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Introduction 

Abstract 

Question: How are dynamics of early-seral post-fire vascular plant and bryoid 

(terrestrial mosses, lichens, and fungi) vegetation impacted by reforestation 

activities, particularly manual vegetation removal and planting density? Does 

the relationship between vegetation dynamics and vegetation removal differ 

between harsh (west-facing) and moderate (east-facing) aspects? 

Location: Five high-severity burn plantation forests of i-'<?'l1,,'nT<:w,'/J menziesi! in 

southwestern Oregon, USA. 

Methods: Plantations severely burned in a recent wiidfire were planted with 

conifer seedlings as a four-species mixture or a mono culture, at two different 

densiTies, with and without manual vegetation removal. A subset of plots was 

also planted on a contrasting aspect within each plantation, The contrasting 

aspects differed in potential solar insolation and were indicative of moderate 

(eastern exposure) and harsh (western exposure) site conditions, Covers of 

shrub, herbacemls and bryoid vegetation layers were measured during refor­

estation activities 2-4 yr after the fire. Dynamics of structural layer cover and 

community composition were compared among treatments with analysis of 

nriance and multivariate analyses (non-metric multidimensional scaling and 

blocked mUlti-response permutation procedure). 

Results: Structural layer cover and community composition differed between 

areas that received reforestation treatments and untreated areas. However, 

variability within treatments in a plantation was greater than variability within 

treatments across plantations. Effects of vegetation removal on composition 

and structure were more evident than effects of planting or altering planting 

density, Vegetation removal decreased cover of tall and low shrub and the 

bryoid layer, and increased herbaceous layer cover. Bryoid community and low 

shrub structural layer responses were more pronounced on moderate aspects 

than on harsh aspec:s, Vegetation removal shifted vascular plant community 

composition towards exotic and annual species. 

Conclusions: These reforestation treatments may be implemented without 

sllbstantially altering early-seral vegetation community composition dynamics, 

especially in areas with harsh site conditions. Site conditions, such as aspect, 

should be evaluated to determine need and potential effects of reforestation 

before implementation. Monitoring for exotic species establishment should 

follow reforestation activities. 

On much of the publicly owned forest in the USA, post­

fire forest management goals have changed in recent 

years from a focus on rapid conifer regeneration to 

include multiple objectives. These objectives typically 

include the maintenance of species and structural diver­

sity, or accelerated development of late-seral habitat 

characteristics (Curtis et al. 1998). Management alterna­

tives designed to meet these diverse and continually 
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evolving managemem objectives are needed (Puettmann 

et a1. 2009). Reforestatic''l activities provide opportunities 

IO meet a �'y'ariety of pr"'"m,ro and [C'storation oJjectives, 

iY1 addition to rnore conven�jonal ti:nber 

(Puettmann et al. 2009; Paquette & Messier 

20101. For ;C'forestation in other ecosystems. 

forests, has been demonstrated 

to be an effective means of the 

of diverse, natural forests ILamb 1998). 

Previous hUillan activities and disIll�bance regir..f1es 

l�ave a significant in1pac: on the OlltCOmes of manage­

ment practices and the :-esponse forests to disturbances 

1998; Wilson el aL 2009). regenerated 

forests result in rnixed species stands ,hat exhibit 

high resilience to conditions fire 

(Trabaud et al. 1985; Turner et aL 1997; Wang & Kembail 

2005; Denato et a1. 2009: Swanson et a1. 20 10). In 

contrast, fire within established monoculture plantations 

can result in distinct conditions, SUC�1 as lack of oioiogical 

and structural diversity, owing to overstory 

and understory size, structure 3:1d species com.position. 

Because of these factors, burned may benefit 

meet speci­

fic restoration objectives (Lamb 1998; Maestre & Conina 

2004; Swanson et 0.1. 2010). For C.AO"'f.J'C., lack of conifer 

establishment because of cOIupetition fro� �)ther vegeta­

tion and limited seed sources (Hobvs et a:. 1992; Maestre 

& Ccrtina 2004) raay hinder recovery of burned planta­

tions. In such cases, refores"Lation vvith a native conifer 

D11xture 38.d vegetation co:ctrol to ensure 

seedling survival (bm not maximum growth) is a viable 

management option (Hobbs et 0.1. 19921. This type of 

management can result in 

erogeneous forests that can more resemble natu-

regenerated forests (P2quette & Messier 2010). 

ReforestatioE acti'vities occur shortly follow-

ing disturbances, sllch as wildfires. This initial post-dis-

tCl.rbance period is coincideat with Ihe of 

early-seral plant communities (Cremer & Mount 1965; 

Trabaud et at. 1985; Turner et al. 1997; 'Nang & Kemball 

2005; Kayes et aL 2010). Early-seral comml;nities 

provide many important functions in post-fire forests, 

induding IJrevemion of erosion, replenish111em of soil 

organic lnatter, nitrogen fixatior� in association vvitb 

microorganisms, provision of wildlife habitat and facilita­

tion of the establishment of late-seral species et 

al. 1994; Swanson et at. 2010; Walker et al. 2010). Early­

seTal forests also support organisms and processes not 

present in closed canopy forests, allow nutrient renewal 

in ecosystems, and are 'hotspots' of (Halpern 

1988; Swanson et a1. 2010). In addition, early-seral 

sPecies can shape Ihe iuture vegetation of 

ecosystems (Turner et a!. 1997; Ghermcndi et a1. 2004; 

Applied Vegetation Science 

Post-fire vegetation dynamics in plantations 

Walker et al. 2010; Young & Pefier 2010) . Early-seral 

plant communities can promote understory diversity of 

later successional stages retaining seed sources and 

herbaceous species with limited dispersal 

(Lamb 1998; Aubin et 0.1. 2008). 

Through direct and 'ndirect effects, pre- and post-Sre 

forest management activities have ti1e pmential to alter 

early-seral vegetaticn composition, stwcture and h.:nc­

tion increasing soil diswroance. reducing duration ()f 

forest recovery. and homogenizing forest conditions and 

genotypes iLoumeLO & Huaei 1997: Swanson et a1. 2010). 

The effects of forest management practices on conifer 

growth and establishment are Well documented in the 

drier portions of the Pacific Northwest (Pabst et al. 1990; 

Hobbs et a1. 1992; Tesch et 21. 1992). However, there is 

iittle documer:tation of the impact of reforestation prac­

tices on -che dynamics of early-seral vegetation structure, 

and funcL:ioll< 

The primary objective of tbis study was to examine the 

dynamics of vegetation structural layers and 

comrr�Ul1ities \.!vithin reforestation treat-

ffients ULJq,HC.U to meet management such as 

natural recovery, enhancing tree diversity, and ensuring 

conifer estabiishrnent. i'l. second objective was to compare 

early-seral vegeuiIion structural layer and plant commu-

nity between treatments with and withot:t 

manual vegetatio:! removal for different relative aspects, 

indicative of moderate (eastern exposClre! and harsh 

(western exposere) site conditions. 

Methods 

Study location 

Southwestern OregDn has a mixed severity fire regime 

with average fire return intervals ranging between 5 and 

75 yr (Ser:ser:ig 2002). The climate is generally character-

ized mild, "Jvet 'vvinters and warm,. summers. 

Topography is often steep > 25 %) with volcanic 

bedrocks and eievations between 800 and 1000 m. 

In 2002, the Timbered Rock fire burned I j 000 ha in 

the Western Cascades physiographic province of south­

westen, Oregon. The area lies within the Abies concolor 

and mixed co:1ifer forest ZO'1es (Franklin & Dyrness 1973) 

and federal'ands within ,he fire have been designated for 

managemelt to maintain or enhance late-seral forest 

characteristics (GSDA & USDI 1994). Before the fire, 

menziesii iDouglas-fir) less than 

35 yr old 40% of the burned 

area. The five such plantations 

selected based on fire severity (moderate to high. using 

fire severity maps derived from Landsat 7 satellite ima­

gery) , size ( > 3 h2) , and determined to be a high priority 

for reforestation. 
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The pre-fire plantations averaged 280 planted P. menzie­

s!i stems per hectare (sph). Plantations ranged in age from 

17 to 37 yr old when burned. In addition to the dominant 

P menziesii. the plantations had smaller components of A. 

concolor (average 50 sph), Pinus ponderosa (average 42 sph). 

Pinus lambertiana (average 10 sph). and Caiocedrus decurrens 

(average Il sph). Hardwoods. induding Arbutus menziesii. 

Acer and Quercus were abundant 

in plantations before the fire with a combined average 

density of 500 sph. See Kayes et al. (2010) for fuU planta­

tion descriptions. 

Research design 

Within each plantation, six 0.25 ha (slope corrected) square 

plots were established on one generally uniform aspect 

Quadrat 

Subplot 

1 _._ . _ '._' 

D O D  Subplot Subplot 

No Treat Mono 

0 0 0 0 
0 0 0 0 
Low NVR Low VR Small 
0 0 0 0 Sub-block Piots 

0 0 0 0 0 0 0 0 
High NVR* High VR* High 'iVA' High VR* 

0 0 0 0 0 0 0 0 
Plantation 

Treatment 
Component No Treat lowNVR Hl�h NVR* lowVR HighVR* Mono 
Species Mixed Mixed Mixed Mixed PSME 

Veg Remova; NVR NVR VR VR VR 

Density low H�gh lew rligh High 

Subblock l..arg;e only L3rB;e only Both Large only Both Large only 

Fig. 1. Schematic of experimental and sampling design within one 

plantation a'r,d table of different treatment components. The large sub­

block was on the harsh relative aspects for four plantations and on the 

moderate aspect for one plantation. Tali shrubs and trees were sampled 

in four q�adrats {1o. m x 10 m, encompassing subplots and transects) 

withir, each plot . Low shrubs and herbs were sampled in four 3 Iii x 3 rn 

subplots within each q'Jacirat . Bryoids were sampled in 112 m bryoid 

transect. Tree seedlings were sampled in Lhe 112 m bryoid transect and 

an additional 112 rTi to make a 1 m tree transect. NVR, no vegetation 

rerro'Jal; VR, vegetation removal; High, high-density or 10 75 stems per 

hectare (sph); Low, lOW-density or 4 70 sph; Mixed, species mixture of 

,oseudotsugo menziesii, Pinus ponderosa, Pinus iombertfano, and Colo­

cedrus decurrens. Mono, ,oseudotsugo menziesii (PSME) monocuiture 

planted at 10 75 sph with vegetation removal, *indicates treatments 

represented on both contrasting aspects (i e .  both sub-blocks). 

Kayes, L .J, et al. 

(referred to as a large sub-block) 2 yr post-fire (Fig. 1). Six 

treatments representing a range of management objectives 

'Nere used: (1) 'Untreated' - unplanted without vegetation 

removal; (2) 'Low-density NVR' - mixed species (see bdow) 

planted at 470 sph (low density) withom vegetation removal 

(NV�); (3) 'High-density N-VR' - mixed species planted at 

1075 sph (high density) without vegetation removal; (4) 

'Low-density VR' - mixed species planted at 470 sph with 

vegetation removal (VR); (5) 'High-density YR' - mixed 

species planted at 1075 sph with vegetation removal; and 

(6) 'Monoculture' - P menziesii planted at 1075 sph with 

vegetation removal (t)7pical of historical US federal land 

management). Treatments were randomly assigned to plots. 

To reflect surrounding forest composition and account 

for expected mortality, mixed-species treatments were 

planted with 40% P menziesii and 20% of each P lamberti­

ana, P. ponderosa, and C. decurrens. Vegetation removal 

consisted of manually cutting vegetation (targeting tall 

shrubs and hardwood trees but including surrounding 

forbs and graminoids) taller than approximately 30 cm 

over the entire plot each summer in years 2-4 post-fire 

and scraping (scalping) all vegetation down to mineral 

soil in an approximate 0.75 m radius around planted 

conifer seedlings in year 3 post-fire (year 2 post-planting). 

Average area scalped ranged from 0 %  to 22 % of a given 

plot in year 3 with < 8 %  remaining disturbed in year 4 

post-fire. In one plantation, the high-density NVR plot on 

a harsh aspect was aCCidentally scalped. 

Two additional plots were established on a contrasting 

aspect (referred to as a small sub-block) within each planta­

tion. A subset of treatments (high-density mixed species 

plantings with and without vegetation removal) was ran­

domly assigned to small sub-block plots. High-density plili'1t­

ings were assumed to have a greater impact on vegetation 

than low-density plantings and therefore were considered 

more sensitive to affects on contrasting aspects. Sub-blocks 

on contrasting aspects were deSignated as relatively 'harsh' 

or 'moderate' within a plantation based on azimuth, to 

reflect solar radiation and temperature patterns. Harsh 

aspects ranged from 2200 to 360c and moderate aspects 

ranged from 448 to 160°. During the summer, steep west­

facing slopes aspects receive maximum radiation during the 

hottest time of the day (i.e. afternoon). In contrast, east­

facing slopes aspects receive maximum radiation early in the 

morning, when it is cooler (Gates 1972). One plantation had 

the large sub-block on the moderate aspect whereas the 

other four plantations had the large sub-block on the harsh 

aspect as a result of available area and plantation orientation. 

Data collection 

Cover (per cent of area) of vascular plant species was 

recorded for three summers (years 2-4 post-fire, or 
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treatnlenr years I 3). Within each plot. we 

established fom permanently marked 10 m x 10 m quad­

rats, each within one quadrant of the 

(Fig. 1). Both sInal1 hardvvood trees (resprouting 

hardwood trees < 5 em DB H) and shrubs 2 1.3 m tall 

were termed tall shrubs because post-fire sprouting 

forms occupy the S3_me struclural layer. Individual 

tall shrub per cent cover was measured as [cc.nopy area 

area 100. Length 

axis of each tall shrub i:1 

a quadrat and vvidth vvas measured perpendicular to the 

long axis at a variable observer chosen point. Cover (to 

:learest 1%) of all other vascular including shrubs 

< l.3 m tall (low shrubs) , was visuaUy estimated 

species in 16 3 m  x 3 m subplots, one at each quadrat 

corner (Fig. I). Species with < I % cover were recorded 

as present. Total cover (DlaximuDl 100% per layer} 

of tall shrubs per quadrat ana low shrubs and herbs per 

subplot was estimated. regenerated tree 

seedlings were counted in aIm x 10 ill transect on the 

upslope quadrat (Fig. I) for inclusion in multivariate 

(i.e, terrestrial lichens and 

(O.5 mxO.5 m) along O.5 mxlO m transects across the 

edge :Fig. 1) in the third and iODIn 

summer post-fire. layer species and :he total 

across taxa were assigned cover classes 

adapted from McCune et al. 11997). Cover classes were 

coded as follovv5: (1) < 3 shoots present; (2) 4-10 shoots 

present; (3\ > 10 shoots present but < 25 % cover; (4) 

25-50% cover; (5) 51-80% cover; and (6) 81-100% 

cover. I;lcluding the abunda:lce count at a fine 

\�leights species vvitb small populations more 

simplifies populations. On 

scale 

and 

this 

scale. the average value approximates average (abun­

dance) and is not transformable to an arithmetic scale. 

layer was included because it has been shown 

from vascular to disturbance 

and enviro'1memai factors (McCune & Antos 1981; Pel­

man et a1. 2008; Turner & Kirkpatrick 2009). In addition. 

the is a major component of early-seral 

vegetation biomass and (Cremer & Mount 

1965; Wang & Kemball 2005) that is often excluded from 

studies because of logistical constraints. such as 

difficult identification. 

Plants wee determined to the species level when 

otherwise to the genus level or species groups. 

1"-'Ungl were not identified. To characterize changes in 

plant community conmosition, life-history trait groups 

(traits) were defined based on Lavvtor: (1971), \litt et a1. 

(1988), Spies (1991), Hickman (1993). Wang & Kemball 

(2005), USDA (2006. 2007). and personal experience. 
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Vascular traits vvere based on fire response (invader 

highly dispersive pioneer species; avoider - shade toler­

ant, slow colonizers; evader - seed banking species; Of 

endure - sprouting species) as defined Rowe (1983 

herbaceous life form (forb, graminoid, or fern), 

form (annual or perenl1ial herb, woody sub-shrub spe­

cies, or deciduous or evergreen shrubs), successional 

status or late-seral), nitrogen-fixer association 

(fixer) and origin (exotic or native). The traits 

"vere based on fire response (invader - highly dispersive 

pioneers. sexual reproduction or residual - likely present 

before fire, asexual [short « 5 

years) or 

pOilS or 

form (acrocar­

or t11a11oid liverwortc 

lichen. or See the Supporting Information for full 

list Dr species and life-history traits. 

Data analysis 

Vie examined dynamics of structural 

of variance (ANOVA) and dynamics of 

using ana13/sis 

community 

con:position using multivaria:e techniques: nOD-metric 

multidimensio!lal scaling (NMS),. blocked 

permutation procedure (MRBP) and indicator species 

(ISA). Because of the incomplete block design, 

data was using two subsets of treatments 

lFig. 1). We first examined differences in vegetation 

dyna:nics in reforestation treatments over time using the 

six treatlilents (four treatments, untreated 

and mO}.1ocuhvre; on the large sub-block, For structural 

layers and plant corn_munity composition, we examined 

differe:1ces in variables between ( I) individual reforesta­

tion treatments and untreated areas; (2) treatments with 

and without vegetation removal; and (3) treatments 

at high and loY" densities on the large sub-block. 

The large sub-block analyses were not inLuenced 

removal of the single large sub-block that occurred on a 

moderate aspec:: (data not shown). The influ­

ence of aspect on the impacts of vegetation removal on 

structural layers and community composition was 

,ested using the mixed species high -density reforestation 

treatments, with and without vegetation removal. CEl 
both aspects. 

Structural layers 

Effects of referestation treatme:1ts on cover of individual 

structural layers herbs, and low and tail shrubs) 

over time we!e evaluated usi:1g a mixed model Al'JOVA 

using SAS (version 9.l; SAS Institute Inc., Cary. NC, USA) 

PRO C  Mixed. Treatment mixed-species treatments, 

untreated and monoculture in the large sub-block) was a 

fixed effect and plantation was a random effect. Plots 

served as subjects for repeated measurements (2 yr for 
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bryoids and 3 yr for vascular plants). An model assump­

tions were met. The one accidentally scalped plot was 

removed from year 3 and 4 analyses. Multiple compar­

isons. corrected using a Dunnett (1955) adjustment. ex­

amined differences in cover of each structural layer 

between untreated and treated areas. A priori contrasts 

were used to assess differences in structural layer cover 

between areas with vegetation removal (Low-density and 

High-density VR treatmeD.ts) versus without vegetation 

removal (Low-density and High-density NVR treatments) 

and areas planted at low density VR and 

NVR) versus high density (high-density VR and NVR) in 

individual years. 

To examine the influence of contrasting aspect on 

vegetation removal effects for structural layer responses, 

we applied a mixed model ANOVA as described above. In 

this model. explanatory variables were vegetation re­

moval (vegetation removal or no vegetation removal), 

year and the addition of aspect (harsh or moderate) 

modeled as a split plot factor because of restriction of plot 

location. Contrasts assessed differences in structural layer 

covers between areas with and withoUT vegetation re­

moval on moderate and harsh aspects. 

Community composition 

Before analysis of community composition, species cover 

per plot was relativized by species maximum to standar­

dize for different measures of cover and large variation in 

magnitudes of cover between different species (McCune 

& Grace 2002). Species occurring in < 5 %  of plots in all 

years (33% or 63 vascular and 47 % or 20 species) 

were deleted to reduce dataset noise (McCune & Grace 

2002). 

Effects of reforestation treatments on vascular plant 

and bryoid community dynamics were determined by 

NMS (Kruskal 1964) ordination (PC-ORD version 6.1; 

MjM Software. Gleneden Beach, OR, USA) using autopi­

lot 'slow-and-thorough' setting with Sorenson distance, 

random starting configurations and 250 runs of real data 

(McCune & Grace 2002). Three-dimensional solutions 

had a final instability of < 0.00001. To control for large 

differences among plantations and years (see Kayes et OIL 

2010). differences in plant communities between areas 

( I) with and without reforestation treatments, (2) with 

and withom vegetation removal. and (3) planted at low 

density and high density were discerned graphically from 

the length and direction of NMS vectors connecting 

values for the untreated area to treated area values within 

each plantation and year. Differences in community 

composition between planted areas with and '!'1ithout 

vegetation removal were further discerned by examining 

successional trajectories of plots remeasured over time 

Kayes, L.J. et ai. 

and rotating the tails of successional vectors to the origin 

(McCune & Grace 2002). We graphically examined differ­

ence in plot scores between areas with and without 

vegetation removal on contrasting aspects. 

Possible associations of the functional attributes of 

plant community composition with the occurrence of 

vegetation removal were assessed Pearson's correlation 

coefficients between trait abundance and NMS plot scores 

following rotation of ordination axes to maximize the 

influence of vegetation removal. Functional attribute 

associations for the vascular ((lmmunities were assessed 

individual year because of the strong impact of time 

since fire (Kayes et a1. 2010). Specific trait dominance for 

vascular communities in areas with and without vegeta­

tion removal was determined using a blocked ISA (Du­

frene & Legendre 1973) applied to each combination of 

year and vegetation removal stams. For the bryoid com­

munities, the blocked ISA for trait abundance was run for 

vegetation removal status in years 3 a!1d 4 combined. 

To support graphical results from NMS, differences in 

vascular plant and bryoid community composition be­

tween untreated areas and all other treated areas were 

examined with Bonferroni-corrccted (Miller 1981) pair­

wise comparisons from MRBP (Mielke & Berry 2001; 

McCune & Grace 2002). The MRBP was also used to 

examine differences in vascular plant and commu-

nity C0111position between areas ( I) with and without 

vegetation removal, (2) with low-density versus high­

density planting and (3) with and withom vegetation 

removal on comrasting aspects in individual years. For 

MRBP analyses, treatment medians were converted to 

non-parametric ranks and aligned to zero within planta­

tions (which requires Euclidean distance) to focus on the 

within-plantation differences (McCune & Grace 2002). 

Results 

Structural layers 

Structural layer covers, with the exception of low shrubs, 

were altered reforestation treatments (Table 1). Aver­

age tall shrub cover was higher in untreated areas than 

those with vegetation removal (Table 1). Herb coverage 

was, on average, 20 % higher (95% CI 4 %, 36 %) in areas 

planted at low density with vegetation removal than in 

untreated areas (Table 1). Bryoid layer cover class was 

lower in areas planted at high density with vegetation 

removal (95% CI 2.32, 3.48) than in untreated areas 

(95% CI 3.12, 4.28; Table 1). 

Structural layer covers differed in areas with and with­

out vegetation removal (Fig. 2) but not in areas planted at 

different densities (data not shown) . Tall shrub cover was 

lower in areas with vegetation removal than in areas 

without vegetation removal and differences in tan shrub 
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Table 1. ANOVA �C-stati5tic5 a�ld P-values and contv-ast resL;IIs of suuCLurai iaYer coverage cHferences betvveer areas with diffe�-ert 

��eforestation tieatmerts ard un!rsated areas en Ihe large sue-block. P-values and con�rast values "[hal: \f,8r8 significant at p ::; 0. 05 are in bold type. Per 

cert {%) anj cover ciass are the aVEr-age difference per :ent CO\jer and br;/oid cover crass bet'Neer the u�treated arid specr!�ed t(eatment . Denomirator 

df=66 for "Caii Shl-ubs, low shrGbs and herb and denominator af;;;;: 42 for dycids. t-:igh-density ;;;;:mixed species p'a�ting at � 075 sterr,s per 1eCLare (sph). 

low-density = mixed species �ia('!ting at 470 sph, (Y1C�ocu!ture = PseL/dotsuga rnenziesfi pianting at '! 075 sph with veget:ation removal, NVR = no 

v·egetation rerlova: \/R;;;;: vegetatio(1 removal, Sf: = Standard error fiSrT· cortrasts, F = ?,;\JOV,.6, F�s�atistics. P ==AN·J\lA P-va:Je and d� = numerator aegrees 

of freedom. 

;\NOVA reSults 

-:-reatrnent 

Year 

Trea(mert x year 

Tall shrubs 

df 

5 

2 

10 

F 

8.5 

44 

9.5 

Jiffere�!ce from urtreated 

7(e2tmen� 

�Q\V-density NVR 

'ilgh·densi:y NVR 

LOIj\f�oe(\sity VR 

i+gh-der!sity VR 

'\i!onocuiture 

p 

< 0.000 1 

< 0.000 1 

< 0.000 1 

Tali shr:j�s 

Year 2 

% (SE) 

1.5 (4 21 

2.9 !4.2\ 

9.0 (4.2) 

9. 1 :4.2) 

9. 1 :4.2) 

F 

1.5� 

r . 09 

Year .6. 

!5E) 

3 .5  (L.L.i 

4.3 (4 .2·) 

25.814.2) 

25.8 '4.2) 

25.8 (4.2) 

f-ierbs 

p 

0.2 

< G.000 1 

0.39 

2.5 

13' 

O.L7 

low shrubs 

-1.9 :5.1) 

9.9 (5 3) 

-1.5 '.5 

-0.3 (5 

p 
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cover beC3rne ruore: over time (Fig. 2). Vege-

ration removal decreased 10\1\' shrub and 

cover at the time of initial (Fig. 2). By the fourth 

year post-firer the impacts of vegetation removal on lov¥" 

5hr,"'b and cover were not discernible (Fig. 2). 

Vegetation removal had no effect on herb cover 

out the study (Fig. 2) . Planting of mixed-species 

conifers had no discemab!e impact em vegetarion cover 

for any structural layer in any year (data not shown 

Aspect influence on vegetation respo�jse to vegetation 

removal was limited to the low shrub structural laver 

Applied Vegetation Science 

(Table 2). Vegetation �emoval decre2.sed low shrub cover 

by 16 % (95 % CI -26 %, -6 %) on moderate aspects, but 

had no effect on harsh aspects (95% CI -13%, 7 %) .  

Aspect did not influence r:::spor,ses t o  vegetation removal 

by tail shrub, herbaceous and bryoid (Table 2). 

Community composition 

Vascular plant communities differed between all treated, 

regardless of treatments, and untreated areas within 

plantations based em NMS (Fig. 3). However. MRBP did 
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Table 2. ANOVA results of structural layer per cent cover and cover class for differences in areas with and without vegetation removal on contrasting 

aspects over time. Results are for high-density mixed species plantings with and without vegetation removal in large and small sub-blocks. Significant 

P-values ( <:: 0.05) are in bold type. N = numerator df, D = denominator df, F =ANOVA F-statistic, P =ANOVA P-value. 

ANOVA results df Tall shrubs Low shrubs Herbs Bryoids 

N D N D  F P F P F P F P 

Vegetation removal 38 

Aspect 4 

Vegetation removal x aspect 1 38 

Year 2 38 

Vegetation removal x year 2 38 

Aspect x year 2 38 

Vegetation removal x aspect x year 2 38 

(a) Vascular Plant 

C\J 
(/) 
� 1---'----, 

804.7 < 0.000 1 

0.24 0.65 

0.24 0.63 

46.32 < 0.000 1 

46.32 < 0.000 1 

0.84 0.44 

0.84 0.44 

Axis 1 

13.03 0.0009 0.19 0.67 22 20.92 0.000 1 

2.08 0.22 2.74 0.17 4 2.3 0.2 

6.16 0.02 0.01 0.93 22 0.23 0.64 

250.85 < 0.000 1 81.6 < 0.000 1 22 13.4 0.00 1 

0.47 0.63 1.9 0.16 22 8.43 0.008 

0.76 0.47 0.44 0.64 22 0.08 0.78 

1.7 0.12 0.41 0.67 22 0.97 0.34 

(b) 8ryoid 

Axis 1 

Fig. 3. Change in community composition (indicated by tinted arrows for areas with vegetation removal and black arrows. for areas without vegetation 

removal) between areas with mixed-species reforestation treatments and untreated areas (centroid) in year 4 for vascular plants (a) and bryoids (b) 

within plantations from three-dimensional non-metric multidimensional scaling (NMS) ordinations. No Treat, untreated; NVR, no vegetation removal; VR, 

vegetation removal; High, mixed species planting at 1075 stems per hectare (sph); Low, mixed species planting at 470 sph; Mono, P menziesii 

monoculture planted at 1075 sph with vegetation removal. 

not confirm differences in vascular plant community 

composition between treated and untreated areas (Table 

3). In genera!, differences in vascular plant community 

composition among yearS' (Fig. 4) and plantations (data 

not shown) were greater than differences among treat­

ments. The change in vascular plant community compo­

sition between year 2 and year 3 was similar in all treated 

areas (associated with increased herb coverage and scalp 

area) based on NMS successional trajectories (Fig. 4a). 

Although only slight differences were evident among 

treatments, when singled out, vegetation removal prac­

tices resulted in altered vascular plant community com­

position. Differences in composition owing to vegetation 

removal increased with time since treatment. These find­

ings are based on four results. First, community composi­

tion of areas planted with and without vegetation 

removal differed in the direction of change from un­

treated areas shown in NMS (Fig. 3a). Second, the com­

munity composltlons of areas with and without 

vegetation removal were significantly different by year 4 

based on MRBP (Table 3). Third, correlation between 

vascular plant NMS community composition scores and 

an indicator of vegetation removal status increased over 

time (Table 4) . Finally, changes in vascular plant commu­

nity composition from year 3 to year 4 diverged between 

areas with and without vegetation removal based on NMS 

successional trajectories (Fig. 4b). 

Vegetation removal resulted in a shift in dominance of 

vascular plant trait groups over time. Vascular plant NMS 

scores for plots with vegetation removal were correlated 

with cover of perennials in year 2 and cover of annuals, 

exotics and graminoids in year 4 (Table 4). Vascular plant 

NMS scores for areas without vegetation removal were 

correlated with evergreen shrub coverage in year 2 and 

with cover of deciduous shrubs, evaders and natives in 

year 4 (Table 4). Similarly, based on ISA, annuals, exotics 

and invaders were indicators of areas with vegetation 

removal in year 3; graminoids were indicators in year 4 

(Table 4). In year 4, areas without vegetation removal had 

many indicator traits, including those that were corre­

lated above and evergreen shrubs, endurers, sub-shrubs, 

early-seral species and perennials (Table 4). 
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Table 3. A-statistics (A) and P-values (P) for differences in vascular plant and bryoid community composition between areas with different treatment 

combinations on the large sub-block from a blocked mUlti-response permutation procedure (MRBP). Significant P-values ( 'S 0.05) are in bold type. 

Plantation with accidentally scalped plot was included because of no change in results. Multiple comparison P-values (treatment versus untreated) are 

corrected using a Bonferroni correction. NVR=No vegetation removal, VR=vegetation removal. 

Comparison Treatment 1 Treatment 2 

Treatment versus untreated Untreated Low-density NVR 

Untreated High-density NVR 

Untreated Low-density VR 

Untreated High-density VR 

Untreated Monoculture 

NVR versus VR High-density NVR High-density VR 

Low-density NVR Low-density VR 

Low density versus high density Low-density NVR High-density NVR 

Low-density VR High-density VR 

(a) Change from year 2 to year 3 (b) Change from year 
3to year 4 

eYear2 ..l 
.. Year 3 NVR 
/::, Year3VR 

.. Year 3 
• Year 4 NVR 
OYear4VR 

Axis 2 
________ -+, Herb Cover 

Scalp 

Axis 2 

Fig. 4. Successional trajectories (tinted lines) of vascular plant commu­

nities in reforestation treatments in the large sub-block at both densities 

with and without vegetation removal between year 2 and 3 (a) and year 3 

and 4 (b). The centroid represents year 2 (a: circle) and year 3 

(b: triangle). The black arrow below ordination indicates direction of 

correlated coverage variables (R2�0.2). 

Differences in bryoid community composition between 

areas with and without vegetation removal were greater 

than among all reforestation treatments, years or planta­

tions based on NMS (Fig. 5) . Bryoid community composi­

tion differed between treated and untreated areas within 

plantations in NMS (Fig. 3b) . However, MRBP did not 

confirm differences in bryoid community composition 

between treated and untreated areas (Table 3) . The MRBP 

indicated that the bryoid community composition differed 

between areas with and without vegetation removal in 

year 3 but not year 4 (Table 3) , contrary to the vascular 

plant community. However, based on NMS, bryoid com­

munity composition was consistent across areas with and 

without vegetation removal regardless of plantation and 

year (Fig. 5). All bryoid layer traits were negatively 

Applied vegetation Science 

Vascular 

Year 2 

A 

-0.02 

-0.02 

0.01 

-0.001 

-0.005 

0.02 

0.03 

-0.006 

0.0009 

P 

0.45 

1 

0.12 

0.04 

1 

0.96 

Year 4 

A P 

-0.02 

-0.02 

0.04 0.1 

0.01 0.95 

0.001 1 

0.04 0.04 

0.04 0.04 

-0.01 

-0.02 

Bryoid layer 

Year 3 Year 4 

A P A P 

0.02 0.2 0.02 0.75 

0.01 1 -0 05 1 

0.04 0.6 0.01 1.7 

0.Q3 -0.01 1 

0.02 1 -0.005 1 

0.05 0.04 0.04 0.22 

0.05 0.04 0.03 0.44 

0.03 0.14 -0.004 

0.02 0.4 -0.02 

associated with vegetation removal (Fig. 5, Table 4) . The 

presence of thalloid liverworts, acrocarpous mosses, and 

invading and short- and long-lived bryoid species was 

indicative of areas without vegetation removal (Table 4) . 

Regardless of time since fire, the effects of vegetation 

removal on bryoid community composition were more 

evident on moderate aspects than on harsh aspects, as 

demonstrated by the separation of areas with and without 

vegetation removal on moderate aspects in NMS (Fig. 6) 

and MRBP (Table 5). Aspect did not influence the re­

sponse of vascular plant community composition to vege­

tation removal (Table 5). 

Discussion 

These reforestation activities, primarily vegetation re­

moval, altered structural layers and community composi­

tion, and shifted dominant trait groups directly (decreased 

shrubs and hardwood trees and bryoid layer) and indir­

ectly (increased herb layer, annuals and exotics) in ways 

that may affect future forest structure and the develop­

ment of late successional forests. 

Structural layers 

Dramatic decreases in hardwood trees immediately fol­

lowing manual cutting are expected and have been pre­

viously documented (Bell et al. 1997; Canadell & Lopez­

Soria 1998; Lindgren & Sullivan 2001). Rapid recovery of 

sprouting shrubs and hardwood trees limits the effect 

duration of a single application of manual vegetation 

removal (Hobbs et al . 1992; Tesch et al. 1992; Canadell & 

Lopez-Soria 1998; Lindgren & Sullivan 2001). Repeated 

manual vegetation removal, however, was successful at 

reducing canopy cover of tall shrubs and hardwood trees 

for the 4-yr period of observation. While long-term direct 
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Table 4. Trait indicator values (IV) and Pearson's correlations (r) with large sub-block vascular plant (years 2 and 3 individually) and bryoid (years 3 and 4 

combined) species composition scores of non-metric multidimensional scaling ordination (NMS) axis rotated to maximize vegetation removal (See Fig. 5 

for bryoid community, vascular community not shown). Traits are sorted by direction and strength of correlation in year 4. Strong negative correlations 

are sensitive to vegetation removal. Strong positive correlations are favored by removal of vegetation. Correlations > 0.40 are in bold type. Indicator 

traits are from blocked indicator species analysis (lSA) with P -s: 0.05. NVR = no vegetation removal and VR = vegetation removal. 

Vascular Plants Bryoid 

Variable Year 2 Year 4 IV Indicator 

Group (year) 

Variable IV Indicator 

Group (year) 

Traits 

Vegetation Removal 0.190 0.47 

Annuals 0.391 0.556 29.7 VR (3) 

Exotics -0.147 0.467 26.9 VR (3) 

Graminoids -0.134 0.406 27.6 VR( 4) 

Sub-shrubs 0.198 0.181 25.3 NVR (4) 

Avoiders -0.093 0.143 

Invaders -0.155 0.142 23.8 VR (3) 

Evergreen Shrubs -0.641 0.02 23.9 NVR (4) 

Perennial Forbs 0.413 -0.062 21.3 NVR (4) 

Ferns 0.221 -0.215 

Early-Seral 0.137 -0.290 24.8 NVR (4) 
Endurers 0.224 -0.335 23.5 NVR (4) 
Nitrogen Fixers -0.372 -0.355 36.4 NVR (4) 
Late-Seral 0.332 -0.361 24.8 NVR (4) 
Deciduous Shrubs 0.180 -0.402 28.7 NVR (4) 
Evaders 0.298 -0.462 26.5 NVR (4) 
Natives 0.147 -0.467 22.9 NVR (3) 

effects of the vegetation removal on sprouting tall shrub 

and hardwood tree cover are unlikely (Haeussler et al. 

2004). depletion of carbohydrate reserves below ground 

may occur (Canadell & Lopez-Soria 1998). Potentially 

because of this depletion of carbohydrate reserves, shrub 

and hardwood tree biomass has been shown to decrease 

with repeated disturbance (Trabaud 1991; Delitti et al. 

2005; Donato et al. 2009) and repeated cutting (Riba 

1998). The reduction of tall shrubs and hardwood trees 

may alter the structure of late-successional forests be­

cause many of these species. if present initially following 

disturbance. normally persist in forest understories fol­

lowing canopy closure (Halpern 1988; Spies 1991; Puett­

mann & Berger 2006; Donato et al. 2009). Early-seral 

woody species may also facilitate the development of late­

seral woody species by inhibiting other early successional 

species (Walker et al. 2010) or by increasing soil nutrients 

(Chapin et al. 1994). However. shrub cover generally 

decreases as canopies close (Puettmann & Berger 2006; 

Garcia et al. 2007) and the removal of vegetation pre­

sumably speeds up the process of shrub cover decline. 

Bell et al. (1997) also found a negative response of the 

low shrub layer to removal of upper structural layers as 

seen on moderate aspects. Other studies found a lack of 

response from the shrub layer on a range of site condi­

tions (Lindgren & Sullivan 2001; Simard et al. 2004; Nagai 

& Yoshida 2006) . while we found this trend only on harsh 

Vegetation Removal 0.507 

Leafy Liverworts -0.272 

Lichens -0.309 

Thalloid Liverworts -0.482 38.5 NVR (3) 

Fungi -0.507 

Pleurocarpous Mosses -0.588 

Short-lived -0.594 27.4 NVR (4) 

ReSiduals -0.669 

Acrocarpous Mosses -0.723 28.3 NVR (3) 

Invaders -0.730 28.2 NVR (3) 

Long-lived -0.78 1 32 NVR (3) 

aspects. Slash from cut tall shrubs and hardwood trees 

may damage and/or impede growth of low shrubs. How­

ever, plantations in the Acadian forest had greater sub­

shrub cover than natural forests (Ramovs & Roberts 

2005). While decreases in cover of the low shrub layer 

did not appear to persist throughout our study, this may 

reflect the shifting of tall shrub and hardwood tree cover 

contributions to the low shrub layer as a result of the 

manual cutting (personal observation). As sprouting tall 

shrubs and hardwood trees grow. reduction of the low 

shrub layer may become evident in the future. Many low 

shrubs are disturbance-responding species that reproduce 

by seed (i.e. Rubus sp. and Ceanothus sp.). These species are 

unlikely to recover over time if there are no microsites 

available for seed germination and seedling establishment 

or mature plants to produce seeds. However. many low 

shrubs persist under forest canopies to the exclusion of 

other vegetation (Young & Peffer 2010). 

Manual vegetation removal may facilitate herb estab­

lishment because of increases in light and moisture avail­

ability and ground disturbance. Increases in herb cover 

have also been documented following thinning (Bailey et 

al. 1998). removal of woody species (Walker et al. 2010) 

and repeated fires (Delitti et al. 2005; Donato et al. 2009). 

In contrast, other studies have documented limited or 

negative response of the herbaceous layer to removal of 

upper structural layers in a wide variety of forest 
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ecosystems (Halpern 1988; Bell et al. 1997; Lindgren & 
Sullivan 2001; Simard et al. 2004; Nagai & Yoshida 2006; 

Newmaster et al. 2007) . However, these studies did not 

include a scalping treatment that directly affected the 

herb and shrub layer. Continued increases in herbaceous 

cover are possible if the shrub cover remains low in the 

near-term. Long-term herbaceous cover will probably 

decline or shift species composition as the canopy closes 

• 

• 

• 
• 

• 
• 

• • 

• • 

o 

• 

o 

/<) 

o 

• 

Axis 1 

o 
o 0 

Plantation 

NVR VR 
• WBEC 0 

o 

FC2 0 

FC3 

o 
o 

Fig. 5. Plot of areas with and without vegetation removal by plantation 

(WBEC , FC2, FC3, SPC4 and SPC5) on two axes of non-metric multi­

dimensional scaling ( NMS) ordination for bryoid community composition. 

All years are shown and ordination was rigidly rotated by vegetation 

removal status. Joint plot lines (black ) indicate the direction and magni­

tude of correlated trait variables and a vegetation removal indicator (VR: 

R2 > 0.25). VR, vegetation removal; NVR, no vegetation removal; Long, 

long-lived species; Short, short-lived species; Pleur, pleurocarpous 

mosses; Acro, acrocarpous mosses; Resid, residual species; and Inv, 

invading species. 
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( Cremer & Mount 1965; Schoonmaker & McKee 1988; 

Puettmann & Berger 2006; Aubin et al. 2008) . 

Decreased bryoid coverage in association with vegetation 

removal has been attributed to direct removal (e.g. scalp­

ing) and desiccation in several forest types (Fenton et al. 

2003; Nelson & Halpern 2005; Davis & Puettmann 2009) . 

Our observed changes (decreases) in bryoid cover coincided 

with the soil disturbance caused by the scalping treatment. 

Long-term effects of vegetation removal on the bryoid layer 

are unlikely because of rapid re-establishment of distur­

bance adapted species as observed for other disturbed sites 

(Cremer & Mount 1965; de las Heras et al. 1994; Haeussler 

et al. 1999; Newmaster et al. 2007) . Late-seral bryoid 

species will also likely colonize over time as canopy condi­

tions change (de las Heras et al. 1994; Kayes et al. 2010) . 

Community composition 

The combination of the direct impact of tree planting (i.e . 

ground disturbance from planting and planting crew 

Table 5. A-statistics and P-values for differences in plant community 

composition between high-density mixed species planting with vegetation 

removal (VR) versus no vegetation removal (NVR) on two aspects (harsh 

and moderate) from a blocked mUlti-response permutation procedure 

(MRBP). The plantation with the aCCidentally scalped plot was included 

because it did not alter the results. Significant P-values ( ::; 0.05) and 

relatively strong A-statistics ( >  0.1) are in bold type. P-values are 

corrected for multiple comparisons using a Bonferroni correction. 

Year Aspect Vascular plant Bryoid 

A P A P 

Two/three Harsh -0.01 1.0 0.08 0.06 

Moderate 0.02 0.19 0. 15 0.05 

Four Harsh 0.04 0.03 0.0005 0.94 

Moderate 0.04 0.05 0. 17 0.04 

(b) Moderate Aspects 

0 � DVR 

0 0 0 
0 00. • 

• • • 0 
0 0 • 

• 
• • 

• 

Axis 1 

Fig. 6. Bryoid community composition in high-density mixed species treatments with and without vegetation removal on harsh (a) and 

moderate (b) aspects from three-dimensional non-metric multidimensional scaling (NMS) ordination. VR, vegetation removal, NVR, no vegetation 

removal. 

Applied Vegetation Science 
Doi: 10.1111/j.1654--109X.2011.01129.x .� Published 2011. This article is a US Government work and is in the public domain in the USA. 335 



Post-fire vegetation dynamics in plantations 

traffic) and subsequent increased competition for soil 

resources by seedlings (Maestre & Cortina 2004; Aubin et 

a1. 2008) created only subtle changes in plant community 

composition. The relatively weak differences in commu­

nity composition detected in our study may reflect low 

power of the experimental design. The difference may be 

more pronounced with greater replication or higher 

sampling intensity, or in areas with more homogeneous 

plant communities. Differences in plant community com­

position between areas with and without vegetation 

removal are caused by direct removal of shrubs and 

impacts of disturbance in herbaceous and bryoid vegeta­

tion (Halpern 1988; Bell et a!. 1997; Aubin et al . 2008). 

Similar to our results, Bell et a1. (1997) found that 

removal of Ihe shrub layer shifted in community compo­

sition in the boreal forest. Changes in bryoid composition 

may remit from increased harshness of moderate aspects, 

as less shrub cover results in higher solar radiation and 

lower surface houndary laye�. Plantations have been 

shown to have altered vascular plam (Schoonmaker & 
McKee 1988; Loemeto & Huttel 1997; Ramovs & Roberts 

2005; Aubin et al. 2008) and bryoid (Haeussler et a1 . 1999; 

Fenton et a1 . 2003; Nelson & Halpern 2005; Newmaster et 

a1. 2007) species composition compared with natural 

forests in multiple ecosystems, suggesting potential long­

term effects of reforestation activities on community 

composition. 

Increased resource avaiiability in conjunct;on with 

disturbances (Blumenthal 2005). such as reforestation 

and vegetation removal, allows for increased 

cover of exotic and annual species. Increased exotic and 

annual species cover has occurred with vegetation re­

moval in boreal (HaeClssler et a1. 2004; Aubin et a1. 2008) 

and tropical forests (Loumeto & Huttel 1997), during 

plantation establishment (Maestre & Cortina 2004) and 

following thinning andlor burning in multiple forest 

types (Bailey et a1. 1998; Thysell & Carey 2001). As the 

forests in our study progress towards canopy closure, 

cover of exotic species should decrease (Bailey et a1 . 

1998; Ares et a1. 2010). However, s1:Jort-term concern 

over exotic persistence or spread is warranted as several 

exotic species were invasive noxious weeds (e .g.  Bromus 

tectorum, Cirsium arvel1Se and Orsium vulgare) . The long­

term consequences for exotic species on these piantations 

are uncertain given existing seed sources and potential 

interactions with native species, planted conifers and 

future disturbances. As a result of this uncertainty, exotic 

species should be monitored during the removal of vege­

tation, particularly in areas with resident exotic popula­

tions nearby (Davis & Puettmann 2009). 

Reforestation activities need to be tailored to site con­

ditions even at small spatial scales, such as different 

aspects within stands. Site conditions, such as aspect, 

Kayes, L . J .  e t  al . 

should be evaluated before implementation of post-fire 

reforestation.  Differing site conditions influence vegeta­

tion recovery following disturbances, induding removal 

of vegetation (as seen here), plaEtation establishment 

(Halpern 1988; Keenan et a1. 1997; Haeussler et al . 1999) 

and wildfire (Turner et al. 1997). For example, long-term 

effects of mechanical site preparation on vegetation vary 

according to moisture status .. with herbaceous species 

dominating on moiST sites and woody species dominating 

on drier sites (Haeussler et a1 . 1999). In contrast vegeta­

tion removal homogenized low shrub cover and bryoid 

community composition across aspects in the current 

study and during early plantation development in the 

other communities of the Pacific ]\iorthwest (Halpern 

1988). 

Our goal was not to assess these reforestation treat­

ments for tree establishment and growth. However, suc­

cessful vegetation removal treatments have been shown 

repeatedly to result in quicker conifer establishment 

(Pabst et a1. 1990; Hobbs et a1 . 1992). Rapid conifer 

establishment would alter short-term successional trajec­

tories and decrease the a.mount of time to return to closed 

canopy forest. However, conifers often survive under 

abundant shn.:.b layers (Lopez-Ortiz 2007) and over time 

may become the dominant canopy layer with or without 

reforestation activities (Shatford et a1 . 2007). The long­

term effects of manual vegetation removal in the absence 

of salvage logging on structural layers and plant commu­

nities are unknown, bur the short-term nature of the 

effects of reforestation activities leaves the potential for 

many native species to recover over time. Although there 

is a growing body of literature on the effects of forest 

management activiTies on forest plaC'lt communities, the 

early-seral communities have been largely ignored until 

very recenIly (Swanson et a1. 2010). The effects of short­

ening the early-seral stage by accelerating canopy closure 

throllgh planting on processes and species associated with 

early-seral forests is largely unknown in both managed 

and unmanaged forest. Further research is needed to 

determine the long-term impacts of forest !1lanagement 

that alters early-seral communities and structures on 

forest processes, communities, and species. 
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