvenile steelhead and salmon in the Lochsa and Selway 
rivers, Idaho. T. C. Bjornn. 

Surviva l and emerge nce of sa lmon and trout embryos and fr y in 
gravel-sa nd mixture. T. C. Bjornn. 

A stud y of the aquatic resources of Silver Creek at the Nat ure 
Conservancy sit e. T. C. Bjornn. 

Food habits and di stribution of rainbow tro ut (Sa/mo gairdneri) 
and cuttluoat trout (Sa/lllo clarki) in Lake Koocanusa , Montana . 
T . C. Bjornn. 

Trapping of faU chinook at Icc Harbor Dam. T. C. Bjornn . R. R. 
Ringe. 

Survey of selected North Idaho streams. T. C. Bjornn, R. R. Ringe. 

Lower Snake River limnology. C. M. Falter. 
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Efficacy of selectcd antibiotics in the preve ntio n and co nt rol of 
bacte rial kid ney di sease. G. W. Klo nt z. 

Factors controlling Dworshak Reservoir productivity. C. M. Falter. 

Conversion of U.S. Coas t Guard launch to Ii mno logica l resea rch 
vessel. C. M. Falter. 

Limno log ic eva luat ion and zooplan kto n dynamics of Lake 
Koocanusa, northwest Mo ntana. C. M. Fa lter. 

Evaluat ion ofbiofilter factors. G. W. Klo ntz. 

Aqu:l culture discha rge qualit y. G. W. Klontz . 

I' oodfish production in Idaho. G. W. Klo ntz. 

Epidemio logy o f respiratory disease of juve nile anadromous 
sa lmo nids. G. W. Klontz. 

Select ive chemicals for the control of threespine stickleback. C. 
MacPhee. 

Select ive chcmica ls fo r the control o f suckers. C. MacPhee. 

Chemica l fire retardant s. T. H. Blalun , C. MacPhee. 

Downst ream transportat io n of sa lmonid smolts and adult returns. 
W. J. Ebe l. C. MacPhee. 

Potent ial effec ts of peak ing on fi sh and aquatic macro invertebrates 
in South Fork Bo ise River below Anderson Ranch Dam. R. G. 
While. 

Effec ts of reduced nig htt ime n ows o n adult chinoo k sa lmon and 
steel head trout in t he lower Snake River. R. G. White. 

Effects of reduced st ream discharge on fish and aquatic macro­
inve rtebrate pop ulat ions. R. G. White. 

Effects o f altered flow regimes, temperatures and river impound­
men t o n adult steelhead tro ut and chinook sa lmon. R. G. White. 

Development and application of a methodo logy for recommending 
sahnonid egg incubation nows. R. G. White. 

A survey of existing in formation o n Franklin D. Roosevelt Lake. 
R. G. White, O. H. Bennett. 



WILDLAND RECREATION MANAGEMENT 

Wilderness information sources and channels utilized by rcerca­
tionists in the Se lway-Bitterroot Wilderness Area. J . R. Fazio. 

Effectiveness of two audio-visual techniques in enviro nmental 
interpretat ion. T. Miles, J. R. Fazio. 

An ana lysis of economic and social factors of skiing in Idaho. 
J. E. Hoffman. 

An analysis of economic and social fac tors of state parks in Idaho. 
J. E. Hoffman. 

Rela tive value of water-related outd oor recreat ion activities. J . E. 
Hoffman. 

An examination of visual analysis methodologies. \V . J. McLaugh lin. 

Computerized wilderness bibliography. J . H. Scho ma ker. 

Computer modeling in wilderness management ed ucat io n. J . H. 
Schomaker. 

A conceptua l framework for und erstanding recreat ion - Fishbcin 
modcl and wilderness recreational usc. 1. H. Scho maker. 

WILDLIFE RESOURCES 

Behavior and migra tion of bobcat s in Idaho. E. D. Ables. 

Inventory of ri parian habitats and associated wildlife alo ng the 
lower Clearwater River and Dwo rshak Reservoir. M. Orme, M. G. 
Homocker, E. G. Bizeau. 

The Rocky Mountain population of the Grea t Basin Canada goose. 
E. G. Bizea u. 

Reesta blishing whooping cranes in the western Uni ted States. E. G. 
Bizea u, R. C. Drewien. 

Experi menta l transplanting of wild wood du ck broods in northe rn 
Idaho. E. G. Bizea u. 

Analysis of the forest bird population changes associated with use of 
Orthene insect icides. E. O. Garton. 

Inve ntory of wildlife habitat o n public lands in North Idaho. E. O. 
Garton, J . A. Keay. 

Dietary selection in o mnivorous birds. E. O. Garton. 

Ecology of the leopard in Kruger Natio nal Park . M. G. Hornocker. 

Ecology of the wo lverine in no rthwestern Montana. M. G. 
Hornocker, H. S. Hash. 

Predator-prey reiationships on the Snake River Birds of Prey Natural 
Area. M. G. Hornocker. 

Popula tion characteristics and dynamics of river o tters in west­
centra l Idaho . M. G. Hornocker. 

Reproduction, movements and food habit s of great blue hero ns in 
southern Idaho. M. G. Hornocker. 
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Mountain beaver behavior and nutri tio n ana lysis. K. E. Hungerford. 

Transmission of tree root diseases by pocket gop hers. K. E. 
Hungerford. 

Land management practices and shaqHailed grouse in southeastern 
Idaho. W. B. Kessler. 

Comparative eval ua tio n of pro nghorn food habits tec hniques. 
W. B. Kessler . 

Experime ntal techn ique fo r anal yz ing trace nutrie nt content of 
prong horn tissues. W. B. Kessler, M. J . Stoszek. 

Effects of rest-rotation grazing systems upon wildlife popu lat ions, 
East Fork Salmon River. 1. M. Peck. 

Rela tionship of productivity and biomass of forest communities 
and associated ungulates to forest nrc. J . M. Peck. 

Habitat selection patterns of gr izzly bears in Glacier National Park . 
J . M. Peek. 

White-tailed deer habitat selection patterns. 1. M. Peek. 

Raptor nesting and feed ing behavior in the Snake River Birds of 
Prey Natural Area. S. R. Peterson. 

Eco logy of the Hu ngaria n partr idge on th e Palouse Pra irie. S. R. 
Pe terson. 

Resource part it io ning among wood peckers in the Blue Mountains 
of Oregon. S. R. Peterson. 

The va lue of snags on the Univer sit y of Idaho Experimental Forest. 
S. R. Peterson. 

FOREST PRODUcrS 

Physical properties of western wh ite pine. A. D. Hofstrand. 

Tech nica l and economic pract ica li ty of dowel-laminating crossties 
before dr ying . J . P. Howe. 

Influence of fo rest sites on wood pro pert ies of inJand Douglas-fir. 
J . P. Howe. 

Com parison of concrete and wood fo r crossties. J . P. Howe. 

Lamina ted crossarms from low grade I x 4-inch boards. J . P. Howe. 

Technical and eco nomic practica lity of new lumber prod ucts made 
from Idaho's dead pine trees. 1. P. Howe, K. A. Christo phersen. 

Skidd ing systems to match sma ll log utilizatio n machines. L. R. 
Johnson. 

Idaho fo rest data base. C. W. McKetta, K. A. Christo phersen, 
E. L. Medema. 

Compiiation of growth and yie ld data. A. A. Moslemi. 

Wood utilization by the southern pulp and paper ind us tr y. J . D. 
Rushton , 1. P. Howe. 

Ida ho Statewide 208 water qua lity manage ment project. K. M. 
Sowles, A. D. Partridge, J . H. Eluenreich. 



FOREST RESOURCES 

Sca li ng defective cedar logs. D. L. Adams. 

Prediction of seedling physiological status through waveform 
analysis. D. L. Adams. 

Manage ment of advanced gra nd fir regenerat ion. O. L. Adams. 

Fugitive dust emission from haul roads associated wit h su rface 
mining. C. H. Belt. 

Predicting the effects of forcst practices on streamflow using the 
equivalent clearcut arca model. G. H. Belt. 

Analysis of mass wast ing in the An ya ng wate rshed ncar Seoul, 
Korea. G. H. Belt. 

Wood-inhab iting fu ngi. E. R. Canfield. 

The impact of artificia l defoliatio n of forest tree s. E. R. Canfield , 
A. D. Partridge. 

Invest ment analysis of Idaho's commercial forest land: An indivi­
dual stand app roach. K. A. Christo phersen, C. R. Hatch, C. W. 
McKetta , E. L. Medema. 

Administration of Mcintire-Stennis programs. J . H. Ehrenreich. 

Evalua tion of Forest Pract ices Act in relatio n to water qua li ty . 
J . H. Ehrenreich. 

In tensive culture o f fo rests of red cedar, western hemlock and grand 
fir habitat types. J . H. Ehrenreich, D. L. Adams, 1. M. Peek, H. 
Loewenstein, K. J . Stoszek, S. R. Peterson, D. C. Scanli n, 1. A. 
Moore, L. L. Irwin , D. P. Hanley. 

Crown rat io models. C. R. Hatch. 

Forest in ventory manage men t informat ion system, I3IA Flat head 
Agency. C. R. Hatch, G. L. Houck. 

Classification o f tree and sta nd va riab les in to foliage biomass est i­
mates. C. R. Hatch. 

Inve nto ry of irriga ted lands on selected areas in southern Idaho. 
R. C. Heller. 

Iden tificat ion of preferred Douglas-fir tussoc k mot h sites. R. C. 
Heller, J . J. Ulli man. 

Ecology, distribut ion and utilization o f Ida ho wood y plants. F. D. 
Jo hnson. 

Natura l regeneration of western redccda r. F. D. Jo rmson. 

Riparian vegetation in eastern central Idaho. F . D. Johnso n. 

Autecology and sy neco logy of six endangered forest plants. F. D. 
Johnson. 

Na tu ral sedimentat ion rates from forested wate rsheds. J. G. King. 

Development and field appl icat ion of techniq ues for mon ito ring 
sed iment from forest roads. J . G. King. 
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grand fir and impact ofsilvicultural practices on fir engraver, 
a severely damaging beetle, are featured on page 16. 

How about the economics of what we grow? Is it wise 
to wait 50 to 80 yearstogrowsawlogs? What are the returns 
on investment under various situations typical of Idaho 
conditions? Our project on Idaho timber productivity 
addresses these questions. Furthermore, it deals with the 
financial advisability of such cultural practices as pre­
commercial thinning and fertilization. In financial terms, 
dollars per acre count more than timber size and volume on 
a given tract of land. Financial maturity rather than bio­
logical maturity is the key to consider in timberland man­
agement. 

Range and Wildlife 

Several projects feature work being done on Idaho's 
two key resources- its rangeland and wildlife. A major pro­
ject deals with habitat typing some 18 million acres of 
southern Idaho range. This technique develops method­
ology to identify habitat types within this vast area, based 
on its ecological potential. This research will provide infor­
mation for managing each area in accordance with its poten­
tial for range productivity. 

Competition for rangeland use between livestock and 
wildlife is increasing. There are areas which both livestock 

and wildlife use for forage. The Forest, Wildlife and Range 
Experiment Station has now established a dietary analysis 
lab which can examine fecal samples to detect dietary com­
petition. 

Game speCies have generally dominated our wildlife 
research. We continue to provide research data on the 
various aspects of their biology and habitat requirements. 
The study on bobcats is an example. The Idaho Department 
of Fish and Game is keenly interested in proper manage­
ment of this species. The data produced in this research 
has already been used in setting the trapping regulations 
for bobcats. 

Interest in non-game species of wildlife is gradually 
increasing. Several projects are now underway on birds of 
prey, songbirds and other non-game wildlife. The project 
in this issue deals with the need to protect and enhance 
the habitat for snag inhabiting birds, e.g., woodpeckers, 
through proper sliag management. In future issues, we will 
feature work on other non-game species. 

I invite your thoughts, criticisms and comments as 
you look over this issue. 

A. A. Moslemi 
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