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A Chronosequence approach of the study

The study has measured woody detritus decomposition rates using a chronosequence approach. The chronosequence approach is
a specific technique of dating pieces of wood that have decomposed various times. There are two major challenges in this
approach. The first one has to do with attempts to date or age the pieces of coarse woody debris in various states of decay. In
Russia for this purpose we have used:

* extensive forest inventory records of the events causing single-tree mortality or death of the entire stands such as wild
fires, wind throws, wind breaks, bark beetle kill, and gypsy moth kill;

¢ records of anthropogenic activities such as road construction and various types of harvest;

* in-field log and snag dating by the age of replacement stands, the age of a tree growing on a log, the age of a fire scar on
living tree, the age of a scar left by a fallen tree, and the age of a scars left in permanent forest inventory plots on marked
trees;

* trees cut in the past by forest inventory crew for constructing growth and yield tables for various species during
permanent plot inventory.

The second challenge has to do with attempts to determine the species of the coarse woody debris. For late decay classes we
have used such characteristics for species identification as long-lasting branch stubs in spruce logs, long-lasting bark in pine and
larch, specific smell of Korean and Siberian white pine logs that can be detected in branch stubs found in completely
deteriorated logs, and the long-lasting bark in white birch logs that stays in the soil even after the entire heartwood and sapwood
is gone.

- & I oy P
Korean pine logs pushed by bulldozer to clean the space
to mark trees in permanent plots. Healing wounds can for the road construction in 1965.

be used in the future to determine the age of snags
forming from the marked trees.

r &

Spring 1997 forest fire recorded in the forest inventory
gives a precise date of forest stand mortality.

Fot inventory data indicated this stand to be damaged
by windthrow in 1997.
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An inventory crew member cut these pine trees in 1972 The age of the catastrophic wild fire can be p];}okimated
for taking measurements used in construction of the from the age of the 65-year old birch trees that established
growth and yield tables. after the fire.

Questions? Email Dr. Mark Harmon at mark.harmon@orst.edu or Dr. Olga Krankina at olga.krankina@orst.edu
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Decay-class specific density

Mean densities (g/cm3) and SE’s (in parenthesis) of CWD by decay class and
species
for major tree species of Russia

| Species
Decay g . | . . Pinus siberica/
Abies siberica Betula costata Betula pendula Larix spp. | Pinus sylvestris S
classes [ koraiensis
1 | 0.285(0.016) 0.516 (0.007) 0.474 (0.005) 0.455(0.007) | 0.362 (0.005) i 0.336 (0.006)
2 0.320 (0.012) 0.333(0.037) | 0.370(0.009) 0.424 (0.009) | 0.338(0.006) | 0.322(0.006)
3 [ 0.257(0.024) 0.194 (0.012) | 0.237(0.014) 0.368 (0.013) ‘ 0.269 (0.009) | 0.252(0.011)
4 0.204 (0.021) | 0.120(0.005) 0.148 (0.012) 0.162 (0.008) 0.172(0.012) | 0.146 (0.008)
S 0.173 (0.025) ’ 0.084 (0.003) 0.108 (0.010) | 0.109 (0.008) 0.122 (0.006) | 0.109 (0.007)

A gradual decrease in mean density from decay class one to decay class five was observed in all species except Abies siberica.
In addition, species became more similar in density as decay class increased.

Estimates of mean specific density with error bars plotted against species by
decay class
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Multivariate analysis of CWD visual characteristics

Multivariate analysis was used to analyze the changes in CWD visual characteristics occurring as a result of the decomposition
process. Non-metric Multidimensional Scaling (NMS) analysis with rotation of the axes was performed. The axes rotation to one
degree resulted in the first axis having the higher coefficient of determination (r%) of the two.

Variables in the approximate sequence of their appearance and correlation
coefficients
between them and scores on the ordination axes

 Variables | Axis 1 Variables \ Axis 2

BARKBOLE -0.746  BARKBR -0.312
BARKBR -0.733 | TWIGS -0.299
BRANCHES -0.716  INEEDLES -0.261
[TWIGS -0.700  |BRANCHES -0.215
EBCOVER -0.648 |SCATTER -0.177
INEEDLES -0.459 | BCOVER -0.172
BEETLES -0.393 |COLLAPSE -0.138
WOODBORER | -0.129 HWFRIAB -0.082
CONKS -0.109  |STUBSMOV -0.065
LICHENS 0.073 | BROWNROT -0.028
ANTS 0.115 BARKBOLE -0.018
CASEHARD 0.211 | CASEHARD -0.01

WHITEROT | 0.464 MOSS 0.073
STUBSMOV | 0.623 LICHENS 0.078
SCATTER | 0.647 |SAPFRIAB 0.118
MOSS | 0.659 |ANTS 0.127
IBROWNROT i 0.697 |CONKS 0.159
\COLLAPSE | 0.718 | SAPSLOUG 0.159
[HWFRIAB 0.743  'WHITEROT 0.261

;SAPSLOUG 0.763  BEETLES 0.346
ESAPFRIAB | 0.858 |WOODBORER| 0.381

Variables associated with early stages of decomposition (bark on bole, bark on branches, branches, and twigs) had lower scores,
whereas variables associated with late stages of decomposition (heartwood friable, sapwood sloughing, and sapwood friable) had
higher axis scores.

Correlations of indicator variables in ascending order to scores on the
ordination axis one for five taxa well represented in the study area
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Betula pendula | Pinus siberica/koraiensis \ Larix spp. | Picea spp.
Variables ! r ' Variables r " Variables ! r ' Variables r
' BRANCHES -0.817 |BARKBOLE -0.854  BARKBOLE -0.814 | BARKBOLE -0.724
BARKBR -0.799 | BARKBR -0.795  |BCOVER -0.801 |BARKBR -0.702
TWIGS -0.707  |BCOVER . -0.788  |BRANCHES -0.769  |BRANCHES -0.663
NEEDLES -0.435  [TWIGS | -0.787 |BARKBR -0.710  |BCOVER -0.635
BCOVER -0.257 |BEETLES -0.739  TWIGS -0.704 | TWIGS 0.567
LICHENS -0.226  [NEEDLES -0.650 | |BEETLES -0.660  |BEETLES -0.496
[BARKBOLE -0.200  'BRANCHES -0.586 |NEEDLES -0.429  INEEDLES -0.395
|BEETLES 0.008  'WOODBORER -0.444  [WOODBORER -0.331  |LICHENS -0.151
ANTS 0.023  |CONKS -0.356  |CONKS -0.214  'WOODBORER -0.113
WOODBORER | 0.038 CASEHARD 0.102  |ANTS 0.094  |CONKS | -0.100
|CONKS | 0075 |ANTS 0.166  |LICHENS 0.175  |ANTS [ 0.102
\CASEHARD 0.215 |[LICHENS 0.259  |CASEHARD 0.311 CASEHARD 0.254
'WHITEROT 0.479  |WHITEROT 0.563 |STUBSMOV 0.543  WHITEROT 0.441
[BROWNROT 0.496  |SCATTER 0.652  \WHITEROT 0.544  MOSS 0477
MOSS 0.549  |COLLAPSE 0.667 SCATTER 0.730 | BROWNROT 0.546
STUBSMOV | 0665 |[STUBSMOV 0.668  IMOSS 0.746  |SCATTER 0.567
SAPSLOUG 0.669  |MOSS 0.703  |COLLAPSE 0.766  |COLLAPSE 0.617
SCATTER 0.683 | HWFRIAB 0.767 |HWFRIAB 0.787  |SAPFRIAB 0.638
COLLAPSE 0.787 | BROWNROT 0.810 | BROWNROT 0.834  |SAPSLOUG 0.657
'HWFRIAB 0.793  |SAPSLOUG 0.859  |SAPFRIAB 0.862 |[STUBSMOV 0.680
|SAPFRIAB 0.846  |SAPFRIABPFRIAB 0.870 !SAPSLOUG 0.874  |[HWFRIAB 0.686

There were no significant differences among five best-represented species in terms of the variables correlated to the scores on
ordination axis one. However, correlation coefficients of birch bark cover (-0.257) and bark on bole (-0.200) were low, and
indicate little change in birch bark presence on bole and percent bark cover over the course of decomposition. This contrasts the
coniferous species, which have a high correlation of these variables to first ordination axis, with correlation coefficients ranging
from -0.635 to -0.801 and from -0.724 to -0.854 for bark cover and bark on bole, respectively. These indicate a decrease in
percent bark cover and bark presence on bole for conifers occurring over the course of decomposition.

Frequency of an indicator (in percent) occurring in CWD of different decay
classes by species

Decay class 1

Decay class 5
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A plot of percent frequency of indicator occurrence suggests that the presence of bark on boles may be the single most important
indicator separating birch from all coniferous species. Due to the extended bark presence in birch the presence of characteristics
such as beetles, wood borers, conks and their traces (galleries, holes) can be detected in birch in more advanced decay classes
than in conifers. The latter loose their bark early in decomposition, so it is almost impossible to detect the presence of these
biotic indicators in coniferous logs of decay classes four and five. Also, the difference between birch and conifers was indicated
by early occurrence (decay class one) of white rot in birch logs and snags, while in conifers the appearance of this type of rot
was recorded for decay classes two, three, four and five.

Another difference among the species was the high percent of occurrence of friable sapwood and sapwood sloughing in decay
class two CWD of Korean and Siberian pines and low percent of bark on bole occurrence in decay class three of the same
species. For example, by decay class two about 60 percent of the white pine CWD pieces sampled had friable sapwood or
sapwood sloughing as opposed to less than 20 percent in the other species; and less than 20 percent of the white pine boles had
bark present by decay class three, while the bark presence was observed on 65 to 95 percent of other species’ boles. This pattern
in white pines may be explained by the slow decomposition of heartwood of these species.

Back to the project HOME page.

Questions? Email Dr. Mark Harmon at mark.harmon @ orst.edu or Dr. Olga Krankina at olga.krankina@orst.edu
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Decomposition rate-constants

Coefficients and SE’s (in parenthesis) of the regressions of percent mass
remaining over decomposition time used to estimate decomposition rate
constants for species studied in four regions of Russia from west to east

Regression coefficients 2

‘ Snags |
Species I Regions ( Y (%) : k (year'!) . p-value” | N Adj. r? ‘ Y, (%) {
Betula pendula St.-Petersburg 1 92.68 | -0.027 (0.008) [ 0.0185 7 0.64 | 100.00
Krasnoyarsk 106.53 -0.056 (0.009) 0.0001 13 0.78 | 107.08
Irkutsk 108.11 | -0.052 (0.009) 0.0001 17 0.67 86.56
Khabarovsk 130.92 -0.077 (0.022) 0.0185 7 0.64 118.73
Betula costata Khabarovsk 108.63 -0.071 (0.003) 0.0001 7 0.99 79.13
Picea abies St.-Petersburg 118.35 -0.044 (0.018) 0.0710 6 0.50 82.48
P. obovata Krasnoyarsk 98.53 +0.0006 (0.0043) 0.8957 8 -0.16 110.58
P. ajanensis Khabarovsk 125.24 -0.035 (0.003) 0.0001 14 0.92 96.59
Pinus sylvestris St.-Petersburg 103.85 -0.037 (0.009) 0.0012 14 0.56 81.76
Krasnoyarsk 97.13 | +0.020 (0.011) 0.1121 8 0.26 120.60
Irkutsk | 103.25 || -0.004 (0.003) 0.2383 19 0.03 111.20
Larix siberica Krasnoyarsk 101.45 -0.004 (0.005) 0.4168 8 -0.04 90.23
Irkutsk 102.49 -0.010 (0.001) i 0.0001 28 0.64 99.72
Larix dahurica Khabarovsk 93.56 -0.009 (0.012) | 0.4801 10 -0.05 80.70
Pinus siberica Irkutsk 88.02 -0.003 (0.001) 0.0092 17 0.33 88.55
P. koraiensis Khabarovsk 86.66 -0.003 (0.002) 0.3030 12 0.02 86.79

4 The regression was of the form Y =Y, *e Kt where Y, is the percentage of the mass remaining at time t (years), Y, is the

initial mass in percent dry weight, and k is the decomposition rate constant
* P-value for the comparison of decomposition-rate constants to zero

The decomposition rate-constants ranged from -0.015 to -0.078 for logs and from -0.077 to +0.020 for snags. Some differences
and some similarities were observed among decomposition rates within each species among the regions as well as within each
region among the species. The differences between decomposition rates of logs and snags were fairly high for some species. In
general, decomposition rates of logs were higher than those of snags. The most similar rates were in the white pine group. The
log decomposition rate of Pinus siberica was not different from the log decomposition rate of Pinus koraiensis (p-value of
0.1355), as snag decomposition rate of Pinus siberica was not different from snag decomposition rate of Pinus koraiensis
(p-value of 0.837).

The decomposition rates of logs were in general higher than those of snags for larch and white pine, whereas for birch the
decomposition rates of logs and snags were similar. Comparison between decomposition rates of logs and snags of Picea
ajanensis in Khabarovsk region, and Pinus siberica and Larix siberica in Irkutsk region indicates that while decomposition rates
of logs and snags are not significantly different for Picea ajanensis (p-value of comparison 0.121), they are different for Pinus
siberica and Larix siberica (p-values of 0.002 and 0.001, respectively).

Decomposition time range of sampled logs and snags in different regions
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Time periods (years) required for a given percent of mass to decompose
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Species Regions Snags Logs

Betula pendula ' St.-Petersburg 0-12 0-30
| Krasnoyarsk 0-15 0-29

| Irkutsk 1-8 1-33

Khabarovsk 2-15 0-27

Betula costata Khabarovsk 1-13 2=
Picea abies St.-Petersburg o] 2-73
P. obovata | Krasnoyarsk 2-15 0-33

' P. ajanensis | Khabarovsk 1-71 2-77
| Pinus sylvestris St.-Petersburg 1-13 0-70
Krasnoyarsk 0-4 0-45

Irkutsk 1-19 1-42
Larix siberica Krasnoyarsk 0-15 0-110
Irkutsk 1-65 1-90
Larix dahurica Khabarovsk 8-19 | 0-104

| Pinus siberica | Irkutsk 2-65 || 0-65
| P. koraiensis | Khabarovsk 1-31 | 0-160

{ Regions | Species { 50% mass | 95% mass [ 99% mass
|St-Petersburg | Betula pendula 13 55 85
Pinus sylvestris 18 103 163
Picea abies 19 108 170
Krasnoyarsk Betula pendula 12 50 77
Picea obovata 16 63 96
Pinus sylvestris 20 72 109
Larix siberica 26 126 196
Irkutsk Betula pendula 13 68 106
Pinus sylvestris [ 22 86 131
Larix siberica 22 97 148
Pinus siberica 30 151 236
Khabarovsk Betula pendula 11 41 61
Betula costata 15 92 146
Picea ajanensis 24 106 163
Larix dahurica 32 185 293
Pinus koraiensis 37 190 298

The species ranking by their decay resistance indicate that birch is the fastest decaying species, usually followed by spruce and
pine, with larch and white pine being the most decay resistant species. This pattern holds for all species and regions sampled as

indicated by CWD half-life, and time required for 95 and 99% of the mass to decompose.

Back to the project HOME page.
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Decay class descriptions after Graham and Cromack, 1982.
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Kedr decay classes

g Decay
class one
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y usually
have no
decay, fine
twigs
wet TCINAINING,
L and
complete
bark
coverage.
The
. sapwood
and
heartwood
are clear or
slightly
¥ blue
stained.
Moss is
absent.
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§ Decay
B class two
boles are
t slightly
decayed
with most
of the bark
present but
no fine
twigs. The
k sapwood is
rotted, but
the
heartwood
is mostly
sound.
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Decay class
three boles
are
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decayed
with some
bark
present but

remaining.
Where the
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The
sapwood
and
heartwood
show

¢ strong
signs of
,ﬂ decay. But
e+ the bole

~ still can
support
itself.
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Decay class four boles can no longer support themselves. F
B all the bark is gone. The sapwood is often absent, and the d
red-brown heartwood crumbles into chunks upon handling.

{ parts of heartwood and branch stubs have specific smell tha
B uscd as an identification mark for this species.
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Decay
class five
boles are
detected
only by
their moss
or grass
- outline on
# the forest
floor. The
Cross
section of
the bole is
{ no longer
= round but
2 elliptical,
fl and the
&8 bark is
& completely
¢ absent. The
. wood
7= % resembles
Vs red powder
with little
P> discernible
S structure or
sign of
2 rings.
§ Intact
g branch
stubs have
specific
smell that
allows to
distinguish
this species
from the
others on
late stages
of decay.
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Larch decay classes

‘ Decay

! twigs

f remaining,
and

rS complete
bark

Zaash coverage.
The
sapwood
and
heartwood
are clear or
slightly
blue
stained.
M Moss is
A

vt absent.

"".‘»\!

1 of 5 11/12/01 1:20 PM



Chronosequence of Wood Decomposition in ...arovsk, pine, spruce, kedr, larch, birch
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B class two

g boles are
slightly
decayed

§ with most
{ of the bark
present but
no fine
twigs. The
sapwood 1s
~ rotted, but
the
heartwood
1s mostly
sound.
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Decay class
three boles
are
moderately
TE decayed
-7 with some

.ﬁg}‘i present but
Ag>  only stubs
«fl of branches
ek remaining.
viad Where the
‘ .' bark is
i cone, some
sloughing
of the outer
wood 1s
apparent.
8 The
sapwood
and
heartwood
show
strong
signs of
decay. But
the bole
still can
support
itself.
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Decay class four boles can no longer support themselves. F
4 all the bark is gone. The sapwood is often absent, and the d
red-brown heartwood crumbles into chunks upon handling.
the bark is gone, the parts of it can still be found under the 1
h especially if the tree served as a log since it died. The bark .
s used to identify larch among the other decayed boles.
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Decay class five boles are detected only by their moss or gr
= on the forest floor. The cross section of the bole is no longe
# but clliptical, and the bark is completely absent. The wood
red powder with little discernible structure or sign of rings.
may remain under the log through entire process of log dete
and serve as a species identification on the late stages of de

Decay class descriptions after Graham and Cromack, 1982.
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Pine decay classes

Decay
class one

d boles

® usually

y have no
decay, fine
. twigs

W [cmaining,
and
complete
bark
coverage.
The
sapwood

§ and
heartwood
are clear or |
slightly ~ §
¢ blue
stained.
Moss is
absent.
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g Decay class
A% (w0 boles
are slightly
decayed
with most
of the bark
@ present but
=5 no fine
R (\igs.
*‘-‘!_"z- Sometimes
: bark is

g absent
especially
if boles are
damaged
by fire and
then, by
bark
beetles.

s The

% sapwood is
rotted, but
=t the

Sl heartwood
'g-.‘,{, is mostly
sound.
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Decay class
three boles
o are

B moderately
decayed
with some

£ bark
present but
only stubs

£ of branches
remaining.
- Where the

' bark is
gone, some
sloughing

# of the outer
s wood is

8 apparent.
o™ The
sapwood
and
heartwood
§ show
strong
signs of

¥ decay. But
the bole
still can
support
itself.
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' Can no
longer
support
themselves.
Frequently,
¢ all the bark
is gone. The
® sapwood 1s
== often
absent, and
t the deep
red-brown
E heartwood
# crumbles
&% into chunks
upon
handling.
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Decay class
five boles are
detected only
by their moss
or grass
outline on the
; forest floor.
=% The cross
# section of the
__bole is no
*r<:t longer round

I

{3

2 but elliptical,
9 and the bark
is completely
absent. The
wood
% resembles red
= powder with
| little
discernible
¥ structure or
sign of rings.
The boles can
» be identified
%E by specific
= pine pitch

§ smell in the
 intact branch

"\

Y "
-

sometimes
remaining
under the
boles can also
be used for
pine
identification.

Decay class descriptions after Graham and Cromack, 1982.
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Spruce decay classes

e Decay

BBE Cl.ss one
boles

) usually

fl have no
decay, fine §§
twigs
remaining,
and
complete
bark
coverage.
The
sapwood

a4 and
heartwood
| are clear or @
slightly
blue
stained.
Moss is
absent.
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Decay
class two

M boles are

# slichtly

® decayed
with most
of the bark
present
and most

N of fine

b twigs still
remaining.
The

» sapwood is
= rotted, but
the
heartwood
1s mostly
sound.
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three boles
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moderately &

decayed

" with some
bark and

’ _ most of the

- -y #.<* branches

" present.
Where the
bark is
gone, some
sloughing

£ of the outer

¥+ wood is

¢ apparent.

= The

8 sapwood

b and

¥ heartwood

strong
signs of

still can
support
itself,
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Decay class four boles can no longer support themselves. F

¢ all the bark is gone. The sapwood is often absent, and the d

% red-brown heartwood crumbles into chunks upon handling.
& | branches and branch stubs are present.
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Decay class

five boles are
. x 75 detected only ,
X jr. !"‘ by their moss %
“3' . Or grass

- outline on the

W"’ forest floor.
‘ri The cross
- section of the
% bole is no
1:_; longer round
" but elliptical,
1% and the bark
is completely
absent. The
wood
resembles red
§ powder with
Soar little
g discernible
g BN structure or
f sign of rings.
| Long lasting
& branch stubs
88 can be used
for spruce
identification
on this stage
of decay.
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