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INTRODUCTION

Canopy structure has recently become a focus in ecological literature.  The term encompasses a vast array of ideas, many of which are misunderstood (Lowman and Nadkarni 1995, Van Pelt and North 1996), but the controlling influence of canopy structure on many ecosystem functions is widely recognized (Harr 1982).  At the stand scale there is interest in how tree crowns occupy the three-dimensional space of the canopy and how the understory light environment is influenced by different canopy structures (Sillett 1999, Van Pelt and Franklin in press).  The amount of light that reaches the forest floor is affected by the amount and spatial distribution of foliage in a stand (Reifsnyder et al. 1971, Oker-Blom and Kellomaki 1982, Parker 1997).  The interception of rain by the tree crowns in a stand affects the spatial pattern and nutrient content of this moisture as it reaches the forest floor (Dawson 1996, Edmonds et al. 1998).  The age of the stand, spacing and sizes of canopy gaps, the species present, and the multilayering of foliage within the stand all influence the three-dimensional distribution of foliage (Spies and Franklin 1991, Van Pelt 1995, Parker 1997).  The moderating effect of forest canopies on understory microclimate (temperature, relative humidity) is well known (Chen 1993), but how these effects develop through time and how they are controlled/influenced by canopy structure is still poorly understood.

Douglas-fir forests in the Pacific Northwest represent not only the most abundant natural forest formation at low elevations, but also the most structurally complex.  Once low-to-mid elevation forests in the Pacific Northwest reach an age of about 200 years, they are considered old-growth forests (Franklin et al. 1981, Franklin and Spies 1991).  These complex forest formations are the sites of some of the regions highest biological diversity (Franklin and Waring 1980, Winchester and Ring 1999).  A greater understanding of how these forests develop their complex structure and how this structure affects functional aspects of the forest is key to learning how land managers can better work with our managed landscapes to conserve this biological diversity.

Within-tree work on the structural detail in old-growth Douglas-fir trees was developed by some of the pioneers of rope-based sampling.  To date, the best analysis on the detail of old-growth Douglas-fir canopies is the work of Denison, Pike, and Massman (Pike et. al. 1977, Massman 1982).  Today, these remain the standard from which all subsequent work has borrowed heavily (Clement and Shaw 1999, Ishii et. al. in press, Ellison, in review).  Their concept of the foliar unit allowed possible the realistic estimation of foliage biomass with the crowns of these very complex canopies.  A foliar unit is a discrete aggregation of twigs that develop over time on tree branches.  

The work we are planning will provide the finest data sets ever produced concerning the structural development of Douglas-fir forests.  The detail of sampling at both the stand scale and within-tree scale will be brought together for the first time into a cohesive, concise study.  The development of these forests has been addressed in the past using chronosequence, but usually in general silvicultural or successional studies.  Never has the structural detail of the development of complex canopies been studied specifically.

Objectives:  

This goal of this study is a detailed analysis of the structural development that occurs in a chronosequence of Douglas-fir forests and how this development affects the vertical organization of the forest, the interception of rainfall, the distribution of light reaching the forest understory, and the forest microclimate.  

Proposed Approach:  

Several Douglas-fir stands of differing ages and amounts of structural development will be compared to each other in terms of canopy variability, canopy development, structural complexity, understory light distribution, precipitation throughfall variability, and forest microclimate.  The structural differences between the forests will be used to explain the differences observed in their respective understories.

Eight different forest stands will be used for this research.  These stands represent Douglas-fir/western hemlock forests of different ages and levels of structural complexity.  Since some of the objectives of this study involve linking data with more detailed studies being carried out at the Wind River Canopy Crane Research Facility (WRCCRF), the Wind River Experimental Forest was chosen as the base site for this study.  Several age classes of forest exist in this region, all of fire origin, including several within or near the Experimental Forest.  For additional reasons of obtaining permits for sampling, climbing, and a small amount of destructive sampling, study sites were limited to Experimental Forests, Research Natural Areas (RNAs), or Mt Rainier National Park.  Mt Rainier has been sympathetic to the needs of ecological research in the past, and has a long-standing working relationship with Dr. Franklin.  

Four of the chosen stands are in or near the Experimental Forest, including the permanent plot at the WRCCRF.  Four additional stands, in structural stages not well represented in the Wind River area, were chosen to fill out the structural chronosequence.  Three of these sites were selected from the permanent plot network database held at Oregon State University, all of which are at Mt Rainier.  These are permanent, mapped research plots established in the 1970's and resampled every few years to provide useful information about population dynamics, growth and yield, and the spatial pattern of mortality.  The last site chosen was from a superlative stand of Douglas-fir/western hemlock at Cedar Flats Research Natural Area.  This stand represents the most structurally complex forest within the Cascadian forest biome. 









     Basal Area

Site
Name


Location    
   Elevation (m)  age (m2/ha)  ave dbh  (SD)   Height


1
Plantation

WREF


614
  50
36
22
  (9)
27

2
Martha Creek

WREF


579
  98
79
44
(17)
40

3
Panther Creek

WREF


737
150
76
53
(23)
44

4
Ohanepecosh

MRNP


651
270
99
93
(37)
67

5
Trout Creek

WREF


616
500
104
104
(35)
58

6
Carbon River

MRNP


595
500
110
184
(53)
83

7
Cedar Flats

Cedar Flats RNA
403
650
144
206
(67)
90

8
Chinook Creek

MRNP


704
900
78
191
(24)
67

Site 1 – Wind River Experimental Forest – 50 year-old clearcut

This site represents the youngest stand, which also has the simplest structure.  It is a naturally regenerated Douglas-fir stand that developed following logging during 1949.  The stand is fully stocked and has never had any thinning.

Site 2 – Wind River Experimental Forest – Warren Gap

The Yacoult burn is a 70,000 ha burn that occurred during the fall of 1902.  The combination of the surviving individual trees and a good seed year allowed rapid establishment of a new Douglas-fir stand.  About 95% of the area reburned within the next 20 years, and about 50% of that reburned still again.  The main area that did not reburn is along the main Wind River Valley and the area to the south of the upper nursery across Trout Creek.  The former area has sections with significant residual survivorship from the original old-growth stand, but also areas of nearly pure mature forest.  A section of low-gradient forest along the Warren Gap road is the proposed site of the sample plots.  Some of the area has had snag felling near the roads but has never been salvage logged or thinned.  The sample area is 550m in elevation, and the canopy is nearly pure Douglas-fir.  Vine maple, salal, and Oregon grape dominate the understory.

Site 3 – Wind River Experimental Forest – Panther Creek stand

Panther Creek is a tributary of Wind River that is situated on the east side of the Wind River Valley.  Much of this area burned during a fire or series of fires around 1845.  The tree canopy is about 95% Douglas-fir, with regenerating western hemlock and western red cedar present in places.  The understory consists of a dense shrub layer of vine maple, Pacific dogwood, salal, huckleberries, and Oregon-grape.  The elevation is about 850m and while a fairly steep, dissected landscape, sufficient low-gradient areas exist near the canopy gap experiment within which transects can be easily located.

Site 4 – Ohanepecosh – Mt Rainier National Park

The southeast corner of Mt Rainier National Park, in the vicinity of the Ohanepecosh Campground contains some wonderful examples of 270 year-old Douglas-fir/western hemlock forest.  While generally considered old-growth, this particular stand still has the two-layer canopy characteristic of a younger stand.  The permanent plot is located across the road from the campground on gently sloping terrain north of the hot springs.  

Site 5 – TT Munger RNA – Wind River Canopy Crane Research Facility

The old-growth forests at Wind River are dominated by Douglas-fir and western hemlock.  Pacific yew (Taxus brevifolia) is common as a small understory tree, and species present in small amounts are noble fir (Abies procera), western red cedar (Thuja plicata), western white pine (Pinus monticola) and grand fir (Abies grandis).  The dominant plant associations are the western hemlock/vanillaleaf association and western hemlock/Alaska huckleberry/salal association.  The main canopy is 40 to 55m in height with the tallest trees reaching 60m.  There is no evidence of major fire episodes at the site in at least 300 years, and stumps in the nearby area indicate that some trees were more than 500 years old when cut in the 1970’s (Franklin and Waring 1980).  Dominant disturbance now is one of small-scale gap disturbance from windthrow, insects and pathogens (Franklin and DeBell 1988).  The RNA is characterized by gently sloping terrain on the lower slopes of Trout Creek Hill, an extinct Quaternary shield volcano.  The main permanent plot is on almost level ground, with slopes from 0 to 12%, a southeasterly aspect and an elevation of 360m.  

Site 6 – Carbon River – Mt Rainier National Park

The alluvial forests along the Carbon River within Mount Rainier National Park are among the finest remaining examples of old-growth Douglas-fir/western hemlock forest.  Even though the oldest trees are in the 350-500 year range and the stem density is overwhelmingly dominated by western hemlock, the basal area of the stand is still dominated by Douglas-fir.  Tree heights of the dominants range from 75-84m.  Other tree species present include western red cedar and Pacific silver fir.  Vine maple and huckleberries dominate the shrub layer, and the understory is wood sorrel and swordfern, with several other fern species present.  The stand is located about 600m in elevation on the alluvial terraces along the Carbon River.

Site 7 – Cedar Flats – Cedar Flats Research Natural Area

Cedar Flats RNA was set aside for the fine examples of Cascadian cedar swamps present.  The non-wetland parts of the area are dominated by Douglas-fir/western hemlock forest.  These stands are 500-600 years old and represent among the most structurally diverse forest in the Pacific Northwest.  The individual structures in the crowns of these massive trees support abundant epiphyte communities.  The Douglas-fir trees in this area range from 200-361 cm diameter and heights of the tallest trees exceed 90m.  These upland forests form a crescent-shaped area around the wetlands and Muddy River floodplain.

Site 8 – Chinook Creek – Mt Rainier National Park

Located upstream from the younger stand near the Ohanepecosh Campground, this stand represents the oldest member in this chronosequence and also the endpoint of Douglas-fir development.  Two permanent plots are located along Chinook Creek about 2 kilometers above its confluence with the Ohanepecosh River.  The plots are located in gentle terrain at the toe-slope above the creek.  This site is needed as the structure has been simplified from the Douglas-fir dominated stands of the old-growth at Wind River, Cedar Flats, and Carbon River.  The stand has only a few remaining Douglas-fir and the regenerating shade-tolerant species of western hemlock, Pacific silver fir and western red cedar are now dominating the site.

FIELD PROCEDURES

Both structural and functional forest measurements were taken.  Structural measurements were broken down into stand-scale and tree-scale.  Stand-scale measurements were ground-based, while the within-tree measurements were rope-based.  Several major functional measurements were sampled; precipitation, temperature, relative humidity, and light.  Precipitation throughfall and stemflow were measured at several places in each of the stands for analysis of the structural influence on these patterns.  Temperature, relative humidity, and light measurements occurred at the same locations as the precipitation throughfall measurements to further detect the influence of structure on function.

Structural measurements

Stand-scale structural measurements

Transects were selected as the sample unit, as they provide a convenient way to sample a stand, while retaining the ability to example many spatial aspects of the stand (Kuiper 1994, Van Pelt 1995).  The axis of each transect will serve as the sample locations for understory, light distribution, and precipitation throughfall. 

A.  Transect locations

Sample areas at each location are located in large, low gradient blocks of forest with care to ensure plot boundaries are well away from clearcut edges, etc.  A reconnaissance survey was conducted prior to sampling to determine exact stand locations.  Each study site was analyzed using aerial photographs and/or Forest Service inventory GIS layers, then stand polygons were generated using a GIS.  Stand boundaries were chosen and transects were randomly assigned inside of the stand polygons.  In each sample area, 4 transects were placed with random starting points and directions.  The first four random transects that remained inside the boundary of the stand polygon were chosen as the study transects.  The average height of the canopy dominants was determined from prior sampling within the permanent plots or reconnaissance, which were then used to determine transect size.  Transect dimensions are 3 x 0.3 the average dominant tree height.  For example, a 50 m tall stand will be sampled by four transects, each of which are 150 m X 15 m.  Even though permanent plots are established in five of the study sites, including all three at Mount Rainier, the transects will necessarily extend beyond the boundaries of, or miss entirely, these plots.  

B.  Transect sampling

Within each transect, all trees greater than 5cm dbh were mapped and measured for species, dbh, height, crown height, and 4 cardinal crown radii.  Mapping was accomplished by setting up a transect line using 100m tapes and rebar.  A compass was used to establish the randomly chosen direction.  The ‘X’ corrdinate of each tree is simply the distance along the tape at which the tree occurs.  The Impuse laser rangefinder was used to get the ‘Y’ coordinate, or, the distance from the tape.  A +/- sign was determined by which side of the tape the tree being measured occurs.  Anomalies of tree form are noted, such as broken tops, spike tops, wounds or other abnormalities.

Along the axis of the transects, in a band 10% as wide as the main transect, trees not yet mapped yet greater than 50cm in height, were mapped and measured for species, basal diameter, height, crown height, and crown diameter.  All other woody plants (shrubs) taller than 50cm in height were also sampled in this smaller transect.  These were measured for species, height and basal diameter.  The exception to this general sampling scheme is in reference to vine maple (Acer circinatum).  Vine maples were not condidered trees even though they can frequently be over 5cm dbh.  For these individuals over 5cm dbh, their dbh was recorded rather than a basal diameter, but only for ‘trees’ within the smaller, 10% transect.  Understory vegetation was sampled as percent cover by cover type in a continuous string of 1m diameter circles for the length of each transect.  Three cover types were used; evergreen shrub, deciduous shrub, and herb/moss.

In each stand a 10% sample size for each species was chosen for stem volume measurements.  These were used to develop regression equations predicting volume from height and dbh.  The Criterion 400 survey laser was used for this purpose.  The full range of sizes for each species was included in a randomly selected sample.  In addition, the largest and smallest individuals in each stand for each species were also measured to insure that the predictive equation does not predict tree volumes beyond its own data.  Trees with abnormalities such as kinks, swellings, or deformed crowns were not sampled for these regressions.

Within tree structural measurements

Each site had one transect randomly chosen for more detailed examination.  Within this transect, hereafter referred to as the ‘Focus Transect’, more detailed information about tree architecture was collected.  Trees were climbed and the architecture mapped in accordance with criterion previously established by Sillett and Van Pelt (Sillett 1999, Van Pelt and North, 1999, Sillett and Van Pelt, 2000).  This involves mapping the location of the main stem and all reiterated trunks, in addition to all branches that originate from trunks.  Each mapped trunk and branch was measured for basal diameter, length, azimuth, and foliage unit number.  A foliage unit is a discrete aggregation of twigs that develop over time on tree branches.  This is proposed as an improvement over previous methods that have also estimated foliage amounts in old-growth Douglas-fir (Pike, et al. 1977, Massman 1982, Clement and Shaw 1999, Ishii, et al. 2000) and Sitka Spruce (Ellison, in review).   To determine the correlation between foliar unit size and foliage biomass, a small subset of individual branches was clipped for leaf area and biomass estimations for each species and stand, which were used to extrapolate to the stand level.

The climbing of these trees in these eight stands requires complete rigging all of the major and many lesser trees within the focus transect.  Each branch on each rigged tree was mapped and measured for up to 12 variables.  The foliage on these branches was then estimated from regression in the case of most trees, or be estimated from foliar unit sampling in the case of the old-growth Douglas-fir trees.  

Rigging Tall Trees

Rigging a tall tree for intensive study occurs in 5 phases:  1) setting the initial rope, 2) accessing the lower crown, 3) accessing the upper crown, 4) establishing the climbing route, and 5) descending.  Each phase is described below.

Setting the Initial Rope—There are many ways to set the initial rope for tree climbing.  Choosing the right method depends on the type of tree to be climbed.  If the tree is small-sized, the climbing rope is thrown directly over sturdy branches up to 10 m high.  For medium-sized trees, a throw bag is used (canvas sack with lead shot inside) tied to a nylon cord to access branches up to 25 m high.  Very tall trees in old-growth forests are usually not accessible by these techniques, because the lowest sturdy branches in their crowns are frequently located above 30 m.  A powerful, compound bow is used to shoot a rubber tipped arrow over sturdy branches in the lower crown.  The vertical range in our work is up to 85 m.  The arrows are tied to medium-strength monofilament, which is attached to a spinning reel on the front of the bow.  If the shot misses, and the arrow goes over an unsafe branch, the arrow is lowered to the ground, untied, and the monofilament is reeled in.  After a successful shot over a safe branch, a nylon cord is tied to the monofilament and pulled up over the branch.  The cord is strong enough to then haul the climbing rope over the branch.  When both ends of the climbing rope are on the ground, one end of the rope is anchored to a tree trunk with a knot.  Now the rope is ready to be climbed.

Accessing the Lower Crown—The rope is climbed using two ascenders attached to the climbing harness.  Foot stirrups are attached to the lower ascender.  By alternating between standing and sitting, trees can be climbed fairly rapidly.  Once the branch supporting the climbing rope is reached, an arborist-style lanyard is used to anchor to the tree.  The climber then detaches from the climbing rope and signals an assistant to untie the knot at ground level.  The climbing rope is then pulled up attached to the climbing harness.  

Accessing the Upper Crown—Our climbing lanyards consist of a 20 m long arborist-style rope with locking steel clips spliced into both ends.  Two 1 m lengths of arborist-style rope are tied to the middle of the lanyard with Blake’s hitches such that about 0.6 m of each rope is left as a tail.  The Blake’s hitch is a special friction knot that allows a climber to safely ascend and descend a rope by sliding the knot along the rope.  Each tail has a double-locking carabiner spliced into the end.  To anchor oneself to the tree, one end of the lanyard is thrown over the base of a sturdy branch, the steel clip is lowered by tossing loops of slack up towards the branch, and the clip is attached to the climbing harness when it comes within reach.  All of the slack in the rope is removed by sliding the Blake’s hitch and by attaching the tail to the climbing harness.  Using the branch as if it were a pulley, the climbers hoists himself up the lanyard while sliding the tail along for safety.  When the branch is reached, the other end of the lanyard is used and the procedure is repeated by throwing it over the base of a sturdy branch located up to 7 m higher than first.  The second tail is used to ascend the other end of the lanyard.  In this way, the climber is never detached from the tree – the first tail is detached when all of the climbers weight is on the second tail.  This method is repeated, which is known as split-tail climbing, until the upper crown is reached.  As branches become smaller towards the top of the tree, the trunk is used as the pulley.

Establishing the Climbing Route—A rescue pulley is secured to the trunk in the upper crown with a loop of 2.5 cm tubular nylon webbing and a locking carabiner.  The pulley is hung above a sturdy branch.  One end of the climbing rope is passed through the pulley and lowered to the ground along a clear path that will be independent of the climbing path.  Using two-way radios, an assistant on the ground signals the climber that both ends of the rope are back on the ground.  The assistant then anchors the end that was just lowered.  By being careful during the previous phase, a clear climbing path is established during the initial ascent.  If not, the climbing path is rerouted upon descent.

Descending—Standard techniques are used to rappel to the ground.  Rappelling involves using a friction device that attaches to the rope and allows a controlled descent.  Once back on the ground, a black nylon cord is tied to one end of the rope with a special knot.  The rope is the replaced by the cord, which is left hanging from the pulley at the top of the tree with both ends tied and secured at ground level.  The black cord is virtually invisible.  On a good day, the whole rigging procedure takes about three hours for a 90 m tall tree.  On a bad day, it takes the whole day.

Tree Mapping – Each tree is mapped in moderate detail to establish the location and estimate the surface areas of branches and foliage. Height tags are placed on the trunk every five meters and identification tags are placed at the base of each branch. The following information is recorded for each uniquely labeled branch: height of branch above ground, perpendicular distance of branch extension from trunk, diameter of branch at insertion, azimuth of branch at trunk, distance and azimuth of branch system centroid, length of primary axis (branch portions >5cm in diameter) alive and dead, number of alive and dead foliar units. Foliar units are discrete quantities of foliage that can be roughly counted by the researcher to reasonably estimate the quantity of foliage on a particular branch system. Due to the unique clustering pattern of foliage, these units are specific to the tree species and reflect a relative quantity of foliage. For each tree, total values of primary axis length and foliar units are obtained. Additionally, an illustration is made of each branch and the axis sections are mapped numerically in a subjective order.

Branch Sampling – A <1% subset of branches less than 4 cm diameter for each species and size class will be collected for leaf area biomass calculations.  In the younger stands (sites 1-5), this will include all trees.  In the older stands, this will include non Douglas-firs.  These will be measured, dried, and the various components weighed to provide data used to develop regressions for predicting the size of the estimated branches within the trees.

Foliar Units – For the Douglas-fir trees in the older sites, branches will not be removed.  In these stands foliar units will be counted and a 1% sample of these will be removed for analysis.  Branch systems in old-growth Douglas-fir trees can be extremely large.  Removal of foliar units cause much less damage to the trees and we propose here that they are also much better for developing regressions.   Foliar units were collected at the beginning and end of each day by each climbing crew.  These were each individually estimated by all climbers to aid in our daily self-calibration.  Members of each climbing crew were rotated to provide a further self-check for calibrating foliar units size.

Functional Measurements

The axis of each transect was used as the primary location of light sampling and precipitation throughfall measurements.  Each transect, with a few exceptions, has 10, randomly selected sampling stations for both light and precipitation throughfall.  The exceptions are those few transects that ended up being too close to roads or trails.  In these cases, twenty stations were set up in one of the other transects.  Each stand ends up with 40 sampling stations.

Precipitation throughfall

Precipitation throughfall was sampled in each stand to estimate variations in precipitation intensity and crown drip based on canopy structure.  A tipping-bucket raingauge was installed in a large opening near the stand to get background precipitation data.  These record a time-stamp with every 2mm event and only need to be downloaded twice a year.  At two of the sites an official government weather station was very close to the stand and these data were used instead of collecting our own.  The throughfall sampling has a two-tiered approach; one method samples throughfall at a high spatial resolution, but fairly low temporal resolution, the other samples at a high temporal resolution but integrates over a large area of the understory.

Throughfall was sampled on the forest floor and collected through a series of hand-sampled bottles randomly placed along the transects.  The 40 sampling locations in each stand are the same as that for the hemispherical photos.  These were remeasured as often as possible after major rainfall events so were left in the field for the duration of the study.  Each sampler cosists of a two-liter bottle mounted on a wire frame that elevates it 1-2 m above the forest floor.  The mouth of the bottle is fitted with a short piece of rubber hose and a funnel.  The small opening helps reduce evaporation during the times water is sitting in the bottle.  Sampling is done by periodically emptying the bottle into a graduated cylinder and recording the total amount of water.  The measurement of total precipitation reaching the forest floor was augmented by a tipping-bucket raingauge fitted with long trough that allows higher resolution to the time of throughfall sampling, but integrates over a large spatial area.  One of these was placed on each transect.  

Air Temperature/Relative humidity

Air temperature and relative humidity were sampled at the top of the canopy in each stand and in the understory.  Due to the variability of the understory conditions, both air temperature and relative humidity were sampled at three places in the understory for averaging and variance.  The moderating influence of the old-growth canopy on understory environment will be examined with respect to stand age and structural complexity.  The small, inexpensive, yet weather-proof temperature/humidity sensors made by Hobo Inc., are ideal for this sort of sampling.

Light distribution

Digital hemispherical photos were taken at each sampling station location and were analyzed to estimate light levels in the understory.  Sampling at multiple locations will yield an estimate of total light available in the understory as well as the patchiness and variability of that light compared within all of the sites.

DISCUSSION

The results from this study will be the first to closely examine the development of the canopy structure in the Douglas-fir forest type.  The old-growth Douglas-fir forest canopy is well known for being an important resource for a great many wildlife species, yet how a young plantation turns into this magnificent creation is still largely a mystery.  This study will follow, through direct measurements and modeling, the development of leaf area and crown complexity in this forest type.  The structural development will be used to examine the influence on two major functions of the forest; namely the distrubution of light in the forest understory and the effect on the patterns of precitpitation throughfall and stemflow. 

The within-tree work on the structural development in these forests is unprecedented.  To date, its pioneers completed some of the best analysis of old-growth Douglas-fir canopies.  The work of Denison, Pike, Massman (Pike et. al. 1977, Massman 1982) today remains the standard by which all subsequent work has borrowed heavily (Clement and Shaw 1999, Ishii et. al. in press).  There is a larger body of work on the development in canopies of young, plantation-grown trees (e.g. Jensen and Long 1983, Kershaw and Maguire 1995, 1996), but the work in old-growth canopies is small indeed.

The predictability in the younger stands will make our work in the project easier.  Regressions based on branch dimensions will provide good correlations with the structural and spatial distribution of foliage, biomass, etc.  This will apply to three, and probably to five, of our study sites.  The oldest three of these five study sites (Panther Creek, Bagby RNA, and Ohanepecosh) will have a mixture of original branches and epicormics.  The epicormics will require a separate sampling scheme.

In the old-growth stands, however, the complete dominance of epicormics in the crowns leaves branch-based sampling a very poor predictor of most of the variables we are interested in.  Studies completed at the Wind River Canopy Crane have concluded that most of the crown of an old-growth Douglas-fir tree is epicormic.  Even branches that appear to be original (and may be), the foliage on these branches is epicormic.  The branch diameter or branch length correlations that work well in young stands do not predict well in the old-growth.  What has been shown to work well, however, is the foliar unit.  This concept originates from the original IBP work at the HJ Andrews.  The foliar unit adequately deals with estimating amounts of foliage on epicormic ‘fans’ as well as foliage on more ‘normal’ branches.

Deliverable Products:

The results from this study will be the first to closely examine the development of canopy structure in the Douglas-fir forest type.  The old-growth Douglas-fir forest canopy is well known for being an important resource for a great many wildlife species, yet how a young plantation turns into this magnificent creation is still largely a mystery.  This study will follow, through direct measurements and modeling, the development of leaf area and crown complexity in this forest type and how these structural components directly influence basic forest functions.  

Structural development in an age sequence of Douglas-fir forests I:  Changes in the vertical and horizontal distribution of foliage.

A stand level analysis based on the stem map and individual tree parameters measured this year.  Basically a follow-up to my previous work with the added dimension of time.

Structural development in an age sequence of Douglas-fir forests II:  The development of leaf area and the concept of aggregation at several spatial scales. 

This will be the big paper on the development and partitioning of biomass, including leaf area, wood volume, understory, etc.  This is a needed paper to precede to two major functional analysis papers that follow.  The destructive sampling and biomass estimates will be used in developing stand-level estimates of these parameters.

Structural development in an age sequence of Douglas-fir forests III:  The influence of canopy structure on the spatial and temporal aspects of precipitation throughfall. 

This will focus on all of the water-related measurements – rain-gauges, understory troughs, and throughfall bottles.  We will relate the individual bottles to each other (within stand) as well as relating the trends to their structural development (between stand).  Variability can be looked at over time using the same bottle over time relative to the other bottles in the stand, as well as the entire set of bottles over time.

Structural development in an age sequence of Douglas-fir forests IV:  The influence of canopy structure on the microclimate and the understory light environment.

Here we can use the temperature/relative humidity data and the fisheye data together to compare the influence of canopy development on these variables.  Light and air temperature are correlated in the understory so our greater light sample can help look at within-stand variability and the sensors at the top of the canopy can help us see patterns of climate moderation associated with canopy development.

Measures of canopy structure: A case study using an extended age sequence in Douglas-fir forests.

Here we can use our data sets to compare methods for estimating structural complexity, including the previously published ideas as well as some new ones of our own.  In this paper we can propose (perhaps) our Universal Measure for estimating structural complexity.

Architectural analysis of two old-growth Douglas-fir forests.

This would be the paper I would work on with Sillett.  It would include the methods of sampling developed for this study and contrast them with previous techniques (Pike-Dennison, Clement, Ellyson).  The idea of the foliar unit will be defined and associated sampling problems associated with this concept in regards to where in the crown these estimates are made.  Also the development of sampling techniques for reiterations, and other complex branch patterns.

Duration:  

This is a two-year study.  The first year is finished and consisted of mainly the stand-level work.  The within-tree work on the Carbon River stand was also completed the first year.  The functional measurements (air temperature, throughfall, stemflow, light) will be carried out for two full years (until early summer of 2002).
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