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Salmonberry and salal annual aerial stem
production: the maintenance of shrub cover in
forest stands'

John C. Tappeiner, Il, John C. Zasada, David W. Huffman, and Lisa M. Ganio

Abstract: Annual sprouting of aerial stems and ramets enables populations of salmonRahys(spectabili®ursh),

salal Gaultheria shallonPursh), and probably other forest shrubs to maintain dense covers (>20 000 stems/ha). We
studied annual stem production of salmonberry on cut (all stems cut within 15 cm of the ground) and uncut (stems
were not treated) plots for 8 years and salal for 5 years in the understories of DougRsefirdptsuga menziesii

(Mirb.) Franco), alder, and riparian stands, as well as clearcuts, which are all common stand types in western Oregon.
Mean salmonberry stem production on uncut plots ranged from 4.7 stefgear! (95% CI 2.9-7.4) in alder stands

and clearcuts to 1.6 stems#year? (95% CI 1.0-2.6) in conifer stands. Mean salal production was greater, ranging

from 58 stems-mf-year! (95% Cl 25-135) to 8.6 stems-fyear! (95% Cl 3.7—20.1) on uncut plots in clearcuts and
unthinned Douglas-fir stands, respectively. Annual production of both species was somewhat greater on cut plots. Most
stems produced in early spring die by December, but enough are recruited to replace mortality of older stems. Stem
density was maintained for 8 years for salmonberry and 5 years for salal on both cut and uncut plots. Based on length
of rhizomes and bud density we estimate that only 1-5% of the buds in the rhizomes are needed to support this annual
stem production. Although these species sprout vigorously after their aerial stems are killed, disturbance is not neces
sary for maintaining a dense cover. It appears that, once established, salal, salmonberry, and probably other-clonal for
est shrubs can maintain a dense cover that can interfere with establishment of trees and other shrubs in canopy gaps or
other openings.

Résumé: La production annuelle de repousses par les tiges aériennes et les ramets permet aux populations de ronce
remarquable Rubus spectabili®urs), de gaulthérieQaultheria shallonPursh) et probablement d’autres arbustes fores-

tiers de maintenir un couvert dense (>20 000 tiges/ha). Nous avons étudié la production annuelle de tiges de ronce re-
marquable et de gaulthérie pendant respectivement 8 et 5 ans dans des parcelles coupées (toutes les tiges étaient
coupées a 15 cm du sol ou moins) et non coupées (les tiges n’étaient pas coupées) établies en sous-étage du douglas
de Menzies Pseudotsuga menzies§Mirb.) Franco), de I'aulne, de peuplements ripicoles et dans des coupes a blanc;

tous des types de peuplements communs dans I'Ouest de I'Oregon. La production moyenne de tiges de ronce remar-
quable dans les parcelles non coupées allait de 4,7 tigeam (intervalle de 2,9 a 7,4 au seuil de confiance de 95%)

dans les peuplements d’aulne et les coupes a blanc a 1,6 tigest(intervalle de 1,0 a 2,6 au seuil de confiance de

95%) dans les peuplements de coniféres. Dans le cas de la gaulthérie, la production moyenne était plus élevée, allant
respectivement de 58 tiges-harr? (intervalle de 25 & 135 au seuil de confiance de 95%) a 8,6 tigésumt (inter-

valle de 3,7 a 20,1 au seuil de confiance de 95%) dans les parcelles non coupées établies dans les coupes a blanc et
dans les peuplements non éclaircis de douglas de Menzies. Les deux espéces avaient une production annuelle un peu
plus élevée dans les parcelles coupées. La plupart des tiges produites tot au printemps étaient mortes rendu au mois de
décembre mais il y avait un nombre suffisant de recrus pour compenser la mortalité chez les plus vieilles tiges. La
densité des tiges s’est maintenue pendant 8 ans dans le cas de la ronce remarquable et pendant 5 ans dans le cas de I
gaulthérie tant dans les parcelles coupées que non coupées. En se basant sur la longueur des rhizomes et la densité de:
bourgeons, on estime que seulement 1-5% des bourgeons sur les rhizomes sont nécessaires pour supporier cette pro
duction annuelle de tiges. Bien que ces espéces rejettent abondamment aprés que leurs tiges aériennes aient été tuées,
une perturbation n'est pas nécessaire pour maintenir un couvert dense. Il semble qu’'une fois établis, la ronce remar
quable, la gaulthérie et probablement d’autres arbustes forestiers qui forment des clones peuvent maintenir un couvert
dense qui peut interférer avec I'établissement des arbres et d’autres arbustes dans les trouées et les autres ouvertures.

[Traduit par la Rédaction]
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Introduction is common in the understory of red alder — Douglas-fir
(Pseudotsuga menziegMirb.) Franco) stands. Salmonberry
Clonal shrubs are important components of many forestsstems are upright and 2.0-4.0 m tall.
They form dense covers at early stages of forest successionSajal, an evergreen shrub, generally occurs on somewhat
just after a major disturbance and then later in stand develrier, more interior sites than salmonberry and is not com
opment in the understory canopy of conifers or hardwoodsnon in alder stands. It produces a cover of dense, sprawling
(Tappeiner and John 1973; Whitney 1986; Balogh andstems (0.5-1.5+ m tall) with two or three cohorts of ever
Grigal 1987; Kurmis and Sucoff 1989; Tappeiner et al. 1991green leaves (Messier and Kimmins 1991; Huffman et al.
Huffman et al. 1994; O’Dea et al. 1995; Ricard and 1994). Like salmonberry, salal clonal expansion occurs
Messier 1996). Although these shrubs invade stands by seeffom rhizome extension. Other species in this genus expand
ing, rapid expansion of cover and site occupancy are morgy layering of prostrate stems and develop lower (<20 cm),
often determined by their ability to spread by clonal expan |ess dense covers.
sion from bud banks on roots and rhizomes (Whitney 1986; Both species sprout vigorously from buds on their- rhi

Tappeiner et al. 1991; Huffman et al. 1894Ricard and  zomes and at bases of aerial stems. Both also form dense
Messier 1996). Other forms of clonal expansion, like layer cover (>20 000 stems/ha) (Tappeiner et al. 1991; Huffman et
ing, can also result in extensive clones with numerousy|. 1994) after fire or clear-cutting and in the understory of
ramets (O’Dea et al. 1995). hardwood or conifer stands. Clones of both species have

Dense populations of shrubs, whether in an understory amultiple-stemmed ramets of varying sizes and ages that co
open areas, affect availability of light and other resourcesalesce to form dense populations of aerial stems.
thus affecting the establishment and growth of other plants We studied populations of salmonberry and salal to deter
(Strothman 1967; Henderson 1970; Maguire and Formamine whether frequent aerial stem production was a factor in
1983; Carlton 1988; Bailey and Tappeiner 1998). Thus, ifmaintaining aerial stem density. To quantify how annual ae
the dense shrub populations persist, they may have a majeial stem production might vary by overstory composition,
effect on the development, structure, and species composiensity, and disturbance to the shrubs, we monitored annual
tion of forest stands. stem production of salmonberry populations in alder, coni-

It appears that clonal understory shrubs are persistent arfdr, and riparian stands and in clearcuts in which shrubs
may replace their aerial stems even in the absence of distuwere ) uncut and if) cut. Similarly, we monitored annual
bance. For example, Kurmis and Sucoff (1989) found thastem production of dense salal populations in thinned and
the cover of beaked hazeCérylus cornutaMarsh) in the unthinned conifer stands and in clearcuts. The shrub stems
understory of red pineRinus resinosaAit.) stands was sta- were cut to determine how severe disturbance to populations
ble for the 19 years of their study. Although exact numbersf these species might affect aerial stem reproduction and
of stems fluctuated during this period, the stem density agrowth in these stand types.
year 19 was essentially the same as at the beginning of the
study. After 19 years, the oldest aerial stems were only abo
15 years old; thus, recruitment of new stems maintained th
stem densﬂy and cover during thIS period. . Study areas

_The studies by Balogh and Grigal (1987) of six shrub-spe  saimonberry populations were monitored from 1988 to 1996 in

cies in northern Minnesota and other circumstantial evidenc@n inland area in the vicinity of Marys Peak (44783123°48W)
(based on stem age or stem size density relationships) sugnd near the coast at Cascade Head (45F0323°59W) in the
gest that frequent stem recruitment is common in clonalCoast Range of western Oregon. Salal populations were monitored
shrubs like salal Gaultheria shallonPursh), salmonberry at Marys Peak from 1992 to 1996 on two areas within 10 km of
(Rubus spectabilisPursh), and Oregon grapeBdrberis each other. The stands and areas were chosen to represent a range
nervosaPursh) (Tappeiner et al. 1991; Huffman et al. 1894 of stand types and overstory densities within the western hemlock
Huffman and Tappeiner 1997). (Tsuga heterophyllgRaf.) Sarg.) vegetation zone (Franklin and

Th tudi ide indirect evid for f t Dyrness 1973). They were not selected for testing differences
ese studies provide Indirect eviaence lor irequen reamong sites. Elevations ranged from 100 to 300 m. The maritime

cruitment of aerial stems and ramets in clonal forest shrubs,jimate is cool and wet, with average winter temperatures of 9°C.
However, we found no documentation of recruitment ratessummer temperatures average 15°C near the coast and 17°C in the
and how rates might vary annually, among shrub species, afterior. Precipitation occurs mostly as winter rain and averages
among forest stand types. Therefore, we annually monitorettom about 175 (inland) to 215 (coastal) cm/year (NOAA 1987).
vegetative stem production of two shrubs that are commogoils of the central Coast Range are generally derived from-sand
in Pacific Northwest forests. stone and range from moderately well-drained clay loams to

Salmonberry, a deciduous shrub, is most common in thélightly acidic, silty clay loams (Franklin and Dyrness 1973; Orr et
understory of riparian and upland red aldé&lnus rubra al. 1992).
Bong.) stands (Henderson 1970; Carlton 1988). Salmonberr
differs from other commorRubusspecies in having aerial

ethods

tands

; ; . Dense salmonberry understory populations were studied ir coni
stems (canes) that live for at least 15 years (Whitney 198 r, red alder, and riparian forests, as well as clearcuts, all stand

'I_'appelner et al. 1991; Ricard fmd Messier 1996)_' In addltypes that are typical of western Oregon Coast Range forests (Ta
tion, salmonberry clonal expansion occurs from rhizome eXpje 1), Four stands of each type were selected in each area. Conifer
tension; in otheiRubusspecies it occurs from root suckers, stands were dominated by Douglas-fir and also contained some

stolons, and layering. On riparian sites salmonberry is ofteodominant western hemlock and western redce@iaujé plicata
the principal cover (Nierenberg 1996), and on mesic sites, iDonn.). Red alder stands were single species. Riparian forests were
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Table 1. Overstory and understory characteristics at the beginning of the study.

Overstory Shrub population
Basal area Basal area
Stand type (m?/ha) Age (years) Stems/m (cmé/md)
Salmonberry
Alder 26 (16-37) 58 (53-61) 5.3(3-7) 7.5 (6-11)
Conifer 46 (32-53) 130 (110-140+) 2.5(2-4) 6.8 (3-15)
Riparian 28 (14-47) 90 (58-120+) 2.8 (1-5) 5.7 (3-10)
Clearcut — 5 (4-6) 5.0 (3-8) 12.4 (5-19)
Salal
Conifer
Thinned 33 (31-34) 56 (55-58) 61 (58-63) 15.7 (11-20)
Unthinned 46 (40-53) 69 (56—80) 30 (29-33) 7.1 (6-9)
Clearcut — 6 (3-8) 116 (97-128) 8.7 (8-10)

Note: Values are means with ranges given in parentheses.

mixed age and species conifer-hardwood stands of Douglas-filcffects of annual stem production on the bud bank
western hemlock, red alder, and bigleaf magledr macrophyllum Both species have dense networks of rhizomes below ground
Pursh). Stand ages were 110 to >140 years for conifer and 53—&hat contain a bud bank from which the aerial stems sprout. Previ
years for red alder; clearcuts were 4-6 years old. Salmonberrgus studies in the same stand types as in this study provided esti
understories ranged from 2.0 to 8.0 stenfs/m mates of total rhizome length and new, annual rhizome elongation
Salal was studied in four nearly pure Douglas-fir stands and twdor salmonberry (Tappeiner et al. 1991) and salal (Huffman et al.
clearcuts (Table 1). Two of the Douglas-fir stands were thinned;1994a). Other work estimated the potential bud bank on the rhi
and two were not (Table 1). Overstory density in these standgomes by growing rhizome segments in a greenhouse and counting
ranged from 90 to 380 trees/ha. All stands had dense salahe number of buds produced on 20-cm segments of salmonberry

understories with 30-128 stemsim rhizomes and 30-cm segments of salal rhizomes (Zasada et al.
1994; Huffman et al. 1999). Annual stem production (number of

Shrub population sampling stems/m) of both species was determined in this study. For both
species and all stand types, the proportion of the bud bank on new

Salmonberry and total rhizomes that produced stems annually was estimated as

In summer 1987, six 4-fnplots were randomly located in pure .
populations of salmonberry in each stand (a total of 96 plots). Stemyq annual stem production/m
height and diameter (+2 mm, at a height of 15 cm) were measure (rhizome Iength/rﬁx no. of budm of rhizome)

for each stem. In three of the six plots in each stand, all shrub

stems were cut to ground level. Each June from 1988 through .

1996, we tallied all new aerial stems that were initiated during thePata analysis _

current year on each plot and marked each stem with a wire pin We analyzed data for each species separately. For each plot, we
near the base. In December we counted the current-year stems tticulated stem number aznd annual stem production per square
had died and removed their wire pins. We remeasured stem heigifétre and basal area (ém?) from the beginning and ending-in

and diameter in all plots in December 1996. We were not able to/éntories. We used the average of the cut or uncut plots in each
accurately age salmonberry, because annual rings are poorly detand in a split-plot design ANOVA to test the null hypothesis that,

fined. for each cutting treatment, there were no differences in annual
stem production among stand types and no differences in numbers
Salal of stems at the beginning and end of the study. Stand type was the

Methods for salal measurement paralleled those for salmonWhole-plot factor; cutting treatment was the split-plot factor.
berry. However, because salal stem density is much greater thdaraphical analysis had indicated that the variation in annual stem
that of salmonberry, we sampled stems on 2phots. A total of 36 production was not constant among treatments and stand types.
plots were established. In November 1992, six areas measuring 4 knerefore, the analysis of stem production was carried out on log-
4 m were randomly located within nearly pure populations of salafffansformed data for both species. Comparison of numbers of
in each stand. In three of the six areas, all aerial stems werdt€ms was done on untransformed data.
clipped within 1-4 cm of the ground. Within these clipped areas, Using stand averages from all stand types an_d both tra_nsformed
two 1-n? plots were established at random. In each unclipped 4 ,and untransformed data, we _d'eveloped regression equations to re
4 m area, two 1-fhplots were randomly located in which all stems late numbers of new stems initiated to shrub stem basal area before
were counted: height, diameter, and age were recorded for a sarfutting and to overstory tree basal area.
ple of 30 stems within each plot. Stems were selected by placing a
rod within the plot and sampling the first 30 stems it touched. AgeResults
was estimated by counting terminal bud scars (Huffman et al.

19949). In thee 1 x 1 mplots, aerial stems that initiated during the 5gimonberry
fgﬂggtsgri%r V\g:r 'Ooser'% t'edamth é?;or?,f,jinftlg?glph%flﬁts ngegrg New aerial stems sprouted annually on both cut and uncut
y spring 9 EOtS in all stands (Fig. 1). They arose from the bud bank at

Remeasurement consisted of examining previously marked stem e base of the ramets. the large aerial stems on the ramets
tallying surviving and dead stems, and tying the season’s curre d the rhi o gh ’
stem cohort with a new color flagging. In 1996, all plots were @1d the rhizomes connecting the ramets. New stems were

remeasured for total numbers and heights of stems. generally<s5 mm in diameter; <10% of them reached 15 mm

© 2001 NRC Canada



1632 Can. J. For. Res. Vol. 31, 2001

Fig. 1. Mean annual salmonberry stem production on uncut and the uncut alder (3.0-7.5) and clear-cut (3.2-8.2) plots did
cut 1 x 1 nf plots in each stand type. Error bars are SE. There not overlap those from the uncut conifer (1.0-2.6) plots.

were three cut and three uncut plots in each stand and four For 2 or 3 years after cutting, stem production on cut plots
stands of each stand type. For each cutting treatment the 95% was generally two to three times greater than on uncut plots,
confidence intervals around the means with different letters do after which annual stem production was nearly identical for

not overlap.
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both cutting treatments. Mean stem initiation on uncut plots
was significantly relatedp( < 0.001) to salmonberry basal
area:

[2] y = 1.40¢0815  r2 = 0.77, SE of estimate = £0.63

wherey is the number stems initiated per square metre, and
x is the salmonberry basal area @m?). Standard errors
were +0.53 for the coefficient and +£0.115 for the exponent.
Both new salmonberry stem production and older stem den
sity were inversely related to overstory basal afea (0.01),

but these relationships explained less than 40% of the-varia
tion.

Stem density in the uncut plots in 1996, after eight grow
ing seasons, was nearly the same as it was in 1988 (Fig. 2),
and on uncut plots there were no significant differences in
total numbers of stems for these two dates for any stand type
(p = 0.11 to 0.91) (Fig. 2). For example, the number of
salmonberry stems in alder stands averaged #.9fange
3.2-7.1) in 1988, and 4.6/{3.7—7.0) in 1996. On cut plots,

a stem density in 1996 was slightly lower than in 1988, but
significantly lower p <0.02) only in clear-cut stands (6.6 +
0.54 (mean + SE) vs. 4.5 + 1.7 stemé&)mThere was evi-
dence of a significant difference in stem densjty<(0.08) in
alder stands (5.0 + 1.1 vs. 3.3 + 10.7 sten®/(fig. 2).

Few stems in diameter class 3 (11-15 mm) and larger died
during the 8 years of this study. Total mortality during this
a period on uncut plots averaged 1.5, 1.9, 2.7, and 5.7 stems/m
in the conifer, riparian, alder, and clear-cut stands, respec-
tively. Mean mortality of stems in diameter classes 3 and
above for all stand types was <1 stermiyear®. The mean
annual production of new stems (2.2-Stemsim?lyear
on uncut plots and 2.1-13 stems?mear® on cut plots;

0- : Fig. 1) far exceeded the number needed to replace mortality
4 Mean 1 2 3 4 Mean of large stems, and 85-95% of the new stems died. On the
cut plots, total average mortality of stems in classes 1 and 2
for 8 years ranged from 1.1 to 3.2 stem$/mnd 84-98% of

the new stems died.

It appears that the annual production of aerial stems oc
in diameter and >2 m in height and extended into thecurs from a relatively small proportion of the bud bank. Rhi
salmonberry canopy. Mean annual stem production on uncutome lengths of 2.6, 4.2, 5.5, and 15.5 riAvere reported
plots ranged from 5.1 stemsfrin alder stands to 2.2 for salmonberry populations in conifer, riparian, alder, and
stems/m in conifer stands (Fig. 1). On cut plots, production clear-cut stands, respectively (Tappeiner et al. 1991} (Ta
ranged from 13.0 stemsfmin clearcuts to 3.4 and 2.4 ble 2). We estimate that the rhizomes supported bud banks
stems/m in riparian and conifer stands, respectively of 65, 105, 138, and 387 buds’rim these same stands; and
(Fig. 1). There was a significant interaction between standhat from 1 to 4% of the buds produced stems on uncut plots
type and cutting treatment$- (= 10.39; df = 1, 12;p =  (Table 2).

0.0012). Sprouting in riparian stands, particularly in plots The distribution of salmonberry stems among diameter

immediately adjoining streams, was likely reduced by inva classes was similar for all stand types and cutting treatments
sion of stink currantRibes bracteosurdougl.) the first year (Fig. 3). Although the numbers of stems in classes changed
after cutting. In general, there was no invasion of other speduring the study, the overall distribution remained about the

cies. On one cut plot each in the densest conifer stands (§&ame. For example, in alder stands there were generally
and 4), salmonberry did not resprout. The greatest produdewer stems in diameter classes 4 and above in 1996 than
tion occurred on cut plots in the clearcuts; the 95% confi there were in 1988; however, there were more stems in
dence intervals for those plots (8.5-21.0) did not overlap thelasses 1 and 2.

intervals for cut plots in the riparian (1.9-4.9) and conifer Numbers of stems in the smallest class, and sometimes
stands (1.3-3.4). Similarly, the 95% confidence intervals forthe second smallest, varied with the time of year. In the

Number of Stems/m?

© 2001 NRC Canada
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spring after stem sprouting, stem density in the first clas$rig. 2. Number of salmonberry stems in 1988 and 1996 in cut
was often two to three times greater in uncut plots and threand uncut plots, by stand type. Values are means of four stands;
to four times greater in the cut plots than it was in the-win data are untransformed. Error bars are SE. There were three cut
ter. For example, on uncut alder plots there were an averagand three uncut plots in each stand and four stands in each stand
of 5.1 + 0.6 new stems present in the spring, mostly in thgype. Thep values are for the differences between the 1988 and
first diameter class. However, at the winter inventory, therel996 means.
was only about one stem in this diameter class (Fig. 3).

There was also considerable year-to-year variation; in one Uncut
alder stand, numbers of stems in diameter class 1 in the Alder Conifer
; . . 10
spring varied from 4 to 18/fmover the study period. 1088
Two growing seasons after cutting, over 90% of the 8 4 p=0.11
salmonberry stems were in the first two diameter classes (1- p=0.72

1

10 mm); the remainder were in the third (11-15 mm). How
ever, by 1996, the diameter distributions were similar to
those for uncut plots, although there were fewer stems in the
larger size classes (Fig. 3).

Salal

Like salmonberry, new stems sprouted annually on both
cut and uncut plots, and average stem production was quite 71 2 3 4 WMean 1 2 3 4 Mean
variable. However, salal produced two to five times more Riparian Clearcut
stems than salmonberry (Fig. 4). Stems were initiated both 10
at the base of aerial stems and from rhizomes and were usu p=0.91
ally <2 mm in diameter. There was no significant relation
ship between annual salal stem initiation and salal basal area
or stem density. 61

ANOVA showed no significant interaction between cut-
ting treatment and stand typp € 0.27). Annual production 41
was greater in clearcuts than in thinned and unthinned stands
(p £ 0.04). Mean annual production on uncut plots ranged
from 8.7 stems/m(95% Cl 3.7—-20.1) in unthinned stands to
58 stems/rh(95% Cl 25.1-135.3) in clearcutp £0.04). On
cut plots, mean stem production ranged from 18 sterhs/m
(8.0 to 42.8) in unthinned stands to 77 stents(®3.4 to
179.2; 95% CI) in clearcutg(< 0.04). Confidence intervals
from the cut and uncut clear-cut plots did not overlap with
those from the unthinned stands € 11.90; df = 2, 3;p =
0.027).

There was no significantp(= 0.21-0.61) difference in
stems per square metre in 1992 and 1996 in the cut or the
uncut plots (Fig. 5). However, on cut plots there were more
stems in 1996 than before cutting in 1992. There was also o
evidence on the cut plots of significant difference in the
thinned standsp(= 0.064; 61 + 6 vs. 71 = 5) and in the 24
clearcuts p = 0.11; 6 + 6 vs. 78 £ 10) (Fig. 5).

Many more stems were produced than were needed to 0= 3 3 24 Mean 1 2 3 4 Mean
maintain stem density, and there was high mortality of Riparian Clearcut
young stems. Annual mean stem mortality during the 5-year 10
period was significantly greater in the clearcuts: 58 stems p=0.55 p=0.02
versus 19 and 20 stems in the thinned and unthinned stands, 81 ]
respectively. In the uncut plots, from 75 to 93% of the new
stems produced died; on the cut plots, mortality ranged from 6 -
71 to 91%.

Rhizome lengths of 11, 43, and 135 n#/mere reported 4+
for salal populations in unthinned, thinned, and clear-cut
stands, respectively, on these same sites (Huffman et al. 21
1994p) (Table 2). We estimate bud banks on the rhizomes of
165, 1120, and 2835 buds?rin these same stand types and
that 2-5% of these buds produced stems (Table 2). 1 2 3 4 Mean 1 2 3 4 Mean

Although there were many more stems in clearcuts than in Stand
thinned and unthinned stands, the stem distributions were

N
f L L
I L L L

1

p=0.24

(=) N
' N
| L 1 1 1

1 2 3 4 Mean 1 2 3 4 Mean

Cut
Alder Conifer

10

Number of Stems/m?

[e2] @
1 1
I 1 1 1 1 1

p=0.08 p=0.33

e
\[ L L
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Table 2. Estimates of the proportion of the bud bank on uncut plots that annually
produced stems for salmonberry and salal by stand type.

Stand Rhizome length Annual stem Buds producing
type (m/mP)* Buds (mA)"  production/m*  stems (%)
Salmonberry
Alder 5.5 (0.6) 138 5.0 4
Conifer 2.6 (0.4) 65 2.2 3
Riparian 4.2 (0.4) 105 3.5 3
Clearcut 15.5 (2.0) 387 5.1 1
Salal
Thinned 43 (3.9) 1120 20 2
Unthinned 11 (0.6) 165 9 5
Clearcuts 135 (12) 2835 53 2
*Means (with SE given in parentheses) are from Tappeiner et al. (1991) and Huffman et al.
(1994).

TAssume 25 buds/m of rhizome for salmonberry (Zasada et al. 1994) and 26, 15, and 21
buds/m of rhizome for salal for thinned, unthinned, and clearcuts, respectively (Huffman et al.
199%).

*This studly.

Svalues are buds per square metre.

similar in all stand types (Fig. 6). Mean ages of salal stemg$o maintain a dense cover of salmonberry or salal. The alder
in the conifer stands ranged from 1 year in the 2- and 4-mnand unthinned conifer stands had apparently been undis
diameter classes to 28 years in the 12- and 16-mm classetsirbed for 50 to >130 years; however, annual production
However, size—age relationships are quite variable. For exmaintained stem density in these stands just as it did in the
ample, we found 1- and 2-year-old stems in classes 4 and ®cently thinned and clear-cut stands. Thus, both shrub spe-
along with 6- to 8-year-old stems. Most stems were in diam<ies are able to initiate stems even during long disturbance-
eter classes 1-6. In the conifer stands, where there had be&ee periods. Although stem production for both species oc-
little disturbance, there were 1-3 stem$fmclasses 10 and curred each year even on undisturbed sites, cutting aerial
above, while the clearcuts had none in these classes. In ttetems of either species stimulated accelerated production for
clearcuts, however, there were three to six times as man§ or 3 years.
stems in the smaller diameter classes as there were in the co-Our results confirm those of Balogh and Grigal (1987),
nifer stands (Fig. 6). who found similar size—density relationships for six shrub
In the cut plots, most salal stems were only 2—4 mm in di-species in northern Minnesota as we found for salmonberry
ameter. Like salmonberry, the numbers of stems in thend salal (Figs. 3 and 6). However, our results suggest that
smallest diameter class varied considerably from spring tehe relationships vary not only among shrub species but also
winter. In the spring the number of stems in class 1 was ofamong stand types and stand density. Different size—density

ten two to four times greater than it was in the winter. relationships might be expected for shrub populations grow
ing in the understory compared with those growing in the
Discussion open (Figs. 3 and 6). Balogh and Grigal (1987) suggest that

the intercepts of their negative exponential equations may

The results of this study suggest that rhizomatous shrubsepresent new stem production, and the large percentage of
in the understories of forest stands and on recent clearcutgems that they found in the small age or size classes also
produce many aerial stems annually (often >1)/and that  suggests frequent production of new stems. However, our re
this annual production may maintain dense, uneven-age aults indicate that stem numbers in the small size classes
-size populations of aerial stems that may persist for manywary considerably from year to year and within years, as
years. most stems produced in the spring die by winter. It appears

Over 8 years, salmonberry populations maintained similathat many more stems are produced than would be needed to
size-class distributions (Fig. 3); salal did the same for 5maintain shrub cover. For example, in salmonberry popula
years (Fig. 6). The number of stems at the end of these pertions in alder stands, an average of 4.7 stem&ymar'
ods was nearly the same as at the beginning (Figs. 2 and S)ere produced during our study; only 2.7 stentstied duk
although stems died in all size classes. Both species prang the study, an average of just over 0.3 steméymar’.
duced more than twice as many stems as were needed to rEhe size—density distribution will also change following-dis
place those that died. Both species immediately producetlrbance, as the young, small stems gradually grow into
new stems when older stems were cut. The changes in stelarger size classes.
numbers by size class and the maintenance of diameter dis Different stem—size relationships can be expected for dif
tributions that we observed for both species in this studyferent species of the same genus. For instariRebus
were very similar to those reported by Kurmis and Sucoffspp. are all clonal and exhibit a variety of methods for clonal
(1989) for beaked hazel over a 19-year period. expansion (Hudson 1959; Ryynanen 1973; Whitney 1986;

It appears that severe disturbance that kills the aeriaBuzuki 1987; Jennings 1988; Tappeiner et al. 1991). All of
stems and causes many new sprouts to occur is not need#te Rubus species produce new abeground stems each
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Fig. 3. Numbers of salmonberry stems per square metre by
5-mm diameter class and by stand type for cut and uncut

1635

Fig. 4. Mean annual salal stem production in unthinned, thinned,
and clear-cut stands and means for each stand. Data are untrans

salmonberry in the winters of 1988 and 1996. Error bars are SE formed. Error bars are SE. There were three cut and three uncut
Numbers of stems in classes 1 and 2 are greater in the spring plots in each stand and two stands in each stand type. For each
just after sprouting of new stems (see Fig. 1). There were three cutting treatment the 95% confidence intervals around means

cut and three uncut plots in each stand and four stands in each with different letters do not overlap.
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nus Rubusfor those species that have well-developed root
and rhizome systems. Similarly, salal differs from other spe-
cies in the genu$aultheriain that it produces new stems
from rhizomes, while other species (e.gGaultheria
procumbensL. and Gaultheria hispidulaL. (Bigel)) have
prostrate stems and expand above ground by layering.
Aerial stem population dynamics similar to those reported
here may be a common characteristic of clonal forest shrubs
in many forest stand types. Additional evidence is the main-
tenance of stem density and turnover of hazel stems reported
by Kurmis and Sucoff (1989), which probably required fre-
quent stem initiation. Also, Oregon grape (Huffman and
Tappeiner 1997), a rhizomatous shrub that grows on sites ad
joining the salal sites in this study, has a stem age—density or
size—density distribution like those of salal and salmonberry,
as do the six species studied by Balogh and Grigal (1987).
Vine maple Acer circinatumPursh) (O’Dea et al. 1995) and
devils club Qplopanax horridium(Smith) Miq.), which
grow on sites similar to those in this study but reproduce by
layering, have similar uneven age or size distributions. The
frequent production of new stems has also been reported for
clonal tree populations of understory of tanoakt{ocarpus
densiflorus(Hook and Arn. Rehd.)) (Tappeiner and McDon
ald 1984) and for trembling asperPqpulus tremuloides
Michx.) (Tappeiner 1982) and northern prickly ash
(Xanthoxylum americanumill.) (Reinartz and Popp 1987),
which reproduce from root sprouts. Thus, maintenance of an
uneven-age population of ramets and aerial stems may be
characteristic of many clonal plant populations (Cook 1984).
The results of this study and others suggest that these spe

year, although the potential longevity of the stems variesgies have a very active bud bank below ground (Table 2).

salmonberry is perennialRubus arcticusL. and Rubus
chamaemorud.. are annual, andRubus idaeud.. is bien

The estimates made by Zasada et al. (1994) and Huffman et
al. (1994) of the numbers of the buds in the bud bank are

nial. Rubus pubesceri®af. has a prostrate stem that remainsonly a first approximation, but combined with the data-pre
intact for several years and roots at the nodes as it expandsented here, they indicate that for both species, annual “in
Thus, there is a common theme, characterized by annuakestment in new stems” occurs from only a very small
shoot production from a buried bud bank, throughout the geproportion of the bud bank. This bud bank is likely main
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Fig. 5. Mean stem density for salal in 1992 (at the beginning of Fig. 6. Number of salal stems per square metre by 2-mm diame
the study) and in 1996 (at the end) for each stand and for both ter class and by stand type on uncut plots in the winters of 1992
stands combined; data are untransformed. Error bars are SE. and 1996. (On cut plots all stems were in classes 1 and 2; data
There were three cut and three uncut plots in each stand and twaot shown.) Error bars are SE. Numbers of stems in classes 1
stands in each stand type. Thevalues are for the differences and 2 were greater in the spring just after sprouting of new

between the 1992 and 1996 means. stems (see Fig. 4). There were three uncut plots in each stand
and two stands in each stand type.
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401 | rhizomes. Furthermore, the growth of these new stems is
limited; most of them do not grow beyond the smallest di
ameter classes before they die. Therefore, stem production

201 - represents little cost to the vigor of the clones of these spe
cies. In addition to the bud bank below ground, there are
also buds in the stems above ground, which are activated

0— 1 oo™ - when these stems are broken or browsed, that are not in
ean 1 2 Mean

cluded in our estimates.
Stand The size of the bud bank and its potential for producing
new stems is likely related to the vigor of the clones growing
tained or increased each year by the production of new rhiin different environments. Rhizome density and growth have
zomes, and it may decrease as rhizome density decreasesen shown to be negatively related to overstory density
with increasing overstory density (Huffman et al. 1894 (Tappeiner et al. 1991; Huffman et al. 1$94199%).
Tappeiner et al. 1991) or if pathogens or insects infect th&Zasada et al. (1994) found that stem production from the
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salmonberry bud bank was correlated with levels of -non References

structural carbohydrates: Stem production was highest in the

spring when nonstructural carbohydrate levels were thdailey, J.D., and Tappeiner, J.C. 1998. Effects of thinning on struc
highest. The lower annual stem production of both species in tural development in 40 to 100-year-old Douglas-fir stands in
the denser conifer stands (Table 2), compared with the more Western Oregon. For. Ecol. Manage08 99-113.

Open Clear_cut, th|nned, and alder StandS’ and salmonber%ﬂlogh, \]C, -and-G”gaI, D.F. 1987. Age—denSIty distributions of
clone mortality after cutting in two conifer stands are likely _ t@ll shrubs in Minnesota. For. Sc33: 846-857.

to be the consequence of lower rhizome density, as well asarlton, G.C. 1988. The structure and dynamics of red aldercom

lower carbohydrate levels in the rhizomes, in the dense-coni Munities in the central Coast Range of western Oregon. M.S.
fer stands. thesis, Forest Science Department, Oregon State University,

. Corvallis.
hA ng'lr'nmon tralt Of foreist underst:)ry plar;ts appears to tl)leConneII, J.H., and Slatyer, R.O. 1977. Mechanisms of succession
.t e abi ity to maintain a arge popu atlor! of young or sma in natural communities and their role in community stability and
individuals. The annual initiation of aerial stems is aralo organization. Am. Nat11l 1119-1114.

gous to ongoing seedling recruitment Ater spp. (Hett ook R F. 1984. Clonal plant populations. Am. Sti: 244—253.
1971; _Hett and Loucks 1971; Hibbs 1979) a_nd tanoaiﬁ:ranklin, J.F., and Dyrness, C.T. 1973. Natural vegetation of Ore
(Tappeiner and McDonald 1984). In tree seedling popula gon and Washington. USDA For. Serv. Gen. Tech. Rep. PNW-8.
tions, frequent germination of new see_dlmgs is balanced b)tried, J.F., Tappeiner, J.C., and Hibbs, D. 1988. Bigleaf maple
mortality of older ones (Hibbs 1979; Fried et al. 1988), thus geedling establishment and growth in Douglas-fir forests. Can. J.
maintaining a size—density or age—density relationship-simi  For. Res.18 1226-1233.
lar to those of salal, salmonberry, and other shrubs (Baloghenderson, J.A. 1970. Biomass and composition of the understory
and Grigal 1987; Kurmis and Sucoff 1989). In the case of yegetation in somélinus rubrastands in western Oregon. M.S.
the clonal forest shrubs, this relationship is maintained by thesis, Forest Management Department, Oregon State Univer
input of stems from an active bud bank in the rhizome and at sity, Corvallis.
the base of older aerial stems, rather than germination ofiett, J.M. 1971. A dynamic analysis of age in sugar maple seed
seed. lings. Ecology,52: 1071-1074.

Hett, J.M., and Loucks, O. 1971. Sugar maple seedling mortality. J.

L Ecol. 59: 507-520.
Implications Hibbs, D.E. 1979. The age structure of a striped maple population.
The ability of forest shrubs to maintain a dense stable can. J. For. Res9: 504—-508.

cover, once they are established, has important implicationgudson, J.P. 1959. The effects of environmentRubus idaeus.
for forest succession and stand development. Continued stem|. Morphology and development of the raspberry plant. J.
recruitment may allow dense covers of shrub to preclude or Hortic. Sci.34: 163-169.
greatly limit establishment of trees and other plants in theHuffman, D.W., and Tappeiner, J.C., Il. 1997. Clonal expansion
understory of forest stands and in the open (Strothman 1967; and seedling recruitment of Oregon graj@beris nervosajn
Maguire and Forman 1983; Ishikawa et al. 1999). Like oth- Douglas-fir Pseudotsuga menzigsiforests: comparison with
ers, we observed no tree regeneration in our plots under ei salal Gaultheria shalloj. Can. J. For. Re27: 1788-1793.
ther salmonberry (Schrader 1998; Carlton 1988; HendersoHuffman, D.W., Tappeiner, J.C., I, and Zasada, J.C. 29%Re
1970) or salal (Bailey and Tappeiner 1998). Forests with generation of salal Gaultheria shallop in the central Coast
dense populations of salmonberry and salal may follow Range forests of Oregon. Can. J. B2 39-51.
Connell and Slatyer’s (1977) inhibition model of successionHuffman, D.W., Zasada, J.C., and Tappeiner, J.C., Il. b994
at the scale of the shrub populations. When gaps occur in the Growth and morphology of rhizome cuttings and seedlings of
Canopy of Doug|as_ﬁr or red alder StandS, as a result of salal Gaultheria ShaIIOI): effects of four ||ght intensities. Can.
windthrow or root disease (Oren et al. 1985), for example, J- Bot.72 1702-1708. _ _
they can be readily occupied entirely by salal or salmonberryshikawa, 1., Kestov, P.V., and Namikawa, K. 1999. Disturbance
(Schrader 1998). Even intense disturbance that kills the ae history and tree establishment in old-grovRinus koraiensis-
rial stems may not substantially affect the stability of these hardwood forests in the Russian far-east. J. Veg. H&i439-
populations, because a new cover of aerial stems will sprout 448. . . . .
immediately if the bud bank at the base of aerial stems am.]enmngs, D.L. 1988. Raspberrles' and blackberries: their breeding,
in the rhizomes is not damaged (Zasada et al. 1994). diseases, and growth. Academic Press, New York,

H . . d . d h Kurmis, V., and Sucoff, E. 1989. Population height and density dis
owever, increasing overstory density may reduce the iy ion of Corylus cornutain undisturbed forests of Minne

cover and sprouting potential of these shrubs. Conifers €S ¢uia can. J. Bos7- 2409—2413.

tablished immediately after disturbance among resproutingaquire, D.A., and Forman, R.T.T. 1983. Herb cover effects on
shrubs will overtop them in 15-20+ years. Shrub density and yee seedling patterns in a mature hemlock—hardwood forest.
vigor may decline to very low levels as the conifer canopy Ecology, 64: 1367-1380.

closes, and may remain low for 50+ years if high overstoryyessier, C., and Kimmins, J.P. 1991. Above- and below-ground

density is maintained. Similarly, shade-tolerant species like vegetation recovery in recently clearcut and burned sites domi
western hemlock often become established in the understory, nated byGaultheria shallonin coastal British Columbia. For.

so that shrub cover is reduced throughout the stand or in Ecol. Manage46: 275—294.

patches as their crowns develop. If trees become establish@ghtional Oceanic and Atmospheric Administration (NOAA). 1987.
and overtop the shrubs, the cover and rhizome density of Climatological data summary: Oregon. Vol. 93(13). U.S. Depart
those shrubs may be reduced (Table 2). ment of Commerce, National Data Center, Asheville, N.C.

© 2001 NRC Canada



1638 Can. J. For. Res. Vol. 31, 2001

Nierenberg, T. 1996. A characterization of unmanaged ripariarStrothman, R.O. 1967. The influence of light and moisture on the
overstories in the central Oregon Coast Range. M.S. thesis, For growth of red pine seedlings in Minnesota. For. Sk3: 182—
est Science Department, Oregon State University, Corvallis. 191.

O’Dea, M., Zasada, J.C., and Tappeiner, J.C., Il. 1995. Vine mapl&uzuki, W. 1987. Comparative ecology Riibusspecies (Rosa). 1.
clone growth and reproduction in managed and unmanaged Ecological distribution and life history characteristics of three
coastal Oregon Douglas-fir forests. Ecol. Appl.63—73. species,R. palmatusvar. coptophyllus R. microphyllus and

Oren, R., Thies, W.G., and Waring, R.H. 1985. Tree vigor and R. crataegifolius Plant Species Biol2: 85-100.
stand growth of Douglas-fir as influenced by laminated root rot. Tappeiner, J.C. 1982. Aspen root systems and suckering in red pine

Can. J. For. Resl5: 985-988. stands. Am. Midl. Nat127: 408-410.

Orr, E.L., Orr, W.N., and Baldwin, E.N. 1992. Geology of Oregon. Tappeiner, J.C., and John, H.H. 1973. Biomass and nutrient content
4th ed. Kendall/Hunt, Dubuque, lowa. of hazel undergrowth. Ecolog$4: 869-876.

Reinartz, J.A., and Popp, J.W. 1987. Structure of clones of northTappeiner, J.C., Il, and McDonald, P.M. 1984. Development of
ern prickly ash Xanthoxylum americanum Am. J. Bot. 74: tanoak understories in conifer stands. Can. J. For. Re271—
415-428. 277.

Ricard, J.P., and Messier, C. 1996. Abundance, growth, andappeiner, J., Zasada, J., Ryan, P., and Newton, M. 1991.
allometry of red raspberryRubus idaeud..) along a natural Salmonberry clonal and population structure: the basis for a per
light gradient in a northern hardwood forest. For. Ecol. Manage. sistent cover. Ecology72: 609—618.

81: 153-160. Whitney, G.G. 1986. A demographic analysisRiiibus idaeusind

Ryynanen, A. 1973Rubus arcticugnd its cultivation. Ann. Agric. Rubus pubescen€an. J. Bot64: 2916-2921.

Fenn.12: 1-76. Zasada, J.C., Tappeiner, J.C., Maxwell, B.D., and Radwan, M.A.

Schrader, B.A. 1998. Structural development of late successional 1994. Seasonal changes in shoot and root production and-in car
forests in the Oregon Coast Range: abundance, dispersal andbohydrate content of salmonberrRbus spectabil)srhizome
growth of western hemlockTsuga heterophyllaregeneration. segments from the central Oregon Coast Ranges. Can. J. For.
Ph.D. thesis, Forest Science Department, Oregon State Univer Res.24: 272-277.
sity, Corvallis.

© 2001 NRC Canada



