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Hills Creek Watershed Analysis Synthesis 

SYNTHESIS 

Key Question AQl: IS the trajectory of upland vegetation condition likely to 
facilitate desired trends in peak Oow disturbance patterns? 

There is an observable increasing trend in the percentage of young forest in the watershed over 
time. The percentage bas increased over the past 150 years and will likely remain above the 
amount created by either of the two historic fire episodes. This increase illustrates that harvest 
and road disturbance basically have added to rather than replaced fire disturbance in the 
watershed. Modem fires of stand .replacement intensity have been suppressed with little 
success and have subsequently been harvested. In addition, planned harvest of unburned 
stands continues. 

It is not known if fire disturbance prior to 1850 created as high a percentage of young forest as 
currently exists. If so, those fires would have to have been at least 5 times larger than the 
largest of the two known episodes. It is not likely that such a condition would have been a 
common state of the watershed. The management plan for the watershed implies that an 
elevated percentage of young forest will persist especially in the lower and middle strata. 

No significant trend is observable in annual peak flow data overtime. Additional data to 
define the trend is inconclusive or unavailable. Trends in upland vegetation condition Research 
suggests that increases in small peak flows (smaller than 2 year eveots)is likely occurring in 
first or second order drainages that have a high percentage of young forest. However, these 
results cannot be extrapolated to larger flows in the mainstem (Ziemer and Lisle 1997) (Jones 
and Grant 1996). 

Key Question AQ2: Is tbe projected mass wasting frequency likely to lead to 
desired trends in sediment input and habitat condition? 

Trends in the Character of Sediment Input 

While differences in the rate of sediment input are more straightforward to measure, 
differences in the character of sediment may in fact be more important. Slides ftom young 
stands created by natural disturbance would presumably have delivered large inputs of L WD 
as well as inorganic sediment to streams. Slides from young stands created by management 
disturbance generally lack the same L WD component unless they pass through a mature stand 
before entering a stream. 

Early ai.rphotos reveal clearly defined debris flow tracks in nearly all the tnbutaries of Hills 
Creek in the upper stratum, indicating mass wasting from hillslopes was the primary 
mechanism of wood delivery to the upper mainstem. These tributaries, classified as source 
reaches, currently are less able to function as sources of L WD to the mainstem of Hills Creek. 
In a transport reach such as upper Hills Creek, LWD helps trap gravel size sediment (also 
supplied via mass wasting) which would otherwise be transported downstream. The function 
of L WD supply from tributaries will gradually recover over the next several decades as 
riparian reserves mature, and as natural disturbance replaces management disturbance in the 
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upper stratum. (Refer to AQ3 for discussion of an important road-related consideration 
regarding this future projection). 

In the lower stratum where management disturbance is projected to persist, mass wasting 
appears to have been a less important mechanism of L WD delivery to the mainstem of Hills 
Creek. Transport of L WD from the upper mainstem and input from the riparian zone of the 
lower mainstem were probably the main mechanisms. Only three ofthe inventoried slides in 
the lower stratum delivered directly to Hills Creek. The change in the character of sediment 
input from mass wasting is less significant for the rnainstem in this stratum. 

It may still be significant in fish bearing tributaries such as Juniper Creek, a transport reach 
where L WD would help sort sediment and retain gravel. 

Desirability of Trends in Sediment Input 

Desirability is defined by the Aquatic Conservation strategy and other Forest Plan objectives. 

The long term trend in the upper stratum is generally desirable with both the rate and character 
of sediment input returning to conditions similar to the historic regime. 

Trends in sediment input were not analyzed in the middle stratum due to the fact that landslides 
are not the primary input mechanism. 

In the lower stratum, the long term trend of increased rate and altered character of sediment 
input from mass wasting is probably not detrimental to conditions in the mainstem. Much of 
the lower mainstem channel is incised in bedrock and is not over supplied with sediment. Long 
term L WD sources will improve over time and will help sort and retain some of the sediment. 

Key Question AQ3: Are roads interacting with upland disturbance processes to 
affect stream channel conditions through input of sediment and water? 

The high slide frequencies from roads result in an increased overall landslide rate compared to 
both current and historic conditions without roads. 

From this analysis, roads appear to affect the mass wasting rate most in the lower stratum even 
on the same landtype. This is similar to a finding ofthe forest mass wasting analysis (see 
AQ2) and is further evidence of greater instability in the lower part of the watershed. In 
addition, localized slope failures not included in the aerial survey are numerous in the middle 
and lower strata. 

Clearly roads are increasing coarse sediment input to streams, but the effects on channel 
conditions are variable. In the source reaches of the upper stratum, little detrimental effect 
persists. In the lower stratwn, where the input rate from roads alone approaches the total 
historic input rate, the likelihood of long term sediment overload increases, especially since the 
road network will be a persistent fe3ture in this part of the watershed. However, the fact that 
there are few depositional areas in either the tributaries or the rnainstem of this stratum reduces 
the likelihood of severe impacts from increased sediment input alone. 

Confounding the conclusion further is the fact that roads sometimes intercept the delivery of 
sediment from forest mass wasting to streams. Thus they can also subtract from the total 
sediment input rate. Roads also can change the character of sediment delivered to streams by 
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intercepting the woody debris component of a landslide while passing the more mobile rock and 
soiL This effect is generally undesirable especially in the upper stratum where wood delivery 
from mass wasting via tributaries is an important process. 

Key Question AQ4: Are riparian vegetation conditions and trends meeting 
desired stream temperatures, sediment, and availability of large wood for fish 
habitat? 

Discussion of Riparian Conditions and Trends 

The condensed history presented in the analysis section reveals that much of the riparian area 
along Hills Creek has been extensively altered from earlier conditions as a result of the 
combined disturbances which have occurred in the past 50 years. Perhaps the most significant 
change took place in the 1950's when floods, road building, and riparian logging together 
transfonned the riparian zone below Groundhog from conifer dominated with a partly closed 
canopy to barren banks in many places with a completely exposed channel. A similar 
disturbance sequence occurred in the 1960's, but extending further up to Wolf Creek. 

Before this transfonnation, the riparian zone seemed to accommodate floods of a I 0 to 20 year 
recurrence interval with little visible effect. AfteJWard, a visible exposed water surface. 
persists as young deciduous growth in the riparian zone is unable to withstand floods of a 
similar magnitude. It is also likely that mobile sediment supplied from eroding banks of nearby 
tributaries and from the mainstem, plus bedload destabilized by the removal ofLWD from the 
channel, has contributed to riparian destruction during recent floods. 

The future trajectory of disturbance in the riparian zone will include the continued presence of 
road 23 as well as floods of unpredictable timing and magnitude. It probably won't include 
salvage logging but probably will include L WD addition. The future sequence of floods will 
be the primary detenninant on the length of time necessary for the riparian zone to return close 
to its fonn.er condition. The present condition will likely persist for many decades until large 
conifers are reestablished, especially in the inner riparian zone. 

Integrated Aquatics Summary Key Questions AQl - AQS 

Results of the aquatics analysis indicate that riparian conditions and trends, especially along 
Hills Creek mainstem, is the component that diverges most from Forest Plan objectives. This 
situation also presents limited management opportunity. Thinning to increase growth rate in 
rip~rian plantation.s and passive restoration .of conifer canopy where it is currently deciduous 
dominant are about the only option~. 

The road system is probably the next most important element in the aquatic condition picture 
due to their multiple effects. Roads are a main source of increased sediment input, yet are also 
a factor in decreased wood input from mass wasting. Roads contribute to the amount of 
riparian area permanently in a young seral stage. And stream crossing culverts are often 
problematic for fish passage. 
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An increasing trend in peak flows related to upland vegetation condition remains hypothetically 
possible and potentially important to aquatic ecological values. However, the minimal flow 
monitoring which has taken place during the past few decades is inadequate to determine the 
trend. At present, the flow gage on Hills Creek is inactive. Unless it is reactivated, there is no 
opportunity to monitor flow changes over time. 
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Key Question VEl: Given the historic disturbance regimes and current 
conditions, what landscape patterns could be projected with current management 
direction? 

Sera/ Stage Distribution 

Considering current management allocations and historical fire patterns, the amount of MOO 
in the watershed is likely to increase. The upper stratum is composed mostly of LSR, and will 
have the largest MOG component, covering up to approximately 55-70% of the landbase in 
the upper stratum. The middle and lower strata are composed of a mix of allocations which 
include matrix; there will be a mix of seral stages, with an old growth component in reserve 
allocations covering up to approximately 25-35% of the landbase in the middle stratum and 
15-25% of the lower stratum. 

Fire Processes 

Fire severity risk has increased compared with detectable historical patterns. Average fuel 
loading will likely increase as understories become more dense and laden with woody debris. 
In addition, many areas of the watershed are within or approaching their expected fire interval. 

Due to contiguous standing fuel, small fires can be expected within the Shady Beach area. 
These fires will provide structural and compositional diversity. 

Stand Characteristics 

• Without some recurring understory treatment in the middle stratum, understory density will 
continue to increase in the open-forest type. 

• There will be a further reduction of overstory connectivity through programmed harvest in 
matrix. 

• In areas of the middle stratum which were historically characterized by broad-scale 
understory fires, overstory density and fuels accumulation may be higher than historic 
levels. 

Fragmentation 

• In the LSR., overall fragmentation will decrease as managed stands mature; with fire and 
disease fragmentation patterns should begin to model historical patterns. 

• In the matrix, fragmentation will depend on how we design and place future harvest 
activities. 

• As the large blocks of young stands associated with the Shady Beach and Buck fires 
mature, they will offer large blocks of interior habitat. 
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Key Question VE2: How do those projected patterns affect ecological functions 
such as LWD, dispersal and species distribution within this 5th field watershed? 

LWD 

• Many stands harvested according to previous standards are low in L WD. This condition 
has the largest effect where it is prevalent on a large scale, such as in the Shady Beach 
bum area. 

• Natural stands north of Hills Creek (south facing slopes) tend to be high in LWD 
compared to historical conditions. This is largely attributable to increased wind-throw and 
decreased underbuming. 

• The 240 linear feet per acre standard may be too high on south-facing slopes north of Hills 
Creek, particularly in the middle stratwn which historically experienced frequent widescale 
understory burns. Conversely, this 240' standard may be too low on the moist, north
facing slopes south of Hills Creek. 

Dispersal Habitat 

Fragmentation has decreased the effectiveness of many interdrainage connections (Figure 22). 
Many ofthese are ofSI and ESE which may impede MOG related species dispersal across 
ridgelines. 

Wildlife Communities and Species 

With the LSR (Hills Creek 0222) in the northern portion of Hills Creek watershed, ow~ eagle 
and populations are currently stable or improving. 

Peregrine falcons are currently using the falcon site (OR14). Fragmentation of peregrine 
habitat, and loss of prey species habitat present the largest risk to this species. 

Botanical Communities and Species 

Botanical species most likely to be affected by projected landscape patterns are those species 
with limited dispersal capabilities. Fragmentation, loss of large-diameter LWD, and loss of 
large individuals with well-developed lower branches could contributed to decreased dispersal 
pathways for a number of the Survey and Manage (C-3) species which are dependent on these 
characteristics and have limited dispersal characteristics. 

Some communities dependent on specific environmental factors may be affected by projected 
landscape conditions. Without tire treatment to set back succession, fire-dependent plant 
communities such as meadows and•open woods may decrease across the landscape. The effect 
may be either a shift in species or a loss in acreage. 

Noxious weeds and non-native plants have the potential to invade special habitats. This 
process is accelerated when soil disturbing activities occur in the vicinity of non-forested 
special habitats. 
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Key Question VE3: Are road locations· and densities meeting management objectives for 
elk emphasis areas, special habitats and noxious weed management? 

Depending on the special habitat type, road placement, engineering and construction, the 70 
locations where roads are intersecting non-forested special habitats may be affecting 
community structure and/or presence of noxious weeds in the special habitats. No analysis or 
survey has been done to determine the presence or extent of effect. 

Roadside inventories on the Rigdon Ranger District conducted by the Oregon Department of 
Agriculture have shown an upward trend in quantity and distribution of road~associated 
noxious weeds. Of particular concern is the increase in quantity and distribution of new 
invader noxious weed species. 

Key Question THl: What opportunities are there in the Hills Creek watershed to 
manage timber harvest in accordance with aquatic and terrestrial objectives? 

Summary of Conditions Affecting Timber Harvest Opportunities 

Very low ARP values suggest that much of the northern portion of matrix (around the Shady 
Beach Bum) is insufficiently hydrologically recovered to plan programmed harvest in that 
area. The trends in HEc suggest that harvest in the Shady Gate HEEA should be limited to 
harvesting leave blocks of a size and shape to be ineffective in fimctioniog as cover. Wrth 
these conditions, the most likely areas for planning programmed timber harvest in the next 
decade are illustrated in Figure 20. Size classes within this area are presented in Error! 
Reference source not fouod.19.However, as noted on pages 64-65, some fish and aquatic 
issues may complicate project design in this area since this area contains some of the most 
sensitive stream reaches. 

Table 19. Size Class Distribution in Potential Planning Area 

Acres 15% 
GTR 

Suit& 
Avail 

SI 1894 284 1610 

ESE 1275 191 1084 

LSE 701 105 595 

MOG 1841 276 1565 

UR 912 137 775 

UK 104 16 89 

Trends 

Beginning on page 74 is presented an approximation of inventory based on the assumption that 
average stand rotation is 80 years with at least one pre-<;Ommercial and one commercial 
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thinning; additionally, no allowance is m:ade for other cultural treatments such as fertilization, 
improved genetic stock, etc. which would improve productivity. 
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Period 1: Current plus approximately 25 years 

The stream sheds listed in the analysis above are the primary source of available harvest lands 
during this period. There are 2, 750 acres of understory reinitiation and old growth stands 
which could be available for some sort of regenercrtion or selective harvest. 

There are 1,200 acres oflate stem exclusion in harvest allocations and another 950 acres in 
LSR lands which are likely ready for commercial thinning. 

Period 2: Approximately 25-SO years 

ARP recovery in previously young stands will be nearly complete at the beginning of this 
period, and fully complete by the mid-point. A1 this point, ARP should not be constraining 
unless harvest and natural disturbance combines during period to decrease it in the drainages 
entered in the first period. Elk habitat effectiveness will have to be re-evaluated. 

The 1,200 acres of UR and MOG in drainages excluded from harvest in period one will be 
available. In addition, the 1,174 acres currently in late stem exclusion should be mature and 
ready for some type of large saw-log removal; net acres after GTR is I, 000. Stands which 
were in the early stern exclusion stage during Period 1 which will be in late stem exclusion and 
could be evaluated for commercial thinning, depending on growth patterns and market value; 
this includes 1,150 acres in matrix, 930 acres in non-harvest allocations, and 650 acres in 
Riparian Reserves. 

Period 3: Approximately SO years - 70 years 

In addition to whatever large-diameter stands were not harvested during the first and second 
periods, the acres currently in early stem exclusion will be mature and should be evaluated for 
commercial thinning. There are 1,200 acres in this category. 
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RECOMMENDATIONS 

In the reference, current and trend section of this document, a number of conditions have been 
identified where trends diverge from desired future conditions and/or the standards and guides 
established by the forest plan. 

Some of these conditions can be mitigated for through careful placement and design of timber 
management and silvicultural activities. 

Fire 

For management of non-matrix habitats which evolved with fire, prescribed fire is an important 
tool which can simulate the ecological disturbance process of natural fires. For non-matrix 
allocations where prescribed fire is determined as beneficial to function, a Prescribed Natural 
Fire Plan (PNC) needs to be developed. 

Condition and Effect Desi&n Options to Consider 

Special habitats - acres decreasing of certain Prescribe controlled burning to restore and 
habitat types due to reduction in fire across retain fire-maintained special habitats and 
the landscape. Plant communities changing. plant communities, and their zone of 

influence. 

Stands where the understory and fuel Prescribed controlled burning in non-matrix: 
loadings are uncharacteristically high, to re-establish open stand characteristics 
increasing the potential for catastrophic fire where site-specific analysis determines an 
event. In addition, the understory is changing ecological need to maintain these conditions. 
the habitat characteristics so that they are Prime candidates for consideration would be 
unsuitable for open forest MOG-related Douglas Fir stands on the south facing slopes 
spectes. north of Hills Creek in the middle stratum. 

Fuel loading and ladder fuels in riparian With site analysis, prescribe underbuming or 
reserves may be exceeding historic levels, thinning in riparian reserves to reduce 
particularly in the middle stratum. This may excessive fuels. 
increase the risk of catastrophic fire in 
riparian reserves which historically did not 
bum frequently. 

Timber Management and Silvic~tural Treatments 

Wrth thorough planning, design and implementation, timber management and silvicuhural 
treatments are important tools to bring the current vegetation conditions toward desired future 
conditions. The vegetation conditions listed below pertains to a variety of resources, from 
falcons to large woody debris. 
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-Condition and Effect Design Options to Consider 

Fragmentation has increased from historical 1. In matrix, design sales to decrease 
condition. Many timber harvest units are fragmentation by incorporating leave 
smaller than historical patch sizes. In some strips between previous harvest units to 
areas, this condition impedes dispersal and fonn large blocks. If these blocks are 
decreases effective habitat for species united, fragmentation is reduced, future 
needing large blocks ofMOG habitat. interior habitat is created, and future 

dispersal connectivity is improved 

2. In slopes less than approximately 60% 
in the middle stratum of the watershed, 
calSider distributing GTR and wildlife 
trees in dispersed small clumps to 
provide some residual overstory 
continuity. In steeper terrain, clwnp 
GTR and wildlife trees to simulate 
natural residual overstory conditions. 

3. Try to design harvest unit sizes to 
approximate the historical distribution of 
patch sizes where appropriate. 

4. Maintain connectivity through corridors 
from ridgetops to riparian areas. 

The Peregrine Falcon secondary zone has a When the large acreage of SI habitat within 
large acreage of Sl stands. As these SI acres the falcon secondary foraging zone needs 
grow into SE, habitat diversity would be low silvicultural treatments, consider 
and provide for a lower diversity of bird prescriptions 'Which would diversify the 
species as prey for Peregrine Falcons. habitat to promote a diversity of prey species. 

Some young managed stands are 1. In ncm-matrix allocations, consider 
uncharacteristically densely stocked and low thinning to a wider and varied spacing to 
in diversity. This could delay progression to promote habitat diversity. 
late successional forest function (i.e. 2. In non-matrix allocations, also consider 
dispersal, LWD recruitment) underplanting with diverse conifer and 

hardwood species in plant communities 
wbicll are typically diverse. 

Upland and riparian dispersal habitat for 1. During project analysis, identify and 
MOG related species has been fragmented, prioritize interdra:inage connections. In 
impeding its function. functioning dispersal corridors, consider 

delayed timber harvest while blocking up 
the less functioning corridors for future 

. 
development (figure 22). 

2 . In the matrix consider blocking up the 
highly fragmented areas to promote 
future large dispersal habitats. 

In the matrix, design projects to maintain 
existing mature forest habitat blocks, while 
blocking up the fragmented areas. 
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Condition and Effect Design Options to Consider 

In some class IV riparian reserves, the Assess whether the current interim riparian 
historical range of events included stand reserve widths are appropriate, or need 
replacement events. Riparian reserve widths adjustments. Riparian Reserve Evaluation 
and standards may cause stand conditions Techniques and Svnthesis, Version 2.2, 
which deviate from historical conditions. provides a good discussion in the paragraph 

under "Changing the Boundaries", Page RR-
3. 

Riparian Reserves are more fragmented that Wrth site specific analysis consider stand 
historically, with a larger component of SI treatments that would promote late 
and SE stands in areas which were successional forest characteristics in riparian 
historically MOG habitat. This impedes the areas of SI and SE stands, such as 
Riparian functions, i.e. aquatic and terrestrial underbuming or thinning. 
habitat and dispersal 
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Roads 

While serving the beneficial function of access for management and public use of the 
watershed, some roads and certain levels of road maintenance or miles can be conflicting with 
other resource objectives. A structured Access Travel Management Process is needed to 
incorporate the Conditions and Option below to identify road closure needs and reassess roads 
closed under earlier NEPA documents. 

Condition and Effect Desip Options to Consider 

Roads are functioning as dispersal means for When closing roads, evaluate the probability 
non-native plant species. of infestation by Willamette NF new invader 

species; plan out-year surveys according to 
risk of infestation. 

Roads in special habitats may disrupt For roads located in special habitats, evaluate 
conditions and processes (defined in the the degree to which the roads are affecting 
Special Habitat guide) which maintain the ecological functions and community struc
special habitats. ture. Consider all mitigating options such as 

road upgrade, closure, or obliteration. 

Open road density exceed the Forest Plan Roads would need to be closed as follows: 
guidelines in several Elk Emphasis Areas, Elk Emphasis Area Miles to Close 
affecting Habitat Effectiveness objectives. Juniper/Groundhog 13.5 

Tufti 9.0 

Wolf 8.0 

Of the miles of roads in need of closure to 
meet S&G open road density objectives, 
consider closing those that are already 
identified in various NEP A documents. 
Many of these identified roads have been 
incomplete and/or ineffective. High priority 
roads would include 2316-530, 533, 534, 
535, 537, 538, 2300-541, and 542, and 
5815-544 and 549. If closed, approximately 
7 miles of opeo roads density would be 
eliminated. 

Roads with stream crossings in mass wasting Stream crossing removal or road obliteration 
and high runoff prone terrain have a high of 2300-520. 508, and 570 in the LSR and 
risk of problems in the future. See figure 21, 2308495, 2303-558 and 563 in matrix. 
Potential High Risk Stream Crossings. Vented ford installatioo at other LSR stream 

crossings. 

Culverts that block fish passage Replace culverts oo Warfield and SF 
Groundhog creeks near the mouths 

Roads with a history of mass wasting and Obliterate Road 2302 between 570 and 580 
maintenance problems. junctions 
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Monitoring 

• Reactivate the Hills Creek gage to monitor long term stream flow as a fundamental 
ecosystem process. Evaluate the suitability of the Hills Creek watershed for validation 
monito.ring of the effects of large Late Successional Reserves on runoff. 

• Monitor Hills Creek riparian and channel conditions with high quality airphotos at least 
every 5 years and after floods > 10 year event. 

• Conduct a thorough landslide inventory every 5 years and after large storms. 
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APPENDICES 

Appendix A: Seral Stage Descriptions and Distribution 

Stand Initiation (Sl) 

Condition: seedling stands to sapling/pole mixes with sapling size dominant; diameter measurement 
from 0 to 4.9" dbh, some stands with a component of poles (5-8.9''). Canopy is open; down woody 
material is limited by standards and guides in place at time of harvest. Stream shading is inadequate 
to maintain natural temperature regimes. Competition between conirers is nonexistent or minimal. 

Silvicultural treatments possibly applied: Stand density management (precommercial), release 
(brush cutting, hand pulling), fertilization of individual trees, pruning, animal management (i.e. 
BGR, garlic, tubes) 

Commercial opportunities: none 

Early Stem Exclusion (ESE) 

Condition: pole stands, predominant five to nine inches. Canopy is closed, single-layered and not 
deep. Large woody material has not developed within the stand. Relative density is often greater 
than 35%, indicating competition between conifers, resulting in slowed growth. Streams receive 
inadequate shading due to thin canopy layer. 

Si/viculrnra/ treatments possibly applied: Stand density management (precommercial), aerial 
fertilization, release (brush cutting), pruning 

Commercial opportunities: poles if market is optimal; generally none. 

Late Stem Exclusion (LSE) 

Condition: Trees predominantlyninetotwenty-oo.e inches. Canopy is closed, single layered and 
moderately deep. Down woody material is minimal or not available. Relative densities are 45-55%, 
indication conditions of mortality and slowed growth. Provide adequate stream shading due to 
increased canopy depth. 

Silvicultural treatments possibly applied: Stand density management (commercial), fertilization, 
pruning, underplanting (in LSR). 

Commercial opportunities: may provide either commercial thinning opportunities or occasionally 
small-diameter regeneration harvest opportunities. Stands which are not beyond culmination provide 
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commercial thinning opportunities which· could improve stand health and allow an increased growth 
rate. In allocations not available for harvest, commercially thinning LSE stands is consistent with 
directions in the Forest Plan so long as the stand is younger than 90 years, the action would benefit 
the stand and the action would not interfere with Aquatic Conservation Strategy goals. 

Understory Reinitiation (UR) 

Condition: Trees predominantly over twenty-one inches. The onset of this stage is indicated by the 
development of the forest floor stratum, largely due to small-scale mortality (i.e. root-rot pockets, 
windthrow, snow damage, etc.) . Canopy complexity and depth is developing. Down woody material 
and snags are increasing due to mortality. Provides adequate stream shading due to increased 
canopy depth. 

Commercial opportunities: Thinning, regeneration harvest (seed trees, partial, final removal~ 
shelterwood, group selection). 

Old Growth (OG) 

Condition: Trees predominantly over 25 inches. Old growth characteristics can vary somewhat 
across the landscape, depending on plant association and site conditions. However, some of the 
characteristics which can be found in old growth stands include (Oliver & Larson, 1990): 

• Many large, old trees, often at a wide spacing. 

• Understory is well developed 

• Deep canopy, often with a relatively continuous vertical distribution of foliage 

• Snags and large Jogs on the ground 

Commercial opportunities: Regeneration harvest (seed trees, partial, final removal, shelterwood, 
group selection). 
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Appendix B: Storm Response Calculations 

Conceptual Model 

Storm Response = Soil Response + Snow Response 

Storm Response = Water Yield Class + Snow Melt Rate 

Data (soil resource inventory) (elevation & aspect) 

Definitions: 

Water Yield Class 

I = low runoff rate and high detention 

ll = moderate runoff rate and moderate detention 

m = high runoff rate and low detention 

Snow Meltrate 

Low = N. Aspect and > 4000' 

Moderate. = N. Aspect and< 4000' or S. Aspect and> 4000 ' 

High = S. Aspect and< 4000' 

( 

( 

Storm Response 
Matrix 

Soil Response (runoft) 

Snow Response low moderate high 

low L L M 

. 
moderate L M H 

high H H H 

85 



( 

Hills Creek Watershed Appendices 

Appendix C: Flow Regression Statistics 

To extend the flow record back in time, a two step regression proceedure was followed. Daily flows 
in Hills Creek were coorrelated with daily flows on the Middle Fork for the period 1958- 1961 
before Hills Creek dam became operational. The resulting equation was then used to generate a set 
of estimated daily flows for Hills Creek from 1936 to 1958 based on daily flows in the Middle Fork. 
Statistics for this equation are presented below (Hills Cr. daily flows - dependant variable, MF daily 
flows- independant variable). 

11:1 uu.&DV OlJTPl/T 
I 

. St. ttlstlcs 
MulliPieR 0.:61 ':);~ 

RSQUIII'• II I§JIIt. 

Adjustaj RSauare n 

I Standen eiTOr all , ltiiQO 

T. 

I~Y'~ 
df ss M_S F_ '"' 1 1110~.2 1]182985.22 12686.977 0 

:Residual 7Z7 914634.134 1354.379826 
:Total 728 1.4 

>tandatfi Etroi tstat P.va/119 Lt:!wer9~ Uppet95~ ~owwa<~n<l£ , ,......,._ 95.0~ 

lnlltrc.ot A~'Y1117 2. ~.57311023 --6.'1<1072~ .0.440729 
Mid. Fk. daily HIM'S 0.14169024 -~~ 1'" lt'Vi4801 0 0. I 0.14169024 

A separate correllation was developed for peak vs. average daily flows in Hills Creek for the period 
1958- 1981 when the Hills Creek gage was operational. This equation was used to then generate 
the estimated annual peaks from 1936 - 1957 from the estimated average daily flows derived from 
the equation above. Statistics for the equation ofHills Creek annual peaks (dependant variable) with 
Hills Creek average daily flows (mdependant variable) are presented below. 

SUMMARY Ol/TPUT' 

R Stal1stlc$ 
MultipleR OJ1&89811629 
RSQuare 0.974108878 
Ad~lled R Squa"' 0.973702298 
standard Error 217.0547215 
0'-rvetiona 66 

ANOVA 
df ss MS F Significance F 

Retidual 
n 1 ... 113433320.3 

3015216.135 
113433320.3 
47112.75212 

2407.6911&76 1.67717E-62 

Total e5 111448536.4 

Coetnclenls Stancl8n:l Error t stat P-value LoM18r95~ Uooer95~ L,_-95.0~ UIJIJ8f'95.0~ 

Intercept -141 .3489547 43.30288565 -3264146315 0.001764549 -227.8643353 -54.83957401 -227.8543353 .0...83957401 
Hllluv. da~y flow 1.477619181 0.030113514 4i.oe&30826 1.67717e.02 1.417460576 1.53m77M 1.417460576 1.537777786 

Regression results of Hills Creek annual peaks (dependant variable) with Middle Fork Willamette 
above Hills Creek Reservoir (independant variable) to extend record from 1982 through 1993. 
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SUMMARY OUTPUT 

Regression Statistics 
Multiple R 0.9439512 
R Square 0.8910438 
Adjusted R Square 0.8886226 
Standard Error 507.47961 
Observations 47 

ANOVA 
df ss MS F Significance F 

Regression 1 94775669.81 94775669.8 368.01004 2.7228E-23 
Residual 45 11589100.02 257535.556 
Total 46 106364769.8 

Coefficiem Standard Error t Stet P-velue Lower 95" Upper 95" Lower 95. 0% Upper 95. 0" 
Intercept -87.283677 121 .9014402 .0.7160184 0.4776793 -332.80577 158.23842 -332.80577 158.23842 
Mfpeak 0.2338341 0.012189277 19.1835877 2.723E-23 0.2092836 0.2583845 0.2092836 0.2583845 
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Appendix D: Fish Habitat Supplement 
DHann, 10/1997 

Pinto Creek - Riparian Condition 

Reference conditions are not available for this drainage or other streams of similar size. However, 
current channel conditions and associated goals for Pinto Creek are summarized in Table E-1. The 
desired goals are established from both the Forest Plan and the reconunendations outlined by the 
National Marine Fisheries Service for the High Cascades (1996). 

Table E-1. Channel conditions and associated goals for Pinto Creek. 
~ ~~ 'Parameter ; ~V'-Itf .. ·'· e .. ~-~IUoaP·. 

~~-

WID Ratio 18.0 < 12.0 

% Primary Pool Habitat 25.1% >30% 

Pools/mile 49 102-170 

% Quality Pools 

(Greaterthan 1m) 

12.5% >20% 

# Large/Med. Wood/mile 

Substrate (Dom/Subdom) 

% Embeddedness 

13.7 

CO/SA/GRIBD 

23% 

> 30 pieces/mi. 

Stable over time 

<30% 

% Bank instability 

%Side channels (#) 

2% 

2.8 %(8) 

< 10 %total length 

Maintain over time 

% RR in late seral stage 

7 day max. water temp 
(max. water temp) (F) 

43% 

59 (60) 

>80% 

<68 

Miles rd/sq. mile 4.04 < 2 mi./sq. mile 

Rate of debris slides >100% + or - 20 %historic rate 

The inner riparian zone averages 23 feet and is dominated by the shrub/seedling age class, primarily 
willows. The outer riparian zone varies from sapling pole to large tree, primarily Douglas Fir. 
Presently, 43 percent of the riparian vegetation is in the late seral stage class. The trend is toward 
recovery, with a goal of 80 percent of the riparian vegebltion in this age class to provide for large 
wood into the stream and riparian area in the future. 

Pinto Creek is a Rosgen A channel, functioning as a transport reach. The stream serves as a conduit 
from the upper watershed to Hills Creek below. According to biological surveys completed in 1995, 
the larger cutthroat trout in the stream tended to reside in the areas with an intact riparian area and 
associated large woody debris. Juvenile cutthroat were distributed more evenly throughout the 
stream. 

88 



( 

( 

Hills Creek Watershed Appendices 

The areas with intact reserves were dominated by vine maple and conifers whose roots extended out 
over the stream creating undercut banks, covered channel margins and pocket pools. The channel 
was more open, but provided shade cover throughout the day. The L WD was more prevalent and 
influenced large pocket and scour pools and upstream gravel accumulation. Banks tended to be 
stabilized by extensive root systems (1996 Stream Survey). Areas without a mature riparian forest 
were dominated by thick, shrubs of willow and alder. The inner riparian growth extended into the 
channel margins and often covered the entire stream. The stream sinuosity was reduced with a lack 
ofpools, substrate and habitat variation. A minimal amount ofLWD was in the stream channel. 

The riparian reserve condition is functioning to meet the desired goal for stream temperatures and 
bank stability for fisheries. It is not, however, meeting the desired goal for large woody debris 
recruitment. Stream restoration was completed in 1995, increasing large wood to 13.7 pieces per 
mile. However, the stream is still below the standard of30 pieces of wood per mile. 

The projected trend is for continued recovery of the riparian reserve and associated parameters as the 
forest continues to implement the Forest Plan. Thus, long tenn goals to return to the desired range 
of variation should be attained. 

Presently, 1he predominant substrate in the channel is cobble, with sand, gravel and bedrock as the 
subdominant component. The stream embeddedn.ess was 23 percent prior to the 1996 and 97 flood 
and debris events. 

The width to depth ratio of Pinto Creek is higher than expected and may be a .result of increased 
sediment loads in the stream as well as increased drainage density. Roads have been established in 
the drainage at a density of 4. 04 miles per square mile. The trend is toward a reduction of road 
miles, with a goal of less than 2 miles per square mile to reduce sediment delivery into the streams. 
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Wolf Creek- Riparian Condition 

Channel condition and Biological Response -Wolf Creek 

Reference conditions are not available for this drainage or other streams of similar size. However, 
current channel conditions and associated goals for reach 1 of Wolf Creek are summarized in Table 
E-2. Reach 1 describes the only fish bearing reach in Wolf Creek. These channel conditions and 
goals are assumed to be similar for the other second order streams in the watershed. The desired 
goals are established from both the Forest Plan and the recommendations outlined by the National 
Marine Fisheries Service for the High Cascades (1996). 

Table E-2. Channel conditions and associated goals for Wolf Creek. 

Yarameter ,qurrem$afu~ · : .. ,7"'~--mJ'Goaf-=- A 
.. , ·' - ~ ·="'' r 

WID &rtio 12.0 < 12.0 

% Primary Pool Habitat 32% >30% 

Pools/mile 35 102-170 

% Quality Pools 23% >20% 

(Greater than 1 m) 

% Bank instability 2% < 10 %total length 

% Side channels (#) 1% Maintain over time 

% RR in late seral stage 36% > 80% 

7 day max. water temp (47) <68 
(max. water temp) (F) 

Miles rd/sq. mile 3.53 < 2 mi./sq. mile 

Rate of debris slides >100% + or - 20 %historic rate 

Wolf Creek is a Rosgen channel type A, 2nd order stream with small cutthroat trout and a few 
sculpin present from the confluence upstream for approximately 0.4 river miles. Wolf Creek 
functions as a transport reach. The stream serves as a conduit from the upper watershed to Hills 
Creek below. 

The inner riparian zone averages 10 feet and is dominated by the shrub/seedling age classes of red 
alder, willow, and vine maple. The outer riparian zone varies from sapling pole to large tree of 
Noble, Silver and other "true" firs, followed by Mountain hemlock and Incense Cedar. Presently, 36 
percent of the riparian vegetation is in the late seral stage class. The trend is toward recovery, with a 
goal of 80 percent of the riparian vegetation in this age class to provide for large wood into the 
stream and riparian area in the future. 

Similar to Pinto Creek, the riparian reserve condition is functioning to meet the desired goal for 
stream temperatures and bank stability for fisheries. It is not, however, meeting the desired goal for 
large woody debris recruitment. Presently, only 11 pieces of wood per mile are distributed 
throughout this reach. This amount is well below the standard of30 pieces of wood per mile. No 
stream restoration has been completed in this size of stream. 
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The projected trend is for continued recovery of the riparian reserve and associated parameters as the 
forest continues to implement the Forest Plan. Thus, loog tenn goals to return to the desired range 
of variation should be attained. 

The width to depth ratio of the stream is at the general goal, with dominant and subdominant 
substrate of cobble, gravel and boulders. The percent embeddedness at 24 percent is below 
thethreshold of 30 percent. The function of Wolf Creek and other streams of similar size and 
gradientis to transport sediment through the system. These stream types are relatively resilient to 
disturbance. 

The future trend of sediment loading into the stream system is toward decline. With implementation 
ofthe Forest Plan, high risk roads will be evaluated and changed as necessary overtime. 
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Hills Creek - Riparian Condition 

Channel condition and Biological Response - Hills Creek 

Some historic conditions for Hills Creek were documented in surveys completed by the Bureau of 
Reclamation in 1937 and by the Oregon Game Commission in 1959 and 64. In I937, only the first 
two miles of stream were surveyed. The data from the 1959 survey was very qualitative. Current 
channel and fish habitat conditions are provided in the 1992 Forest Service Stream Survey and 
preliminary results from a 1997 survey .. Historic and current conditions are summarized in three 
tables which follow. Associated goals for each parameter are the same as Pinto and Wolf Creeks 
(Table E-3). 

Table E-3. Quantifiable current (1992) and historic (1964,1937) channel conditions in ffills 
Creek 

Reach :River - f- .Grad% "-R.osgen Type/ Wetted Width (F) WID 
Mile- Entrenclunent 1992/ 1964*/ 1937 Ratio 

· ..... 

Res. 0-2.8 

~ 1'992 

- -/25/3 1 - -
I 2.9-4.3 2% B/Deep 31/25/- 8 

2 4.3-6.7 2% B/Deep 29/25/- 5 

3** 6.7-7,6- F-1% B/Shallow 29/25/- 10 -
4•* 7.6-"8 . ._ - - -1% B/Mod 361151- -5 -. 
5 8.4-8.8 I% B/Mod 35/ 15/- -
6 8.8-9.9 3% B/Deep 35/ 15/- -
7 9.9-10 3% B/Mod 26/ 15/- -
8 10-10.2 3% B/Mod 30/15/- -
9 10.2-10.6 7% B/Mod 25/15/- 6 

10 10.6-11.4 3% B/ShaUow 24/15/- 8 

11 11.4-12.2 6% B/Mod 23/10/- 8 

12 12.2-12.6 10% B/Mod 27/ 10/- 5 

13 12.6-13.1 7% B/Mod 19/ 10/- -
14 13.1-13.9 3% B/Deep 16/10/- -
15 13.9-14.2 7% B/Mod 9/10/- -
16 14.2-14.9 8% B!Mod 9/ 10/- 8 

17 14.9-15.6 12% . B/Mod 8/ 10/- -
Wetted Width m 1964 was averaged over several miles. 

•• Reach 3,4 habitat restoration sites. 
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The historic vegetation was described as medium sized conifers and underbrush, with dense vine 
maple. Very little erosion was evident. In the upper reaches the valley flattened and widened 
considerably and was "filled with a virgin growth oftimber". Based an the 1992 stream survey, the 
age class of the riparian reserve along Hills Creek is predominantly seedling/shrub and sapling trees. -
Only 6 of the 17 reaches are bordered by old growth trees. Only reaches 11,16 and 17 meet the ) 
desired goal of 80 percent of the riparian reserve bordered by old growth. The low values are a 
result of harvest along the stream banks and of the bedrock nature of the channel. As a result the 
stream temperatures are relatively high in Hills Creek, with recorded temperatures between 53 and 
60 degrees F. As a result of the flood, stream cleanout and harvest the large wood debris in Hills 
Creek is very low. Most of the wood that was added to the channel after the Shady Beach Fire did 
not stay in place. Similarly approximately 80 percent of the wood placed in Reach 3 and 4 for 
habitat enhancement was also lost after the two flood events. A quick survey of in channel wood in 
1996, prior to the flood, revealed an average of7.5 pieces oflarge wood per mile. The wood was 
generally associated with falls and side channels. As a result the percent of pool habitat (5-25) and 
pools per mile are below the established goals (>30 percent pool habitat). 

Old time residents reported a "heavy run" of spring chinook before the construction of the dam. 
Numbers of small trout were fair, with scarce numbers of suckers and whitefish. Trout fingerlings 
were stocked every year. Trout were relatively scarce in the lower six miles as a result of fishing 
pressure. Trout were more abundant and larger further upstream in areas of limited access. The 
potential for salmon and steelhead production in Hills Creek is limited to the first 1.9 miles below a 7 
foot cascading falls . The present scenario of the fishery is generally the same. Oregon Department 
ofFish, and Wildlife continues to stock the lower 6 miles ofthe river. As a result ofthe stocking it is 
difficult to assess the selection ofhabitat use bythe cutthroat and rainbow. The 1995 monitoring 
efforts did however, show adult cutthroat and rainbow trout preferred complex habitat conditions, 
were deep pools and food were readily available. They also tended to reside in stretches with intake 
riparian reserves (similar to Pinto Creek). 

The condition of the riparian reserve is not functioning to meet desired recruitment of large woody 
debris into the stream channel and to maintain shade over the channel. It is functioning for the most 
part to provide bank stability. Bank stability however is also provided by the bedrock and boulder 
substrate. The trend is toward recovery of the riparian reserve as the Forest Plan is implemented 
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Table E-4 . Quantifiable current (1997}, transitional (1992) and historic (1964) fish habitat conditions in Hills Creek 

Reach River Chlc1 ~en ICT~ Ktnmary PooW % ILug~ed Substrate I Si1c % S.JlEl~ %Side % RRin Max. 
Mile! Yo Type/ RB , POol Mile Qualey Wood!tnile (Domf I 1:_ JDvel Failures Embed cbanneL late Seral ~ter 

II ~ Iuv/Adu 1Habitat PoolJ Sul:!domJ I ~ 1~11 1997/ ded s l996ft' • ~e 
I i9!>2/ 1997/1991 temP 

bmeo~ 199'1/ 1991ll9W 1%4 1997· 1992 19.64 1992 I (F) I ~!};~:. ~fl 1997/ 1992 
·1,!\11 199% 1"964 -~ 1•. I•· 1992~ ·" I 1997/ 1992 I I ' i' ~-2 I ~·IJ·_ 1964 -

I' % I 19921 
1964 

I 2.9- 2% 8/Deep 24/23 Fair/ 14.6/ 95% Poor/LWD 80/CO- 17%/- Low/ 16% Fair/ 0% ./55156 
4.3 4112 25%1 structures were 10 COIBR- 3 20~0% 6% 

placed in thls 80/CO 20% 
reach after the 
ftre. None held. 

2 4.3- 2% 8/Deep 21/1 4 Good/ 11/ 88% Poor/L WD was C0/80 18o/o/- Low 8.5%/ -1 68% 60155/5 
6.7 29/104 15o/o/ recruited into thls 10 bedrock 6 CO/S8 20~5% 2% 

area from Shady sideslope 20% BO/CO beach fll'e (1992) s 
2.5 5% A/Deep . Good/ . . Poor/ 80/CO 17o/o/- Low 16o/o/ One . -(1997) - . bedrock . signific 

walls ant dry . 
side 

channel 
3 6.7• 1% BIShaU 28116 Fair! 7/ 100% Pair, IWOC. w/ BO/OR l3%t Low l4,5o/o/ Ooodl l4o/o SS/S6 

7.6 ow 1 spring 90/ci 10 falls&sicle C(){GR I~ -SBO 20-lQ% 10% 
·,t, ~ 

t. ., chinoot cbanncV7.S , •rr ~:\a 11 .20% i'! , ~.t' oora:r ~ SIJ3 ' 
"" --4 7.6- 1% BIMod 7/10 Fair/ 8f 490.4 Fair,WQOd BO/GR 23o/~ Some 6YJ Good! 0% 53/60 

8.4 ' 16/4 H%.' prC8c:Dt was 20 assooiatc COISB- 4fS 30..4~/o 2% I': active in !Mping { ll d With 20o/o COf BO !iq-/yM I 
morphologyn.S - road 

5 8.4- 1% 8/Mod 12/13 Good 13120 80% Fair, cabled log CO/S8 2la~ -1 Good/ 0% ./60 
8.8 slides have 2/0 12.3o/o/ failures/7.5 C0/80 45% 0% deposited 

20% wood& 
scdinuslt 
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17/0 . 20% COIBO 30-50% 

7 9.9- 3% B/Mod 4/0 2%/ 10/20 100% 7.5 LB/SB -1 -/0% 0% -/60 
10 20% CO/BO 20% 

8 10- 3% B/Mod 5120 100% 7.5 COILB ND -/1 0% -160 
10.2 0/0 20% CO/BO 

9 10.2- 7% B/Mod 36/16 13%/ 20/20 75% 7_5 CO/SB -1 -/4% 0% -/60 
10.6 13/0 20% CO/BO 30..35% 

10 10.6- 3% B/Shall 37/9 12%/ 23/20 65% 7.5 -16% 12% /60 
11.4 ow 14/0 20% CO/BO 15-50% 

11 11.4- 6% B/Mod 17/19 7.5 CO/GR 65 sq./yds 82% 
12.2 18/0 10% BO/CO 10-40 

12 12.2- 10% B/Mod 10/4 21o/ol 13/25 7.5 -I 0% 
12.6 25/0 10% BOICO 20-40 

13 12.6- 7% 7%/ 14/25 7.5 CO/OR 0% 
13.1 9/0 10% BO/CO 25 

14 13.1- 3% B!Deep 14/2 3o/ol 6/25 1.5 CO/SB -1 0% 
13.9 4/0 10% BO/CO 20 

15 13.9- 7% B/Mod 7o/o/ 20/25 7.5 -I 0% 
14.2 10% BO/CO 40 

16 14.2- 8% B/Mod 816 10%/ 34/25 7.5 GR/CO -I 90% 
14.9 10% BO/CO 30..50 

17 14.9- 12% B/Mod So/of 14/25 OR/CO -1 
15.6 10% BO/CO 30-35 

• Wetted width in 1964 was averaged over several miles. 1997 Survey ended at Reach 8. •• Original wood entries were inaccurate. 
recounted for the entire stretch in the faU of 1996 and average for the whole stream sectioo. Reach 3,4 habitat restoration sites. 
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Reaches 3,4 and 5 are the highest priority for recovery and short-term placement of large woody 
debris. Historically this area was described as "accessible only by trail at that time, Hills Creek 
flattened out and contained excellent spawning grounds. The gradient was moderate, pools 
numerous, banks flat, and substrate primarily gravels." Today the reaches are described as low in 
gradient (1 %), Rosgen B channel types, with a predominance of boulder, cobble and gravel 
substrates. The influence of large wood in the channel is most evident in these channels. The 1997 
survey noted that the wood present in the reach 4 is active in shaping the channel morphology. 
Placed wood would increase habitat complexity and the average number of pools per mile. 

Hills Creek Debris Slides 

The debris slides that have been recorded in Hills Creek have actively recruited wood and fine and 
coarse sediment into the channel. The amount of wood in the stream, however, is still below the 
desired condition (7.5 pieces per mile versus 30). Similarly, , the percent embeddedness ofthe 
channel has decreased from a range between 20 to 40 percent to a range between 6 and 16 percent, 
based on 1992 and 1996 data. Before the large floods in 1996, however, the embeddedness values in 
Hills Creek did exceed the goal of less than 30 percent in a majority of the stream reaches. his 
assumed that the increased number of roads and associated effective drainage density in the 
watershed and the increased rate of debris slides contributed to the high percentages of stream 
embeddedness. It is difficult to evaluate if the dominate and subdominant substrate types and 
proportions have changed over time. 

The trend for this parameter is for the number of slides to decrease over time. As roads are 
improved and harvest in the riparian reserves limited, the number of debris slides entering the 
streams will re reduced, thus reducing fine sediment contribution. 
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Glossary 

Bankfull- Height ofthe floodplain surface, generally occurring at a 1.5 year frequency. 

Commen~ial Thinning - Any type of tree thinning that produces merchantable material at least equal in 
value to the direct costs ofharvesting. 

Ecosystem - An interacting system of organisms considered together with their environment. 

Even-aged management - The application of a combination of actions that results in the creation 
of stands in which trees of esseotially the same age grow together. 

Forested Land - Land at least 10 percent occupied by forest trees or formerly having had such tree 
cover and not currently developed for nonforest use. 

Fuels - Combustible wildland vegetative materials. 

Geomorphic - Of, or pertaining to, the figure of the earth or the form of its surtace; resembling the 
earth. 

Green Tree Retention {GTR) - A stand management practice in which live trees as well as snags and 
large down wood are left as biological legacies within harvest units to provide habitat components over 
the next management cycle. 

Habitat - The area where a plant or animal lives and grows under natural conditions. Habitat consists 
of living and non-living attributes, and provides all requirements for food and shelter. 

Habitat Diversity - The number of different types of habitat found within a given area. 

Land Use Allocation - The commitment of a given area of land or a resource to one or more specific 
uses. 

Large Woody Material - Portion of a tree that bas fallen or been cut and left in the woods. Usually 
refers to pieces at least 20 inches in diameter. 

Management Area • An area with a similar management objective and a common management 
prescription. 

Mature Forest - In the WNF, areas containing trees whose average age is 120 - 200 years old. There is 
significantly less diversity of plant species and structure than in an old-growth forest. 
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Morphology- The observation ofthe foiiJl of lands. 

Non-forested Land - Lands that never have had or that are incapable of having 10 percent or more of 
the area occupied by forest trees; or lands previously having such cover and currently developed for non
forest use. 

Old-Growth - A forest comprised of many large trees, large snags, and numerous large down logs; 
having a multi-layered canopy composed of several species of trees; the last stage in forest succession. 
In the WNF, forests begin to show some old-growth characteristics at 175-200 years. 

Overstory - That portion of the trees forming the upper or uppermost canopy. 

Precommerical Thinning - Removal of some trees in a stand before they attain merchantable size so the 
remaining trees will grow more quickly. 

Reforestation - The natural or artificial restocking of an area with forest trees. 

Regeneration - The renewal of a tree crop, whether by natural or artificial means. Also, the young crop 
itself. 

Riparian- Pertaining to areas of land directly influenced by water or influencing water. Riparian areas 
usually have visible vegetative or physical characteristics reflecting this water influence. Stream sides, 
lake borders, or marshes are typical riparian areas. 

Salvage- The cutting of trees that are dead, dying, or deteriorating (before they are "ovennature", or 
materially damaged by fire, wind, insects, fungi or other injurious agencies) before they lose their 
conunercial timber value. 

Seral - A biotic commun:ity which is a developmental, transitory stage in an ecological succession. 

Snag - A standing dead tree usually greater that s· feet high and 6 inches diameter at breast height. Its 
interior may be sound or rotted. 

Stand- An aggregation of trees or other vegetation occupying a specific area and sufficiently unifonn in 
species composition, age arrangement, and condition as to be distinguishable from the forest or other 
vegetation or land cover on adjoining areas. 

Structure - The configuration of elements, parts, or constituents of a habitat, plant, or animal 
conununity. 
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Succession - The progressive development of vegetation from bare ground towards its highest ecological 
expression, the climax community; the replacement of one plant community by another. 

Water yield Class - Classification based on the water retention properties of soil types. It is an 
indication ofthe rate and amount of water yield expected from each soil based on various factors. 
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