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Abstract: Stump spmtits were the single most impoaanr type of regenerafion in a cewm 
hrardwod forest in Connecticut &ring the first 5 years after whole-n-ee cieacutaing. Herbs, 
shrubs, tree seedlings, and stump sprouts wen: invento~ed usirag strsatified pemanent plots on 
a 6-ha watershed during the first, third, and fifth yeas after hwvest. The f i s t  year after 
cutting 1,540 kg ha"' of living biomass, including herbs, shrubs, md m e  sedings and 
sprouts, accumulated on zhe watershed. Of that, 54% was in tree sedings and sprouts from 
stumps < 14) cm, md 13% iinn sprouts from stumps 2 14) cm. Oaks prduced the most sprout 
biomass from large stumps, followed by maples and chestnut. By the fifth yea, 17,990 kg ha 
1 of living bionzass had accumulated with 54% in tree seedlings md spmuts from smdI 
stumps, and 15% in sprouts fmm large stumps. Approximately 28% of the ini~d number of 
sprouts from large sannps had survived rhrough y e a  5, and sprout biomass of oaks was still 
greater than that of mdpies and chestnue. Our slkndgr indicates that sprouts are highly active in 
the initial accumuiatic>n of biomass and nutrients after hamesa. 

Rapid revegetation of sites following clearcutting can reduce soil erosion, consem naawients, 
and promote the development of a new forest. Stump sprouts are one means for rapidly 
establishing many hxdwood species (Smith 1986). Their p s e v d e ~ e  has been docum~nted 
after clearcutting in Tennessee (Mmn 1984), Nanh Cmlinn (Boring et al. 198H), West 
Virginia Wendel 19751, Georgia (Ml'ter and Phillips 19841, and fichigan ( h z  et d. 1984). 
Factors that influence the pogntial con~bution of sprouts to development of a comercialiy 
deskzble forest include rate sf p w a h  and quality of sprouts wendel 1975); species, 
Oimcer, and height of p a n t  stumps (Miller and Phillips 1984, Solomon md ]$Bum 1967); 
mortality and long-term swvivd of sprauL? (Johnson 1977, Mclnye  1936); and susceptibiliq 
of sprouts to decay (Jones and Rayna3 1987, Rotb and Hepting 1943). A better understmding 
of the role of sprouts in revegetation of h a r d w d  sites is n d to guide logging practices 
md  forest mmagesnent. 

As part of long-term research on the cfkcrs of whole-me lamesting on a Connecticut 
hardwoocf forest ecosystem (PHombeck et d. 1990, Tfitton a d. 1987), wc ax foIIowing the 
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species composition, biomass, and nutrient content of ~uegeaGon on the site (M&a et A. 
1987). This paper s u m d z e s  data from the first, third, and fifth years after c u ~ i n g  in order 
to evaluate: 1) m e & e r  stump sprouts am a viable m a n s  for regeneratiag a comercially 
desirable Connwticut h x d w d  forest, 2) The ihnponmce of stump sprouts in conseming 
nuraiernts on the site i diately after cutting, thereby acting tad mainadn site feniEry; rand 3) 
How mmagement practices influence the impoflance of stump sprouts. 

THE STUDY SITE 

The study site is a 4 ha forestd watershed located on the Cwkapnset State Forest in 
Chester, CT. The soils of the upper slopes generdly are of the Hollis-Chatfield-Rwk 
association, loamy, mix& mesic Lithic Dystrochepts, which consist of shdlow, somewhat 
excessively dr&n& sails with wcasional outcrops of exposed b&wk. The imirwk is of the 
upper Mddletown formation, an assemblage sf  gneisses and schists with inclusicpns of 
sillimmite quartz and pepaaite. The soils of the lower slopes are deep, well-&ained, coarse, 
lomy,  nmixed, mesic Tjyic Dystrwhrepts of the Cha$ield-Cmton asswia~on. The soils of the 
valley floor are poorly drained, acidic, camse-loamy, mixed, mesic Aesic Haplaquepts of the 
kicester sexies (USDA Soil Consem. Sew. 198 I). 

Prior to whole-tree clemutting, the watershed suppond an $0- to 110-yew-old mixed age 
a&-birch-maple forest typical of Connecticut arid southern New Emglmd (Mmin et al. 1987, 
Stephens and Waggoner 1980). The basal area of the ge9.s and shrubs larger than 2 cm dbh 
was 23 d ha-', with a density of 1,163 stems ha". The abovegound living biomas was 168 
metric tons Rdl? with 303 kg ha-' of toed nimgen, 589 kg Baa' of calcimnr, and 180 kg ha-' of 
ptassium mombeck er al. 199Q, T ~ t t o n  et al. 1982). 

In the winter of 1981-82, the watershed was whole-me clearcut. All living and ssan&ng dead 
trees greater than 5 cm elbrh were cut. Trees less than 30 crn stump &meter were cut with a 
mbber-tird feller buncher; larger trees were cut by chain saw. m o l e  mes of all &amters 
were skidded to the landing outside the watershed by mbber-tird, &cullat&, skidders. 
Sawlogs were separa%eet awd the mmining srems, tops, md branchs we= c h i p ~ d  on site. 
Hawesting was completed in Mzch 1982, and was confined to the damant season. 

Sample plots were selected sandomly fmm a 25 X 25-rn grid establish& m the: watershed. A 
stratified, nested design was chosen for sanpling of herbacmus and w d y  plmts, inclu&ng 
s d i n g s  and sprouts. Seedliings of trees, s h b s ,  and herbs < 1.3 m tall were inventoried on 
fifty 1 X l-rn plots by 0.5-xn height classes. Swangs  and sprouts taller thm 1.3 rn from 
stumps < 18 cm in &meter were measured on sixteen B X 25-m mnseets by I-cm dbh 
classes. Sprouts of &I heights from stumps 2 10 em in &mewr were invil-fitofiP;ef on four 25 
X 25-m pasts. One plot was placed at random on the grid wihin each of four strata: dry ridge 
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top, midslope westerly aspect, xnidsiope easterly aspect, and poorly &&sled kicester soils. 
The fwan plots were q u d  in area so 4% of the watershed. 

Invenro~es of all thee types of plots we= made in August of 3982, the first g o w h g  season, 
in Augerst of 1984, the third grawhg season, and in August md Novemkr of 1986, the fifth 
gowing season. By mid-August, w a d y  plants had not yet completd the ppediirg season, 
though many herbs were senescent. Because of the density of the: smmp sprout clusters at 
year 5, the 25 X 25-m plots of stumps 2 10 cm c%iameter we= iravemtor4ed iw Novemkr after 
leaf Pall. 

Biomass of see seec%llings, shhmbs, and herbs was estirxnaed by RwvesPirag twenty-one 1 X 1-m 
plots selected using a rmked-set samgljng technique (Mch t j~e  1952). Biomass of spmuts was 
estimated by harvesting three stems of each 0.5-m height class b'or spmuts s 1.3 m tdl, anand 
for each I-cm dimeter ciass for the larger spmuts, by species. The mem oven-* weight of 
the three hwested stems for each size and species was then multGp1id by the e s ~ m t d  
number of stems of that size and species per hectare. Esdmtes s f  all size classes were &era 
sumxed to estimate totd biomass per hectare. 

Nufrient analyses were pexP-omed on each biomass samgie coBlect&f"r Prom the twenty-one 1 X 
1-m plots and from each sprout and seedling. Muhent. data were ~poaad as a prcent per 
unit of biomass. The average of the thwe sampfes for each species and size class was 
multiplied by the estimated biomass for that species dumd size and s u m & .  A11 samples were 
&ed to a constant weight at 6S°C, weighed, and chemically a n d y d .  The dssues were 
digested in a Technicon BD-202 blttck digestor. Totd Kjel&B ni~agen was measwer8 on 
the digested samples with colurimenic analyses pedomed on the Technicon Autoanzdyzr. 
Cation concentrations of the Ggested samples were delemind by flame atomic absoqtion 
spcmscopy (Rdnson 1975). 

m o l e - m e  clearcutting removed 31% of the above~ound biomass, including some sound 
dead wood. In the process, all of the trees were cut, and neaxly dB dvmctce regenemtion and 
s h b s  were cxarshed by the equipment. The vegetative cover quicuy rwsoabEshed d k r  this 
treatment. By the end of the first p w i n g  season, there were sle;Prly 8 W , W  living plants hd' 
on the area, of which 60% were herbs and shrubs, md 40% were tree seeangs awd sprouts 
Fig. 1). By the end of the fifth growing season, there were more &an one million plants ha- 
%, d which 30% we= herbs aPld s h b s  aind only 10% were tree s e d h g s  arnd spmuts. There 
was a systematic increase in the total number of stems of d.1 vegetaeon ha-bver the 5 yew,  
but a consistent decrease in the n~mbers of sterns of Wee spcklies. Betala: reprzsnted neaddy 

2p.h~ use of mde, h, csr cqoratiolii names does not constiten& an officid endcasement or 
approval by the EU.S. Depmment of bh&culttrrre OH. the Forest Sexvice of any p d u c r  or 
senice to ffae excHusion of ohers that might be suiazb1e. 



Figure I. Sterns per h e c m ,  in thourmds, by year after cuffiog. The tallest bars include 
herbs, shmbs, uee seedings, aid sprouts; the bars fatPe1itgS trees include sm&bgs md 
sprouts. 
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75% tof the me. seedings and sprouts the first year after ctlnting, mLd nearly m% at y e a  5 .  
Berula, Acer, Quercw, and f;'i;~sfranea represented 90% rrf dl the stcms of Bee sdBisngs and 
sprouts om1 rhe site the first year after carrthg, antd 95% in the fifth year. 

By the end of the first growing season, gfmrs had prsdueed more than H,SW kg haikof 
aboveground living biomass. Tree sedings and sp~outs a~coun&d for about 65% of this 
biomass witfa herbs and shmbs accounting for the senaadnder. By the end of the fiftf8 p w h g  
season, there were nearly % 8 , W  kg ha-' of abo~eground living biomass on the watershed 
with tree seedlings and sprouts accounting for mart: thm 70% pig. 2). Whib the number of 
sten~s of tree species confinued to &cline, tree species cles1y dominatd the site in terns of 
biomass by yea  5. Acer accumulated biomass more rapidky t h a ~  any other genus kougfnout 
the 5 yezs. By y e a  5, Acer accounted for newly one-thkd of the biomdss hb8: a t e  species on 
the site, fclllowed by Quercm, Betu l~ ,  and Castarsea. These four genera coanpfisd nearjy 
98% of the biomass of m e  species at year 5. 

By the end s f  the first gowing season, nearly 30 kg hd' of mimgenz was s t o d  in 
aboveground living biomass; this increased to more than 130 kg ba-l by the end of the fifth 
growitlg season. Trees, inclba&ng both sea=&ings a d  sprouts, accounted tFOP more than 48% of 
this nifrogen accumula~on the first: year, and more than 70% by the fifth year (Fig. 3)- 
Aboveground living biomass accumulated newly 10 kg hdl of calcium and nealy 20 kg ha-" 
of potassiun~ the f i s t  gowing season. Calcium and potassium in the biomass had increased to 
nearly 80 kg kd' for both elements by the Fafth yew, with tree seedlings and sprouts 
accounting far more than 60% in both cases. 

Sprouts from snamps 2 10 cn.1 in diarneter at time of cutting were a major c o q o m n t  of the 
regeneration on the clearcut watershed. They represent& only about 3% of the total numbers 
of sterns of m e  species during the first 5 years after caging (Fig. I). But they represent. 20 
80 25% of the biomass of tree species throughout that p ~ d  (Fig. 2). And by the fifth year 
after cutting, aboat 20% of the nitrogen, calcium, and potassium seqraestered by m e  species, 
including both seaings and sprouts, was stored in spnsuts from stumtgs 2 18 cm in &meter. 
These sprouts had accumulated abaur 13% of the ni~ogen, cddum, and poaassium stored in 
dl abovegound vegetation on the watershed (Fig. 3). 

EBun;ng the first y e a  after cutting, xnore than 55% of the sprouts on the wztershed were 
Querc~~s, followed by Acer, Betake, and Castaeznea. B y  the fifth yea,  more nhaxr 40% of the 
sprouts were Acer, fo&wedi by Quercg~? Betah, md Cafraazea (Rg. 4). moughsut  the 5 
years, Quercus sprouts accumulated she most biomass followed by Acer axmd Casfanea, with 
Betu'uka a distant fourth pig. 5). 

At, the dme of cutting, there were an average of 424 Hive mes  per hecue with stump 
diameters 2 10 cm. By the end of the first ~ p c p ~ i n g  season, ant average of 252 stumps ha' had 
sprouted to produce about 9,4W sprouts, an average of 3'7 live sprou~ per live stump, By the! 
end of year 5, aa average of 212 stumps hd' remGned dive with a b u t  2,540 live spmurs, iun 

average of 12 live sprouts per live stump. 



izigtrre 2. iC(iatun:ass of ~ ~ ~ g ~ t i n t i o a :  in kg !la" by year dser ctnrtlng. The- tallest, harrs 
include hcrbs, shrubs, see setatlialgs, imd sprouts; dte bars I;.ske.itsd twcs inclatdc zedlirags 
md sprcsuas. 



Figure 3. Mass of nutsents accumulrated ire the rfbovegrorrnd lrvlrlg biomass by yexs 
after cutbrag, 
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Figure 4. Numbers; of sprouts p@r hecrag by species and years after cutting. 

8th CenwaI H a d w d  Forest Conference 312 



Figure 5. Abavcgrnund living biomass of sprouts per hectare by species and years after 
cutting. 



More than 80% of the Acer stlnxnps on the four sample plots sprcarmted the first y e x  after 
cutting, and s l  contintred to have live sprouts tkomghcrue the 5 years. About 75% af the 
Quercus stumps sprouted hut that percentage driapped to about 60% by yew 5 ,  Only about 
25% of the Bekzllrr stumps cpruured (Table 1). 

Tahlc 1.--Number sf live stumps by genus on the four 25 x 25 m sample plots. 
Years after cutting 

Genus 0 1 5 

Acer 12 10 8 8 

Others 22 16 13 

Of all the genera, Acer p r h c e d  the most sprouts per stump and retained the p a t e s t  number 
of live sprouts over the 5 years. Approximately 50% of the Acer sprouts and 75% of the 
Queactas sprouts died over the 5-year perirxf. (%able 2). 

'Fable %.--Average number of sprouts per live sturpap by genus. (Standard. errors). 
Years after cutting 

Genus 1 5 

A cea 53 (7) 26 (6) 

Others 19 (6) 9 (3) 

The impcrnance of sprouts in a ~generaaing forest cm be evduated in terns of biomass, 
density, and species represented. Density is an indicator of stand age and s8pucalre; biomass 
reflects dcsminance; species itadicares future worth. Together, we us& these thee vaaiables to 
charactcraze revegetadon on OUT study ma. 

Sprouts as a aClompcrnent of Regeneration 

Beginnirrg with the first gowing season after cuttii~g, tree smdings md sprouts had the 
peatest anaaurrt of aboveground living biomass on the site. Stamp sprouts represent& 19% of 
that biornass ad, on werage, accurl~ulaeed 10 tin~es more biomass than seedkgs. However, 



spratrrs acatluneed for only 3% of the total stems of me species on h5e site. Other stu&es 
have repofled larger ~rumkrs sf sprouts a h a  were tdfllied in om study. B o ~ n g  et d. (1981) 
found that both density and bionlass of sprouts exceeded density and biomass of tree 
seedlings following cable Hogging of a watershed in Konh Cakolina. Mma (1984) mpoaed 
that sprouts donlinated whole-wee: and saw-log cfearcua: sites in Tennessee, both in terns of 
numbers of seems of me species and biomass. 

BetuEa seedlings and sprouts far exceer4ed the total number of seedlings and sprouts for other 
genera of tree species in the f i s t  growing season. Initially, scax5fied soil condieions hllowing 
whole-tree bmest  probably Favored the establishment of Bergla sedings. A l ~ o u g h  the total 
numbers of Quercw stems were less than either Betala or Acea, a far greater pmpsrtiora 
(72%) of Quercus sterns were sprouts. In ddition, almost A1 (97%) Quercu biomass was in 
sprouts, compared with 16% for Aces and 4% for Ref~llla. Thus, sprouts were a more 
important f o m  of regeneration for Quercus than for other genera in the first growing season. 

Dyna~nics of Sprouts over the First Five Years 

Sprouts continued to account for a small proponion of the total numbers of sterns per h e c m  
of all plants over the 5 years studied (Fig. 1). Whereas the total number of plant stems 
increased, both the total number of stems of all nee species and the totd number of sprouts 
decreased. Thcse data suggest that initiation of sprouts wcurred largely in the fvst (and 
second) growing season after harvest. Koth and Mepting (1943) = p o n d  that there was rdrely 
further sprouting of oaks beyond the second year after cutting. 

By conaast, herbaceous phnts and tree seedings appmntly confinud to fiil in open spaces 
on the forest floor fm several years dter cutting. Skid &GIs md other severely &stwbed m a s  
may take several years to stabilize before plants can becorn esarebfishd. Light and moistwe 
conditions at the soil surface are rapidly changing at this time (Bomnm and Likens 1979), 
resulting in changes in species dsmiaa~~ce (IE-Xsmbeck et A. 1987). Om study suggests that 
afhough species cPs~naaace may shift, the tree species present in the first and fith p w i n g  
seasons will be the components of the future f o ~ s t ,  as ~ S C U S S ~ ~  by Mrurin et d. (1987). 

It is not possible to predict the Isng-tern supviva2 of sprouts with certainty. At om site, more 
than three quarters of the Querckcs sprouts had died by the fifth year. McIntyge (1936) 
reported that mortality of oak sprouts continued to be high during the first 18 years PoUowing 
cutting but slowed thereafter. McIntyre $so found that the basal area of sprouts 
with stmd age. Therefore, clearcut sites m y  'be chxacte~zed by dorabinmt, mpisly p ~ n g  
sprouts only in. the first one cpr two decades after cleahcutfing. 

Although we did not c;my out a systematic study of causes of sprout momlity, we found 
evidence of several diseases which probably contributed to mcpatality. Fmitirag bodies of 
Amiidckria spp. were observed on rlumerous stumps over the e n t h  site. This rw t  disease 
reduces not only sprmting capability of stumps but also sprout survivd (P.M. Wags, USDA 
For. Serv. pers. corn.).  By the fifth year, some of the lugest sprau~ appaen8Hy we= tw 



heavy to be suppofied by the thin living carnbial layer of the stump, and whsie cfr~srcrs of 
these sprouts peeled away from the stump, fell awes, and died. Castct~ea, which had been a 
very minor component s f  the precut forest, demonstrated extensive sprouting alfter harvest. 
These sprouts grew rapidly ia diameter and height and rapidly accumulated biomass. But by 
year 5. the majority of sprouts showed evidence of chesmut blight ( t ' r yphnecvh  pa~asitim 
(Mun-.) BG) arid died. 

Querc~s stumps sprouted quickly arnd psoiiilcally, accoundng for nearly twice as ntadch 
biomass as the other species ifn the first growing season md reckning that dominance hnlugh 
year 5. However, A C ~ P  &ccum~Qat~iB bionlaris more slowly but nearly equdled Quercus by the 
fifth year. Mroz et d. (2985) similarly f w n d  that red maple biomass accumulated slowly 
during tfxe first 3 years after cutting and then increased &amatictzfly in tlne four& year. 

Sprouts Relative tu Recut Forest 

Prior to hwest,  Accr was the most numeroats a c e  genus and Qtrurcxs accounted for the most 
biomass at the C:onnecticua site ((Mmin et al. 1987). Since Mann (1984) fotirld a greater 
average number 01' sprouts per live snutxlp I'or red ~naple than for oak in Tennessee, we 
expected Acer to donlanate the site innnneciiarely. %%owever, this was not the case, and there 
was [to clew rciatiofishig ketwecn species atzd sprouting a t  the Connecticut site, 'Mor was 
there ;in obvioiis effect of sruanp diameter on sprouting. Roeh and Hepcing (1943) showed 
that for &tker[*us, sprout if~itiatioi~ increases up to a stunmp &anmeter of sourad 12 inches (30 
cm) a1:6 ttlen decreases. Don~inrmt Querc~t~~ trees on the Conlirectlcut site wem 80 to 100 
ye?:trs ctkt and averaged 20 to 30 cm dbh. Allowing for the difference betwceil dbh and skurny 
diarn~escr, these r ~ e s  felt well withrn the E-iirnge trf stump s5ia:ametess capable of prduciang large 
niinmbers a,E si>rcrtats. However, apprcpxim;atciy half of ;L%I stunlps 2 10 cm at the Connecticut 
site fii~ted ect sprout. 

Isntensive use of meciizanized r:quipment may pnaially explain the small percentage sf stumps 
sprotltitig and nht: small number of sprouts raaeasu~d in Connecticut relative to tindings from 
stucfics by Man11 (1984) and Boring et al. (1981). Main (1984) found a lower number of 
sprcjuts on a whole-&ee-bmested site compared with a sawlog-firnested sire. She reported 
that skidding of whole trees tended t c ~  increase nnechanical damage to stumps and soil, and 
removal nf noanmerchantable residues retHuced protection of soil surface and stumps afforded 
by leaving these ma&~a i s  in conven~onal t la~ests.  IViPier a d  Phillips (1984) demonstrated 
tha.t sheasing by felliew damaged stumps and resulted in lower n u d e s  of sprouts. Whole- 
uec;: hasvesting cjisrurbed approximately 70% of the so2 surface of our site in Cc~nnececear 
(Martin 1988). Although we did not assess asswiated W d g e  to stumps, we obsewed that 
sheariag tended 10 shatter stamps, especially birch. It is likely h a t  mechmicd harvesting 
rducecf the number of stumps that sprouted as we11 as: rhe nutnber of sprouts per stump to 
some iiep-ee. Site quality is mother facktrr that may 11;1ve inflile~lced spr~uiing. Mroz et af. 
f 1985) conctanded &at sprout numbers for n~orthcrga h i ~ d w d s  were independent of site 
quality, brat sinailx stu&es have not bca:rs rcported dkrr cenprd ~ & W @ S .  



Tmpofi-eance sf Sprouts in Consewing Nu~nients 

One of the major concerns wit11 cleacut~ng in general and with whole-me c'Rea4:uttlng In 
pxticular is the pote1:11tial for a substantid toss of nex~ents from he site both by %%re removd 
of woocf products and Icaching Iosses. Rapid revegetation of the site will reduce these ?asses 
in several ways (Boman~nn and Likens 1979, Wornbeck 1986). The Fkrst is by the sequestering 
of availabje n t l ~ e n t s  from the soil into Iongtem storage in aboveground bisrasass. The 
second is by covering the watershed with vegetatican which shades the site, increases 
mnspiration, slows the velwity of rdn&ops which reduces erosion and increases infil~aaion, 
and works raward ~ s t o ~ n g  the rnic~ocIimate of the site. Sprouts pHay a major role ira both 
processes since they have rapid initial growth rates. 

Throughout the first 5 years after cutting at our site, sgmuns stored about 13% (1 9 to 88%) of 
the nitmgen, c:zlcium, and potassium accumulated on the watershed by dl aboveground living 
biomass, and about 20% of those elements stored in tree species. The first year after cutting, 
this represented 1 to 3 kg ha"" but by year 5 had increased to 10 kg 9ma" s f  pcrtrassium md 
callciurn and 18 kg h d h f  nitrogen. These fifth-year vinlues represeat& 6% of the nitsogexa 
stored irs abovegoand living biorntess of the precutiing forest, 2% of she precurdsng caiiciunl, 
and 6% of the precutting potassium. 

Boring et al. (1981) reported biornass from a 1-yea-old elemcut in the southern Appalachims 
that was similar to ours. They reported 1,725 kg ha.' to our 1,540 kg hd?or all living 
biomass. Accumialatisns of nit~ngen and potassium were similim on both sites, but nealy 
twicc the calcium accumulated at the North Caolina site. Ho~vever, they repofld 63% of 
their hiornass was sprotat biomass, with 57% of the mizogen, 35% of the pot~ssium, md 61% 
of the calciunl axclal~ping in sprouts. 

The southern Appalachian site may represent one exaherne in the axnouna of nutrients that 
may be sequestered by 1-ye=-old biomass because of the lack of soil disturbarmce anld stump 
damage and the longer growing season of North Carolina. Om site may represent the other 
extreme due to the more northern climate and the severe site &sburbance md stump bmage 
caused by ~~echanicral whole-tree clearcutting. 

SUMMARY 

I. Stump sprouts are an important component in the rwegetsftion of a cerae~af Hara%dwd forest 
after whole-tree clearcutting. They are especidly i m p m t  in the early stages 0% forest 
development. 'Fhey play an impomrat role initially in ~~stabHishing the IXBicrmlimate of the 
site; then they play a   an sit ion all role in forest development. He>wever7 stump sprouts alone 
may not regenerate a viable forest. 



2. Competitrve ihineiing and roof cbseises change the dynamics of the sprout populrldon too 
rapidly to predict, at year 5 ,  whether trees of sprclut origin wiU be a major canlponena of the 
future forest. 

3. Rcvegera~tm of all types, including herbs, shrubs, and tree seedlings arid sprouts, play a 
vital role in co~~servlng nunient clenlents o:? the site. 

4. Whoie-tree clearcutting does not seem to have radrcdly changed the species com~osirion of 
the site. D.e composition of the regeneration on the whole-wee elarcadz is similar to that of 
the prehrulrese. forest. Before cutting, Acer was the most c o m n  genus fallowed by Querclas 
md Betidla. At year 5, Bemla is the naost common, Bbllowtd by Acer and Qucrc~&?. %"rim to 
harvesting, Quercus contgned the most biomass, followed by Betalala and Acer. At year 5, 
Acer had accumulated the most biomass, followed by Qekercus and Betula. 

5 .  Q~trrcus is the m s t  comercially valuable genus i ~ n  the region. Therefax, forest managers 
are Xikziy to encourage oak regeneration in this region. If so, it is impoatant for them to 
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