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PREFACE

Thjs publication describes some of the most common methods used to quantify the
amount and dynamics of woody detritus in fosest ecosystems. A hierarchical scheme is presented
that will help assure data comparability for intersite studies. For each type of measurement several
methods are described and compared. Deiled guidelines are presented for measuring mass,
nutrient stotes, production, and decompaosition processes. Additionally, references are included for
more detailed process studies including nitrogen fixation, leaching, respiration, sporocarp

production, and insect producrion. -
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INTRODUCTION

D ead trees serve many key functions in ecosystems (Franklin et al. 1987).
Since dead trees may persist for cencuries (McFee and Stone 1966, Triska and Cromack
1980), they can influence ecosystems as long as living trees. Woody detritus reduces
erosion and affects soil development; stores nutrients and water; is 2 major source of
energy and nutrients; serves as a seedbed for plants; and is a major habitac for microbes,
invertebrates and vertebrates (Lutz 1940, Anderson et al. 1978, Swanson and
Lienkaemper 1978, Franklin et al. 1981, Frankland et al. 1982, Davis et al. 1983,
Harmon et al. 1986). Despite these many functions, the importance of this material in
forest ecosystems has, until recently, been overlooked by ecologists (Harmon and Chen
1991) and forest managers alike (Kirby and Drake 1993, Samuelsson et al. 1994).

The recognition of the role of dead trees and woody
The Z.mpoﬂﬂnce Of detritus in forests has lead to an increasing demand for
. ) appropriate methods for field studics. Given the relative youth of
ZUOOdJJ df LyiLids in for €5t  this field, however, there are only a few scattered published
sources for methods. Moreover, the specific information and

ecosys tems bﬂ\f, until practical experience needed by newcomers to establish a

sampling program are often lacking in these publications. This is

Yece, ntb& be €7l ovey, [00 ke d unformunate, because woody detritus studies require considerable

Zo . d effort (although no more than live teee studies), and it would be
b)’ ecowogts 15 an fo rest highly advantageous for intersite comparisons to collect such

: . dara in a comparable way.
managers alike

We have prepared these guidelines as a step voward
collecting comparable data and providing a logical starting point for intersite
collaboration (Table 1). In addition to describing the basic methods involved, we have
attempted to compare alternative methods and to indicate their relative precision and
accuracy. This approach recognizes that the level of detail used in examining woody
detritus ac a given site depends upon the study objectives. Therefore, rather than
suggest a single method, we have developed a series of methods that will yield
comparable results at the inost general level. Our emphasis is nor on setting absolute
standards, but on achieving data standardization and comparabilicy.
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Finally, we offer 2 word of caution concerning our recommendations.
Although our primary experience has been in the Pacific Northwest, it would be a
mistake to assume that the described methods 2nd recommendations will only work in
that region. Duting the past 20 years, we have used these methods successfully in boreal
forests (Russia), tropical forests (Mexico), temperate deciduous forests (Tennessee), and
temperate conifer forests (California, Colorado, Montana, Oregon, and Washington);
however, there are undoubrtedly areas or situations in which they will not apply. We can
only encourage the reader to use common sense and to avoid reinventing the wheel

whenever possible.

Table 1, Sites with ongoing or planned studies on woody delritus.

Hubbard Brook
Juneau

New Hampshire
Alaska

Site  Location Biome
Andrews Oregon cool conifer
Bonanza Creek Alaska boreal conifer/deciduous
Changbai China cold deciduous
- Chapel Hill N. Carolina warm deciduous/conifer
Coweeta N. Carolina warm deciduous
Fraser Colorado cold conifar
Harvard Forest Massachuselts cool deciducus

cool deciduous
temperate rainforest

Luguillo Puerte Rico moist tropical

Olympics Washington lemperate rainforest
Puerto Morelos Mexico dry tropical

SERC Maryland warm deciduous
Sevilleta New Mexico cold conifer

St. Petersburg Russia boreal conifer/deciduous
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INSTALLATION LEVELS

Bcforc describing methodological details, we will consider the overall
problem of developing comparable data. A typical approach is to try to match data fora

given variable, regardless of the temporal, spatial, or process resolution. For example, all

sites to be compared might measure nitrogen fixation rates in the same fashion,

producing data that is comparable but only in a limited way. That is, the rates of

nitrogen fixation could be compared, but the implications of these rates to overall

ecosystem nitrogen cycling may not be evident. This is because the lacter depends not

only on the rate of nitrogen fixation, but also on the mass and state of decay of the

woody detritus present at a site. So, to maximize comparability one needs to consider

not only the variable itself, but also how it relates to other variables.

The greatest
bpportum’tz'es for
intersite comparison will
occur if one proceeds

from less to more detail

With this in mind, we have followed the hierarchical
system used by the U.S. Long-Term Ecological Research (LTER)
Meteorology Committee, defining a number of levels of demil
depending upon the resources and objectives (Greenland et al.
1987). A key point to remember is that the data at more detailed
levels can be made comparable to those at less detailed levels by
reducing the temporal, spatial, ot process resolution. While it is
certainly possible to stare with the greatest detail or resolution
and work toward less detail or resolution, we feel the greatest
opportunities for intersite comparison will occur if one proceeds
in the opposite direction. Moving from less to more detail also
will help put the demiled process studies in context (see nitrogen

fixation example above).
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We have ordered the following installation levels by increasing detail and
expense:

# Level One includes sites with inventoties of logs and snags within forest plots.
“Generic” density and nutrient content values from the literature are used to

estimate mass and nutrient stores.

# Level Two includes sites that have inventories of stores in forest plots, estimates of
mortality rates from permanent plots, and estimates of decomposition rates from
chronosequences. Inventory estimates would be based on site-specific density and
nutrient contents.

® Level Thrce includes sites with a Level Two installation and one or more time series

to estimate decay rates of dominant species.

4 Level Four includes sites with a Level Three installation and detailed process studies
such as seasonal respiration patterns, leaching, insect utilization, and nitrogen
fixation.
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To be most useful for comparison, woody detritus should be measured in plots
or stands that have inventories of living biomass and other detrital pools. Not only will
this provide a more complete inventory of the ecosystem, it will allow one to couple
process rates such as mortaliry to these “static” measurements. Moreover, it will allow
one to estimate expansion factors thar relate one form of biomass to another. For
example, we have found that the ratio of old-growth CWD to bole mass ranges
between 0.20 to 0.30 in the Pacific Northwest (Harmon and Chen 1991). This ratio
can then be applied to live tree biomass to estimate regional CWD stores within old-
growth forests (Harmon et al, 1993).

Finally, woody detritus takes many forms, and the optimal method used to
inventory each form differs. For example, downed coarse wood can be estimated using
either plots or line intercepts, while attached dead wood and suspended fine dead wood
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INVENTORIES of MASS and NUTRIENT STORES

The top diameter of tall snags can usually be accurately measured by finding
the top. If the top cannot be located, a visual estimate will usually suffice, However, our
experience indicates that there is a tendency to visually underestimate the top diameter;
we recommend calibrating the eye with snag tops that can be located.

The length of logs can be measured with a tape, or can be paced out or
visually estimated. The most accurate method is to usc a tape measure. Recently, we
have been exploring the use of sonic tape measures. For lengths < 40 m, they are faster
and nearly as accurate as tapes. Our methodological studies indicate that pace estimates
ate generally accurace for logs up to 20 m long, provided that che paces are calibrated
carefully (Figure 6). Visual estimates can also be used, but are not accurate above a
length of 10 m. A key finding for either estimation method is that experience and
training is crucial. Experienced workers generally pverestimated lengths by 5 to 7%
regardless of the method used, while novice workers overestimated lengths by 20 to
26%. It is also possible to estimate log length from stand maps, although the accuracy
of this method has not been tested (Harmon et al. 1987).

B. Visual

Visual Estimate (m)

Log Length {m}

& Experd O Movice
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INVENTORIES of MASS and NUTRIENT STORES

One can also use the formula for a frustum of a cone, paraboloid, or neiloid if
only the end diameters are measured. This would be most appropriate for snags or

stumps. The formula for 2 frustum of a cone is:
V=L(A +(B,A)% +A )3 [4]

where Vis the volume, L is the length, and A, and A, are the areas of the base and top,
respectively. The formula for a frustum of a paraboloid is:

V=L (A, +A)2 (5)

where Vis the volume, Z is the length, and A, and A4, are the areas of the base and top,
respectively. For blobs, we have used a modification of equation 5 assuming that A_is 0.

The limitation of using the formula for a frustum is that one must select a
form factor. Unfortunately this can vary even within a species, depending upon the
portion of the stem being measured (Figure 8). The most common form assumed is a

cone.,

& Figure 8.
Volumetric forms
cormmon in dead
trees (see formulae
above).

Cone Paraboloid Neiloid
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INVENTORIES of MASS and NUTRIENT STORES

measure of the rate at which pieces are input or decomposed may result. This error also
occurs in fixed area plots, but decreases as the plot size increases. For line intercepts, a
possible solution is to tag or mark logs so that one can determine whether pieces
acrually decomposed or were input during the measurement interval, The third
problem lies in the fact that line intercepts exclude snags, making a total woody detritus
inventory impossible. This is especially problematic when trying to relate snags to logs
over time. One must be aware that snags could fragment and be added to the log pool,

yet not be detected with the line intercept system.

Coarse Woody Detritus. To estimate the volume of downed coarse woody
detritus, one need only record the species, decay class and diameter. Contrary to
popular belief, length is not used to estimace the volume when using line intercepts.
Recording length still may be desirable when using this method, however, because the
line intercept method yields better length estimates than fixed plots, which may

truncate many log lengths at plot boundaries.

The formula o calculate V, the volume per unit area {m? m'%), from line

intercepts is:
V=9.869*% (d*/8 L) [73

where 4 is the piece diameter {(m), and L is the ctansect length (m) (Warren and Olsen
1964, Van Wagner 1968). For coarse woody fractions it is best to record the actual
diameter of each piece. As with fixed radius plots, the maximum and minimum
diameters of elliprical pieces on Jine intetcepts should be recorded. These can later be

converted to the round diameter equivalent (see equations 1 and 2 above).

Fine Woody Detritus. Line intercepts can also be used to estimate the volume
of downed fine woody detritus. In this approach, one tallies pieces by size class and
then converts to volume using size-class averages of particle diameter and secants of
incidence angle (Table 3, next page). The formula used is similar to that of coarse

detritus:

V=9.869 * N*a* (d /8 L) [8)

24
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INVENTORIES of MASS and NUTRIENT STORES

where Vis the volume per unit area (m? m?), d . is the quadratic mean piece diameter
for a size class (m?), L is the transect length (m), Nis the number of pieces intercepted
along the transect, and 4 is the average secant pieces along the transect. The latter term
(a) is used to correct bias introduced by the non-horizontal orientation of the pieces
{Brown and Roussopolos 1974). This correction is not required for downed coarse

woody detritus, as this bias decreases with piece diameter (Pickford and Hazard 1978).

Variable Radius Plots for Suspended
Woody Detritus

When using the line intercept method for inventorying downed wood, one
must use an alternative method to estimate snags or suspended detritus. This could be
either fixed area plots as described above or variable radius plots, often used for living
trees (Grosenbaugh 1958, Ordwald 1981). We have not tested the latter approach, but
it may prove useful. In the variable radius plot system, a prism with a certain basal area
factor (BAF) is used to determine if snags are to be included or excluded from the cally.
Each snag tallied is equivalent to the basal area of the BAF. For example, using a BAF of
5 means each snag adds a basal area of 5 m?/ha (assuming a metric prism is used). In

this case, three snags tallied at a sample point would give a basal area of 15 m?/ha

To estimate volume, mass, and nutrient stores from variable radius plots, the
species, decay class, diameter at breast height and top, and the height should all be
recorded for each snag that is included in the tally. The density per unit area of snags for
each size class can be computed by dividing the BAF by the actual basal area of the snag
measured. Using a BAF of 5, for example, a snag with a diameter at breast height
(DBH) of 50 cm would have a basal area of 0.19 m? and, therefore, would represent

+25.6 snags/ha. The estimated volume or mass of cach snag would then be multiplied by
the number of snags it represents per unit area. For example, if the 50 cm DBH snag
used in the example above had a mass of 0.25 Mg, it would represent a mass of 6.4 Mg/
ha (25.6 snags ha'! *0.25 Mg snag™!). One could estimate the fine suspended woody
detrirus associated with each snag using the approach outlined above for fixed area plots.
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INVENTORIES of MASS and NUTRIENT STORES

Table 3. Mean bulk density (D}, squared average quadratic mean diameter (dqz),
and average secant (a) for correcting orientation bias used in planar or line
intercept methods (see equation 8).

—— e ]
F ——— —S— e — — — —

Species  Diameter Class d 2 a D Source
{cm) (em?) (gfem®)
conifers

Larix occientalis .

0-0.63 0096 1186 — 1
0.63-2.54 1535 113 — 1
2.54-7.62 13.999 110 — 1

Picea rubens/Abies fraseri
0-0.63 0086 115 — 3
0.63-2.54 1540 113 — 3
2.54-7.62 18800 1.10 — 3

Pinus contorta
0-0.63 0129 118 — 1
0.63-2.54 1535 113 — 1
2.54-7 62 18516 110 — 1

Pinus ponderosa
0-0.63 0221 125 — 1
0.63-2.54 1835 128 — 1
2.54-7.62 20128 122 —

Pinus rigida/Pinus virginiana
0-0.63 0.129 1.15 0421 3
0.63-2.54 1870 113 0395 3
2.54-7.62 16,560 113 0397 23

Pseudotsuga menziesii
0-0.63 0079 115 — . 1
0.63-2.54 1861 113 — 1
2.54-7.62 18.516 110 — 1

Tsuga canadensis
0-0.63 0058 1.15 0451 3
0.63-2.54 1540 113 0387 3
2.54-7.62 18,800 1.43 0389 3

26
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INVENTORIES of MASS and NUTRIENT STORES

Table 3. continued

Species  Diameter Class d,? a D Source
" {cm) (cm?) {alcm®)
: conifers
Conifer composile
0-0.63 0.097 1.15 0480 1
0.63-2.54 1864 1.13 0.480
2.54-7.62 17.806 1.10 0400 1
hardwoods -
Acer/Betula/Tilia
0-0.63 0185 1.24 0540 3
0.63-2.54 1.720 1.1 0390 3
2.54-7.82 17580 1.03 0342 3
Quercus prinus
) 0-0.63 0136 1.24 0558 3
0.63-2.54 1.890 1.1 0454 3
2.54-7.62 17.350 1.03 0471 3
Quercus spp.
0-0.63 0137 124 — 2
- 0.63-2.54 1.562 111 — 2
2.54-7.62 — 103 — 2
Quercus Spp.
0-0.63 0156 1.24 0559 3
0.63-2.54 1750 1.11 0427 3
2.54-7.62 17.350 1.03 0444 3

Sources: 1) Brown (1974), 2) Brown and Roussopolos {1974), 3) Harmon et al. (1980}
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INVENTORIES of MASS and NUTRIENT STORES

A serious drawback of using variable radius plots 1o estimate snag basal area is
that snag density is usually quite low relative to trees. In otder to sample an adequate
number of snags for volume and density estimates, one must use a prism with a
relatively small BAFE, This creates another problem, however, in that a small BAF leads
to an underestimate of basal area (as more trees become hidden and are missed). We
currently do not know the optimal trade-off between these two considerations.

Conversion of Volume to Mass and
Nutrient Stores

Regardless of the method used to estimate volume {fixed radius plots, variable
radius plots, or line interceprts), one can use the dara generated to estimate mass and/or
nutrient stores. To convert these dimensional data to mass or nutcient values, however,
one must know the density and/or nutrient content of wood and bark in various stages
of decay. In a Level One installation, these values would be taken from the literature
(Table 4). Although not using site-specific values (especially for nutrient stores)
increases the potential for etror, the literature values of density and autrient contents

will provide a first approximation.

In a Level Two installation, the decay class information would be specific to a
site, although this need not include each and every forest for which dimensional dara is
gathered. To establish an objective decay class system, it is necessary to correlate the
external charcreristics to variables of interest such as density, bark cover, and nutrient
content (see also the chronosequence description below). Physical characteristics that
have proven useful in the past to distinguish decay classes include the presence of leaves,
twigs, branches, bark cover on branches and boles, sloughing of wood, collapsing and
spreading of log (indicating the transition from round to elliptic form), degree of soil
contact, friability or crushability of wood, color of wood, and whether the branch stubs
can be moved (Table 5, page 33). Biological indicators such as moss cover, fungal
fruiting bodies, or presence of insect galleries seem to be of very litde value in
separating decay classes, as they vary widely even within a limited area.

28
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INVENTORIES of MASS and NUTRIENT STORES

Table 4. Mean density and nutrient concentration of wood for decay classes of coarse
woody detritus.
Specias Location
Decay Class Density Nitrogen Phosphorus Potassium Calcium Source
{gcm3) ppm
Mexico-Tropical

Beaucamea pliabilis
1 0.248 2950 167 5125 5500 1
2 0.195 2850 167 5125 5500 1
3 0.061 2800 83 17117 29833 1
4 0.061 4520 120 24100 44340 1
5 0.061 6960 126 26180 47580 1

Blomia cupanioides '
1 0.794 2870 106 11333 18233 1
2 0.794 2870 106 11333 18233 1
3 0.794 2900 83 17117 29833 1
4 0.538 4520 120 24100 44340 1
5 0.226 6960 126 26180 47580 1

Brosimum alicestrum
1 0619 2150 102 9350 16100 1
2 0.441 2150 102 9350 16100 1
3 0300 2900 83 17117 29833 1
4 0200 4520 120 24100 44340 1
5 0.200 6960 126 26180 47580 1

Bursera simaruba

1 0.327 4200 41 17300 21280 1

2 0.227 4200 411 17300 21280 1
3 0131 2800 83 17117 29833 1
4 0.131 4520 120 24100 44340 1
5 0.166 6960 126 26180 47580 1

Manifkara zapota
1 0.806 2100 105 10750 18950 1
2 0814 2100 105 10750 18950 1
3 0.807 2900 83 17117 29833 1
4 0.538 4520 120 24100 44340 1
5 0.226 6960 126 26180 47580 1

Myrcianthes fragrans
1 0.726 2870 106 11333 18233 1
2 0726 2870 106 11333 18233 1
3 0.505 2800 83 17117 20833 1
4 0.300 4520 120 24100 44340 1
5 0.228 6960 126 26180 47580 1
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INVENTORIES of MASS and NUTRIENT STORES

Table 4. continued

Species Location

Decay Class Densily Nitrogen Phosphorus Potassium Calcium Source

(g cm?) ~--ppm
. Sierra Nevada-Temperate
Pinus lamberiiana
1 0.366 1125 37 757 1339 2,3
2 0.352 1550 51 620 1329 23
3 ¢.230 1962 85 281 1292 23
4 0173 2700 B3 2987 2409 23

Olympics-Temperate
Picea sitchensis

1 0.434 760 100 160 ar0 4
2 0301 800 80 220 840 4
3 0.284 1020 83 80 1090 4
4 0.160 2280 161 320 1430 4
5 0.148 4467 267 310 3000 4
Tsuga heterophylia
1 0.374 980 274 1130 1460 4
2 0.321 1360 170 200 1440 4
3 0.320 1130 J10 420 1360 4
4 0.197 2640 270 420 4330 4
5 0.195 2640 270 420 1330 4
Cascades-Temperate
Pseudotsuga menziesii
1 0.450 200 40 155 1400 5
2 0.341 1000 39 148 1200 5
3 0.277 1000 41 141 1100 5
4 0.137 2400 1M1 171 1700 5
5 0.148 4467 267 310 3000 5
Thuja plicata
1 0.318 1100 48 279 1600 5
2 0.259 1400 51 313 1700 5
3 0.248 1700 78 178 1600 5
4 0.154 2100 107 283 3100 5
5 0.143 4467 267 3o 3000 5
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INVENTORIES of MASS and NUTRIENT STORES

Table 5. Example ‘of data form used to characlerize decay classes at H.J. Andrews LTER.

Date Location Forest Type Log Number

Species Position Log/Snag, Decay class

Age years Method Cause of Death

DBH cm Diameter (Base) cm Diameter (Top) cm
Total Length m Bark Cover Y%
Volume Missing From Rot cubic meters

Diameter 1st Sample em  Height m

Diameter 2nd Sample cm Height m

Diameter 3rd Sample cm Height m

Diameter 4th Sample cm Height m

Diameter 5th Sample cm Height m

FRAGMENTATION INDICATORS (Circle answer)

leaves present YN color

twigs present YN

branches present YN

bark on branches YiN

bark on bole YiN

sapwood sloughing YiN

log collapsing . YIN can not support own weight
log scattered YN log x-section elliptical
sapwood friable YN can crush with hand
heartwood friable YN can crush with hand
branch stubs move YN

BIOTIC INDICATORS

conks present YN

mass covering log YN percent cover %
lichens covering YiN percent cover %
carpenter ants YiIN

termites YiN

bark beetle Gal. YIN

bear damage YN

brown rot . YIN . where?

white rot YIN whera?

Notes:
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Table 6. Example of data collected during mortality surveys at H.J. Andrews LTER.

DIRECTIONS FOR TREE MORTALITY SHEET {B90601)

Header
. Locafion: e.g., HJA, Olympic NP, Wildcat Mt. RNA
. Personnel. PLEASE USE SURNAMES
. Dafe: YYMMDD (Year, Month, Day)
. Study ID: copy from reference stand data sheet
. Stand ID: copy from reference stand data sheet
Maortality Data
. Plot ID and tree tag number.
. Spacies Code: Four- or five-character acronym {PSME, PICO, CADE3)
. DBH (cm): Most recent diameter measurement
. Canopy Class: Canopy class at time of death.
. Standing: Entry indicates tree is still rooted,

a. % Crown; Estimate percent of crown standing intact. Do not enter values of less than

5 T O R

h &

100% for sparse crowns or gradual dieback.
b. % Tree: Estimate percent of the entire main siem length that is standing unbroken.
-Maximum in this category is 100%.
NOTE: % Crown and % Tree standing may sum to > or < 100%.
6. LeanerAngle: If tree Is still rooted and is leaning, estimate the angle of lean in degrees
from vertical. {See figure at right.} Use this category for trees.
7. Down: Entry indicates that par or all of the deed tree is down. Uae this category only if

%Tree standing is less than 100% and only when part of the tree is down. A tree

that is crueshed but still rooled is not considered to be down. Consider CNLY the down

pari of the tree stem. % On ground and % Supporied MUST sum to 100%.

a. % On Ground: Estimate the percent of the down portion of the stem that is in DIREGT
contact with the ground.

b. % Supported: Estfimate the percent of the down portion of the stem that is supported
ABOVE the ground.

Special Cases:

a. Record missing data as -1. E.g., if the top of a broken tree cannot be found, record
data about the stending portion of the tree under STANDING and a -1 in both
columns of DOWN. )

b. Broken tops hung up in the canopy ere considered down but supported.

8. Tree Posifion: Record one Tree Position Code from the front of the mortality sheet that
describes the position of the dead tree, THIS INFORMATION MUST BE ENTERED.
9. Tree Condition Codes: Use these codes ONLY if condition is visible. Write the
appropnrate code(s), one code per box, under the tree condition category.
10. Mortality Cause
a. Primary Cause: If posslble, enter primary cause of death. Use one code ONLY. If "un-

b. Secondary Cause: Optional. Enter only if a contributing cause can be identlfied.
c. Confidence: Enter a™" if confident of the pimary cause; otherwise, leave blank.

OB 1 56
30°
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known" is selected as primary cause make brief notes and/or diagrams where applicabile.
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rates of mortality (Table 7}, 5 hectare-years would appear to be the minimum sample
required to generate teliable dara for temperate and tropical hardwood forests, In
contrast, the minimum sample for temperate conifer forests would appear to be 10
hectare-years. Although one can substitute time for space and vice versa, single year
estimates over a large area will rarely equal the long-term average of a smaller area.

Fine Woody Detritus Inputs

Although one could measure the input of fine woody detritus directly, this can
be a difficult task because many trees die standing, We recommend that inpus of fine
woody detritus be indirecdy estimaced using allometric equations. These estimates can
be based on the diameters of the trees that died in the mortality surveys (Sollins 1982).
We have found that a relatively small fraction of cthe downed fine woody detritus is |
input from branches that have snapped off in windstorms or from ice and snow
damage. These inputs can be measured on fixed area plots (generally, <4 m? has been
used), as long as one separates freshly killed branches from decayed branches rhat have
fallen from snags ot from dead branches attached to live trees (Swift et al. 1976).
Neither of the lacter forms acmally represents new inpurs of woody detritus. Finally, it
is also possible to use the allometric approach to estimate the mass input of dead coarse
roots, although no one has tested the accuracy of this method.

Table 7. Expected number of trees dying for various biomes during periods of
background mortality.

Biome Number of Trees
per hectare/year per 5 hectare years

westem conifer 1-3 5-9
eastern deciduous 2-6 10-30
rnoist tropical 4-18 20-90
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In a time series study, one can actually determine the sampling interval. The
number of times samples are collected may depend upon the resources available at a
site. While we recommend eight to 10 sample times as a minimum, even two would
allow some intersite comparisons of long-term decomposition rates. A greater number
of samples allows one to test whether coarse woody decomposition curves are linear, ot
non-linear as work at the H.]. Andrews LTER suggests (Carpenter et al. 1988).
Carpenter et al. found that is thete is an initial lag with little change, followed by a
period of rapid decomposition, which is then followed by a long period with a relatively

slow rate of decomposition.

Standardization of intervals between time seri¢s sampling is almost pointless,
given the dependence of decomposition rates on site conditions. For example, in
tropical sites some species could completely disappear in 10 years. In eastern hardwood
forests, 50 years might be required and, in the Pacific Northwest, >200 years. Moreover,
since regression analysis is used to calculate decomposition rates, standardization of the
. time interval is not necessary. Therefore, as with chronosequences, it makes more sense
to use relative sampling intervals, We recommend that the sample interval should be
approximately 109 of the expected maximum life span; however, our
recommendations do not preclude the use of shorter time intervals for a finer time
resolution (Harmon 1992),

A relative sampling interval also has the advantage of ensuring that
decomposition exceeds the etrots introduced by variation in initial conditions and
measurements. To some degree, the sampling interval for.a time series study is limited -
by the accuracy of initial condition measurements. For example, if the decay rate is
approximately 2% per year and the initial values are known within 10%, then it makes
little sense to sample any more frequently than every five years. On the other hand, if

initial conditions are known within 1%, then annual sampling would be reasonable,
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Size Effects

Since the decomposition of wood is primarily a function of size, it is
important to consider size differences during intersite comparisons, Although most
discussions on piece size are centered on diameter, length can also influence

decomposition rates.

In a chronosequence study one can examine the effect of diameter in several
ways. The most straightforward approach is to separate the pieces sampled into
diameter classes, but it can be difficult to find enough pieces to gain sufficient
replicatiou to statistically separate more than two diameter classes (Grzham and
Cromack 1982). Sampling pieces along their lengths to examine diameter effects
(Harmon et al. 1987) has the advantage of increasing the sample size for diameters

{each piece results in three to five diameters), It also controls for microclimatic
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The length of pieces used in time series decomposition studies is probably far
more crucial than the diameter in terms of methodology, because decomposers will
colonize from the ends and when pieces are too short the decomposition rate is )
elevated. Several previous studies have remained unpublished because the piece lengths
sampled were unrealistically short. As a preliminary guideline, we recommend making
the piece length 10 times longer than the mean diameter. This would mean a 1 cm
diameter piece would be 10 ¢cm long, a 2 cm diameter piece would be 20 cm long, and
50 on, The rationale is that if the radial colonization rate is 10% of the longitudinal
colonization rate, then a 10:1 length:diameter ratio would result in neatly equal effects.
Longitudinal colonization is unlikely to occur that fast (for Abies logs in the Andrews
study, radial and longitudinal penetrations for the first 10 years were equal at 10 cm per
year).

To some extent, the length problem can be avoided by using 2n end sealer
when short lengths have to be used because of shortage of material or extreme taper of
pieces (e.g., coarse roots), Paraffin or an cpoxy sealer have been used in the past, bur we
have had excellent luck using a neoprene paint. We have tested the effects of all three
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where Muass is the total mass at time 2, funer and Quter are the initial masses of inner
and outer bark, and x, and &, are the decomposition rate conswants of these two layers,

respectively.

Measurement of Mass Loss

Mass loss can be calculated in 2 number of ways for either chronosequences or
time series. Commonly used methods are to 1) harvest and dry the entire piece, 2)
weigh the entire piece in the field and subsample for moisture and nutrient content, or
3) estimate the total piece volume and subsample for density. To some degree, the
favored method depends on the remoteness of the sample site and the size of the pieces
to be examined.

Harvesting and oven drying the entire piece of woody debris being studied is
obviously the most direct and accurate methodology. Harvesting the entire piece is also
the most useful for fine woody detricus (<10 cm diameter), where the picces are small
enough to fit on an accurate electronic scale. This method avoids the very challenging
problem of subsampling layers in small pieces, and it can also be used for entire roots,
branches or twigs. Although it is usually not used in chronosequence studies, one could
use this method as long as the initial mass could be determined using the third method
identified above. Even for time series studies, 2 major limitation of the entire harvest
method is determining the initial dry mass of pieces. Since one should not oven dry
pieces before they are placed in the field, it is necessary to estimate the initial moisture
content. This parameter is highly variable, and should be determined for each piece by
taking samples from the ends. A less accurate alternative is to estimate the initial dry
weight from the mean moisture, but, given the typical coefficient of variation of 10 to
20%, this method can create a high degree of uncertainty about the initial dry mass.
Another alternative is to develop a regression between piece end diameters and length
{Abbott and Crossely 1982). This method is slow, but given the potential for error in

using mean moisture content, it may be worth the extra initial effort.
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The second method involves weighing the entite piece in the field and then
subsampling to determine the moisture content that is then used to estimate the dry
mass, We recommend using this method for coarse fraction pieces (e.g., logs) that are
00 heavy to move large distances, or when sampling very remote sites where
transportation is limmited. There are, however, several problems with this method: 1)
large Field spring scales used for this method are not very accurate {an error rate of +/-
5% is not uncommon), 2) electronic scales have a relatively small capacity (<10 kg), 3)
moisture content is highly variable, and 4) one can not examine how the various layers
of large diameter pieces contribute to the overall mass or nutrient loss. Despite these

shortcomings, this method may be the only practical option in some cases.

The third method is to measure the cxternal dimensions of pieces to estimate
the volume and then remove cross-sections to detcrmine density and nutrient and
_ moisture contents, At a minimum, the middle and end diameters should be measured
for volume determinations (see equation 3, page 16). The maximum and minimum
diameter at each point should be measured with a caliper or diameter tape if one can
actually reach around the piece. Regardless of the type of material being sampled (i.e.,
boles, branches, or roots), one should always compare the current volume with the
estimated original volume (see above for tips on estimating initial volumes for
chronosequences). To determine the density, moisture and nutrient content of a picce,
we recommend removing a minimum of three cross-sections per piece spaced

systematically along the length.

Density Measurements

In many cases, one uses density as a key variable to estimate mass loss in
woody detritus decomposition studies, Density estimates, however, can be highly
variable unless one pays attention to sample volume estimates. Unlike volume, mass can
be measured with high accuracy and precision. If samples are regularly shaped, then

volume estimates based on external measurements correlate exceedingly well with water
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magnitude lower than that of leaves; this represents a real problem for microKjeldahl N
analysis. We have found that doubling the sample from 0.5 to 1.0 g yields consistent
results for wood standards, ICAP (Inductively Coupled Argon Plasma) will provide good
data for most cations using sample amounts similar to leaf tissue (i.e., 0.5 g). Standard
wood samples should be run with all analyses. This will also allow one to adjust for
different types of analysis (it is unlikely everyone will use the same instruments). We
have been using standards developed by Sollins et al. (1987), and can make them
available upon request.

One can err by preparing only a small sample for analysis, While we recognize
that space and time are limited, removing a toothpick-sized sample for the sake of saving
time and effort can resule in a questionable sample. Since the chemical composition of
woody detritus is highly variable, we advise pooling 100-200 g samples from scveral
cross-sections, coarse grinding and mixing this amount thoroughly, and then removing 2
smaller subsample (5 to 10 g) for fine (40 mesh) grinding. This approach physically
mixes as much material as possible to derive the small sample that is actually used for
analysis.

WOODY DETRITUS MEASUREMENT GUIDELINES

55




DETAILED PROCESS STUDIES

To explain changes that occur during the course of decompeosition, it is
often necessary to examine subprocesses such as respiration or leaching. Because they
are the most diverse and intensive types of measurements, we have designated detailed
process studies as constituting a Level Four inswllation. While it is cercainly possible to
start examinations at this level, we have found that without the data provided from the
other less refined levels, it is more difficult to scale up and place these measurements in

a larger context.

A great 6{34[ Of _ Rather than give specific guidc.lincs for each type of

detailed process study possible, we highlight studies that best

n teyp retive Power can be illustrate these measurements. Some examples below represent

the only time a process has been measured; others simply are

gﬂz‘ngd by l inking the examples with which we are most familiar. We have found

that although there is obvious value in measuring detailed

TNEASUYENIENLS ofdetﬂzled processes in separate studies, 2 great deal of interpretive power

can be gained by linking these measurements to a time series or

processes to a time series  achronosequence (Harmon 1992). This allows one to link

detailed processes {e.g., leaching) to long-term changes in state

ora Cbrono.feqﬂMCE variables (e.g., nutrient content).

Respiration Rates

Understanding the facrors that control seasonal patterns of respiration are very
important in predicting response to climate change. This is also critical information for
comparing the effect of micro- or macroclimate on decomposition. One may choose to
measure respiration rates in the field {(Carpenter et al. 1988} or under standard
laboratory conditions (Griffiths et al. 1993). Both sutic traps using soda lime and gas
chromatography have been used to measure these fluxes.
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Leaching

Leaching is one of the major ways that woody detritus adds nutrients to the
forest floor and influences the mineral soil, yet we know little about this process. The
usual method for measuring leaching fluxes involves placing tension-free lysimeters
beneath pieces. Short-term leaching studies were conducted by Yavitt and Fahey (1985)
and water balance studies by Harmon and Sexton (1995). A key finding of these studies
was that much of the nitrogen leaching from logs was not in a mineral form (NO*, or
NH',), so we know thar if only mineralized forms are measured, total leaching fluxes of
N will be underestimated. We have had limited success in using exchange resins as a
mechanism to collect and concentrate nutrient expons. Besides the fact that much of
the N may be leaving in forms that are not bound by the tesins, we found that many
inorganic elements such as Ca and K were not retained by the exchange resins. Tests
made using log leachates indicated that a smaller fraction of inorganic elements was
retained in comparison to laboratory stock solutions. Until this interesting
phenomenon is more fully expliined, we advise against placing too much reliance on

exchange resins when measuring absolute nutrient flux.

Nitrogen Fixation

Most of the studies on nitrogen-fixation in woody detritus indicate this
process is occutring at very low levels compared to symbiotic fixation. The majority
have involved removing samples and measuring acetylene reduction within the
laboratory (Griffichs et al. 1993). We know of no one yet who has convincingly shown
how seasonal variations in temperature and moisture control rates in the field. There are
two problems with past studies: 1) removing a small piece from a larger piece changes
the diffusion characteristics, and 2) the lack of temporal resolution over the seasons
makes estimates of annual rates highly uncerain,
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Fungal Imports/Exports

We have found that fungal fruiting bodies or sporocarps account for as much
as 75% of the gross N losses from logs in the carly stages of decomposition (Harmon et
al. 1994). The method used in this study involved simply tallying sporocarps by species
ot size and subsampling to determine average mass and nutrient concentrations. For
woody sporocarps that continue to grow, we predicted their biomass from allomecric

equations using the product of the long and shore horizontal dimensions.

In addition to providing an understanding of nutrient dynamics, the
examination of sporocarps can reveal interesting insights into the biodiversity of
ecosystems and carbon sequestration. An excellent example of this type of work is
presented in Renvall (1995), who found that a total of 166 basidiomycete species on
two species of conifers in Finland. Of the sporocarps observed, the majority (>60%)
were white-rot fungi, indicating that the accumulation of buried, brown-rotted wood in
the forest floot of these ecosystems may be limited.

Insect Activity

Insects are Jargely responsible for initiating the decay process in dead trees.
Determining the roles of the major functional groups (i.c., bark beetes, ambrosia
beedes, wood borets, termites, and ants) in initiating this process is relatively simple
and involves counting galleries by taxa or functional group. One can then use average
mass and nutrient content to estimate exports from logs (Zhong and Schowalter 1989).
An alternative is to place litter traps beneath logs to caprure insect frass (Edmonds and
Eglitus 1989).
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CONCLUSION

Our intent in preparing these guidelines has been to provide a flexible
scheme by which those new to woody detritus studies can produce information that is
comparnable to ongoing work in this field. While we have tried to give the reader the
benefit of our experience over 20 years of woody detritus research, there are many
aspects of quantifying the amount and dynamics of woody detritus in forest ecosystems
for which no suitable method yet exists. We have offered potential solutions for some of
methodological shorccomings but, in many cases, researchers may need to plunge in on
their own to find something that actually wotks! This will not be our last attempt to
gather and consolidate methods. We welcome comments on what we have presented
here or suggestions of new methods for the next edition. Finally-GOOD LUCK!
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