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Abstract
Lowell, Eini C.; Wiedenbeck, Janice K.; Porterfield, Betsy S. 2013. A photo-

graphic guide to Acacia koa defects. Gen. Tech. Rep. PNW-GTR-871. Port-
land, OR: U.S. Department of Agriculture, Forest Service, Pacific Northwest 
Research Station. 99 p.

Acacia koa (A. Gray), native to the Hawaiian Islands, has both cultural and 
economic significance. Koa wood is world-renowned for its extensive use in 
furniture, tone wood for musical instruments, and other items of cultural impor-
tance. Old-growth koa is decreasing in supply, yet dead and dying koa is still 
being harvested for manufacture of products. Knowledge of wood quality in the 
trees available for harvest is limited and colloquial in nature. We selected logs 
from four geographically dispersed sites on the Island of Hawaii. Defects on the 
face and end surfaces of each log were measured and photographed. The four 
most commonly occurring defects found were seam, branch, decay (log face), and 
heart rot. Sawing patterns were recorded so that corresponding defects on lumber 
could be measured and impact on volume recovery calculated for a specific 
defect. Included is a pictorial accounting that captures the defect indicators on 
the exterior of the log and the interior manifestation of the defects as seen in the 
lumber sawn from the log.

Keywords: Acacia koa, Hawaiian woods, log defect, wood quality,  
lumber defect.
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Introduction
Koa (Acacia koa A. Gray) wood is a culturally important and economically valu-
able hardwood species in the Hawaiian Islands. It is native to Hawaii, found primar-
ily on the larger of the islands, and occurs nowhere else in the world (Baker et al. 
2009, Whitesell 1990). It has been, and continues to be, an important timber species 
for the manufacture of wood products in Hawaii. Koa wood is used for a variety of 
products from traditional items such as canoes and fine musical instruments (e.g., 
ukuleles) to flooring. The wood has a cultural significance to Hawaiians—many 
people would like to own a koa piece of heirloom quality. 

Koa wood is prized worldwide for its extensive use in furniture and has 
gained a reputation for its uses as tone wood for musical instruments. The quality 
(and value) of the wood is ultimately defined by the consumer. Wood quality is 
determined by heartwood color, grain figure (e.g., curl), and the size of defect-free 
sections. The highest grade, dark-colored wood is used for musical instruments. If 
the wood has figure1 it increases in value. Cabinetmakers may use intermediate-
colored koa and lighter, less figured wood may be used in flooring. Small pieces of 
koa can be used in niche market applications such as door knobs, bowls, jewelry 
boxes, hairbrushes, or picture frames. 

Larger and older trees do not always produce the highest value wood. Value is 
based on the level of all three quality attributes (color, figure, clear area size) as they 
relate to the raw material requirements of the product(s). For example, plain koa, 
or lumber without any color or figure attributes, might be sold for $15 to $20/board 
foot (bf). Full curl lumber can bring between $80 and $120/bf, and musical-grade 
koa runs up to $150/bf (Woodshop News 2009). 

Old-growth koa, used in the manufacture of traditional Hawaiian wood prod-
ucts, is dwindling in supply, with limited amounts available in coming years. Much 
of the koa being processed comes from standing dead or downed trees and logs that 
have been on the ground for some time (relic logs). While these trees/logs are being 
sought out and swept up with the expectation that high-value wood with good color 
and figure will be recovered, the felling, bucking, and transporting of these massive 
logs can be dangerous, costly, and sometimes unproductive. 

Because of the value of koa wood, understanding how log defects affect wood 
quality and value is critical for those involved in buying or selling koa trees or logs 
and for those who process koa logs into lumber. Conversations with those who 
study and work with koa wood enabled us to compose a list of defects that appear 

1 “Traditionally refers to distinctive wood grain patterns … [but] more recently the term 
has been used in a broader sense to include other distinctive wood appearance factors, such 
as color” (Wiedenbeck et al. 2003).



2

GENERAL TECHNICAL REPORT PNW-GTR-871

most frequently. An existing guide (Burgan et al. 1971; also see appendix) is limited 
in scope and sample size. Many of the defects identified in our conversations were 
not included in this 1971 study, or, if they were, had results based on very few 
samples. Regional experts felt that rotten knots and bark seams were the most dif-
ficult defects for log traders to assess in terms of their impacts on both scale volume 
and value recovery.

The purpose of this study, jointly funded by the Hawaii Department of Land 
and Natural Resources, Division of Forestry and Wildlife and the U.S. Forest 
Service, was to (1) develop a better understanding of relationships between key tree 
and log attributes and the potential for efficient wood utilization and value recovery 
for Acacia koa, and (2) develop a photographic guide to koa log defects that cap-
tures the defect indicators on the outside of the log and the interior manifestation of 
the defects as seen in the lumber sawn from the log.

Methods
Log and lumber defect data were collected at four locations on the Island of 
Hawaii (fig. 1). These locations were chosen based on recommendations of local 
agency representatives. Active koa sales, site differences, and defect knowledge 
all influenced site selection. Two locations were on the east side of the island. The 
Department of Hawaiian Home Lands site was at about 6,000 ft on Keanakolu Road 
off Saddle Road. Standing trees were selected from an existing sale for nondestruc-
tive stress wave testing prior to felling and processing (Wiedenbeck and Lowell 
2011). The second site on the east side was on privately owned land near the town 
of Ookala. Because of manufacturing time constraints, only two logs were chosen 
from the Ookala log deck for diagramming and processing. On the west side of the 
island, samples were selected from log decks at two sites. A wood products manu-
facturer in Honaunau had logs available from standing dead trees harvested off 
nearby private land. A second private landowner had relic logs and young-growth 
logs from dead trees available for processing. Table 1 summarizes site, sample, and 
processing data.

The measurements taken on the logs included large-end diameter and small-
end diameter inside bark; log length; location of pith; and type, location, and size 
information on every log defect (what we term “defect mapping”). The log data col-
lection sheet is illustrated in figure 2. Diagrams of the sawing pattern (fig. 3) were 
made as logs were being milled and each piece of merchantable wood was labeled 
with the log number and a unique board number that could be referenced back to 
the sawing diagram. Logs were often rotated or larger pieces cut for further milling 
to obtain the best lumber grade from the log. Although 4/4 (nominal 1-in thick), 8/4 
(nominal 2-in thick), cants, and veneer flitches were the preferred products to mill, 
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Figure 1—The Island of Hawaii showing locations of sample/processing sites as indicated by numbers. Numbers cross reference to 
table 1 site information.
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Table 1—Study site and sample descriptiona 

 Elevation Mill Sawn Tree/log Mill type Products 
Site location (approx.) site logs condition (kerf) sawn

  Ft  No.
Site 1:  6,000 Onsite 7 Standing dead,  Wood Mizer Predominantly  

Keanakolu     dying, and  LT 15 4/4- and 8/4-in- 
Road    poor form (1/8 in) thick lumber  
      with occasional 
      16/4-in cant

Site 2:  4,600 to 5,200b Onsite 9 6 relic (down)  Wood Mizer 4/4- and 8/4-in- 
Kealakekua 3,600 to 3,800c    and 3 dead (1/8 in) thick lumber 
    young growth 

Site 3: 
 Ookala 4,400  Onsite  2 Standing dead Wood Mizer 4/4- and 8/4-in- 

    or dying  LT 40 thick lumber 
     (1/8 in) 

Site 4:   3,000 to 4,000  Offsite 9 Standing dead Select Sawmill Predominantly  
Honaunau    or dying (3/16 in) 4/4-with occasional  
      7/4- and 8/4-in- 
      thick lumber

a All sites are on the Island of Hawaii.
b Relic logs.
c Young-growth trees.

pieces that contained a single board foot were sometimes sawn and tallied. Flanges, 
and other naturally occurring variations in log shape, were sometimes cut and set 
aside to be sold as craft wood. All defects were measured and recorded (fig. 4) for 
each piece of lumber sawn. Photographs were taken of most defects identified on 
board diagrams. Lumber was tallied by mill personnel at each site.

Table 2 contains a summary of the defects found and mapped on our study logs. 
In total, 28 logs were defect mapped (27 of which were subsequently sawn) and 391 
log defects were tallied, measured, and photographed. Of the 391 defects tallied, 64 
were end defects found on the large end of the logs, 69 were end defects located on 
the small ends, and 258 (66 percent) were face defects (occurring along the sides of 
the logs). The four most commonly occurring defects found in our koa log sample 
were seam, branch, decay (log face), and heart rot, all occurring in over 55 percent 
of the study logs. This log defect tally substantiates the opinions expressed by koa 
experts in our prestudy discussions that rotten knots (which develop from branch 
defects over time) and bark seams are very important, highly variable defects that 
log buyers and sellers alike find challenging to evaluate.

Shading has been used in table 2 to show defects that are hard to distinguish 
from one another or of similar origin. In our original field tally, we tended to split 
similar defect types into multiple categories. These similarities and distinctions 
between and among defects are presented in the next section.
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Figure 2—Sample log defect mapping data sheet.
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Figure 3—Example of the sawing diagram form used to record sawn lumber position and size.
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Figure 4—Example of the board defect diagramming sheet.
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Table 2—Defects found and mapped on koa logs at the four study sites and percentage of all study logs 
containing each type of defect

 Occurrences per log Percentage
      of logs  
     Occurrences (out of 28)  
 Site 1 Site 2 Site 3a Site 4 (all sample where defect  
Type of defect (eight logs) (nine logs) (two logs) (nine logs) sites) was found

 Average No. No. Percent
Branch 0.00 1.44 1.00 1.89 32 57
Double pith 0.38 0.33 0.00 0.33 9 32
Heavy distortion 0.25 0.44 0.50 0.44 11 28
Overgrown knot 0.13 0.33 1.00 1.11 16 28
Adventitious cluster 0.13 0.44 0.50 1.89 23 25
Crotch 0.38 0.22 0.50 0.22 8 25
Medium distortion 0.00 0.78 0.50 0.22 10 14
Light distortion 0.00 0.22 0.50 0.00 3 7
Sound knot 0.13 0.00 0.00 0.00 1 3
Unsound knot 0.13 0.00 0.00 0.00 1 3
Decay 0.88 1.67 1.50 0.67 31 64
Heart rot 1.00 1.00 1.50 1.22 31 57
Bark pocket 0.13 0.22 0.50 0.67 10 28
Incipient decay 0.00 0.00 0.50 0.00 1 3
Flange 0.50 0.44 0.00 0.33 11 25
Flute 0.88 0.00 0.00 0.00 7 14
Seam 3.63 1.33 1.00 1.89 60 61
Crack 0.00 1.67 1.00 1.33 29 43
Ring shake 0.13 0.89 0.00 0.78 16 36
Heart check 0.13 0.56 0.00 1.00 15 28
Check 0.00 0.00 0.00 0.11 1 3
Split 0.13 0.00 0.00 0.00 1 3
Large hole 0.50 0.89 1.50 0.33 18 39
Medium hole 0.00 0.00 0.00 0.11 1 3
Small hole 0.00 0.00 0.00 0.11 1 3
Beetle damage 0.00 0.11 0.00 0.00 1 3
Cat face 0.25 0.11 1.00 0.33 8 25
Mechanical damage 0.25 0.22 0.00 0.56 9 21
Wound 0.00 0.11 0.50 0.11 3 11
Bump 0.00 0.33 0.50 0.78 11 32
Bulge 0.25 0.22 0.50 0.22 7 25
Surface rise 0.13 0.00 0.00 0.00 1 3
Sweep 0.00 0.44 0.00 0.00 4 11
 Total 10.32 14.41 14.50 16.65 391 
Note: Color shading indicates related defects as described in the text. Bold font indicates defects that have a rate of occurrence that is at least 0.5 
higher than the rates at the other two study sites (this excludes site 3 owing to small sample size). 
a The number of study logs at site 3 was small (two logs) compared to the other three sites. 
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In considering the distribution of defects encountered in the study logs from  
the four sites, it is worth recalling the basic characteristics of these log sets. The  
koa trees that were evaluated at sites 1 and 4 were similar in that the trees being 
harvested were dead or dying. The site 2 koa trees that we studied were either 
“relic” logs that had been laying on the ground for months to years or recently 
fallen (dead) young-growth logs. The logs studied at site 3 (only two logs) were 
from standing dead and dying trees that were located down a steep gulch—thus, 
during earlier logging operations when there were many more koa trees to choose 
from, these hard-to-get-to trees had been left. 

Koa Defects 
As noted previously, 66 percent of the defects tallied in this study of 28 koa logs 
were face defects while 34 percent were log-end defects. Face defects may be 
detectable when viewing the standing tree; therefore, understanding the nature of 
log-face defects can be helpful in making decisions about if, when, and how to har-
vest a mature koa tree. End defects become evident as the tree is bucked into logs. 
By observing the presence and severity of end defects, the sawmill operator can 
determine how much of the log to remove before sawing so that time and resources 
are not spent sawing log sections that will not yield products of value. The trading 
of trees and logs in the supply chain becomes more efficient if all parties involved 
have a good understanding of the quality and product potential of koa trees and 
logs.

In table 2, related defects are shown with the same color shading. In most cases, 
a given color-coded group may include both log-face and log-end defects. In fact, 
sometimes a specific defect type may be found to occur both on faces and ends of 
logs. Sometimes a defect is named differently based strictly on where it occurs on 
the log—for example, “butt rot” versus “decay” versus “heart rot” are all a form 
of wood deterioration caused by decay fungi. The minimum average number of 
defects on a log was slightly more than 10 while the maximum was close to 17. 
Average for all logs was close to 14 defect occurrences per log. Following, we 
define and describe the related (groups of) defect types found in our koa study logs.

Branch and Crotch/Double Pith/Overgrown Knot, Sound Knot, 
Unsound Knot/Heavy, Medium, and Light Distortion/Adventitious 
Branch and Branch Clusters

Branch and crotch—
The most frequently occurring group of defect types in koa is the branch group. 
Branch defects, with the exception of the crotch and double pith defects, are defects 
that are found on the faces of logs. The term branch is used when the defect was a 
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live branch that was recently sawn off (e.g., during harvesting). If the log surface 
shows any evidence of rot at the site where the branch was cut off, then it may be 
termed an unsound knot. In contrast, if no rot is present, it may be characterized as 
a sound knot. When the branch is a major branch at the end of the log, it is consid-
ered a crotch. The pocket formed between the main stem and the major branch (“the 
crotch”) is a location where moisture collects and decay can develop. Ingrown bark 
will occur in this pocket as well. The crotch defect is a very important defect in koa 
owing to the large branches common in old-growth trees. 

Double pith—
Double pith is noted on the log ends and is indicated by two (or more) sets of 
concentric growth rings around multiple piths indicating the presence of a signifi-
cant branch or perhaps a second leader affecting the bole. Double pith zones often 
include ingrown bark, and significant stresses brought about by the orientation 
of rings in this region can increase physiological stresses leading to more shakes, 
splits, and checks.

Overgrown knot, sound knot, unsound knot—
“Overgrown knot” refers to a branch defect that was overgrown with bark within 
the last few years. An overgrown knot may also be called a “heavy (bark) distor-
tion.” Knot (sound and unsound) is more appropriately used to describe the defect 
in the lumber sawn from the log section that contains the branch. 

Heavy, medium, and light distortion—
Heavy, medium, and light distortions are defect indicators in which the pattern 
of the bark is irregular, providing a clue as to the type of overgrown defect and 
number of years that clear wood has been deposited over the top of the defect. 
Heavy distortions, when they are indicative of overgrown knots, will show a bark 
pattern that consists of continuous concentric circles of bark that entirely interrupt 
the normal longitudinal orientation of the normal pattern of fissures in the bark. 
Heavy branch distortions indicate that the branch was relatively recent and thus 
the knots will show up in lumber cut from the outer part of the log as well as the 
inner heart region. Medium bark distortions show concentric circles, but the circles 
are interrupted in one or more places by “flat bark plates” (Rast et al. 1991). Light 
distortions of the bark are indicative of an overgrown knot and show only a slight 
curvature, which can be difficult to see. Medium and light bark distortions associ-
ated with overgrown branches provide evidence as to how much clear wood overlies 
the branch (knot) defect.
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Adventitious branch and branch clusters—
Adventitious branch and adventitious branch clusters are indicators of current or 
overgrown branch “sprouts,” or epicormic branches. These defects, whether single 
or occurring in groups, look like a cluster of small buds that have been overgrown. 
Some of these adventitious defects will show a bud trace that goes all the way to the 
pith. Others are more localized and seem to originate from latent bud cells in the 
periphery of the stem.

Seams/Shake/Cracks and Splits/Checks

Seams—
Seams, which generally run along the log’s length (but can also spiral up the 
log face) may be caused by several sources including lightning, wind, frost, and 
damage caused by falling trees (Carpenter et al. 1989). Seams may be open or 
overgrown with callus tissue. They may contain ingrown bark. Some seams show 
relatively clean wood separation, but others may have significant areas of torn 
fibers. Although seams may be seen on the log end, they typically are more evident 
and more significant on the face (surface) of the log.

Shake—
Shake is a tangential separation of wood that occurs within a given annual growth 
ring or at the boundary between two adjacent growth rings. Shakes that are seen on 
the ends of the log and follow around a substantial portion of the growth ring are 
termed “ring shakes.” Owing to the architecture of wood, fractures in a growth ring 
readily spread up or down the wood section longitudinally; therefore, ring shake 
can be a very serious defect. 

Cracks and splits/checks—
Cracks and splits are essentially the same defect type, but the term “crack” may 
be used when the radial separation of the wood fibers along the log is wider. Both 
cracks and splits will penetrate into the heartwood and even to the pith center of the 
log. They usually result from a traumatic stress such as occurs when a tree is felled 
(Carpenter et al. 1989). Checks, in contrast, are not as long and often are a surface 
phenomenon related to the radial separation of wood fibers that is caused by drying 
stresses. However, a type of check that occurs in the heart-center region of the log is 
called a heart check. Cracks and splits are considered log-face defects because they 
can affect a significant length of the log and are readily seen on the log face. Checks 
may occur either on the face or end of the log. 
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Decay/Heart Rot and Butt Rot/Incipient Decay/Bark Pocket

Decay—
Decay is the general term for wood degradation that is caused by the presence of 
fungi. It typically is evidenced by a change of wood color or texture, and sometimes 
fungal hyphae can be spotted. Decayed wood often is soft, lower in density, and 
has compromised mechanical properties. In living trees and logs from recently 
felled trees, extensive areas of decay are most frequently associated with heartwood 
because the environment of the heartwood region, in which the cells are no longer 
metabolically alive, is more conducive to fungal colonization (Boddy 2001). The 
exception to this would be tree species that have enhanced heartwood durability 
based on the types and amounts of extractives present. Koa does not possess this 
natural durability trait. The sapwood of downed trees becomes quickly susceptible 
to fungal propagation until the moisture content is reduced below 30 percent. 
Sapwood decay that results from delayed manufacture is typically a defect seen on 
the log faces but can be seen on the ends of logs too. Sapwood decay that results 
from an injury to the living tree is typically localized (compartmentalized) and may 
be evidenced by a bark distortion/defect indicator on the face of the log.

Heart rot and butt rot—
Heart rot is a type of decay that is found in the heartwood and is often, but not 
always, pith centered. It is usually associated with a broken out branch, tree top, or 
wound. Heart rot is a log-end defect that can be very significant, especially in logs 
from older trees. Butt rot is a term that refers to decay at the base of the tree—in 
the butt section of the bottom log. Butt rot may be located either in the sapwood or 
the heartwood zones and thus, on the log, may be identified as either a log-face or 
log-end defect.

Incipient decay—
Incipient decay is the earliest form of decay and usually is indicated by a change in 
wood color but not in wood density (i.e., a region having incipient decay will not 
exhibit softness). Incipient decay will typically not be evident on the faces of a log 
but might be evident on log ends.

Bark pocket—
Bark pockets are not decay, but they are often associated with decay regions, and, 
similar to decay, they are unsound defects. Wounds, broken out limbs, and tree 
tops, sites of fungal attack leading to decay, often develop ingrown bark at the same 
location in the tree.
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Flute/Flange
Flutes and flanges are both tree/log form “defects” in which the tree bole, at its 
base, exhibits protrusions out from the normal cylindrical form. These protrusions 
start at the base and extend up the butt log, in rare cases extending into the second 
log. Flanges are distinguished from flutes in their shape, with flanges having a more 
triangular shape and flutes being rounded undulations of the tree bole at its base 
(Carpenter et al. 1989). When the undulations or folds of a flute extend more than 
just an inch or two out from the normal cylinder of the log, ingrown bark may be 
found in the lumber sawn from this log section. Flanges and flutes can be seen on 
both the log faces and the log ends depending on where the tree is bucked relative to 
the protrusions.

Large, Medium, and Small Hole/Insect Damage
Holes in logs are distinguished, for log-grading purposes, by their size. Knowing 
the origin of the hole (e.g., broken out limb, bird peck damage, beetle damage) can 
be very helpful in estimating the underlying wood quality. Large holes are larger 
than ½ inch in diameter (Carpenter et al. 1989). Medium holes range from 3/16 to ½ 
inch in diameter. Small holes are most often caused by the activity of one or another 
species of insects (e.g., small beetles, termites, ants) in which case they may be 
referred to as holes or insect damage. Holes can occur on the ends of logs if a beetle 
enters the log after it is bucked, but they typically are log face defects.

Wound/Cat Face/Mechanical Damage/Butt Scar
Wounds may be caused by a multitude of agents—both natural and human induced. 
Some of the most common sources include impact from another tree, lightning (in 
which case the wound may appear as a seam), fire, impact from heavy equipment, 
and animal contact or herbivory. Wounds are most often considered when they 
affect the bole of the tree, but damage to root systems also affect tree growth and 
quality. Wounds that occur on the tree bole may be recent or older, in which case 
they may be partially or substantially overgrown. Recent wounds typically expose 
just the sapwood component of the bole and appear sound (Carpenter et al. 1989). 
Older wounds usually exhibit evidence of decay as the wounding of the tree pres-
ents a vulnerability that may lead to insect or fungal colonization. Many overgrown 
spot wounds (as opposed to lightning strikes) that have been surrounded by callus 
wood growth are called “cat faces” as they assume an oval facelike form. Mechani-
cal damage refers to a fresh wound that is equipment or human caused. A butt scar 
is simply a wound at the base of the butt log. Wounds and scars are defects that are 
seen on the log face.
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Bump/Surface Rise/Bulge
A bump is a raised area on the surface of the tree or log that is covered over with 
bark. A bump is an indicator of an overgrown defect such as a broken out limb or a 
wound. A less distinct raised area having a height to length ratio of 1 to 12 or less is 
classified as a surface rise (Carpenter et al. 1989). A bulge is a defect in which the 
bole appears generally swollen. Carpenter et al. (1989) described the look as being 
that of a barrel. Bulges are frequently associated with regions of internal decay. 
Bumps, surface rises, and bulges are log face defects.

Sweep/Crook
Sweep and crook are tree/log form defects. Sweep refers to a linear form in which 
the tree bole or log curves gradually away from the straight alignment. Crook refers 
to a form in which the bole or log juts abruptly in a different direction. Trees often 
crook in a different direction in the region of a major branch so crook and branch 
defects commonly occur proximal to each other. Sweep and crook are neither face 
nor end defects but rather form defects that lead to a reduction in the amount of 
lumber volume recovered.

Lumber Attributes
Wood quality is represented by color, figure (e.g., curl), and size, not just of the log, 
but of clear cuttings (free of defects) from lumber as well. Value is based on the 
level of all three quality attributes as they relate to the product raw material require-
ments. 

The heartwood color of mature koa trees can be various shades of red, light 
brown, deep chocolate brown, and reddish brown with reddish brown being the 
most common (Skolmen 1974) and dark brown being the most highly valued. The 
sapwood is relatively narrow and yellowish white to pale brown (Gerry 1955, Skol-
men 1974). Koa wood can have distinctive figure, which may include banding that 
runs parallel with the wood grain or the highly prized curly figure that is generally 
perpendicular to the grain.

Synopsis
This publication expands on the data and guidelines published by Burgan et al. 
(1971, see appendix). A broader range of log defect types were observed in the 28 
study logs examined here than had previously been cited by Burgan et al. (1971). It 
was common to find more than one defect type in a log section. Sometimes these 
co-occurrences were random, but other times the occurrence of proximally located 
log defects represented a logical correlation. For example, the crotch defect was fre-
quently found with decay/rot. The fork of the limb is a site where water can collect 
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and injuries can occur, both of which contribute to the development of decay/rot. 
Thus, in some cases, it is difficult to attribute log volume loss to any one external 
defect indicator. 

Log defects can manifest themselves in more than one lumber defect. Lumber 
recovery (gross cubic volume) from the study logs illustrates the variation that can 
be found in the resource. For example, among the relic logs found in this guide, 
recovery ranged from 35 to 83 percent. Although some differences in recovery 
may be attributed to milling equipment, the broad recovery range demonstrates the 
variability of quality in relic logs. The sawing diagram in figure 3 demonstrates 
the amount of time and effort processors put into producing koa lumber in order to 
maximize volume and quality.

Although this study expands knowledge of external log defects found in koa, 
the co-occurrence of log and lumber defects associated with a single external 
indicator illustrates the difficulty in developing a measurement system to accurately 
reflect products recovered. 

Photographic Guide
In the series of figures that constitutes the photographic guide to Acacia koa defects 
(table 3, figs. 5 through 59), we identify the defect of interest and the condition of 
the tree from which the log containing the defect was found. Log size statistics are 
given as well as the dimensions of the defect. The first picture of the defect series is 
of the defect as it appears on the outside of the log. Log ends (usually the large end 
of the log) are pictured with sawlines superimposed to identify the sawn position 
of the boards pictured on the page. Each of these is color-coded to match the frame 
color of the corresponding board defect picture in the series. The number in the 
board caption identifies the log from which it was sawn and the saw order position. 
Each of the board pictures contains a defect or feature associated with the external 
defect. For each defect occurrence on a board, the dimensions are noted and the  
percentage of the board affected by this defect has been calculated. In many cases, 
it was not possible to show every piece of lumber having defect(s) associated with 
the defect indicator on the log. Consequently, we have included a listing of addi-
tional lumber defects (if any) and the total defect volume (cubic inches) in each log 
that is attributable to this external defect. The lumber recovery percentage from 
each log also is provided because, by itself, the information on the associated defect 
amounts contained in the lumber that is attributable to a given external defect is 
incomplete. This is because a particular defect type, for example, heart rot, may 
lead to lumber recovery losses if it is particularly severe (i.e., log sections that are 
not sawn into lumber).
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There were many instances in which multiple log defects occurred proximal 
to one another such that it became difficult to discern which of the defects found 
on a particular board section were associated with a given external defect. We feel 
confident, however, that the defect series included in this photographic guide are 
made up of defect sets that belong together—many other good picture sets were dis-
carded because of uncertainty as to whether the pictured defects belonged together. 
Also, note that an external log defect may often manifest itself internally as several 
different types of defects. For example, a branch may be observed internally as a 
sound knot, unsound knot, decay, or bark inclusion. The reader should take into 
consideration that figures are not to scale and, because the lumber defect picture 
data were taken in the field under operational constraints, lumber defects in a series 
may not appear to be positioned similarly from one board to the next and the degree 
of camera zoom may vary.
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Branch 
Branch defects, with the exception of the crotch and double pith defects, are defects 
that are found on the faces (sides) of logs. The term “branch” is synonymous with 
“limb” and is used when the defect was a live branch that was recently sawn off 
(e.g., during harvesting). Lumber defects associated with branch defects on the 
log include sound and unsound knots (both face and spike knot orientation), bark 
pockets, decay, and holes.

Log grading rule interpretation—
Branch defects (i.e., sound and unsound knots and live limbs) are always treated as 
defects in hardwood log grading (Rast et al. 1973).
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Log Face Defects

Log face defects are defects that occur most obviously and most commonly 
along the side surfaces of the logs.
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Adventitious Branch and Branch Clusters 
Adventitious branch and adventitious branch clusters are indicators of current or 
overgrown branch “sprouts” or epicormic branches. They occur on the face (side  
or surface) of logs. These defects, whether single or occurring in groups, look like  
a cluster of small buds that have been overgrown. Some of these adventitious 
defects will show a bud trace that goes all the way to the pith. Others are more 
localized and seem to originate from latent bud cells in the periphery of the stem. 
Lumber defects associated with adventitious branch clusters include sound and 
unsound knots and knot clusters, which are sometimes referred to as a “cats paw” 
figure, and bark pockets.

Log grading rule interpretation—
Live adventitious or epicormic 
branches, if larger than 3/8 in,  
are considered to be a defect in  
the grading of hardwood logs. 
Smaller adventitious or epicormic 
branches are counted as a defect 
when they are on a log that is 
smaller than 14 in diameter on  
the small end, inside bark. On 
larger logs, every other smaller 
adventitious branch is treated as  
a defect (Rast et al. 1973).
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Figure 5—Adventitious branch defect on the face of a log from a standing dead or 
dying old-growth Acacia koa tree (exact condition unkown).  
SED = small-end diameter, LED = large-end diameter.

External dimensions of adventitious  
branch defect:
3.5 in long by 2.7 in wide
Total log length = 101 in
 SED = 15.5 in, LED = 18.4 in

Board 45B: 101 in by 7.6 in by 1 in
Sound knot: 1 in by 1 in
(1.3 percent of board)

The defect indicator is centered 88 in down the 
log from the large end. Sawn lumber position 
within log is designated by colored rectangles. 
The arrow indicates external position around 
the log and the angle at which the adventitious 
branch is located. 

• Other lumber defects related to this 
adventitious branch but not pictured:  
unsound knot 

• Total lumber defect volume  
attributed to this adventitious 
branch = 11.7 in3

Board 45C: 101 in by 10.7 in by 1 in
Unsound knot: 0.5 in by 0.4 in
(0.02 percent of board)
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External dimensions of adventitious branch 
cluster defect: 1 in long by 1 in wide

Total log length = 117 in
 SED = 19.4 in, LED = 19.4 in

Sawn lumber position within log is designated 
by colored rectangles. The arrow indicates the 
external position around the log and the angle at 
which the adventitious branch cluster is located. 
The cluster is 7 in down the log from the  
large end.

• Other lumber defects related to this 
adventitious branch cluster but not 
pictured: sound knots 

• Total lumber defect volume attrib-
uted to this adventitious branch 
cluster = 12 in3

Board 46A: 114 in by 7 in by 1 in
Cat paw and figure: 2 in by 1 in
(0.25 percent of board)

Board 46H: 115 in by 11.5 in by 1 in 
Sound knot: 2.2 in by 1.3 in
(0.22 percent of board) 

Board 46O: 115 in by 13.1 in by 1 in 
Sound knot: 1 in by 0.8 in
(0.1 percent of board) 

Board 46Q: 115 in by 13.1 in by 1 in 
Unsound knot: 1 in by 0.8 in
(0.1 percent of board) 

Figure 6—Adventitious branch cluster indicator on the face of a log from a standing 
dead or dying old-growth Acacia koa tree (exact condition unkown).  
SED = small-end diameter, LED = large-end diameter.
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Figure 7—Adventitious branch cluster on the face of a log from standing dead or 
dying old-growth Acacia koa tree (exact condition unknown).  
SED = small-end diameter, LED = large-end diameter.

External dimensions of adventitious 
branch cluster defect:
1.3 in long by 1.7 in wide

Total log length = 117 in
 SED = 19.4 in, LED = 19.4 in

The defect indicator is centered 19 in down the 
log from the large end. The arrow indicates the 
orientation around the log and angle at which 
the adventitious branch cluster indicator is 
located. Sawn lumber position within the log is 
indicated by colored rectangles.

• Other lumber defects related to this 
adventitious branch cluster but not 
pictured: unsound knot

• Total lumber defect volume attrib-
uted to this adventitious branch 
cluster = 6.48 in3

Board 46H: 115 in by 11.5 in by 1 in
Sound knot: 1.7 in by 1.2 in 
(0.2 percent of board) 

Board 46I: 115 in by 14.2 in by 1 in 
Knots and bark pockets: 1.7 in by 1.2 in  
(0.1 percent of board)

Board 46O: 115 in. by 13.2 in. by 1 in
Unsound knot : 1.2 in by 1 in
(0.1 percent of board)
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Figure 8—Major branch defect on the face of a log from a dying  
old-growth Acacia koa tree.  
SED = small-end diameter, LED = large-end diameter.

External dimensions of branch defect:
12 in long by 6 in wide by 4.5 in deep
Total log length = 76 in
SED = 23.3 in, LED = 27 in

The arrow indicates the orientation around 
the log and the angle at which the branch 
is located. The junction of the branch with 
the main stem occurs 7 in down the length 
of the log from the large end. Sawn lumber 
position within the log is indicated by colored 
rectangles. 

Board 7J: 68 in by 6.5 in by 2 in 
Bark pocket/decay: 13 in by 4 in 
(11.8 percent of board)

• Other lumber defects related to 
this branch but not pictured: bark 
pocket, decay, wane 

• Total lumber defect volume 
attributed to this branch  
= 642.7 in3

Board 7L: 68 in by 4.9 in by 1 in
Unsound knot: 9 in by 3.3 in 
(8.9 percent of board)

Board 7M: 68 in by 4.9 in by 1 in 
Bark pocket: 15.5 in by 2.9 in 
(13.5 percent of board)

Board 7O: 68 in by 8.1 in by 1 in 
Bark pocket: 10 in by 4.1 in 
(7.4 percent of board)

Board 7Q: 69 in by 8 in by 2 in 
Bark pocket: 12 in by 4 in 
(8.7 percent of board) 
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Figure 9—Major branch defect on the face of a log from a standing dead or dying 
old-growth Acacia koa tree (exact condition unknown).  
SED = small-end diameter, LED = large-end diameter.

External dimensions of branch defect:
3.2 in long by 1.7 in wide

Total log length = 92 in
SED = 8.6 in, LED = 13.9 in

Sawn lumber position within the log is 
designated by colored rectangles. The arrow 
indicates external position around the log and 
the angle at which the branch is located. The 
branch is centered 6 in from the large end of 
the log. 
• Other lumber defects related to this 

branch but not pictured: sound knot 

• Total lumber defect volume 
attributed to this branch  
= 241 in3 

Board 11A: 30 in by 8 in by 1 in
Knot/bark pocket/decay: 12 in by 8 in
(40 percent of board)

Board 11C: 91 in by 6.8 in by 1 in
Decay: 4 in by 1.1 in 
(0.7 percent of board)

Board 11F: 92 in by 5.6 in by 1 in
Bark pocket/decay: 20 in by 5.6 in
(21.7 percent of board)
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Figure 10—Major branch defect on the face of a log from a standing  
dead or dying old-growth Acacia koa tree (exact condition unkown).  
SED = small-end diameter, LED = large-end diameter.

External dimensions of branch defect: 
26 in long by 15 in wide
Total log length = 89 in
SED = 14.2 in, LED = 17.3 in

Sawn lumber position within the log is indi-
cated by colored rectangles. The branch is 
centered 28 in from the large end of the log. 
The arrow indicates the orientation around 
the log and the angle at which the branch  
is located.

Outer face of 1.2-in thick waste slab 
section.

• Other lumber defects related 
to this branch but not pictured: 
decay, incipient decay 

• Total lumber defect volume 
attributed to this branch  
= 366 in3

Inner face of 1.2-in thick waste slab section.

Board 12K: 88 in by 4.1 in by 2 in
Decay and void: 15 in by 4.1 in  
(17 percent of board)

Board 12J: 89 in by 4.1 in by 1 in
Unsound knot: 14 in by 4.1 in  
(15.7 percent of board)

Board 12Q: 89 in by 4 in by 2 in
Decay: 6 in by 0.6 in 
(1 percent of board)
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Figure 11—Branch defect on the face of a log from a dead “relic” Acacia koa tree
SED = small-end diameter, LED = large-end diameter.

External dimensions of branch defect:
16 in long by 13 in wide 

Total log length = 133 in
SED = 14.4 in, LED = 16.2 in 

The defect is centered 56 in down the 
log from the large end. Sawn lumber 
position within the log is designated by 
colored rectangles. The arrow indicates 
external position around the log and the 
angle at which the branch is located. 

• Other lumber defects related 
to this branch but not pictured: 
unsound knot 

• Total lumber defect volume 
attributed to this branch  
= 97 in3

Board 23G: 86 in by 9 in by 1 in
Unsound knot: 10 in by 4.5 in
(5.8 percent of board)

Board 23H: 132 in by 9 in by 1 in
Unsound knot: 8 in by 1.7 in
(1.1 percent of board)

Board 23M: 133 in by 4.2 in by 1 in
Sound knot: 4 in by 0.7 in
(0.5 percent of board)
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Figure 12—Branch defect on the face of a log from a dead “relic” Acacia koa tree. 
SED = small-end diameter, LED = large-end diameter.

External dimensions of branch defect: 
7 in long by 5.5 in wide by 1.5 in high

Total log length = 114 in
SED = 12.7 in, LED = 14.5 in

The branch is centered 61 in down the log 
from the large end. The arrow indicates the 
orientation around the log and the angle at 
which the branch is located. Sawn lumber 
position within the log is indicated by colored 
rectangles.

• Other lumber defects related to this 
branch: none 

• Total lumber defect volume  
attributed to this branch = 40.2 in3

Board 24C: 97 in by 9.2 in by 1 in
Unsound knot: 6 in by 2.5 in
(1.7 percent of board)

Board 24D: 106 in by 11.8 in by 1 in
Sound knot: 4 in by 3.8 in
(1.2 percent of board)

Board 24M: 114 in by 4 in by 2 in
Sound spike knot: 2 in by 2.5 in
(1.1 percent of board)
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Figure 13—Branch defect on the face of a log from dead “relic” Acacia koa tree.  
SED = small-end diameter, LED = large-end diameter.

External dimensions of branch defect:
9 in long by 8 in wide by 2.5 in deep

Total log length = 114 in
SED = 12.7 in, LED = 14.5 in

Sawn lumber position within the log is 
designated by colored rectangles. The arrow 
indicates external position around the log 
and the angle at which the branch is located. 
The branch is centered 30 in down the log 
from the large end. 

• Other lumber defects related to this 
branch but not pictured: sound knot 

• Total lumber defect volume  
attributed to this branch = 36.3 in3 

Board 24I: 113 in by 4.2 in by 1 in
Unsound knot: 7 in by 4.2 in
(6.2 percent of board)

Board 24N: 114 in by 4.1 in by 2 in
Sound knot: 3 in by 1.3 in
(0.8 percent of board)
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Figure 14–Branch and decay defect on the face of a log from a standing  
dead or dying old-growth Acacia koa tree (exact condition unkown).  
SED = small-end diameter, LED = large-end diameter. 

External dimensions of branch and  
decay defect:
8 in long by 8 in wide by 1.3 in deep

Total log length = 164 in
SED = 26.2 in, LED = 25.4 in 

Sawn lumber position within the log is 
designated by colored rectangles. The arrow 
indicates external position around the log and 
the angle at which the branch and decay are 
located. The branch is centered 76 in down 
the log from the large end. 

• Other lumber defects related to this 
branch and decay but not pictured: 
hole, bark 

• Total lumber defect volume 
attributed to this branch and 
decay = 202.4 in3

Board 43O: 164 in by 10.6 in by 1 in
Unsound knot: 7 in by 4.7 in
(1.9 percent of board)

Board 43P: 164 in by 10.6 in by 1 in
Unsound knot: 7 in by 6.5 in
(2.6 percent of board)

Board 43Q: 164 in by 10.6 in by 1 in
Unsound knot: 9 in by 5.8 in
(3 percent of board)

Board 43R: 164 in by 10.6 in by 1 in
Unsound knot: 8 in by 5.5 in 
(2.5 percent of board)
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Figure 15—Branch and decay defect on the face of a log from a standing dead or 
dying old-growth Acacia koa tree (exact condition unkown).  
SED = small-end diameter, LED = large-end diameter. 

External dimensions of branch and  
decay defect:
9 in long by 8 in wide by 2.5 in deep

Total log length = 113 in
SED = 18.4 in, LED = 20.7 in

Sawn lumber position within the log is 
designated by colored rectangles. The arrow 
indicates external position around the log and 
the angle at which the branch and decay are 
located. The branch and decay are centered 
108 in down the log from the large end. 

• Other lumber defects related to this 
branch but not pictured: unsound 
knot, hole 

• Total lumber defect volume  
attributed to this branch  and decay 
= 215.5 in3

Board 44A: 72 in by 8.5 in by 1 in
Hole and decay: 8 in by 8.5 in
(11.1 percent of board)

Board 44K: 113 in by 9 in by 1 in
Hole and decay: 10 in by 5 in
(4.9 percent of board)

Board 44M: 113 in by 9 in by 1 in
Unsound knot: 2.2 in by 2.5 in
(0.5 percent of board)
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Figure 16—Double branch on the face (and large end) of a log from a standing dead 
or dying old-growth Acacia koa tree (exact condition unknown).  
SED = small-end diameter, LED = large-end diameter. 

External dimensions of branch defect:
18 in wide by 14.5 in wide

Total log length = 101 in
 SED = 15.5 in, LED = 18.4 in

Sawn lumber position within the log is 
designated by colored rectangles. The 
arrow indicates external position around 
the log and the angle at which the branch 
is located. 

• Other lumber defects related 
to this branch but not pictured: 
sound knot 

• Total lumber defect volume 
attributed to this branch  
= 126 in3

Board 45A: 101 in by 12 in by 1 in
Unsound knot: 8 in by 5 in
(3.3 percent of board)

Board 45K: 101 in by 8.8 in by 1 in
Sound knot: 3.5 in by 4 in
(1.6 percent of board)

Board 45S: 101 in by 6.5 in by 1 in
Unsound knot: 6 in by 3.5 in
(3.2 percent of board)

Board 45R: 101 in by 6.4 in by 1 in 
Bark pocket: 0.5 in by 0.5 in
(0.004 percent of board) 
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Figure 17—Branch defect on the face of a log from a standing dead or dying  
old-growth Acacia koa tree (exact condition unknown).  
SED = small-end diameter, LED = large-end diameter.

External dimensions of branch defect:
4 in long by 3 in wide

Total log length = 138
SED = 13 in, LED = 18 in

Sawn lumber position within the log is 
designated by colored rectangles. The arrow 
indicates external position around the log and 
the angle at which the branch is located. The 
branch is centered 58 in from the large end 
of the log. 

• Other lumber defects related to this 
branch: none 

• Total lumber defect volume 
attributed to this branch  
= 25.5 in3

Board 47G: 137 in by 8.3 in by 1 in
Unsound knot and bark pocket:  
5 in by 2.4 in 
(1.1 percent of board)

Board 47O: 137 in by 7.5 in by 1 in
Unsound knot and bark pocket:  
2.5 in by 3.3 in 
(0.8 percent of board)

Board 47P: 137 in by 7.5 in by 1 in
Bark pocket: 2.5 in by 2.1 in
(0.5 percent of board)



36

GENERAL TECHNICAL REPORT PNW-GTR-871

Figure 18—Major branch and crotch defect on the face of a log from a standing 
dead or dying old-growth Acacia koa tree (exact condition unknown).  
SED = small-end diameter, LED = large-end diameter. 

External dimensions of branch defect:
12 in long by 10 in wide

Total log length = 138 in
 SED = 13 in, LED = 18 in

Sawn lumber position within the log is 
designated by colored rectangles. The arrow 
indicates external position around the log 
where the branch/crotch is located. The 
defect is centered 30 in from the large end  
of the log. 

• Other lumber defects related to this 
branch/crotch but not pictured: bark 
pocket

• Total lumber defect volume 
attributed to this branch/crotch  
= 269 in3

Board 47C: 122 in by 10.5 in by 1 in
Unsound knot: 19 in by 3.5 in
(5.2 percent of board)

Board 47D: 133 in by 11 in by 1 in
Unsound knot: 6 in by 3.6 in
(3.9 percent of board)

Board 47J: 136 in by 7.5 in by 1 in
Unsound knot: 12 in by 2.2 in
(2.6 percent of board)

Board 47K: 136 in by 7.5 in by 1 in
Unsound knot/bark pocket: 13 in by 2.9 in 
(3.7 percent of board)
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Figure 19—Major branch and decay defect on the face of a log from a standing 
dead or dying old-growth Acacia koa tree (exact condition unknown).  
SED = small-end diameter, LED = large-end diameter. 

External dimensions of branch and  
decay defect:  
18 in long by 9 in wide

Total log length = 118 in
 SED = 19.4 in, LED = 19.4 in

Sawn lumber position within the log is 
designated by colored rectangles. The arrow 
indicates external position around the log and 
the angle at which the branch and decay are 
located. The defect is centered 110 in from 
the large end of the log.

• Other lumber defects related to this 
branch and decay but not pictured: 
unsound knots

 
• Total lumber defect volume 

attributed to this branch and 
decay = 199.2 in3

Board 46B: 50 in by 10.5 in by 1 in
Unsound knot: 10 in by 6 in
(11.4 percent of board)

Board 46C: 117 in by 8 in by 1 in
Unsound knot: 12 in by 7 in
(8.97 percent of board)

Board 46K: 118 in by 8.5 in by 1 in
Sound knot: 5 in by 3 in
(1.5 percent of board)

Board 46L: 116 in by 13.3 in by 1 in
Unsound knot: 6 in by 2 in
(0.8 percent of board)
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Bump and Bulge 
A bump is a raised area on the surface of the tree or log that is covered over with 
bark. A bump is an indicator of an overgrown defect such as a broken out limb or 
a wound. A bulge is a defect in which the bole appears generally swollen. Bumps, 
surface rises, and bulges are log face defects. Lumber defects associated with 
bumps and bulges include sound and unsound knots, bark pockets, and decay.

Log grading rule interpretation—
High bumps, having a height to length ratio of 1:3 or less, and medium bumps 
(between 1:6 and 1:3) are hardwood log grading defects. Low bumps, with a height 
to length ratio between 1:12 and 1:6, also are defects but in assessing usable clear 
area above and below the defect, the upper and lower one fourth of the bump’s 
length can be treated as clear (nondefective). Bulges always should be treated as 
defects in their entirety (Rast et al. 1973).
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Figure 20—Bulge defect on the face of a log from a dying old-growth  
Acacia koa tree.  
SED = small-end diameter, LED = large-end diameter.

External dimensions of bulge defect: 
19 in long by 13 in wide by 2.5 in rise above 
log surface

Total log length = 72 in
SEDs = 20 in and 21.4 in (small end is 
forked), LED = 33.8 in

The bulge is centered 28 in down the log 
from the large end. The arrow indicates the 
orientation around the log and the angle at 
which the bulge is located. Sawn lumber 
position within the log is indicated by colored 
rectangles. 

• Other lumber defects related to  
this bulge but not pictured: bark 
pocket, decay 

• Total lumber defect volume 
attributed to this bulge = 77.4 in3

Board 5F1: 50 in by 7.2 in by 1 in
Sound knot: 1.1 in by 0.8 in
(0.2 percent of board)

Board 5G1: 60 in by 7.5 in by 2 in
Sound knot: 3 in by 2 in
(1.3 percent of board)

Board 5H1: 64 in by 10 in by 2 in
Sound knot: 9 in by 2.1 in
(3 percent of board)

Board 5I1: 66 in by 11.2 in by 2 in
Bark pocket: 1.1 in by 1 in
(0.1 percent of board)
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Figure 21—Bump on the face of a log from a standing dead or dying old-growth 
Acacia koa tree (exact condition unknown).  
SED = small-end diameter. LED = large-end diameter.

External dimensions of bump defect:
8 in long by 6 in wide 

Total log length = 113 in
SED = 18.4 in, LED = 20.7 in

The defect indicator is centered 77 in from 
the large end of the log. Sawn lumber posi-
tion within log is designated by colored rec-
tangles. The arrow indicates external position 
around the log and the angle at which the 
bump is located.

Board 44F: 113 in by 8.5 in by 1 in
Unsound knot: 2.8 in by 2.4 in
(0.7 percent of board)

Board 44G: 113 in by 13.3 in by 1 in
Unsound knot: 3.7 in by 3.4 in
(0.8 percent of board)

• Other lumber defects, related 
to this bump: none 

• Total lumber defect volume 
attributed to this bump  
= 19.3 in3
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Cat Face (a type of wound) 
Many overgrown spot wounds (as opposed to lightning strikes) that have been 
surrounded by callus wood growth are called “cat faces” as they assume an oval 
facelike form. Cat face defects occur on log faces. Lumber defects associated 
with cat faces include bark pockets, seams, and decay.

Log grading rule interpretation—
Cat faces are old wounds that have had time to build up callus tissue along their 
margins. The cat face/butt scar often will have rot associated with it. For this 
reason, a reduction 
in log scale often is 
required. The scale 
deduction is a percent-
age that is based on the 
length of the defective 
area (rounding up to 
the next whole foot) 
divided by the length 
of the log, times the 
percentage of the log’s 
diameter affected. Cat 
face/butt scars are 
grading defects  
(Rast et al. 1973).
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Figure 22—Cat face near the large end of the log from a standing dead  
or dying old-growth Acacia koa tree (exact condition unknown).  
SED = small-end diameter, LED = large-end diameter. 

External dimensions of cat face defect:
20 in long by 11 in wide

Total log length = 104 in
SED = 28.2 in, LED = 30.5 in

Sawn lumber position within the log is 
designated by colored rectangles. The arrow 
indicates external position around the log and 
the angle at which the cat face is located. The 
defect is centered 11 in from the large end of 
the log. 

• Other lumber defects related to this 
cat face: none 

• Total lumber defect volume 
attributed to this cat face = 75 in3

Board 42C: 58 in by 15.5 in by 1 in
Seam and bark: 12 in by 4.5 in
(6 percent of board)

Board 42H: 103 in by 13 in by 1 in
Unsound knot and bark: 24 in by 9 in 
(16.1 percent of board)
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Figure 23—Cat face on the log face and decay on the log large end of a standing 
dead or dying old-growth Acacia koa tree (exact condition unknown).  
SED = small-end diameter, LED = large-end diameter.

External dimensions of defect:
Cat face: 33 in long by 18 in wide by  
1.5 in deep
Decay: 31 in long by 7.5 in wide by 4.7 in deep 
Decay: 27 in long by 9 in wide by 6 in deep

Total log length = 113 in
SED = 18.4 in, LED = 20.7 in

Sawn lumber position within the log is 
designated by colored rectangles. The arrow 
indicates external position around the log and 
the angle at which the cat face is located. The 
cat face extends 33 in from the large end.

• Other lumber defects related to this 
cat face but not pictured: decay 

• Total lumber defect volume 
attributed to this cat face  
= 2,167.4 in3

Board 44H: 113 in by 11.5 in by 1 in
Decay: 38 in by 11.5 in
(33.6 percent of board)

Board 44K: 113 in by 9 in by 1 in
Decay: 32 in by 9 in
(28.3 percent of board)

Board 44L: 113 in by 9 in by 1 in
Decay: 60 in by 9 in
(53.1 percent of board)

Board 44M: 113 in by 9 in by 1 in
Decay: 30 in by 9 in
(26.6 percent of board)
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Crack or Split 
Cracks and splits are essentially the same defect type, but the term “crack” may 
be used when the radial separation of the wood fibers along the log is wider. Both 
cracks and splits will penetrate into the heartwood and even to the pith center of the 
log. They usually result from a traumatic stress such as occurs when a tree is felled 
(Carpenter et al. 1989). Cracks and splits are considered log face defects because 
they can affect a significant length of the log and are readily seen on the log face. 
Lumber defects associated with cracks include splits, shakes, checks, and voids.

Log grading rule interpretation—
A crack/split with a depth into the log that equals or exceeds 15 percent of the log’s 
diameter (30 percent of its radius) is considered a grading defect (Rast et al. 1973). 
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Figure 24—Crack on the face, large end, and along the full length of an old-growth 
Acacia koa log from a standing dead or dying tree (exact condition unknown).  
SED = small-end diameter, LED = large-end diameter.

External dimensions of crack defect:
116 in long by 3.5 in wide

Total log length = 116 in
SED = 26.2 in, LED = 31.3 in

Sawn lumber position within the log is 
designated by colored rectangles. The arrow 
indicates the external position around the log 
and the angle at which the crack is located. 
The defect is at the large end and extends 116 
in (the entire length) down the log. The white 
oval encircles the crack and measures 18 in 
across the end of the log.

• Other lumber defects related to this 
crack but not pictured: shake  

• Total lumber defect volume 
attributed to this crack  
= 394.9 in3

Board 48D: 112 in by 8.5 in by 1 in
Shake: 3 in by 1.3 in
(0.4 percent of board)

Board 48E: 116 in by 11 in by 1 in
Checks: 11 in by 9 in
(7.8 percent of board) 

Board 48G: 116 in by 20.7 in by 1 in
Shake: 30 in by 7 in
(8.7 percent of board)
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Figure 25—Crack and wound on the face and large end of a log from a standing 
dead or dying old-growth Acacia koa tree (exact condition unknown).  
SED = small-end diameter, LED = large-end diameter. 

External dimensions of the crack and  
wound defect:
Crack: 36 in long by 11 in wide by 1 in deep
Wound: 48 in long by 11 in wide by 2 in deep

Total log length = 116 in
SED = 26.2 in, LED = 31.3 in

Sawn lumber position within the log is 
designated by colored rectangles. The arrow 
indicates external position around the log and 
the angle at which the crack and wound are 
located. The defects are at the large end and 
extend 36 in (crack) an 48 in (wound) down 
the log from the large end. 

• Other lumber defects related to this 
crack and wound but not pictured: 
shake, bark pocket 

• Total lumber defect volume 
attributed to this crack and 
wound = 827.1 in3

Board 48I: 16 in by 14 in by 2 in
Shake: 12 in by 12.5 in 
(67 percent of board)

Board 48J: 20 in by 19.5 in by 1 in
Shake: 19.5 in by 5 in
(25 percent of board)

Board 48K: 113 in by 13 in by 1 in
Shake: 16 in by 8.5 in
(9.3 percent of board)

Board 48L: 113 in by 14 in by 1 in
Shake: 25 in by 6.5 in 
(10.3 percent of board)
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Decay (sapwood) 
Decay is the general term for wood degradation that is caused by the presence of 
fungi. In living trees and logs from recently felled trees, extensive areas of decay 
are most frequently associated with heartwood. The sapwood of downed trees 
becomes quickly susceptible to fungal propagation. Sapwood decay is typically a 
defect seen on the log faces. Lumber defects associated with sapwood decay include 
soft decayed wood that is discolored and often riddled with checks.

Log grading rule interpretation—
Sapwood decay is typically confined to the outermost portions of the log faces and 
as such, is expected 
to be contained in 
the slab sections, 
which are the exte-
rior portions of the 
log removed when 
producing lumber. 
Therefore, sapwood 
decay on the surfaces 
of the log are not 
considered grading 
defects.
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Figure 26—Decay indicator on the face of a log from a dead “relic” Acacia koa tree. 
SED = small-end diameter, LED = large-end diameter.

External dimensions of decay defect: 
44 in long by 22 in wide

Total log length = 88 in
SED = 21.4 in, LED = 25.2 in

The decay is centered 43 in down the log 
from the large end. The arrow indicates the 
orientation around the log and the angle at 
which the decay is located. Sawn lumber 
position within the log is indicated by 
colored rectangles.

• Other lumber defects related to 
this decay but not pictured: decay 

• Total lumber defect volume 
attributed to this decay  
= 1,495 in3 

Board 22C: 22 in by 13 in by 1 in
Decay: 14 in by 8.5 in 
(41.6 percent of board)

Board 22D: 26 in by 14 in by 1 in
Decay: 22 in by 5 in
(30.2 percent of board)

Board 22E: 30 in by 13.5 in by 1 in
Decay: 23 in by 13.5 in 
(76.7 percent of board)

Board 22F: 38 in by 15 in by 1 in
Decay: 27 in by 13.5 in 
(14.1 percent of board)
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Figure 27—Decay on the face of a log from a dead “relic” Acacia koa tree.  
SED = small-end diameter, LED = large-end diameter.

External dimensions of decay defect: 
40 in long by 16 in wide 

Total log length = 114 in
SED = 12.7 in, LED = 14.5 in

The decay is centered 90 in down the log 
from the large end. The arrow indicates the 
orientation around the log and the angle at 
which the branch is located. Sawn lumber 
position within the log is indicated by colored 
rectangles.

• Other lumber defects related to  
this decay: none  

• Total lumber defect volume 
attributed to this decay = 499 in3

Board 24C: 97 in by 9.2 in by 1 in
Decay: 28 in by 9.2 in
(28.9 percent of board)

Board 24D: 106 in by 11.8 in by 1 in
Decay: 40 in by 3.6 in
(11.8 percent of board)
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Figure 28—Decay on the face of a log from a dead “relic” Acacia koa tree.  
SED = small-end diameter, LED = large-end diameter.

External dimensions of decay and seam  
defect: 36 in long by 29 in wide

Total log length = 67 in
SED = 37.3 in, LED = 37.5 in

Sawn lumber position within the log is 
designated by colored rectangles. The arrow 
indicates external position around the log and 
the angle at which the decay is located. The 
decay is centered 18 in down the log from the 
large end.

• Other lumber defects related to this 
decay but not pictured: decay 

• Total lumber defect volume  
attributed to this decay = 1,274.6 in3 

Board 26A1: 62 in by 19 in by 2 in 
Decay: 63 in by 5.5 in
(29.4 percent of board)

Board 26L1: 62 in by 11 in by 1 in
Decay: 62 in by 9.5 in
(86.4 percent of board)

Board 26K1: 62 in by 10 in by 2 in 
Decay: 52 in by 10 in
(83.9 percent of board)
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Distortion 
Heavy, medium, and light distortions are defect indicators in which the pattern 
of the bark is irregular, providing a clue as to the type of overgrown defect and 
number of years that clear wood has been deposited over the top of the defect. A 
concentric circular bark distortion pattern is indicative of an overgrown branch. 
Lumber defects associated with distortions include knots (both sound and unsound), 
bark pockets, stain, and decay. 

Log grading rule interpretation—
Heavy and medium bark distortions, in which the normal pattern of the bark is 
entirely or almost entirely interrupted by concentric bark patterns, are indicators 
of a recently overgrown 
defect that is considered a 
grading defect. Light bark 
distortions, in which the 
normal pattern of the bark 
is interrupted to a lesser 
extent and the underlying 
cause of the defect often 
is indeterminate, are not 
grading defects.
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Figure 29—Medium distortion defect on the face of a log from a dying old-growth 
Acacia koa tree. SED = small-end diameter, LED = large-end diameter.

External dimensions of medium distortion 
defect: 11 in long by 11 in wide

Total log length = 96 in 
SED = 16.6 in, LED = 20.2 in

The medium distortion defect is centered 
62 in down the log from the large end. The 
arrow indicates the orientation around the 
log and the angle at which the distortion is 
located. Sawn lumber position within the 
log is indicated by the colored rectangle.

Board 1A: 93 in by 6.8 in by 1 in
Decay/bark pocket: 6.5 in by 6.2 in
(6.4 percent of board)

• Other lumber defects related to this  
distortion but not pictured: none 

• Total lumber defect volume  
attributed to this distortion = 40.3 in3
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Figure 30—Medium distortion defect on the face of a log from a standing dead or 
dying old-growth Acacia koa tree (exact condition unknown).  
SED = small-end diameter, LED = large-end diameter.

External dimensions of medium  
distortion defect:
2.5 in long by 1.5 in wide

Total log length = 113 in
SED = 18.4 in, LED = 20.7 in

The defect indicator is centered 101 in down 
the log from the large end. Sawn lumber posi-
tion within the log is designated by colored 
rec-tangles. The arrow indicates external 
position around the log and the angle at which 
the distortion is located. 

Board 44P: 113 in by 7.1 in by 1 in
Bark pocket: 5.5 in by 1 in
(0.7 percent of board)

Board 44Q: 113 in by 7.2 in by 1 in
Bark pocket: 2.5 in by 2.5 in
(0.8 percent of board)

Board 44R: 113 in by 17.2 in by 1 in
Bark pocket: 2.5 in by 1.8 in
(0.2 percent of board)

• Other lumber defects related to this  
distortion: none 

• Total lumber defect volume attributed 
to this distortion = 16.2 in3
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Figure 31—Medium distortion/overgrown knot defect on the face of a standing 
dead or dying old-growth Acacia koa tree (exact condition unknown).  
SED = small-end diameter, LED = large-end diameter.

External dimensions of medium distortion/
overgrown knot defect: 4 in long by 1.5 in 
wide

Total log length = 138 in
 SED = 13 in, LED = 18 in

Sawn lumber position within the log is 
designated by colored rectangles. The arrow 
indicates external position around the log and 
the angle at which the distortion/overgrown 
knot is located. The defect is centered 100 in 
down the log from the large end. 

• Other lumber defects related to  
this distortion but not pictured:  
unsound knot 

• Total lumber defect volume 
attributed to this distortion  
= 36.4 in3

Board 47E: 138 in by 6 in by 1 in
Bark pocket: 7 in by 1 in
(0.8 percent of board)

Board 47F: 137 in by 9.5 in by 1 in
Unsound knot: 2 in by 1 in
(0.2 percent of board)

Board 47L: 137 in by 7.5 in by 1 in
Sound knot: 2.3 in by 2.1 in
(0.5 percent of board)

Board 47M: 137 in by 7.5 in by 1 in
Unsound knot: 4.2 in by 3 in
(1.2 percent of board)
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Figure 32—Heavy distortion on the face of a log from a standing dead or dying 
old-growth Acacia koa tree (exact condition unknown).  
SED = small-end diameter, LED = large-end diameter.

External dimensions of heavy distortion 
defect: 4 in long by 3.5 in wide

Total log length = 138 in
 SED = 13 in, LED = 18 in

Sawn lumber position within the log is 
designated by colored rectangles. The arrow 
indicates external position around the log and 
the angle at which the distortion is located. 
The defect is centered 56 in down the log 
from the large end. 

• Other lumber defects related to this 
distortion: none 

• Total lumber defect volume 
attributed to this distortion  
= 10.57 in3

Board 47L: 137 in by 7.5 in by 1 in
Sound knot: 2.3 in by 1.9 in
(0.4 percent of board)

Board 47M: 137 in by 7.5 in by 1 in
Sound knot: 2.2 in by 2 in
(0.4 percent of board)

Board 47N: 137 in by 7.5 in by 1 in
Sound knot: 1.5 in by 1.2 in
(0.2 percent of board)
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Figure 33—Heavy distortion/overgrown knot defect on the face of a log from a 
standing dead or dying Acacia koa tree (exact condition unknown).  
SED = small-end diameter, LED = large-end diameter.

External dimensions of heavy distortion/
overgrown knot defect:
3.8 in long by 2.6 in wide

Total log length = 138 in
 SED = 13 in, LED = 18 in

Sawn lumber position within the log is 
designated by colored rectangles. The arrow 
indicates external position around the log and 
the angle at which the distortion/overgrown 
knot and decay are located. The defect is 
centered 80 in down the log from the large 
end. 

• Other lumber defects related to  
this distortion but not pictured: 
sound knots 

• Total lumber defect volume 
attributed to this distortion  
= 11.8 in3

Board 47F: 137 in by 9.5 in by 1 in
Bark pocket and rot: 4 in by 0.5 in  
(0.2 percent of board)

Board 47L: 137 in by 7.5 in by 1 in
Unsound knot: 2.9 in by 2.7 in
(0.8 percent of board)

Board 47N: 137 in by 7.5 in by 1 in
Sound knot: 1 in by 1 in
(0.1 percent of board)
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Hole 
Holes in logs are distinguished, for log grading purposes, by their size. Knowing 
the origin of the hole (e.g., broken out limb, bird peck damage, beetle damage) can 
be very helpful in estimating the underlying wood quality. Holes can occur on the 
ends of logs if a beetle enters the log after it is bucked, but they typically are log 
face defects. Other lumber defects associated with holes include bark pockets,  
stain, and decay.

Log grading rule interpretation—
Large holes, those exceeding 1/2-in diameter, always are considered defects in grad-
ing hardwood logs (Rast et al. 1973). Increment borer holes and similar mechani-
cal holes that penetrate into the central heartwood zone also are grading defects. 
Medium-sized holes that are between 3/16- and 1/2-inch in diameter usually are 
considered grade defects unless their character indicates the hole does not penetrate 
the wood significantly (Lockard et al. 1963).
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Figure 34—Large hole on the face of a log from a dying old-growth Acacia koa tree. 
SED = small-end diameter, LED = large-end diameter.

External dimensions of large hole defect:  
2 in long by 1 in wide 

Total log length = 114 in
SED = 17.7 in, LED = 20.5 in

The hole is centered 109 in down the log 
from the large end. The arrow indicates the 
orientation around the log and the angle 
at which the hole is located. Sawn lumber 
position within the log is indicated by colored 
rectangles. 

• Other lumber defects related to this 
hole: none 

• Total lumber defect volume 
attributed to this hole: 18 in3

Board 4G: 114 in by 8.5 in by 1 in
Hole/decay: 3 in by 3 in
(1 percent of board)

Board 4H: 114 in by 10.5 in by 1 in
Hole/decay: 3 in by 3 in
(0.8 percent of board)
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Figure 35—Large hole on the face of a log from a dead “relic” Acacia koa tree. 
SED = small-end diameter, LED = large-end diameter.

External dimensions of hole defect: 
4.5 in long by 1.5 in wide by 2 in deep

Total log length = 133 in
SED = 14.4 in, LED = 16.2 in

The hole is centered 38 in down the log 
from the large end. The arrow indicates the 
orientation around the log and the angle 
at which the hole is located. Sawn lumber 
position within the log is indicated by colored 
rectangles.

• Other lumber defects related to this 
hole but not pictured: bark pocket 

• Total lumber defect volume 
attributed to this hole = 131 in3

Board 23G: 86 in by 9 in by 1 in 
Bark pocket: 18 in by 4.4 in 
(10.2 percent of board)

Board 23H: 132 in by 9 in by 1 in 
Hole/bark pocket: 10 in by 3.5 in
(2.9 percent of board) 

Board 23M: 133 in by 4.2 in by 1 in  
Hole/bark pocket: 5.7 in by 2.3 in
(2.3 percent of board)
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Figure 36—Large hole/bark pocket defect on the face of a log from a standing dead 
or dying old-growth Acacia koa tree (exact condition unknown).  
SED = small-end diameter, LED = large-end diameter.

External dimensions of large hole/bark 
pocket defect:
3 in long by 1.5 in wide

Total log length = 113 in
SED = 18.4 in, LED = 20.7 in

Sawn lumber position within the log is 
designated by colored rectangles. The arrow 
indicates external position around the log 
and the angle at which the large hole/bark 
pocket is located. The hole is centered 77 in 
down the log from the large end. 

Board 44H: 113 in by 11.5 in by 1 in
Decay: 28 in by 7.5 in
(16.2 percent of board)

• Other lumber defects related 
to this hole: none 

• Total lumber defect volume 
attributed to this hole  
= 210 in3
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Figure 37—Holes (small) caused by insects, on the face of a log from dead “relic” 
Acacia koa tree. 
SED = small-end diameter, LED = large-end diameter.

External dimensions of grub holes/ 
damage defect:
36 in long by 16 in wide

Total log length = 86 in
SED = 13.8 in, LED = 13.4 in

The grub damage is centered 48 in down the 
log from the large end. The arrow indicates 
the orientation around the log and the angle 
at which the damage is located. Sawn lumber 
position within the log is indicated by colored 
rectangles.

• Other lumber defects related to 
these holes but not pictured: small, 
medium, and large insect holes 

• Total lumber defect volume 
attributed to these holes  
= 714.3 in3

Board 25J: 50 in by 6.5 in by 1 in 
Large insect holes: 42 in by 2 in
(25.8 percent of board)

Board 25K: 60 in by 7 in by 1 in 
Large insect holes: 42 in by 3.3 in
(33 percent of board)

Board 25N: 72 in by 8.3 in by 1 in 
Large insect holes: 26.5 in by 5.8 in
(25.7 percent of board) 
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Figure 38—Holes (small) caused by insects on a butt log from a young-growth 
Acacia koa tree.  
SED = small-end diameter, LED = large-end diameter.

External dimensions of hole defects:
38 in long by 13 in wide

Total log length = 101 in
SED = 7.1 in, LED = 7.7 in

The region shown is centered 81 in down the 
log from the large end. The arrow indicates 
the orientation around the log and the angle 
at which the holes are centered. Sawn lumber 
position within the log is indicated by 
colored rectangles.

Small end of the log, which also shows 
insect holes included in defect volume.

Board 28E: 101 in by 4.6 in by 1 in
Large holes: 41.5 in by 3 in
(26.8 percent of board)

Board 28I: 101 in by 4.6 in by 1 in
Large holes: 32 in by 4.6 in
(31.7 percent of board)

Board 28H: 101 in by 4.6 in by 1 in
Large holes: 27 in by 4.6 in
(26.7 percent of board)

• Other lumber defects related to 
these holes but not pictured: large 
insect holes

• Total lumber defect volume 
attributed to these holes = 780 in3
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Mechanical Damage 
Mechanical damage refers to a fresh wound that is equipment or human caused. 
Recent wounds typically expose just the sapwood component of the bole and appear 
sound (Carpenter et al. 1989). Lumber defects associated with older wounds and 
mechanical damage include torn grain, voids, shakes, splits, checks, stain, insect 
damage, and, in some cases, decay.

Log grading rule interpretation—
Mechanical damage/wounds that are of recent origin rarely have associated dete-
rioration and therefore are not grading defects. Older wounds/mechanical damage 
typically have associated stain, etc. and therefore are grading defects  
(Lockard et al. 1963).
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Figure 39—Mechanical damage on the face of a log from a young-growth  
Acacia koa tree.  
SED = small-end diameter, LED = large-end diameter.

External dimensions of mechanical  
damage defect:
6.5 in long by 4 in wide by 0.2 in deep

Total log length = 101 in
SED = 7.8 in, LED = 9.7 in

The mechanical damage is centered 14 in 
down the log from the large end. The arrow 
indicates the orientation around the log and 
the angle at which the mechanical damage is 
located. Sawn lumber position within the log 
is indicated by the colored rectangle.

Board 27C: 101 in by 5 in by 1 in
Mechanical damage: 4.5 in by 0.7 in 
(0.6 percent of board)

• Other lumber defects related to 
this mechanical damage: none 

• Total lumber defect volume 
attributed to this mechanical 
damage = 3.15 in3
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Seam 
Seams, which generally run along the log’s length (but can also spiral up the log 
face) may be caused by several different sources including lightning, wind, frost, 
and damage caused by falling trees (Carpenter et al. 1989). Seams may be open or 
overgrown with callus tissue. They may contain ingrown bark. Seams typically are 
seen on the face (side) of the log. Lumber defects associated with seams include 
bark pockets, wane, decay, cracks, and holes.

Log grading rule interpretation—
Seams are not grading defects unless their depth into the log exceeds 15 percent of 
the log’s diameter. If the seam does penetrate into the log’s “inner quality zone,” it 
is a defect unless the seam 
is straight and located at 
the boundary of two log 
grading faces. If the seam 
is straight and does not run 
the full length of the log, a 
portion of the seam may be 
included in the clear grade 
cutting used to determine 
the log grade. This portion 
differs according to the 
location of the seam (Rast 
et al. 1973).
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Figure 40—Seam on the face of a log from a dying old-growth Acacia koa tree.  
SED = small-end diameter, LED = large-end diameter.

External dimensions of seam defect: 
10 in long by 5.2 in wide (width of gap) by 
6.5 in deep

Total log length = 74 in
SED = 23.3 in, LED = 27 in

The seam is centered 72 in down the log 
from the large end. The arrow indicates the 
orientation around the log and the angle at 
which the seam is located. Sawn lumber 
position within the log is indicated by  
colored rectangles. 

Board 7BB: 62 in by 10 in by 1 in
Wane: 12 in by 2.7 in
(5.2 percent of board)

Board 7H: 74 in by 7.2 in by 2 in
Wane/decay: 12 in by 3.7 in
(8.3 percent of board) 

Board 7U: 74 in by 8 in by 2 in
Decay: 65 in by 4.5 in
(49.4 percent of board)

• Other lumber defects related to this 
seam but not pictured: wane, shake 

• Total lumber defect volume 
attributed to this seam = 271.2 in3
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Figure 41—Seam on the face of a log from a dead “relic” Acacia koa tree.  
SED = small-end diameter, LED = large-end diameter.

External dimensions of seam defect:
64 in long by 8 in wide by 2.8 in deep

Total log length = 67 in
SED = 37.3 in, LED = 37.5 in

The middle of the seam is centered 31 in 
down the log from the large end. The arrow 
indicates the orientation around the log and 
the angle at which the seam is located. Sawn 
lumber position within the log is indicated by 
colored rectangles.

• Other lumber defects related to this 
seam but not pictured: decay 

• Total lumber defect volume 
attributed to this seam = 676 in3

Board 26B1: 67 in by 9 in by 1 in
Bark/seam: 35 in by 6 in 
(34.8 percent of board)

Board 26C1: 67 in by 10 in by 1 in
Decay: 22 in by 5 in 
(16.4 percent of board)

Board 26D1: 61 in by 16 in by 2 in
Decay: 26 in by 3 in
(8 percent of board)
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Figure 42—Seam on the face of a log from a dead “relic” Acacia koa tree.  
SED = small-end diameter, LED = large-end diameter.

External 
dimensions of 
seam defect: 
62 in long by 
4.5 in wide by 
5 in deep

Total log 
length = 67 in
SED = 37.3 in 
LED = 37.5 in

The middle of the seam is centered 31 in 
down the log from the large end. The arrow 
indicates the orientation around the log and 
the angle at which the seam is located. Sawn 
lumber position within the log is indicated by 
colored rectangles.

• Other lumber defects related to this 
seam: none 

• Total lumber defect volume 
attributed to this seam = 836 in3

Board 26Z: 62 in by 18 in by 2 in
Bark pocket: 14 in by 5 in
(3.1 percent of board)

Board 26V: 62 in by 11.5 in by 1 in
Void: 31 in by 11.5 in 
(50 percent of board)

Board 26W: 62 in by 13 in by 1 in
Void/bark pocket: 19 in by 3.5 in 
(8.2 percent of board)

Board 26X: 62 in by 13.5 in by 2 in
Bark pocket: 19 in by 3.5 in 
(4 percent of board)

Board 26Y: 62 in by 18 in by 2 in
Void/bark pocket: 14 in by 5 in
(3.1 percent of board)
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Figure 43—Seam with bark defect on the log end and the face of a log from a stand-
ing dead or dying old-growth Acacia koa tree (exact condition unknown).  
SED = small-end diameter, LED = large-end diameter.

External dimensions of seam defect:
18 in long by 2 in wide

Total log length = 104 in
SED = 28.2 in, LED = 30.5 in

The seam runs from the large end for 18 in 
down the log. Sawn lumber position within 
the log is designated by colored rectangles. 
The arrow indicates external position around 
the log and the angle at which the seam, with 
included bark, is located.

• Other lumber defects related to this 
seam but not pictured: bark pock-
ets, incipient decay 

• Total lumber defect volume 
attributed to this seam = 247.5 in3

Board 42G1: 104 in by 10.3 in by 1 in
Bark pocket and void: 7 in by 4 in  
(2.6 percent of board)

Board 42H1: 104 in by 10.3 in by 1 in
Bark pocket: 7 in by 3 in
(2 percent of board)

Board 42I1: 40 in by 10.2 in by 1 in
Bark pocket: 6 in by 1.5 in
(2.2 percent of board)

Board 42J1: 36 in by 10.2 in by 1 in
Bark pocket: 6 in by 3.5 in
(5.7 percent of board)
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Wound 
Wounds may be caused by a multitude of agents including impact from another tree, 
lightning (in which case the wound may appear as a seam), fire, impact from heavy 
equipment, and animal contact or herbivory. Many overgrown spot wounds (as 
opposed to lightning strikes) that have been surrounded by callus wood growth are 
called “cat faces” as they assume an oval facelike form. Lumber defects associated 
with wounds include bark pockets, wane, stain, decay, shakes, splits, and void areas.

Log grading rule interpretation—
Wounds that are of recent origin rarely have associated deterioration and therefore 
are not grading defects. Older wounds typically have associated stain, etc. and 
therefore are grading defects (Lockard et al. 1963).
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Figure 44—Wound/cat face defect on the face of a log from a standing dead or 
dying old-growth Acacia koa tree (exact condition unknown).  
SED = small-end diameter, LED = large-end diameter.

External dimensions of wound/cat face defect: 
6 in long by 3.5 in wide by 1 in deep

Total log length = 92 in
SED = 8.6 in, LED = 13.9 in

The wound/cat face is centered 35 in down 
the log from the large end. The arrow 
indicates the orientation around the log and 
the angle at which the defect is located. Sawn 
lumber position within the log is indicated by 
colored rectangles.

• Other lumber defects related to this 
wound/cat face but not pictured: bark 
pocket 

• Total lumber defect volume  
attributed to this wound/cat face  
= 71.5 in3

Board 11J: 92 in by 4.3 in by 1 in
Bark pocket/decay: 3 in by 2 in by 1 in 
(1.5 percent of board)

Board 11C: 91 in by 6.8 in by 1 in
Wane/decay: 11 in by 6.5 in
(11.6 percent of board)

Board 11B: 50 in by 5.5 in by 1 in
Bark pocket: 3 in by 1.5 in 
(1.6 percent of board)
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Log-End Defects 
Log-end defects are defects that occur most obviously and most commonly on the 
small or large end of a log that has been bucked.
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Crotch (also known as “fork”) 
When a major branch occurs at the end of the log, it is considered a crotch. The 
pocket formed between the main stem and the major branch (“the crotch”) is a loca-
tion where moisture collects and decay and ingrown bark develop. The crotch defect 
is a very important defect in koa owing to the size of the branches in old-growth 
trees. Lumber defects associated with crotch include unsound knots, bark pockets, 
seams, wane, decay, and void areas. 

Log grading rule interpretation—
Crotch defects are 
log grading defects. 
In addition, they 
often contain decay, 
bark, and seams 
that require that a 
board footage scale 
reduction be assessed 
(Lockard  
et al. 1963, Rast et  
al 1973).
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Figure 45—Crotch on the small end of a dying old-growth Acacia koa tree.  
SED = small-end diameter, LED = large-end diameter. 

Dimensions of crotch defect:
9 in by 3 in on end of log with estimated 
length of 6 in

Total log length = 114 in
SED = 17.7 in, LED = 20.5 in

Sawn lumber position within the log is 
designated by colored rectangles. The arrow 
indicates external position around the log and 
the angle at which the crotch is located. 

• Other lumber defects related to this 
crotch defect but not pictured: 
bark pocket 

• Total lumber defect volume attrib-
uted to this crotch defect = 238.5 in3

Board 4D: 114 in by 10.5 in by 1 in
Unsound knot/bark pocket: 5 in by 5.5 in 
(2.3 percent of board)

Board 4I: 30 in by 6.5 in by 1 in 
Unsound knot/bark pocket: 12 in by 4 in 
(24.6 percent of board)

Board 4K: 63 in by 11.25 in by 1 in
Unsound knot/bark pocket: 12 in by 7 in 
(11.9 percent of board)

Log face view of crotch defect.
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Figure 46—Crotch defect on the small end of a log from a dying old-growth  
Acacia koa tree.  
SED = small-end diameter, LED = large-end diameter.

External dimensions of crotch defect:
14.2 in long by 10.5 in wide by 10 in deep

Total log length = 70 in
Left side: SED = 20 in, LED = 33.8 in
Right side: SED = 21.4 in, LED = 33.8 in 

Crotch extended 10 in along small end of log 
length. Log was split in half at location of 
tape measure before sawing. Sawn lumber 
position within the log is indicated by colored 
rectangles. 

• Other lumber defects related to this 
crotch but not pictured: decay, wane, 
bark pocket 

• Total lumber defect volume attrib-
uted to this crotch = 975.8 in3

Board 5B1: 64 in by 9.8 in by 2 in
Bark pocket: 20 in by 6.5 in
(20.7 percent of board)

Board 5A: 41 in by 8.3 in by 1 in
Bark pocket: 4 in by 1 in
(1.2 percent of board)

Board 5CC: 60 in by 11.4 in by 1 in
Void/decay: 15 in by 5 in
(11 percent of board)

Board 5B: 70 in by 11.5 in by 2 in
Wane/decay: 15 in by 5.1 in
(9.5 percent of board)

Board 5C: 68 in by 11.5 in by 2 in
Decay/wane: 12 in by 1.5 in
(2.3 percent of board)
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Figure 47—Crotch defect on the small end of an upper log cut from a standing  
dead or dying old-growth Acacia koa tree (exact condition unkown).  
SED = small-end diameter, LED = large-end diameter.

External dimensions of crotch defect:
5 in long by 4 in wide by 52 in deep

Total log length = 92 in
SED = 8.6 in, LED = 13.9 in

The circle designates the location of the 
crotch. The crotch appeared to extend 52 in 
along the log length. Sawn lumber posi-
tion within the log is indicated by colored 
rectangles. 

• Other lumber defects related to this 
crotch: none 

• Total lumber defect volume 
attributed to this crotch = 42 in3

Board 11G: 92 in by 4.4 in by 1 in
Bark pocket/decay: 8 in by 2.5 in
(4.9 percent of board)

Board 11H: 92 in by 4.3 in by 1 in
Wane/decay: 6 in by 3.5 in
(5.3 percent of board)
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Figure 48—Crotch on the face and small end of a “relic” Acacia koa log.  
SED = small-end diameter, LED = large-end diameter.

External dimensions of  
crotch defect:
9 in long by 12 in wide by  
14 in deep

Total log length = 88 in
SED = 17.7 in, LED = 22.7 in

Sawn lumber position within the log is 
designated by colored rectangles. The 
arrow indicates external position, around 
the log, and the angle at which the crotch 
enters the log. 

• Other lumber defects related to this 
crotch but not pictured: decay, hole 

• Total lumber defect volume  
attributed to this crotch = 2,266 in3

Board 21C: 77 in by 10 in by 1 in
Decay: 17 by 4.5 in 
(9.9 percent of board)

Board 21I: 14 in by 9 in by 1 in
Decay: 6 in by 3.1 in
(14.8 percent of board)

Board 21K: 75 in by 15 in by 1 in
Decay: 18 in by 7 in
(11.2 percent of board)

Cant: 82 in by 13 in by 5.6 in
Decay: 82 in by 13 in by 5.6 in  
(100 percent of cant) 
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Flute 
Flutes are tree/log form “defects” in which the tree bole, at its base, exhibits pro-
trusions out from the normal cylindrical form. These protrusions start at the base 
and extend up the butt log, in rare cases, extending into the second log. Flutes are 
rounded undulations of the tree bole at its base (Carpenter et al. 1989). Flutes can be 
seen on both log faces and log ends. When the undulations extend more than just an 
inch or two out from the normal cylinder of the log, ingrown bark and wane may be 
found in the lumber sawn from this log section. 

Log grading rule interpretation—
Flutes are usually restricted to the base of the butt log and therefore are not consid-
ered to be either a grade or scale defect. If a flute extends into the log at the small 
end such that the quality zone is impacted, a scale deduction may be required.
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Figure 49—Flute on the large end of a log from a standing dead or dying  
old-growth Acacia koa tree (exact condition unknown).  
SED = small-end diameter, LED = large-end diameter.

External dimensions of flute defect:
2 in by 4 in wide by 18 in long

Total log length = 98 in
SED = 29.5 in, LED = 34.6 in

Sawn lumber position within the log is 
designated by colored rectangles. The arrow 
indicates external position and the angle of 
the flute on the log. Cross hatched section 
illustrates void where loss in board width 
occurred.

• Other lumber defects related to  
this flute but not pictured: wane, 
loss in width of about 5 to 6 in  
(not accounted for in total defect 
area below)  

• Total lumber defect volume 
attributed to this flute = 61.8 in3

Board 41E1: 94 in by 11.2 in by 1 in
Wane: 28 in by 0.6 in
(1.6 percent of board)

Board 41F1: 94 in by 11.2 in by 1 in
Wane: 20 in by 0.5 in
(0.9 percent of board)

Board 41G1: 94 in by 11.2 in by 1 in
Wane: 50 in by 0.7 in
(3.3 percent of board)
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Heart Check 
Checks are a radial separation of wood fibers and are often caused by drying 
stresses. Checks that occur in the heart-center region of the log are called heart 
checks. Unlike surface checks, heart checks are log-end defects. Significant radial 
checks originating from the pith and spreading in multiple directions are called spi-
der checks (bottom left picture). A significant radial split that crosses the pith and 
extends out in both directions is called a wind shake (top picture below). Lumber 
defects associated with heart checks include shakes, splits, stain, and decay. 

Log grading rule interpretation—
If heart checks are confined to the 
heart center region (the innermost 40 
percent of the wood cross-section sur-
rounding the pith), they are not grading 
defects. If the heart check/spider heart/
wind shakes are long enough to enter 
the quality zones, a scale reduction 
should be applied (Lockard et al. 
1963). In addition, spider heart is a 
grading defect if it extends beyond the 
heart center (Rast et al. 1973).
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Figure 50—Heart check and split on the small end of the log from a standing dead 
or dying old-growth Acacia koa tree (exact condition unknown).  
SED = small-end diameter, LED = large-end diameter.

External dimensions of heart check and  
split defects:
Heart check: 8 in long by 0.2 in wide
Split: 16 in long by 2.5 in wide

Total log length = 116 in
SED = 26.2 in, LED = 31.3 in

Sawn lumber position within the log is 
designated by colored rectangles. The arrow 
indicates external position around the log and 
the angle at which the check is located. The 
ovals encircle the heart check and split.

• Other lumber defects related to this 
check and split but not pictured: shake 

• Total lumber defect volume attrib-
uted to this check and split  
= 346.1 in3

Board 48R: 115 in by 12.9 in by 1 in
Shake: 12 in by 2 in
(1.6 percent of board)

Board 48G: 116 in by 20.7 in by 1 in
Shake: 24 in by 4 in
(4 percent of board)

Board 48O: 116 in by 10.7 in by 1 in
Shake: 17 in by 10.7 in
(14.7 percent of board)

Board 48P: 116 in by 13 in by 1 in
Shake: 15 in by 1 in
(1 percent of board)

Board 48Q: 116 in by 12.6 in by 1 in
Shake: 13 in by 0.3 in
(0.3 percent of board)
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Heart Rot
Heart rot is a type of decay that is found in the heartwood and is often, but not 
always, pith centered. It is usually associated with a broken out branch, tree top, or 
wound. Heart rot is a log-end defect that can be very significant, especially in logs 
from older trees. Lumber defects 
associated with heart rot include 
checks, stain, decay, and void areas.

Log grading rule interpretation—
Rot that is confined to the heart 
center is not a grading defect. If the 
rot is confined to a small region and 
generally does not cross more than a 
few growth rings, a scaling deduc-
tion is made but it is not a grading 
defect. If the rot crosses a wider 
region and several growth rings, 
both a scale deduction and a grading 
defect are warranted.
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Figure 51—Heart rot on the large end of a log from a dying old-growth  
Acacia koa tree.  
SED = small-end diameter, LED = large-end diameter.

External dimensions of heart rot defect:
14.5 in long by 9 in wide by 42 in deep

Total log length = 96 in
SED = 16.6 in, LED = 20.2 in

Heart rot defect at the large end of log is 
indicated by white outline. Sawn lumber 
position within the log is indicated by colored 
rectangles. 

• Other lumber defects related to this 
heart rot but not pictured: decay, tear 

• Total lumber defect volume attrib-
uted to heart rot = 1,884.4 in3

Board 1E: 96 in by 7.1 in by 2 in
Decay/shake: 24 in by 3.5 in
(12.3 percent of board)

Board 1C: 96 in by 13 in by 2 in
Void/decay: 22 in by 10.5 in 
(18.5 percent of board)

Board 1I: 70 in by 9.4 in by 2 in
Decay/void: 15 in by 8.4 in 
(19.1 percent of board)

Board 1H: 94 in by 9.4 in by 2 in
Decay: 28 in by 9.4 in
(29.8 percent of board)

Board 1G: 94 in by 9.4 in by 2 in
Decay/checks: 16 in by 6.5 in
(11.8 percent of board)
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Figure 52—Heart rot on the small end of a log from a dying old-growth  
Acacia koa tree.  
SED = small-end diameter, LED = large-end diameter.

External dimensions of heart rot defect:
15.5 in long by 12 in wide

Total log length = 86 in
SED = 20.7 in, LED = 21.8 in

The defect indicator is on the small end of the 
log. Sawn lumber position within the log is 
indicated by colored rectangles. 

• Other lumber defects related to this heart 
rot but not pictured: incipient decay 

• Total lumber defect volume attributed 
 to this heart rot = 1,966.8 in3

Board 9B: 86 in by 8.5 in by 1 in
Decay: 4 in by 7 in 
(3.8 percent of board)

Board 9C: 86 in by 10 in by 2 in
Decay: 10 in by 8 in 
(9.3 percent of board)
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Figure 53—Heart rot on the large end of a log from a standing dead  
or dying old-growth Acacia koa tree (exact condition unknown).  
SED = small-end diameter, LED = large-end diameter.

External dimensions of heart rot defect:
24.2 in long by 25.2 in wide by 53 in deep

Total log length = 98 in
SED = 29.5 in, LED = 34.6 in 

Sawn lumber position within the log is 
designated by colored rectangles. Heart rot is 
outlined in white.

• Other lumber defects related to this 
heart rot but not pictured: void, 
decay, incipient decay 

• Total lumber defect volume 
attributed to this heart rot  
= 13,790.9 in3

Board 41Q: 96 in by 14.7 in by 1 in
Void and decay: 48 in by 11.7 in  
(38 percent of board)

Board 41L1: 97 in by 10 in by 1 in
Decay: 70.0 in by 8.5 in
(61.3 percent of board)

Board 41K1: 96 by 10 in by 1 in
Decay: 62 in by 7.5 in
(48.4 percent of board)

Board 41J1: 97 in by 10.0 in by 1 in
Decay: 20 in by 4 in (8.2 percent of board)
Incipient decay: 42 in by 4 in 
(17.3 percent of board)

Board 41S1: 98 in by 12 in by 1 in
Decay and wane: 50 in by 8.5 in
(36.1 percent of board)

Board 41T: 95 in by 14.5 in by 1 in
Void and decay: 60 in by 11.5 in
(50.1 percent of board)
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Figure 54—Heart rot on the large end of a log from a standing dead or  
dying old-growth Acacia koa tree (exact condition unknown).  
SED = small-end diameter, LED = large-end diameter.

External dimensions of heart rot defect:
10.5 in long by 10.2 in wide

Total log length = 101 in
 SED = 15.5 in, LED = 18.4 in

The defect indicator is on the large end of the 
log. Sawn lumber position within the log is 
indicated by colored rectangles. The white 
chalk mark on the log encircles the visible 
heart rot zone.

• Other lumber defects related to this 
heart rot but not pictured: decay, 
incipient decay 

• Total lumber defect volume 
attributed to this heart rot  
= 1,150.8 in3

Board 45J: 101 in by 8.3 in by 1 in
Decay: 11 in by 8.3 in
(10.9 percent of board)

Board 45P: 101 in by 6.4 in by 1 in
Decay: 24 in by 6.4 in
(23.8 percent of board)

Board 45R: 101 in by 6.4 in by 1 in
Decay: 17 in by 6.4 in
(16.8 percent of board)

Board 45S: 101 in by 6.5 in by 1 in
Decay: 27 in by 4 in
(16.5 percent of board)
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Figure 55—Heart rot defect on the large end of a log from a standing dead  
or dying old-growth Acacia koa tree (exact condition unknown).  
SED = small-end diameter, LED = large-end diameter.

External dimensions of heart rot defect:
16.5 in long by 9 in wide by 18 in deep

Total log length = 116 in 
SED = 26.2 in, LED = 31.3 in

Sawn lumber position within the log is desig-
nated by colored rectangles. White chalk line/
circle delineates heart rot defect.

• Other lumber defects related to this 
heart rot but not pictured: decay 

• Total lumber defect volume 
attributed to this heart rot  
= 1,019 in3

Board 48T: 65 in by 9 in by 1 in
Decay: 26 in by 5 in
(22.2 percent of board)

Board 48N1: 114 in by 8.9 in by 1 in
Decay: 7 in by 6.4 in
(4.4 percent of board)

Board 48O1: 101 in by 8.9 in by 1 in
Decay: 12 in by 2.9 in
(3.9 percent of board)

Board 48R1: 114 in by 9 in by 1 in
Decay: 18 in by 2.4 in
(4.2 percent of board)

Board 48K1: 76 in by 9 in by 1 in
Decay and void: 17 in by 5.6 in
(13.9 percent of board)
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Ring Shake
Shakes are separation of the wood tangentially with the fracture occurring within a 
given annual growth ring. Owing to the architecture of wood, fractures in a growth 
ring readily spread up or down the wood section longitudinally, therefore, ring 
shake can be a very serious defect. Shakes that are seen on the ends of the log and 
go substantially around the growth ring are termed “ring shakes.” Shakes in logs 
produce lumber that also contain shakes.

Log grading rule interpretation—
Shake that is confined to the 
heart center is not a grading 
defect. If the shake(s) is/are 
confined to a small region and 
generally do not include more 
than a few growth rings, a 
scaling deduction is made, but 
it is not a grading defect. If the 
shake crosses a wider region 
and several growth rings, both 
a scale deduction and a grading 
defect are warranted.
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Figure 56—Ring shake defect on the large end of a log from a dead “relic”  
Acacia koa tree.  
SED = small-end diameter, LED = large-end diameter.

External dimensions of ring shake defect:
5 in long by 1 in wide 

Total log length = 86 in
SED = 13.8 in, LED = 13.4 in

Ring shake defect at the large end of the log 
is designated by the white oval. The length 
into the log of the shake was not measur-
able. Sawn lumber position within the log is 
indicated by colored rectangles. 

•  Other lumber defects related to  
this ring shake but not pictured: 
shake, checks 

•  Total lumber defect volume 
attributed to this ring shake = 
191.6 in3

Board 25L: 28 in by 8.4 in by 1 in 
Shake/unsound knot: 3.4 in by 6.2 in
(9 percent of board)

Board 25M: 84 in by 8.5 in by 1 in 
Shake/unsound knot: 3.5 in by 5 in
(2.5 percent of board)

Board 25Q: 86 in by 6 in by 2 in
Shake: 4 in by 1.5 in 
(1.2 percent of board)
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Figure 57—Ring shake on the large end of a log from a standing dead  
or dying old-growth Acacia koa tree (exact condition unknown).  
SED = small-end diameter, LED = large-end diameter.

External dimensions of ring shake defect:
4 in long by 2.5 in wide

Total log length = 164 in
 SED = 26.2 in, LED = 25.4 in

Sawn lumber position within the log is 
indicated by colored rectangles. The white 
oval encircles the ring shake on the log-end 
picture.

•  Other lumber defects related to this 
ring shake but not pictured: shake

•  Total lumber defect volume 
attributed to this ring shake = 
708 in3

Board 43X: 164 in by 14 in by 1 in
Shake (and knots): 56 in by 6.5 in
(15.9 percent of board)

Board 43Y: 164 in by 13.9 in by 1 in
Shake: 6 in by 4 in
(1.1 percent of board)

Board 43Q: 164 in by 10.6 in by 1 in
Shake: 20 in by 0.8 in
(0.9 percent of board)

Board 43R: 164 in by 10.6 in by 1 in 
Shake: 24 in by 1.5 in
(2.1 percent of board)
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Lumber Attributes
Lumber attributes, other than those identified as defects, include wood color and 
wood grain characteristics. For koa, which is used in products for which appear-
ance is of paramount importance, a rich brown color and the presence of curl are 
highly valued.

Color Attributes
Color variations are are not a defect but rather a 
characteristic of the wood that can be very impor-
tant in some markets and more or less variable in 
different species and zones within the tree. A rich, 
brown heartwood color that dominates the cross 
section is the sought-after color in koa. In younger 
koa trees, the size of the heartwood zone, its color, 
and the degree of color variability are of interest as 
koa processors consider the utilization potential of 
the next koa forest.

Curl
Like color attributes, curl is not a defect but 
rather a characteristic of the wood that can be 
very important in different markets. Unlike color 
attributes, bark patterns on the face of the log often 
provide evidence of curl figure in the underlying 
wood. Curly koa wood is highly sought after.
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Figure 58—Color attributes of boards sawn from the butt log of a young-growth 
Acacia koa tree. This demonstrates the color variability of this young tree’s wood 
(about 12 years old).  
SED = small-end diameter, LED = large-end diameter.

The large end of a butt log from a young-
growth koa tree. Sawn lumber position within 
the log is indicated by colored rectangles.

The small end of a butt log from young-
growth koa tree.

Total log length = 101 in
 SED = 7.8 in, LED = 9.7 in

Board 27E: 90 in by 4.6 in by 1 in
All other boards: 102 in by 4.6 in by 1 in

Board 27D: 39 in by 4.0 in by 1 in

Seven of the 10 boards sawn from the butt log of a young koa tree are displayed. Seventy percent of 
the board area recovered from this log was heartwood while 30 percent was sapwood. Four of the 
boards were 100 percent heartwood.
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Figure 59—Curl (high-value grain) indicator on a log from dead “relic”  
Acacia koa tree.  
SED = small-end diameter, LED = large-end diameter.

External dimensions of curl indicator:  
18 in long by 15 in wide

Total log length = 88 in
 SED = 21.5 in, LED = 25.2 in

The curl is centered 8 in down the log from 
the large end. The arrow indicates the angle 
at which the curl is located. Sawn lumber 
position within the log is indicated by colored 
rectangles.

Board 22B: 19 in by 9 in by 1 in
Curl: 12 in by 2 in 
(14 percent of board)

Board 22C: 22 in by 13 in by 1 in
Curl: 12 in by 2 in 
(8.4 percent of board)

Board 22D: 26 in by 14 in by 1 in
Curl: 12 in by 2 in 
(6.6 percent of board)

Board 22F: 38 in by 15 in by 1 in
Curl: 12 in by 2 in 
(4.2 percent of board)

•  Additional curl (not pictured):  
present on four more boards 

•  Total curl volume=192 in3
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