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Abstract
We asscsscd the inlluence ofred alder on lree spccies composition. stand densit)'.. trcc size disrriburion. rree nrortaliry. and poten-
tial tbr producing large conifers. in 38-,12 ],r old riparian lbrcsts along l3 headwaler steams iD rhe Maybeso and Hanis warer-
shcds on Prince of\\'ales Island, Alaska. Rcd alder ranged from 0 to 537. of lhe to|al live basal area of lhe stands. Tree density.
basal area ()1 live and dead trees. and mcan diameter of live conifers were not sigrificand) related to thc pcrcent of alder as a
proportion of total \tand live baral arca wi$ii lhese riparian forests. Thc mean diameter of the 100 Iargest conilers per hectare
lthc largesl trees) \\'as similar anrong dillerenr sites and appeared unrelatcd to rhe amount of alder in thc s|ands. The mean
diamclcr ofdead conifers increased sljghtly wilh increasing proponion of red aldcr Mosl dead trees were small and died sranding.
Red aldcr rvas much more concenirated immediatcly along stream nargins ($ithin 0 I m distance from the sffeam bank vs. > I
m). The presencc ol red alderdid not inhibit the produclion ol large-diameter conifers. andbolh alderand conifers providcd small
woody debris for fishlcss headwater streams in southeaslem Alaska. Red alder is an important slruclural component ofyoung
sro$th rlDarian slands.

Introduction

Red alder (A/nrs rirbra) is a common species in
dpadan stands in southeastem Alaska and a ma-
jor hardwood component offorests in the Pacilic
Northwest. The geographical range of red alder
extends liom southeastem Alaska to southem
California. The species occurs within a 300-km-
wide strip along the nofthwestem Pacific coast
at elevations below l000 m (Harington 1990). Ir
is a shade intolerant, fast-growing. shortlived tlee
commonly fbund in places where heavy distur-
bance has exposed mineral soil. such as landslides,
avalanche tracks,logging skid tmils, beaches, and
streams. It also is a pioneer species on land re-
cently exposed by glacial outwash, retreat. or l d
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upliti (Haris ;urd Fan 1974. Hanington et al. 1994.
Newton and Cole 1994).

In southeastem Alaska, red alder rarely oc-
curs in pure stands and it is more commonly dis-
tributed as a component of young mixed stands
with shade-tolerant conifers such as western hem-
lock (Isriga heterophyLla). Sitka spruce (Picea
rllcher?-rlJ) and westem rcdcedar (.Thuj a plic uta ).
These mixed stands have a hgterogeneous struc-
lu re  u  hcre  a  lew la rge  d iameter  con i te r \  occur  in
the upper canopy, numerous small diameter co-
nife$ are in the lower canopy, and alder is con-
finedto the mid-canopy stratum (Deal etal. 2fi14).
These stands can also have abundant natural co-
nifer regeneration (Hanley and Hoel 1996). In
contrast, in the Pacific Nofthwest red alderis com-
monly found in pure stands (stream bottoms and
lower slopes) and in rnixed stands with shade-
intolerant Douglas-ltt (.P s eudots u ga menzie sii),
Sitka spruce, and western hemlock (Harrington
et al. 1994). In riparian stands red alder is con-
centrated along sffeambanks, but conifers replace
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it \\'ith increasing distance ftonr thc stream (Minore
and weathcrly l99.1, Pabst and Spics 1999,
Nicrenberg and Hibbs 2000). The lack ofconifer
reggncratioD and shrub-dominated plant comnru-
nities in alder riparian tbrests of the Oregon Coast
Rangc have led sornc rese chers to suggest that
thcse stands wil l l ikely succecd to mostly tree
less shrub-dominated comn.tunities (Minore and
Weatherly 1994, Hibbs and Giorclano 1996. Pabst
and Spies 1999. Hibbs and Bower 2001). Litt le
silvicultural infbrmation on rcd alder in Alaska
is available and it is difncult to say if the stand
delelopment pattem of alder-westem hemlock and
Sittria spruce in southeastcm Alaska will be sinilar
to the obsen'ed stand development of mixed Dou-
glas fir-alder lorests from thc Pacific Nothwest.

Clearcutting has becn the main tinber man-
i rgcnrcn l  p rJ ( l i cc  in  lhe  cuJ . lJ l  n lountu in , 'u \  Ie r
rain of southeastern Alaska since the early ,950s
(Hanis 1974) and has resultcd in large blocks of
the old-growth fbrests being replaccd by young,
evcn-aged c0nifcr folests. The dense. unifbrm.
even-aged stands that devclop after clearcutting
in .ou lheas le rn  A l l rka  n lJ \  h i r !c  negr l i \e  (on \c -
quences fbr wildlife and lish (Wallmo and Schoen
1980. Bisson ct al. 1987. Thcdinga et al. 1989,
Hanley 1993. Dellasala et al. 1996). Forest canopy
closure occurs 25-35 yr afier cutting, and these
stands then cnter aprolongcd stemexclusion stage
(Oliver and Larson 19901 that l imits or nearly
eliminates hcrbaceous colonization fbr ncxt the
100-150 yr (Alaback 1982). Although canopy
removal in dparian tbrests may initially lead to
increased streanl prcductivity, subsequent canopy
closure may reduce productivity by changing
streams frcm autotrophic to heterotrophic (Sedell
and Swanson 198,1, National Research Council
1996. Hctrick et al. 1998. Stone andWallace 1998).

Forest management prlrctices such as pre-
commercial thinning in young-growth conifer
lorests have led to dense coniltr regeneration but
have becn unsuccessful in reestab)ishing under-
story Vegetation lor wildlile htrbitat and firrage
(Deal and Farr 199.1). Reccnt studies of youug-
gro*th nixed red alder conit-er stands. hou'evet
show that dif lerent successional pathways are
possible (Hanley and Hoel 1996. Hanley and
Barnard 1998). Mixed rcd alder-conifcr forests
provide nrore productive and species rich undcr-
stories than pure conit'er forests in southeastem
Alaska (Deal and Orlikowska 2002) and in coastal
Oregon (Franklin and Pechanec 1968). Thcse
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mixed stands creatc better habitat for deer
(McComb 199,1). small mammals (Hanley 1996).
and birds (Sidle 19115 ).

Terrestrial and stream systems are tighlly
coupled in headwater ecosystems; therefore ri-
parian stand condition and structure may greatly
a f lec t  thc  phys ic l l  . . rn , l  b io log ic r l  p roccsrcs  in
headrvater sfeams (Vannote et al. 1980). These
high gradient (generally > l0') headwater strcams
are located upstrcam of, and draining into, tlsh-
bearing habitats (Gonli et al. 2002, Wipfli and
Gregovich 20021. Riparian red alder may incrctrse
the amount of terrestrial dedved invertebrates
tall ing prey to juvcnile salmonids (Wipfl i 1997,
Allan et al. 2003). Headwater strcams draining
mixed rcd alder-conifcr riparian fbrests also ex-
port mole invcnebrates to downstream flsh-bcar-
ing habitats than do young-growth conifer sites,
potentiall), enough to suppofi up to tbur times
rnore fish biomass (Piccolo and Wipfli 2002, Wipfli
and Musslcwhite 2004).

Riparian forests along headwater stre;lms are
a valuable source of woody debris 1br instream
habitat (Ham.ron et al. 1986, Bisson et rl. 19ii7).
Mixed alder-conifer riparian fbrcsts are capable
of producing large-diameter coniters that may
crentu l l l l  p r , r r rde  u  oor . l1  dchr i .  fo r  in . t ream
habitat (Deal 1997). Headwater sreams transport
wood, sediment. and other channel bed material
(Gomi et al. 2002). Wood that is large rclative to
the channel size may also become anchored in
the channel and store material or contribute to
scoul by redirecting tbrce of water flow (Gomi
et al. 2002). Depending on the size ofwoody de
bris pieces, they can play difterent functional roles;
large woody dcbris (LWD) creates physical struc-
ture (Bisson et al. 1987) whereas l ire woodyde
bris (FWD) may have more importance in bio-
logical functions (Thorp et al. 1985, Richardson
1992, Wallacc et al. 1995). LWD is 2 0.5 m in
length and 2 0. I m in diameter, whereas FWD is
> 0.5 m jn length and0.03-0.1 m in diameter(Gomi
et al. 2001). LWD anchors the location of pools
and creates upstrcam sediment terraces that fbrnl
riff les and bars (Bisson et al. 1987). Streams with
naturally accumulatcdLWD have erratic and com-
ptex channel morphologics. and create morc sus
tainable aquatic habitat 1or rearing fish and other
organisms than stream channels with removed
wood or wood clustercd in large jams (Bryant
1980). FWD prcvides substrate for aquatic in-
veftebrates (Thorp et al. 1985.) and their lood. Since



channel width is small in headwater streams, FWD
also stores sediment and alters channcl morphol
ogy (Bilby and Ward 1989. Gomi ct a]. 2001).

For the past several decades, red alder \\,as oftcn
considered an undesirablc species by forest man-
agcrs. and $'as removed during timbcr stand im
pro \emenl  {  fS I r  lo  re l<c .e  th t .mure  econonr i -
cally valuable conifer species (Morse 1967. Tarrant
1978, Hibbs et al. I99:l). This vicw began to
change. howevcr, when the economic value ofred
aider u'as recognized (Waggener 1978, Plank et
al. 1990. Plank and Will i ts 1994).

Our research was fbcused on the rolc of red
alder in riparian areas and the ct'tect of red alder
on forest stand struclurc in this impofiant man-
agement zone. lt $,as a part of a multidisciplinary
reseeLrch initiative that evaluated the role of red
alder in achieving multiple rcsource obiectives
in managed young-gl'owth ecosystems in south-
eastem Alaska. Infomation on other componcnts
olthe initiative can bc found in the published study
plan (Wipfl i et al. 2002). Our specitic study had
three objectives. First, wc cxamined how the pres-
ence ofred alder rclated to stand densit)' and tree
size distribution in mixed red alder-conifer stands
along headwatcr streams. Second, we assessed
the potential ofyoung-growth riparian stands that
contain red alder for devcloping laLrge diamcter
trees. Third. we cvaluated how red alder influ-
enced thc recruitment of woody debris by quan-
tifying the density, sizes, and types of dead rrccs
along headwater slrcanrs across a rangc of red
alder density (0-537c of basal area). Ovcrall, we
rl ere interested in the eilect ofalder on torest struc,
ture in mixcd young-growth red alder-conifer ri-
parian stands in southeastern Alaska

Methods

Study Area

Stud)' sites were located in the Maybeso and Harris
drainages. Prince of Wales Island. southeastem
Alaska (Figure l). The climare of this area is
lnaritimc-cool and moist with annual precipi-
tation of 2670 mnr, and an average annual tem
perature of 5.7'C (Westcrn Regional Climate
Center 2002.). Both Maybeso Cleek and Harris
River are located in broad glacial vallevs that
contain volcanic bedrocks with some conglom-
erate and diorit ic outcrops (Nowacki et al. 20011.
Maybeso Creek drains a u'atershed of -46 kml
and Harris Riverof 108 kmr. Soils;u'e well drained.

aDd moderately to highJy productive firr forest
growth. Among soil types thc most common are
Tolsloi/Karta, Tolstoi/Rock outcrop and Tonowek/
Tuxekan (Deal et al. 200,1). The old-growrh for-
est ofthe MaybesoValley was extensively logged
beginning in 1953, when large clearcuts were used
to produce wood for the tirst pulp mills in the
region (Hanis 197,1). Pdor to iogging, forests were
primrrily composed of westem hemlock and Sitka
spruce. with less common species of wcstern
redccdar, Alaska cedar (C lumuectpari.t llootko
len.vs). ?Lnd mounfain hemlcrk(Tsuga ne nensiana).
Among the understory species of the old-grorth
fbrest the most conl]ron were blueberrv and huck-
lcher r l  r  la r ' r ' r r r i r r r r  \pp .  r .  ru \ l )  menz ic r i r
(Menziesia Jerrugirea). salmonberry (RuDas
spectabilis'y, devif s club (.Op!oparwx horritlus),
lady fem (.Athyriutn filix-.fenina1, single dclight
( Moneses uniflora), leml eaved goldthrcad ( Coprir
a.s p lenifo lia), bunchbenl (Corn us canatl ens i s ),
and foamflower (?Tnre lht Jbliato:) (,\lab.\ck 1982,
Hanley and Hocl 1996). The young-growrh stands
that dercloped aftel clearcutting contain Sitka
spruce. u'estem hemlock, and western redcedar.
Also. considerable arnounts ofred alder occur in
these young-growth stands because ofthe extent
of soil disturbance created by both natural dis-
turbancc and the ya.rding methods of that time.

Site Selection

Ourresearch was conducted in 38 42 yrold rnixed
red alder-conifer stands along 13 small headwa
tcr streaors. Site selcction cdteda lbr strcarIls were:
year-round surface floq highpxadient (>10'). small
stream size (<:l n bankfuil width). f low into
downstream lish bearing habitat, no intermedi
ate management activit ies (e.g., no thinning. or
alder girdling). and wide range of density of red
alder in the adj acent dparian tbrests. Mean stream
flow at the transition zone (the zone belween tlsh
bearing and fishless sections of stream) ranged
liom 0.9 to I16.2 L s '. and bankfull width frolr-r
0.7 to 3.,1 m (Table l). All streams had 300-m
reachc . 'umpled  in  thedown. t reanr  mo\ t  pun jon
of the lishless zone starting at thc stream sam-
pling station (used fbr sampling transport of prcy
and detitus dou'nstream) and extending 300 m
upstrcam.

Data Col lect  on and Analyses

Dudng August 2000. 1-1 pairs (depending on
stream accessibility and geomoryhologv) of nestcd

Red Aldcr Stand Srnlclur. I l- l



Figure L Map ofsrud) sitc location, Prince ofWhles Island, southeastern Alaska.
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TABLE L Physlcal and biologicalcharaciefi\tics ofhead$aler streaDrs rnd adjacent riparian fbrest on Prince of$'rles Island.
Alaska. 1000. Sires are listed wilh an incfeasing propofiion ofred aldef ln adjacent fbrest.

Stream Rip4nadluds

s !r.-<:r!rq'o ir orl

Channel Toul (% oftotal st d basal area) Dia cicr
slope Binkiirll Str.am basal oi largest

grudienl $idlh: flow arca Trcc densi!! Red Sitka W'estern conifen
(deg.)  (ml  (L s ) '  (nr '  ha )  (srems har)  a lder spruce redcedar Hemlock'  (c in) '

Lost Bob
Uppcr Cood Examplc
Cedar l
Uppef Morning
Crealurc Clreek
Coni
Mi lc 22
Big Spn'ce
Cedtu 1
Brokcn B.jdgc \\t\l
Cotton
Broken Br ge Ean
Brush!

19.5
| ] . 6
1 8 . 8
1.1.5
l5 . l
26 .1
IIJ.3
26.3
19 .3
l l .5
21.1'
10.7'
15 .5

,10.9
17.1
6.1.1
60. I
11 .6
52.0
52.0
'70.1

5.1..1
68.9
.r9.5
59 . r

337 r
1513
l l 50
3651
2557
2662
16.t3
2700
3886
16,1.1
3,t00
26,11
1600

0.7 1.1
0.9 3.0

1 . I  1 . 1
L r 36.0
r . 0  5 .5
1 . 2  1 . 5
0.9 0.9
1 .6  16 .0
1 .5  1 .9
3..1 116.2
).2 21.O
0.9 l . , l

0 1 5
2 5 0
.1 lt)
1 2 6

l0 ,16
15 l,l
19 26
3l 50
15 l0
39 .l.l
4 l  l l
1l 41
5l :1

51 30
l'1 32
50  t7
,11 l5
22 38
36 36
.15 31
16 ,ll
35  28
1 2  3 8
l l  l l
6 1 6

11 12

t 2
21

29
22
5
0
2

t 0
5

(,
3
I

rChannel slope grrdient ofentire strean: i'channel slope girdienl mcasurcd on 25?; of strca lcnglh onl,v.
'Bankfull width lhe domiDant channel fofmin-s flo$'(Dunne and Leopold 1978).
'Nlean slJealn llow alllansilion 7onc.
'\\tstern and mount!in heml0ck.
'Nlean dirmeter |)1 the 100 lurgen conilcr\ pcr hccErc.

fixed area plots, one ofeach pair on the left bank
and one on the right. were established along each
300-m stream reach (Wipfli ct al. 2002). Aspects
varied across sites, u'ith no pattern closcly asso-
ciated with alder conifer mixturcs, or alder re-
generation. Each fixed-area included a small (5
m2). a medium (25-m2). and a large (50-nr2; nested
plot. Each plot nrcasurcd 5 m along the stream
bank and I m (small plot), 5 m (medium plot),
and 10 m (large plot) into the riparian forest. Within
each small plot, all trees were recorded; all trees
with a dbh > 3 cm (dbh - dianeter at 1.3 m.) had
dbh measured and all trees with either dbh < 3
cm or  he igh t  I  m(h<1.3mwere ta l l ied .Wi th in
each medium plot, all trees with dbh > 3 cm had
dbh measurcd. Within each large plot all trees with
dbh > l5 cnr hrJ dhh mclruletl. free spccics.
tree status (live or dead), and dbh wcrc measuled
for all trees on each fixed-area plot. Additionally.
the type of mo ality was recolded as: tipped up
root system (uprcoted), or roots in place but bole
intact (standing). bole broken above 3 m (bro-

ken), and broken at root collar (down). Tree sam
pling was dictated by size classes of woody de-
bris (Gomi et al. 2001): f inc organic debris (< 3
cn diameter), fine wood)' debris (3.0 to < l0 cm
diameter), and large woody debris () l0 cm di-
ameler l .  ber .au .e  ue  uere  in le re . te r l  in  e . t i rna t -
ing the potential woody debris recruitment tiom
the riparian stands.

Tree data fbr all l3 riparian habitats were
combined by slream reach (left and dght bank
plots were merged for each measuring point) to
u \ \e \ \  \ t JnJ  t len . i t l .  spe . ie .  \ 'onrpu \ i t ion .  l ree
mortality, diameter distribution. and the propor-
tion of alder basal area in cach stand. Correlation
analyses were used to dctcrminc the rclationship
ol the proportion of alder basal area to the total
basal area of live and dead trees. live and dead
trge density. mean diamctcr ofconifcrs and mcan
diameter oflargest conifers for the dparian stands.
Analysis ofvariance (ANOVA) and Schelld's test
were used to test fbr a distance-from-stream (0-1
m, 1-5 n. 5-10 m) effect on the amount of alder
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rlong streams (SAS 1990). This test was also used
to detemrine a dil ' icrcncc in amount (basri area)
ofalder arnong 0-l rn. l-5 n. and 5 l0 m zones.
The level of significance was sel al P=0.()5.

Results

Specics composition of mixed red alder-coniler
dparian forests along these hcadwatcr streanrs
t . r n 8 c . l  l r , ' t n l r l , , 5 t ' ,  r e d  . r l d e r  i l \  a  p r o p o r l i o n
of total stand basal area (Table I ). The remaining
species were conilcrs with wcstern hemlock and
Sitka spruce the most abuldant. The total stand
basal area of l ivc trccs ranged from 110.9 to 70.1
nr.ha I and r,aried greatly amoug samplcd stands
(Trble 1). There rvas no significant lelationship
between incrcasing amount of red alder-in the stand
rnd the total stand basal area of live trees. The
total basal area ofdead trecs in thcsc stands ranged
liom 0.1 to 7.6 mr.ha L. and was also highly vari
able among these riparian forests. Thcrc was no
signiticant relationship between the total basal area
ofclead trees. and thc anrount ofalder within the!e
stands.

One predominantl) alder stand (Brush1l was
lightly stocked with only about 1600 stcms.ha ',

and the grcatcst trcc dcnsities $,ere in stands with
the greatest ploportion of conifers (Table 1 ). The
rclationship between live tree densit)' and amount
ofalder in these stands $ as not significant. A non-
significant trend also occurred for increasing den-
sity of dead lrecs across thc alder gradient. The
concentration of dead stems was quite variable
(57  to  1800 s rens  har ) .

The greatest number of live alder trees occuned
in thc 7.51- I 2.5-cm diarneter class (midpoint l0
cm) (Figure 2a). The diamcLcr distribution of l ive
coniter trees was strongly skewed to small size
classes with grcatcst numbcr in the smallest di-
ameter cllss (2.51-7.5 cm). The diameter distri
bution of dead trees was also heavily skewed to-
wards thc snrallest diameter classe! (Figure 2b).
W'e found few larger-diamclcr dcad trees.

Mean dianete$ of livc conifcrs ranged from
9 to lli cnr among the ripadan forests. but this
variation was nol relalcd 1() thc :imount of iilder
within these lirrests stands. The mean diameter
of the 100 largest conifel trees.ha L ranged from
28 to,13 cm (Tablc l) and there $as also no sig-
nificant relationship between nean diamctcr of
largest conilers and amount ofred alder. The mean
diametcl of dcad tccs rrnged t'r'om '+ to 8 cm,
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and it increased signiticantly with increasing
aotount of alder (P=0.0,1).

Most dead trees $'ere small diameter conit'ers
(Table 2). Of dead trees, the ma.jority died srand-
ing with nrcan percentage for this tree mortality
type ranging from,12.5t25.3 to 91.114.0 (Figule
3). Dead standing was the most comnlon type of
dcad trcc among all species and size classes. The
relatively rare large dead conif'er class was the
only group of trces where dead standing did not
total > 65% of the types of dead trees. Thc least
common type oftree mortality was uprooted \\"ith
mean percentage < 0.510.3 (Figure 3).

TABI-E 2.  Nlcan I  SE densi ly  of  de.Ld t fees ( \ rems ha ) .
Sn,rll lrces hale dianetef 3.0-<10.0 cm and largc
lircs hale diametef > 10.0 cn.

lvlcan:! SE Rrnge

Snral l
Lafge

Coni fe l
Slnall
I-argc

SDral l
L.rrge

t98 r l , t  l
1 7 1  1 5

I1 .11  79
1 8 1 1 3

612  r  r : 10
5 5 1 2 5

0 17.13
0  150

29 933
t )  t 6 /

29 1',711
0  1 1 7

Rcd aJder u,as significantly morc concentmtcd
along the streams (P=0.(X)4). The greatest amount
olalder (proponion ofstand basal enea) was within
the 0-1 m distance from the stream bank (55.6 %
t I 1.8), and alder proportion decreased with dis-
t nce liollr the stream (Figure 4). The significant
diffcrcnce in anrount ofalder between the (11 m
and the 5 l0 m zoncs was greater than signifi
cant difference between the 0-1 m and the l-5 m
zones. There was no si-unificant difference in
amounl ol alder between the I 5 n and the 5- l0
m zones. Decreasing anount of alder \'"'as corre-
latcd with increases in coniler species (0- I m zone
,+ :1 . ,1  7 ,  1  I1 .8 ,  1 -5  n  zone =  75 .E 7o  t  5 .0 ,5 -10
m zone 82.3 7c t 4.6).

Discussion

One of the maior objectives of tbrest manage-
mentin dparian zones is the production and main-
tenance of large-diameter trees along streams
becausc thesg trees provide an impo ant source
of lalge woody debris recruitment tbr stream
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structure (Bryant 1980. Bisson et al. 1987). These
trees will provide potential woody debris for'
in . t rc rn r  ehannc l r  th r t  i .  e r i t i c r l  l ' o r  m i l in rJ in ing
stream stabil ity, reducing sediments. and provid-
ing  hab i t l t  lo r  f i sh  and o lhcr  rqur ic  o rgan ism.
(Bisson et al. 1987). In the young riparian tbrests
that dcvelopcd after clearcutting in southcastern
Alaska. conifers histodcally $,ere favored by re
source managers and red alder was removed to
encourage the development of large diameter
coniter trees (Franklin et al. l9E l). Inourstudy.
mean diameter of the 100 largest conifers per
hectarc (thc largest trees) was similar among dit-
fercnt sites and was unrelated to the amount of
alder in the stand (Table I ). Elininating alder during
TSI from thcsc 38-,12 vr old riparian forcsts would
probably have little effect on the growth of the
l r r rgc  ,J i rmctc r  r ree . .  fh i \  f ind ing  i .  imponr r r t
because it appears that red alder does not sup-
press the growth ol the largest conife$. The co-
nilers in these stands are shade tolerant. Mixed
red alder-conit 'er stands are less dense than pure
conifer stands. so that the response of large trees
to alder removal is less pronounced. If manage-
ment goals are to cleate large trees in the shortest
um, )un l  o l  r ime.  lhen lh inn ing . , 'n tpe t ing  r 'on i -
fers may be more effective th;ur thinning sunound-
ing red alder trees. Morcovcr. a study from thc
Pacific Northwest of a Douglas-fir plantation in
terylanted with rcd alder shows that retentiol of
red alder improved growth of nearby conifers on
nitrogen deficient sites (Miller et al. 1993).

The presence of red alder did not intluence
the type or size of dcad trccs. Whether alder or
conifer. nearly all dead trees in this study were
small. Standing dead was the most fuequent type
of dead tree indicating that most h€es are dying
from suppression in these dense fbrests. Biotic
agents apparently caused little tree mortality. The
small number of trccs that were uprooted were
probably killed by the forces of wind or gravity
with predisposition ofsaturated soils orheavy snow
or ice accumulations on the trees. Porcupines would
be expected to be the main modality agent kill-
ing largcr trccs of thcse agcs in some poflions of
southeastem Alaska (Eglitis and Hennon 1997),
but porcupincs do not cxist on Prince of Wales
Island where our study was conducted. The fun-
gus Annillarin sp. was found in several dead red
alders that had broken off near the ground level
in our study area and thc activity of this fungus
may becorne more important as stands age.

Recruited woody debris was generally small
(<10 cm diameter), lacked an attached root sys-
tem, and oftcn partially dccayed befbre entering
the stream. As such. these pieces ofwood together
with alder leaves may be providiDg a biological
function by suppoding terestrial invertebrates
(Richardson 1992, Wallacc ct al. 1995). but they
will not be as effective as pieces of large wood
(> 10 cm diameter) in creating pools and storing
sediment. Large woody debris fron the original
dd-growth fbrest is sti l l  pedbrrning these firnc-
tions in some sffeams, as wood decay in this en
vironment is slow (Bilby et al. 1999). Although
canopy level trees are not cunently dying along
headwater strclLrns, these large di neter trees could
bc rccruitcd as large woody debris in the tuture.
Decades later as stand development progresses.
some of these large young-growth trees \'!,ill be-
gin todie, enterthe stream, and provide the physical
functions similarto the legacy wood, derived from
pre-harvesting old-growth fbrest.

Species composition, stand density, and live
and dead tree diameter distribution offbrests along
these headwrter itrcams \\ ere sinilar to non ri
parian upland stands in Maybcso Crcek and Har-
ris Riverwatersheds (Deal and Orlikowska 2002).
Comparing non-riparian upland and riparian for-
ests. we lbund a wide range of stand composi-
tion and dcnsities among sitcs, but riparian tbr-
ests werc generally similarto non riparian upland
tbrests at the sdme site (Deal et al. 2004). We
found a significant increase in the amount of al-
der in the l-m-wide zone immediatelv adjacent
to the strcams. A similar trend in alder spatial
distribution was found in the coastal mountains
of Oregon where this species was located closer
to the streams versus farther away (Minore and
Weatherly 1994. Nierenberg and Hibbs 2000). In
unmanaged riparian tbrests in three river basins
in the coastal mountains ofOregon, basal area of
hardwood was relatively constant with distance
from the stream, whereas basal area of conifers
increased (Pabst and Spies 1999). ln our study
the stand structures of fbrests along headwater
steams and in non dparian stands were similar.
excluding the clumped nature of red aldcr imme-
diately along the streams. The distribution of al-
der in both riparian and non-riparian fbrests ap-
peared to be closely related to previous logging
techdques arrd occunence of natural disturbances.

Our results may have some applications in
headwater riparian forest managemcnt in the U.S.
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Pacific NolLhwcst and in Bfit irh Colurnbia, al
though these mal' be linited by differences in
physical and biological conditions such as pre-
cipitation, temperature regimes, and plant com-
munities. Forest legulations with rcgard to streanl
buliel.S rLnd han'est techniques vary by state. prov
ince. and on f'ederai lands (Ministry of Forests
1995. USDA Forest Seryice 1997. Washington
State Depafiment of Natural Resources 1999.
Alaska Dcpanment of Natural Resources 2000.
USDA Forest Service and USDI Bureau ofLand
Management 2000.Young 2000. Oregon Dcparr-
ment of Forestry 2003). Many small streams re-
ceive sone buffer protection. although the abil
ity of these butlers to naintain the ecological
integrity of the watersheds has been a subject of
debate (Young 2000. Hibbs and Bower 2001).

We tbund little difference in stand structure
bct*een riprrian and non riparian upland stands,
but clearcutting to the stream bank may substan-
tiiilly alter the physical integrity of streams. Among
olhcr cff'ects. it changes streamflow, and incrcases
tenperature and sediment load (National Research
Council 1996. Stone and Wallace l998, Young
2000).

Red l lderc lun tped l long  r t rc lm nr r rg ins  mu1
provide soI].Ie impoltaDtecological consequences
for strean communities. Because red alder con-
lains more nitrogen and decomposes n.rore quickly
than conifers. it \\, i11 provide higher quality
allochthonous inputs for stream invertebrates
(dctritivores) than the conifers (Cummins et al.
191J9. McComb 1994). Alder is also expectcd to
suppeft more terrestrial inveflebraics than coni-
1ers. which in tum fall prey to stream lishes (Wipfli
l997, Allan ct al. 2003). Red alder occurring along
riprrian zones and throughout wate$heds also
elevates steam niffate levels (Compton et al. 2003).
This, in conjunction with more sunlight penetn-
tion through alder versus conifer canopies should
increase stream primary production (Hetrick ct
al. 1998). AII of these factors wil l l ikely intlu-
ence stream community structurg, biodive$ity,
and food $,eb productivity.

Red alder increascs understory plant dive$ity
and abundance (Franklin and Pechanec 1968.
HanJey and Hoel 1996, Deal 1997. Deal and
Orlikowska 2002) and food abundance lbr salno-
nids (Wipfl i 1997. Piccolo and Wipfl i 2002, Allan
et al.2003). Conifers may have better u'ood quality
properties with tighter rings and smaller knots whcn
they odginate as an undentory tree and then emerge
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frcm beneiith the alderoverstory (Newlon and Cole
199.1). There has bccn some concem that inclu-
sion of trlder may lead to reduced wood produc-
tion (Deal et al. 200,+). and other investigations
are underway to assess the compatibil i ty and
tradeoff.s ofred alder and conifcr tbrests across a
brord rlngL' of tenestrirl and aquatic rc'ourle.
(wipfli et al. 2,002).

Our results show that including red alder in
young--qrowth stands did not lead to loss in wood
production of these stands. Additionally. red al
der may benefit other components of the forest
ecosystem such as bird (Sidle 1985), small m;rmmal
(Hanley 1996). and deer habitat (Hanley and
Bamard 1998), and it may also provide some large
woody debris in the future (Deal 1997) fbr fish
habitat and fine u,oody debris for food and sub-
stratetbraquaticinvetebrates (Richardson 1992).
These findings should provide intbrrnation on the
ecological role of red alder in forested hcadwa-
ters that in tum should help guide upland folest
nranagement in southeastemAlaska and other pafis
of the Pacific Nodhwest. Red alder may scrve as
an important tool in sustainable and compatible
resource nranagement that will help to achieve
better habitat for fish and wildlit'e and at the same
time not impair thc timber resource.

We acknowledge that this is an obsenational,
retrospective study and our results could be driven
by som(] unexplained variables that arc not re-
lated to alder composition in these riparian stands.
Our results should be viewed as preliminary re-
lationships that can be testeddgorously under more
carcfully controlled conditions.
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