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Abstract: Residual stand &age resuB~ng fmm convenrioatd ground-basd lagging 
operations was assessed on six oak-hickov, uplmd h d w d  timber sdes in soah cenaal 
Indiana. Two m a s  were harvested each yew--1984, 1986 and 1988--using a combination of 
in&vidud-me and group selection methods. An average of 2.6 trees per acre was damaged, 
atad 70% of the exposed s a p w d  wounds wem larger than 100  in.' in size. S&dding caused 
71% and felling 29% of these injuries. Stuafiy ~sufits indicate that the size of the wounds and 
the percent damage to the larger &meter classes and to higher value species is greater than 
report& in previous studies. The data suggest that much of the sk-id&ng damage was caused 
by carelessness, and could have been avoided. Damage to residud stands can be kept to a 
minimurn by closer supemision dwing logang, p a t e r  operator care when sbd&ng, and 
better px-harvest planning. 

Damage to residual trees continues to be a concern of forest managers sesponsible for 
implementing individual-rsm selection harvests or oher types of pmial cuts in h d w d  
forests. Damage may be limited to skinned bark and exposed s a p w d ,  root dmage, or 
broken brdnches in the crown, m y  of which can mwPt in decreased vigor and quality. Or the 
&age nray be severe enough to kill the me. m e n  a is wounded, certain physiofogicd 
changes and cell differentiation wcus in the m a  slbtxsun&ng the wound, and the wound 
usually becomes sealed off from the  st of the m e  (Shigo 1966). Most decay and defect 
problems in trees originate in and spred from some find of wound, and the impact of these 
wounds is likely to increase with time (Shigo 1966, Shigo and %arson 1969, Shigo 1984, 
Cmelli 1884). The type and severity of bole damage; the susceptibility s f  the wee species 
psenr ;  md the rate of wound heding (which m y  be indirectly ~BateQ to cfiscoloratisn or 
liinhd to sources of decay) are dso  importawe considesa~ons. 

Residaad tree damage is an inherent aspect cPf pmiaB cutting, but the level of -age should 
be ~ n i m i z d  to assure f u t w  prduct quality. R ~ e n t  emphasis on '"uali~" in she 
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manufactwing sector ddemmarnds that fo~steas  exmine the impact 05 c m n r  h d w d  logging 
pmctices on the prdrnc~on of qudity h a d w d  prdaacts. This pap$ repom 0x1 skicfang and 
felling h a g e  to residual gsees Em six timber safe m a s  where ira&vidend-~ee selec~saa and 
g o u p  selection h 'weshg was conduct& over a six-ye= period. The osgsj~~ves of the study 
we= to obraiw pc~st-hmess data on h e  impact s f  hmesdng opew~ons on the residual snm& 
to assess the impact of damage an log qhadiv; and to de tedf ie  specice guidelines for 
dnimizing stand damage when logging a c e n ~ d  h M w d  forest (H 

Data were collected &ona six timber sale m a s  on the Morgm-Mo State Foren located in 
the Brown County Xlfs section of the 13ighlawd Rim Natwd R e ~ o n  of h & m a  (Hamoya et 
d. 1984). This section of h&ana is cRasackdzehH by deeply dssected, well-Maned, uplm& 
underlain by siltstone, shale, and smdsmwe soils. The topomphy consists of ~ d g e s  witha 
wderate to steep slopes ranging from 10 to 70%. The f a s t  type is gMomiramtly 
o&-hickorgi with a mixtaze of other hadw&s such as yellow poplar, white ash, sugar 
maple, beech, sassafras, and cherry. 

Cextesal site infomation for the six study areas is provided in Table 1. Pich of the six 
hmesn areas was similar in size, volume of ~ m b e r  &at was rerxnsvd, soil type and !~pk&nr. 

$he same type of 4-wheel-five m b k r - t ~  sk idhg  quipment was used in each. All 
t i m k  sales were logged d ~ n g  tbe fall with two aeas etch hmested dia~ng 1984, 1986 and 
1988. Smpling design was nor replicatd, but two sim2a areas weR evduik~d every two 
y e m  over a 6-year period, f i e  amas r m g d  fmm 57 to 288 acres in size A:th the average 
being 78 acres, and the volume removed averaged 8.48 MBB" per acre ( I W  board fa t ) .  
Data on residual basal area prior to h m e s ~ n g  were not m~labk.  

Harvest rrees on each sde area were mark& by Indiana Division of IEdamraJ Resources 
(DNR) f~festess using a combhation of k & ~ d u a f - m  selecaiora and group selection 
mettnds, The group selection methd  resulted in opnings of vlarious s iz~s;  as shown in 
Table I ,  the average number of openings was 2.3 and average size was 5.3 acres. All1 areas 
were logged by independent contractors using chainsaws for felling, and cabb sGdders for 
moving tree lengths to the landing area Trees were top@ at a me~hantable &meter of 
approxhtely 8-0 inches and s E d M  full leng& (i.e., 18-40 feet). Lm&ng or deck m a s  
were designated by D N R  foresters, bat skid trail lwpcaGons were cHetedn& by indviduail 
contractors. In a11 cases, the logging conmctors had no prior h o w l d g e  &at these tracts 
would be evaluated for residual s a d  h a g e .  

ResiHd stand damage data were obwhed from 179 pemmenQy mwhd 0.2 acre plots 
centered on trmsect lines u n i h d y  &s~;ribut& thmughout each study m a ,  Trmuasect lines 
were spaced 5 chains (330 feet) apart and prll,exn&cular to the topopdphy; pbt centers were 
placd 4 chains (264 feet) agsm dong the: mwmr lines. This smpBirag design approximated 
ai 20% smpling intenshy. 



Table 1.--General infowna~on for the six study sites lmaedl on Mosgm-Monm State Forest, 
hdima. 

Smdy 
Site 

Year s f  
Harvest 

Tract Size Volume Removed Number & Acreage 
(acres) (WBn;/acre) d @eningsl 

Residual 
Basal Area2 

IPm met. 
2~asal! area (square feet) per acre with openings. 

Damge ta residual sterns was detemined by exaanining dl m s  9watd w i ~ i n  the s m p k  
plot boundaPies (53-fwt radius). A haavesa-inflict& wound was &fined as bark removed 
accsmpanid by exposure of cambium or s a p w d  on stems 6 inches dbh or larger, darnage 
to branches or crown, andlor root damage. Destroyed, kn t ,  or leaning trees less than 6 inch 
dbb were not recorded. Wound chwacterisGcs were ~ c o r d d  by species and dbh; data 
collwkd included: 

H. Number of wounds per me; 
2. Position of each wound above p u n d i n e  (to the nemst 1.8 foot); 
3. Size of expssed s a p w d  wound (to marest squave inch); 
4. Maximum depth of wound (to nema 0.1 inch); 
5. Percent crown damage (was deenrnind wulwly); and 
6. Rma dmage (was noted, but not m e a s d ) .  

Skid trail patterns and fan&ng locations were map@ for each timber sale area. A hmbheld 
compass and 150-fwt steel tape were used to record bearings md &stances for mapping 
phinnargi and secon* skid mils boughout each tract. This inmfoma~on was & @ t i d  into a 
gwgaphic inforrnaGon system (@IS), and 6h& Hwa~on of skid. mils and Han&ng areas were 
glatt& along with strndy m a  amsect lines, plot centers, contour lines, and haul ma&. 



RESWTS AND DISCUSSION 

Number sf Trees Dmaged 

B s k  removds accompmiecP by s a p w d  exposure om stems 6 inches dbh or larger were the 
primary type of logging injury record&. As indicated in Table 2, the average number of 
prees with exposed s a p w d  for all areas was 2.6 per acre, or 1198.6 per tract. Area A had the 
fewest (1.9) is~jured trees per acre, one of the lowest volumes sf timber remved (1.43 
MBFIacre), and a low residual basal m a  @A) of 36.9 fte2. In conaast, Area B had the 
highest number (4.0) of h d g e d  mes per acre with orme of the larger volume ~ n n u v d s  (2.19 
MBFfacre) and residud BA (58.8 ft?). This pattern was not apparent in the results for the 
=mining study areas. The average BA of dl szsidud s m d s  was 56.4 ft,2 per ;acre (Table 1). 
These values include group selwtion ownings which 1owerd the overall BA; when openings 
w e e  not included, the average BA was 65.1 per acre. Of the injured mes observed, 16 
percent received rnlmltiple wounds with no p d c u l a  pattern observed for any individual study 
area. Nylanand and G a b ~ e l  (1971) dso found that logging damage is often cPis~buted 
irregularly throughout the stand, and the wclamnce of logging wounds seemed indegendent 
of the density of the original or residual amd or the intensity of cut. 

Size of Exposed SapwoocS 

The effect of exposed sapwoodi wounds on future stem qudity is well dwumented, and 
depends on the severity of the injury. heviaus research indicates that inndiividud wouamds 
greater than 100 ins2 are likely to cause decay (Nyllmd and GabFiel 1971). Exposed cmfrium 
wounds will callous and produce some decay in the butt Bog, but the damaged trees will mely 
die because of these wounds. For this study, 70% of the wound sizes were greater than 101) 
in.', and the overall average size of tree wounds for dill areas was 342.5 in? (Table 2). Area 
A had the smallest average wound size (179 in?) while D bad the lagest average wound size 
(535 in?). Ira a study in West V i r~n ia  on 50-70% slopes, Lamsow et al. (1985) reported tkat 
less than 1% of the residual trees (4 trees p r  acre) had any wounds exceeding 106) ine2 in 
size. Their study found exposed s a p w d  wounds averaged 1'7, 39 and 26 in.2 for saplhg, 
pole-size and sawtimber-six trees, resp~evely. In contrast to the West Vir@nia study, over 
half the wounds in this study were in the 150 in? or lager class (Figure 1). 

Wound Depth and Position 

A deep wound or gouge is of greater concern than bark abrasion or exposed s a p w d .  
6jVaunds less than 4 inches wide tend to heal in as Bittte as 2 to 4 yews; but- the lo~ger  the 
wmnd remains open the more Qliscolorafiorm md rot will result (Gwell 1984). For this srudy, 
the average depth of the tree wounds was 11.16 inches Gable 2)- Trees on h a i s  E md F had 



Table 2.--Number of mes i n j u ~ d  and size, dep&, and posi~ogk OE W I O U ~ I ~ S  far d ~ e  six study 
sites. 

Study 
Area 

--------------- Wouwd--- ....."---- --- --- 
------Injumd Trees------ Size &P& hsieionl 

mean totd mean mean mean 
(per acre) (per taaeo (sq. in*) (inches) f fee t )  

'~osipion above gounaine. 

SIZE OF WOUNDS 
(Square inches) 

Figure 1. Percent of wounds by 50 in? size classes for the six study mas. 

t%le deepest wounds at 2.01 and 1.39 inches, resptively. The mean deEpths for womds on 
trees in the other areas were shallower, raging from 0.71 to Q.96 inches. Residud trees 
found on tRe two @=ts ( h a s  E and. H;) hagvesoed foaar yews ago have &vellsM deep season 
cheeks b x n  wing w&ch accohmts for the inma= in depth. 2% m s t  common Iscation for 
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wounds an tree stern was 2.0 feet aberve punaieae (Taibb 2, R g m  2). FOP m a s  A 
B, the average wound was higher than 2.0 feet; md the avemge was below 2 feet k.8H the 
ksaher four seas. Because the wounds on k a s  A md B were h s h ,  they were more easily 
detect& higbe.r up on the s ~ n 1  than on taae meas hmested 2 md 4 grew ago. Overd1, 73% 
of the wounds were below 2 feet md 78% we:= bebw 4 feet, which a g e s  with the msults 
=ported by Nyland md Gabriel (1978). 

0-2'  3-4' 5 -8' 9'- C Crown 
POSITION 8 F  WOUNDS 
(Feet Above Groundline) 

Figure 2. Percent of wounds by position class ( a b x  goundlim) for the six study sites. 

The percentage of wounds over 100 in? is greater than results found in p ~ v i o u s  studies 
son d al. 1985; WndeB. and khendegEer 1978; md Biltonen et d. 1978). Such 

wounds, if they fail rn heal quickly, could seHiausly affect the f u t m  qudity of those trees 
injured. The low stem locaf on of the woran&, however, could megate most of the & ~ m @ n t d  
effects to st-em quality. Wounds near the gound are not as de~meraM to the tree as wwnds 
higher up on the stern (Shigo 1984). The wouKnc%s that cause the most concern are the large 
wounds located up on the main bole 4-10 feet above ground, md a low pezentiPge d this 
type of wound was noted (Figure 2). Howevw, a Iage vsliume of w d  is bsn, in future 
harvests if the lowcr two feet of ahe butt log is d pssr quality. 

'Tree %n2eters and Species Damaged 

Injury to stems was msa common for mes in the 11- to Idinch dbh class pigme 3); 37 
trees 434%) in this category and 34 (31%) in the 6-10 inch class were injwd. For the 15- to 
18-inch md 19- to 22-inch classes, me w a g e  wcuned more kquentlgr than the Erquency 
of &at atmeter class in the msidirmal stand. The 6- to 10-inch a d  11- 10 14-inch &ameter 
classes haid a lower frequency of &mge &an their muewcy d wcuarerace in the smd. ID 



con8;gast to these fin&ngs, p~vioaas studies have reported that resis%uaX stand danmage is usually 
csmcenm&d in the Iower diameter classes @eirschmm anad Henick 1957; Nyland md 
Gabfie1 1971; Lamson er al. 1985). The ~suhts of this study suggest ahat the n~osx likely 
cause of this damage is caelessness -- the skid&r operaton dis~gakded or failed to mmaneuver 
mound the larger residud stems. 

% Injured 

k Stand 

- .  
K.O. ' W.O. ' MAP. " V.P. ' BCf-I. ' SASS. 'OTMK. 

SPECFES DAhAAGED 

Figure 3. Percent of tree species injured for the six study sites. 

R e d  and white oak, sugar mapb, and yellow gogIar were injused more often than other 
sw ie s  found in these stmds. As shown in Figw 4, the percentslges of red oak, white oak, 
and sugar maple stems h a g &  were higher than heir overdl percentages in the residual 
stmd. AIB other species had a lower injury percent than the kquency of sccmeme in the 
smd. Red md white oaks cornbind accounted for 39% of the injured species while the 
percent of the oaks found in the residual s a d  was only 32%. One explma~on for this could 
be the skidder operators' failwe to recognize the value of future comercidllgr hpmt crop 
trees. Regad9ess of the reason, bark scraped h m  these stems is likely to reduce the f u m  
quality md value of hese mes. 

OpepifPionaB Considerations 

SHop md traffic intensiv ow the study sites had m effect on Bhe number of trees injjured. 
%Ire highest number of i ~ j m d  trees (pea am)  occ on the fla~est sites (Ar%as F and B), 
while the smdlest numkr of injurd trees occarrad on the tract with the stwpeso terrain (Area 
A). On stwper slopes, the p~raaary skid trails were l s c a a  on the ridge bops and s e e o n m  



%I Stand 

Figure 4. Percent of rree species injured for the six study sites. 

skid trails were oriented dkecdy up and down the slopes. Gentle terrain dbwed the sEdder 
operators to travel at higher speeds and cover a Sager percentage of the tot& area which, in 
turn, darnaged more residual itrees. 

As expected, higher rates sf stmd damage appear to be a funcGon d trdfic inaensiey or 
number of machine passes. The majority of residual stmd damage sccwred adjacent to the 
primary skid trails where the number of machine passes was the highest even though 
secondary skid trails &swbed 34% more surface m a .  The average numkr of trees injmed 
by machine traffic on primary skid mils was 5.8 trees per a m ,  almost double the number d 
trees located on secondary skid trails (3.1 trees). Skidding caused 741% of the ~ s i d u d  stmd 
damage, felling caused 29%, md 1 % of the wourtds were causd by lmding oprations. Ten 
percent of the wounds were asswiated with root during sEd&ng, and generailly w r e  
confined to one side of the taee (i.e., acfjacewe t the skid trail). Other studies involvirng 
gpound-based skidding report similar results (Nylmd md Gabrleli 1971; Johnson en d. 1979; 
BiItonern et al. 1978; rand Olsen and Seifert 1984). Nflmd and G a e d  (197 1) suggest &at 
over h J f  of the skidding injuries might have been avoid4 by "slightliy aHtehg the skid path 
or rasing greater caution during s k i a g . "  

The results of this study are sinnilax to those of other studies that h ~ v e  evduatd sesidud 
stmd dmage after conventional ground skidcEing opem8ions. Past resexch in&ca@s that it is 



ineviabIe that so~ne trees wi%i be i n j u ~ d  b ~ n g  p ~ d  cutsing, but the m o u n t  of damage can 
not be p~dicted in advance based on stmd density or cutting intensity. The average number 
of mes (2 6" dbh) injured in this smdy (is., 2.6 $'k;g:s per acre) is fakly typical for partial 
cuts in hsdwood stands. However, ",he size of tkne worands was larger &an expected based on 
previous studies of logging damage, and a majofity asf these wounds are larger than P100 
size. Wounds this large have a greater potenpiall to cause decay and &scolomrion, these 
wounds m y  nor cause defect problems due to theif bw gosieion on the m&n bo%e. The 
p:rcentage of red and white oaks damaged was also higher than expected. Injury to these and 
other comme~cially impoflane species is a concern h a u s e  it poses a threat to h e  future 
merchantability of these hadwocad stands. Slower mvel s@s and a-tional case should be 
exercised hy the skidder operators in order to pmtst  fu tm crop trees in the lager &anmeter 
classes and those species that have comerc id  value if prduct B J P I ~ ~ Q  is to k m;kint~ned in 
successive harvests. 

The majority of the residual! stand &age (71%) is caused by sIci&ing dong grinaa~y skid 
mils  wirh twice the number of trees datnagd on the pfimary skid mils as on the secondq 
trails. Terrain seems to inf uence the posi~on and number of skid trails used, and in turn 
affect the number sf stems injured. N o m l  levelis of residual s m d  damage associatzd with 
in&vidud-tree/grr>up selection curs can be tolerated and should not cause serious qualky 
problems ( L a s o n  et al. 1985). Because pmial cuts nquise f q u e n t  entry to the stand, 
coneinad efforts to minimize residual staid damage of each hawest must be encouraged 
p ~ c u l a r i y  for high quality hard~vood stands. The results of this resezch suggest &sat greater 
emphasis be given to the foilowing recmrmndations. 

3. Operator training. This reseaxh as we81 as past sadies irmdcate that slkid&wg 
daznage (more thm felling injufies) depnds upon hwtw~n factors and can often be 
avoided. New employees should be train4 md e x p ~ e n c e d  machine opemws must 
Re made aware of the value of residud crop m s  and the imponmce of minkizing 
stand damage if uneven-aged stand mnagement pras-~ces are to be successful. 

2. Climes supervisioa, Ma.ny Pims the machine operatom>aychwk is based on 
prductinn rather than the quality of, or care taken in, carrying out hat  job. Close 
suprvision of the skidding and felling operations by the logging forerram, 
nmagement fmstem, and/or the lmdswner is essen~al if machine operatops are to be 
convilnced that care should be exercised to avoid &mage to ptential crop trees. If 
that dws not work, financid incentives for doing a qudity job or penaiti~s fm 
excessive loggng damage may need to be specified in the: hmesting contract. 

3. Prs-harvest plamni~g. kebminargi plmnirag done prior to kginning the harvest 
should consider ways ;to minirsliz residual stand damage. The use of pre-planned or 
designated skid trails offers a solution because pre-pfmning confines most of the 
machine erdffic within a smaller area, thus reducing the mount of residual stand 
damage. The practice of feaaring desipatecf "mb" trees along main skid trails, where 
the majority of tire trees rare dasnagd, can also p a f l y  decrease the numkr and 
severity of damage to residud m s .  The "rub" mes receive a larger sham of the 
skiddng ifamage, md ar-e then mmoved at the end of the harvest. 
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