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Commercial Moss Harvest in Northwestern Oregon: Describing the
Epiphyte Communities

Abstract
Tlis paper describes the epiphyter impactcd b,,- commercirl moss haNest in north$estcrn Orcgon. ComDrefciall] har\cs(ablu
epiphltcs lvere sampled on hafd\\'ood tree trunks and lhrub stelns lioln 10 snes in each of !hc Cascade .rnd Coast Ranges. Fiii)
spccics ol nosses. hepatics. Iichens. xnd \ascular plants \!ere ibund in oler 500 epiphylc mals. SeveD trLxrL \\'ere defincd as
"urg.(" species. due to high frequency of occuficnc. and abundance. Six species were dclln.d rs'incidental due ro lowcr
iiequency rnd biomass but a high associadon $ith larget species. The remaining 37 species \iere defined as "nontargcl species
that \lould generally be avoided br" comnercial harvestefs. but are olien accidcnnll) h!r!ested. In the Cascade Rangc r\'..i./-.1
zlrrglarii r\ as the nron abundanl hrr!eshble epiphyre. with an alerage of 170 kgAa ofdry-u eight harvestable malcdal across ten
sites. In the Coasr Rangc. Isoth(tum Doslroid.r was most abundan!, wilh an a!erage of 530 kg/ha of dry $eighl har!estable
natefial . A ll harlestable epiph\ lcs $ cre less abu ndant in stand s \{ ith high cLrn i fcr basal alea. Target spec ies $ erc most aburd$t
ir stands \lith relati|ely high hardwood ba\al rrea. e\cept Antittithia rurtizrrl&/., $hich was nost abundant in ,voungcr \l.rrds.
Some Dlintargei and incidental specie! $'crc also most abundant on tfee runkr. To protcct tare species rnd epith),''te di!crsil,"-.
moss harve( should be direcled a\\'ay lion older lbrests uith matLrre hardwoods and bward )'oungef. nixed forcsl\. Moss
hanest \llould be prohibited in arcas bcing nanaged toward old growth conditions to iacilitrte the de\eloprneni ol conplex
epiph\'te communrties rcquiing subslrute continuitv.

Introduction

Epiphytes are a signiticant and diverse compo-
nent of forests in thc Pacific Northwest. Many
species are old growth associates and are sparse
to absent in young and mature forests (Lesica et
al. 199l. Neitl ich 1993). Epiphytes play a vari
ety of roles in forest ecosystems, fiom nesting
matedal for birds (FEMAT 1993) and habitat for
inveftebrates (Peck and Moldenke in prep.) to nu-
tdent sinks (Brown and Bates 1990). Epiphytes
are increasingly being removed from the forest
to feed a growing t'loral and craft trade (HorvcJl
1991. Johnson 1992, Peck 1990). yet little is known
rbout the ecological impact of this htrrvest. Esti-
mates based on permits fi)r moss haruest on pub-
licly owned lands put the total legal moss har-
vest in northwest Orcgon rt more than 226.800
kg/year (500.000 lb/year; moisturc content be-
twecn l0and JETr). The il legal harvest is thought
to be at least twicc the legal harvest.

The cunent study conres at a time when lbrest
managers are required to protect rarc epiph)'tes
(ROD 1994) and nanage moss harvest tbr
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sustainabil it.v (USDA Forest Service 19951.
Baseline data for management hare bccn lack-
ing, pronpting the cu[ent study to address these
basic questions about comnercial moss harvest:
(l) What do commerrial harvestcrs consjder to

be a "cornmercially haruestable noss mat'?
(2) What specics ol epiphytes compose these

mats l
(a) How many species are affected by harvest?
lb) \re .n.cic. luriercd lbl han e.r qurrrrirr-
ti\€ly distinct from spccies that arc not targeted'l

(3) Do target and nontarget species differ in thcir
patterns of abundance on the landscape?

This kind of basic inlbrmation about commer-
cially harvestable moss rvil l  enable managers to
begin to asscss the probable impacts of commer-
cial lnoss haNest on sustainabiJity and species ol
concern (e.g.. species l isLcd under the "Record

of Decision tbr Amendments to Forest Service
and Bureau ofLand Management Planning Docu-
ments Within the Range of the Nofthern Spotted
Ou'|" (ROD 1994). This intormation wil l also
pro \ ids  r  \ l rn i rF  f , ' i n t  lb r  [u tu r (  in r , - . t ig r r iun .
of harvestable moss invcntories, regrowth rates.
and the inpacts of harvest on the comnunities
and ecosystem functions of epiphytic bryophytes.
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Methods

S tes

Ten sites wcrc sampled in each of the Cascade
(4,1'30'- 45'20'N, 122'12' 122"35'W) and Coast
( ,15"2 ' -  '15"13 'N,  123 '5 ' -  123 '55 'w)  Ranges o f
nofih$'esteru Oregon. In Lhc Cascade Range. sites
were chosen to represent lichen "hotspots'' (as
part ol a larger study); areas presumed to have
h iph  l i chen d ivc r . i t5  b r 'ed  . rn  [Urc . t  cor Ip , , r i -
t ior (e.g.. Ncitl ich and McCune 1997). The ten
Coast Range sites were chosen to represent areas
likely to be tar-sctcd for comnrercial moss har-
vest. These rvere stands with somc htrrd*rxrd
component to the overstory (red alder,Alnas raDrri
Bong.) and tall shrubs in the understory (e.g.. r ' ine
maple, -4l.cr t: irt inatum Pursh, and Yacciniun
pan,ifulittn Smith). All stands had vine maple
in the understory; a favorite host anong commer-
cial moss harvesters in this area. Host species will
be described elsewhere (Peck 1997). At cach site,
approximately L5 ha was sampled in July 199,1.
Charactcristics recorded at each site included:
percent slope. aspect, donlinant vascular plant
spccics, and basal area (BA) ofconifers and hard
woods (Table l). Aspect was adjusbd to a 0-
I80" scalc. with nonh and south at the poles (0 =
nor th :q0  -  eas l  and ue . t l .  Br . r l  a rca  c . t imr te :
were determined using wedge prism data (BAF
= 2.3 m1,4ra = 10 f't:/acre) at five points. Esti-
nates of ele\,ation and the horizontal and verti-
cal distance to the nearest perennial str-eam or body
of water rvere taken from topographic naps.
Estimatcs ol stand age were taken fiom timber

' IAU1-Fl  
l .  Rangcs i l r  sr tc chrraclcr is l ics lbr  Cascade Range

and Coasr Rangc s i lcs.  north\Lestern Oregon.
\{o!s matnra\s!alucs arc olcn dr,,- wcight. Stem
densil\ refer\ to the delsitv of hosrs larboring
h.rf \estable epiph)1e mats.

Cascade Rang.' Cloasl Rangc
Sites Si les

50 190 6 5 - 1 1 0

records (Salcnr District, BLM: Santiam State
Forcst: Hebo District, Siuslaw National Forest).

l\,4at Sampling

To approximatc the majority of cornmercial moss
harvest in this region, only understory trees and
shrubs u,ith comrnercially harvestable epiphyte
mats wcre sampled. First. "harvestable" mats had
to be defined. Based on numerous conversatrons
with commercial moss harvesters between l99l
and 199.1, "haruestable" trrats were dcfined as
(l) loose mats of nonadherent species (i.e. no
appressed or embedded species), which (2) can
be harvested from the host itl a single, continu-
uu .  n ra \ : .  rha l  l . l )  r  c  rnmerc i i r l  h r r res te r  in  our
i:Lrea would consider "worth lemoving at this time."
Thc key elements of harvestability appear to be
(a) ease ofremoval, and (b) high volume per mat.
Haryestable mats were generally at Ieast 200 cmr
ln volume.

Twenty or twenty-eight trcc trunks or shrub
stems *ith hanestable quantities ofepiphytes wcre
selected at cach site using the point-centered quader
method (Cottam et al. 1953), which was origi-
nally developed tbr sampling tree densities based
on tree-to-point distances from systematically
loc l ted  p t r in t .  on  . r  tmn\c . t .  The l i r \ t  po in l  in
each trlrnsect was at least 50 m from the nearest
edge (e.g. road) and points were placed at 50 m
intervals. At each point, fbur quadrunts wele es
tablished. Within each quadrant, lhe trce trunk
or shrub stem with harvestable quantities of epi
phytes (hereafier the "sten") nearest the point
rvas chosen for sampling.

Epiphytes werc strmpled belou,2 m in height
to approxlmate current regulations on commer-
cial moss harvest on public tands, which prohibit
haNest abovc 3 m (10': USDI Bureau of Land
Management) or 6.l n (20': USFS Siuslaw Na-
tional Forest), and to rcduce measurement enor
tirr epiphytes ditlicult to see fiom the ground. On
each stem, a randomly placed one-neter microplot
was stripped of all harvestable cpiphytes (the "epi-

phyte mat"). In the laboratory the epiphytcs were
sorted by specics, their abundance estimated vi
sually as a percentage of the total volume of ma-
tedal tiom a given stem (afier McCune 1990).
then oven dried (60"C lbr 24 hr) and weighed.
Nomenclature follows Anderson et al. (1990) fbr'
mosses, Stotler and Crandall-Stotler ( 1977) ibr'
hepatics. Esslinger and Egan (1995) for l ichens,

St.1nd Agc () cars)

Elcvatron (n)

Clrnifer U,\ (mr/ha)

H.L $(x)d BA (nrr/hr)

S I em Dersit,"- ( !telns/h.r)

Ilcan Hltl\e\table NI(x:i
Ilrt Nl.rss (g)

15 7iJ0 110 - - l l0

12 .5 .10 .0  3 .0  . 16 .5

1 .0  2 r . 0  0 .0  t 8 .5

3.10 - 6090 1160 - 7.150

1 9 - 8 1  l l - 7 8
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ancl Hitchcock and Cronquist (1973) for vascu
lar planis. Voucher spccimcns are in the OSU
Herbariunr, Corvall is, OR.

Calculat lons

Biomass was cstimated for each species by ex-
trapolating liom the one meter segmentto thc cntire
stern (based on the total length of the sten) and
from lhcrc to the stand level (based on stem den-
sity estimates from the point centered quafier
method: Cottam et al. 1953. Pcck and Mccune
sub.). Camma. mean alpha. and beta diversity
indices rvere calculaLed for each of thc 20 sites,
1br all l0 sites in each of the Cascade and Coast
Ranges combined, and tbr all 20 sites combined.
Gamna (y) divcrsity r,vas mersured as the total
number of species in all microplots combined.
Mcan alpha (o) diversity rvas calculrted as the
average number of species per microplot across
all microplots. Beta (p) diversity. I measure of
the amount ofconnnunity change. was calculatcd
as the ratio of gaorma to mean alpha (1/a).

Pearson correlations were used to evaluate rc
lationships of cnvironnrcntal characteristics to
gammadiversity measures. As the primary assun.rp
tion ofANOVA. independence of samplcs. was met.
ANOVA was used to compare group mears be
tween tlee lrunks and slrrub stenrs fin biolnass data
and for the diversity measures. Because thc Cas-
cade and Coast Range sites did not differ signifi
canlly 1or any divcrsitv mcasurc for all cryrptogams
or fbr uy conponent group (i.e., mosses. hepat
ics. or lichens: ANOVA p < 0.5). corelations with
stand and site characteristics are based on the Cas
crde rnd  C, ' l . t  R . rn8r  J ru  j , ,mh incJ .

Ind l rec t  Grad en t  Ana lys is

To clucidate patterns ofabunduce among hanest-
abLe epiphyte species. I chose to ordinate these
data using global n()nmetric nrultidimensional
scaling (NMS, McCune and Meffbrd 1995) with
the qurntitative version of the Sprensen (19'18)
similarity index as a dislancc mcasure. The data
were divided into two matrices (target and non-
targct/incidental) based on the tiequency and abun-
dance of each species. No outl iers were idcnti-
f ied in the analyscs. Ordinations were interpreted
on the basis ofPearson corelations and Kendall's
lau (a mcasurc ()1 rank correlation useful lbr cat-
egorical data.) between ordination axes and spc-
cies and stand level charactedstics.
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Dit'ferenccs in species composjtion among tree
trunks and shrub stems were testcd with multi-
Iesponse pemlutation procedures (MRPP, McCune
and Mellbrd 1995; Zimmerman el al. 1985).
MRPP is a nonparamctric method that tests for
multivariate diflerences among groups (p-values
bascd on a t-statistic). Species indicative of tree
tmnks or shrub stcms were discerned using indi
cator species analysis (Dufrdne and Lcgendre in
press: program INDICATE, B. McCune unpubl.).
$ hich takes both relative abundance and relative
fiequency into accou[t when assigning indicator
values (IV). IV s range liom zero (i.e.. thc spe-
cies has no value as an indicator ofthat group) to
100 (i.e.. the species perfectly indicate that group).
Signiticance of the Ms evaluated bv a Monte
Carlo proccdure that randomly reassigns sample
units to differelt groups. The resulting p-value
is based on the propution of 1000 random re
assignnents that result in an IV greater than the
observcd lV. Species u'ith p-values less than 0.05
and differences in lV valucs of at least 5 points
were considercd indicative of the group with the
highcr IV value.

Results and Discussion

ta'vestab e lvosq Val Cor pob t :o ' r

Based on numerous conversations with commcr-
cial moss harvcsters, I had defined a "harr'estable"

mat as a loose mat of nonadherent spccies that
could be harvcstcd. with virtually no effor1. from
the host in a single, continuous nass of at least
200 cmr in volume. Thcse mats ranged ti-om 20
to 80 g (oven dry weight; Table I ) ancl rvere com-
posed of a varietv of mosses, hepatics. l ichcns,
and an occasional vascular plant (Table 2). Clearll',
commercial "moss" har-r"est impacts a largerconr-
nunity than simply epiphytic mosses: a conmu-
nity about which ecological interactions are not
\ \e i l  t tnder ' tood.  Thr '  rc . i \ l Jn (e  ( ' l  l h i \  comrnr l
nity to disturbance, and thus the suslainabil ity of
the community under continued comnercial har-
vest, is equally unknown. For instance, the dis
persal capabilities and growth ratcs of the spe-
cics in this community may difter substantially,
contributing to the return ofa very ditltrent com-
nunily than thc one that was originallv harvesfed
(see Vance and Kirkland l997).

To aid in the nanagemenl of sustainabil ity 1br
these communities, the species lbund in this study



TAtsl-Fl 2. Epipblte\ found in harvest.rble moss mats. Casc.rde and Coasr Ranges. north$cnern Oregon. r Dcnotes ROD Cal
cgor) .1 (ROD 199.1) spccics. I = incidenlal spccies. N = nontargct species. T = rargcl species. Dara arc iiequencv
oloccurrcncc .rDd mern biomass across .rll microFtots ibr each Ransc.
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were separated into three qualitative and quanti-
tative categories on the basis of (1) aprloi-i knowl-
edge of thc species found in commercially sold
noss, and (2) the relative frequency and abun-
dance of species found in this study. Seven spe-
cies were defined as "target" species based on their
predominancc in commercially soJd "moss" (unpubl.
data) and their high frequency and abundance in
the currcnt study( >lOc/r trecluency trnd > 10 kg4ra
of han'estable biomnss), Antitrichia utrt ipe ndula,
Eurhv tchiunr o reganum , Fnt llmiI tun.lri.tci subsp.
ni s q ut Lens is, Ls ot he L' i unt n y- o strroi d a s, N e cke ra
don glasii. Porella nuv'ic ula ris . Jnd Rhtidiudehthus
larerr. Tirgcther. these species composed morc than
90% of the total biomass of harvestable epiphytes
in these sitcs.

Among the remaining 43 spccies. two catego-
ries of species wele quantitatively discemed. Six
species. considered "incidental" species (Table
2). are not gencrally targeted lbr commercial har-
vest because of their low f'requcncy of occurrence
but are nonctheless not discdoinated against by
commercial harvesters (pc$. obs.). These inci-
dental species typically had a trequcncy of >5
but < I 0% and had>5 but < l0 kg/ha of harvestable
biomass, except for Metartetkeru menziesii. Whl\e
locally abundant, M. ntenz.iesii, which typically
occurs on big leaf maple. Acer macrophyllunr
Pursh. is generally unacceptable lbr harvest be-
cause older portions of the plant turn bright yel
Jou-orange. True "nontarget" species (Tablc 2)
consisted of most hcpatics, and all l ichens and
vascular plants. These 37 spccies are not gener-
all)r acceptable for harvest duc to poor color or
texture. Nontarget species typically occurred in
< 570 of samples and had an estimated biomass
of < 5 kg,&a. The nontarget spccies Dicranunt
scoparitun and Orthotrithun hellii were excep-
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tions. Although common, these species cxhibit
grou,th tbrms (individual tufts) generally unde
sirable for moss harvest. Collection of nontarget
species by comnrercial haNestels should, at this
tinle. be considered accidental. While sorne har-
vest of l ichens does occut none of the species
fbund in this study occuned in large enough abun-
dan(c  lo  be  ta rg :< lcd  lo r  h l r re . t  in  th is  r re r r .

It is impofiant to note that the assignment of
categories such as "target," "incideltal," and "non-

target" derives tiom its usefulness to managers.
HaNesters rarely rccognize differences among
indJr iduaJ specic. ol brl uphl ter- u ith thc crccpti, 'n
of Rhttidiutlelphus loreirs (called 'big red stem"
by har,'esters). Rather, they scsk lar-se quantities
ofabundant mosses ofthe right color and texture
andthus. functionall),, targetmoss mats to a greater'
extent than individual spccies. However, these
rnoss rrats are ofien composed of a conslstent
flora the target species.

Although no rare, threatencd, or endangered
species wcre iound, one target alrd seveD nontar-
get species are l isted as Category.l (ROD 1994)
spccies, requiring general regional surveys (Tablc
2). Their prcsence in these stands, and stands
included in othcr epiphyte studies (A. Rosso pers.
comm. 1996). suggests thal some of these spe
cies may be more common than previously be-
Iieved. Ho*ever. given that the rate and the im
pacts of commercial noss harvest are unknown.
perrnitt ing harvest of species that may become
classified fbr active malagenent is somewhat of
a gamble.

Harvestable l\,4oss [/at Divers ty

In both nrountain raDges. a typical harvestable
mat had three to lbur species, most ofwhich rverc



target mosses or hepatics (mean alpha diversity,
Table 3). Harvcst in a typical stand would re-
duca the populations of 6-7 target species, 2 3
incidental species. and 5-6 nontargct species, and
an occasionrl ROD (ROD 1994) l isted Category
-l l ichen. Total cryptogamie glmmr dircrrit l  lcr,^.
mountain ranges was 48: mean alpha diversity
was 3.6 and beta diversity was l3.3. The large
range in gamma diversity among sites. and sub-
sequently the high beta diversity, is primarily a
function of variabil ity in the presence of nontar-
get species in these mats. Although the same tar
gel :pcc ie. o.cuntd in In(l: l Inirl\. n. 'ntiLrgel \pe\' ie\
differed liom site to site and even from mat lo
mat $,ithin sites. This is because (a) haNesters
consislently ssck out target species and gener-
ally igDore nontarget and incidental specics, and
(b) nontarget and incidental species tend to be
either rare on the landscape in general or most
common on other substrates. such as the fbrcst
tloot ( Letrcolepis a.onthoneLrro, P |agiomnium
t, e n u s nun). IoBs ( H! pnun c i rc indle. P I u giot he. i Lon
utdulatum. Rhi:onniun glabrescens), or the
canopy ( P seutloo phel larit unornaltt, Sticta lirn-
,dld). and occur only occasionally as understory
epiphytes.

Lichen gamma diversity showed no pattem in
relation to any stand characteristics. Moss gamma
diversity increased when a highcr proportion of
sampled stems were tree trunks (r = 0.49), par-
ticularly red alder (A/nas rubrcr r = 0.59), but
decleased when conil'er basal arca was higher (r
= -0.72). Gamnra diversity fbr hepatics increased
only \\"hen host sudace area was higher (i.e., largcr
trees; r = 0.49). These results indicate that the
harvestable epiphyte communities on hard*ood
h.ee trunhs are distinct from those on shrub stems.
Host surfnce area. epiphyte mat mass, and over
all species richness wcrc all substantially higher

TABLE 3. Tdals (ranges among lites in parcnlhcset in crvp
togrmic diveNity ofepiphvtes found in harycsl
ablemossmats iD theCascadeand Coast  Ranges.
northqeslcm Orcgon. Alpha diversity, o. is the
arefage number of species per mat. Gamma di
\ ( . , i  \ . 7 . i . r h < I u t . . l  I  I n  b e r  ,  f , t e .  e . a c c J r n L
laled from all mxts per site and per fange. Bela
divcrsity. p. is a neasure ofcolnmunily change,
calculatcd is 7/d. ROD = Category,l (ROD I99.1)
survc! ancl manage specles.

Ca\cade Range Coast Rangc
Sites Srtes

3 .7  ( r . 5 -5 .8 )
32 (6-2 r)

8.6 (2.9-:1.6)

18  (3 -12 )
6 (2 :11
8 (0-3)
115-' ,7)
6 ( 0 4 )

2 l  ( l  14 )
.r (0 2)

on tree ftunks than shrub stems (ANOVA, p <
0.001) and species cornposition was significantly
different between tree trunks and shrub stems fbr
both mountain ranges (MRPP. p < 0.00l). While
only thc target species Lsothecium m,-ostrroides
strongly indicated shrub stems, several nontar-
get and incidental species indicated tree trunks
(Table,l).

Although epiphytic bryophyte diversity has
been studied in the Pacific Northwest by a num-
ber ofresearchers (Coleman et al. 1956; Hoflman
and Kaznierski 1969: Hoffman 1971; Kenkel and
Bradf ie ld  1981.  1986;  Pecketa l .  1995;A.  Rosso
per : .  comm.  I  996 r . , l i rec r  J i r  e r ' i r y  compar isons
between these studies and the current study are

I

F
Species Richness
l\'losses
Hepalics
I- ichcns
No. Target Species
No. Incidental Species
No. Nontarget Specie,i
No. ROD listed lichens

3.5 (2.5-.1.0)
37 (8-r8)

10.6 (2.9-5.3)

r9  (5  l l )
5 (2-5)
13 (0-9)
1 ( 5 7 )
6 0 , l )

2 6  ( l  l l )
5 (0-5)

TABLE .1. Indicator values for epiphlts iound in harYcslablc mols mats on shrub stems and tree trunks. northwestern Orego..
IV = indicator  values.  Species. | { i th largeIVsforagrouparcstrongindicabrslbr thatgroup.Onlyspeciesui thp
Ialues < 0.05 rnd difTferences in IV'i of 5 points are listed.

Species Trees Spe( ie\

CIaopodiuttl (ri vifoIiunt
Dit tur1u,t t. at ftln
EuIh|nchiuri oreganun
Isotheciunt nrosuroid.s
Leucolepis d nnn eunn
trIe tdtrc c kt rd nle I,i? si i

M.t.geiu e,tfugata
P I ag idh e c iun uttululut u n1
Pjlrpodi m gI)"c|rrhi.(I
PorcUu rutriularis
R h,r t i di &le I p hlts kne u s

l)
l

5 8
t )
0

20
t0
25
26
6

20

0
0

1',l

9

8
31
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not possible as thcsc studies involved collections
ofalJ cpiphyLcs present. whereas the curent study
only included species found in harvestable epi-
ph)'te mats. By definit ion. therefi)re. the currcnt
study does not includc many appressed species
(.c.9. Radukt). However'. divelsity values in the
cuncnt study were not outside the range of those
lbund in these studies.

The species list overlaps considcrably wilh other
cpiphytc studies in the Pacific Northwest. Nine
teen out of 29 epiphytes found or Acer mucro-
p/r_r'//ior overtive sites in British Columbia (Kcnkcl
and Bradfield 1986) were also found in the cur-
rent study. In a study of conit 'ers in Brit ish Co-
lurnbia, Peck et al. (1995.) t irund 33 species of
epiphytes, 10 of vhich were also tbund in the
current study. Of ,1.1 bryophltes lound in an ex
tcnsivc study ol epiphytes on shrubs in the Or-
egon Coast Range (A. Rosso pers. cornm. 1996).
2.1 werc also lbund in harvestable epiphyte mats.
Although the relative overlap among these stud-
ies may appear lo$,. these studies included a brotider
r l rnge u l  h r luph l te '  thJn  '  ' n l \  lh l l \ c  nc(ur r inB in
harvestable quantit ies. tn that l ight, the degree
ofoverlap indicates that han estable epiphyte mats
ale composed of several species, particularly tar-
get species. that are comnron and abundant through-
out the Pacific Northwest.

Var at on n Harvestable N,4oss l\,4at
Comrnunit ies

Ordinations were pcrtirnlcd on two subsets of
the combined Cascade and Coast Range data
matrix: the "target spccics' dataset (seven spe-
cir:s) and the ''nontarget and incidental species '

dataset (l8 species), which included only species
with an frequency of occurrence of >5% in at
l c r . l  onc  rnuun l r rn  r lngre .  Bo lh  o rJ ina t ions  uere
rotated such the basal area ofconil'ers *'as aligncd
\ \  r lh  a \ i .  L lne  to  lac i l i t r te  in te rp lc ta t ion .

Oldination of the target species dataset pro-
duced a t\\"o dimensional solution accounting for
827r of the variabil ity in thc data (Figure I a 1. The
first axis. which explained 57clr, of the va ation,
$ ! l \  po \ i l i \e l )  . , ' r re l r te , l  u i th  r r l l t r |u . t  rpcc ic r
(r > 0.5) exceptA,?litr ichiu turtipewlulo (r = 0.1),
and contrasted stands with high hardwood basal
area (r = 0.51) and stands with high conifer basal
area (r= -0.67). Target species, except Antirichia,
$,ere most abundrnt in stands with high hardwood
basal area. The second axis, which explained 257c
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(a) Target Species

\o

ct

cn

X

Axis 1 (s7%)

(b) Nontarget/Incidental Species

c..l

C\
' !

Hardwood

A vic 1 /?40l" \

Figur. L NMS odinalions bascd on larycr spccies (x: se!en
most common and abundant species). and nontar
gerincidental species fbr 18less common and abun-
dant species). Cascrde ard Coast Rrnges, nolth'
western Oregon. Di.rnonds are \ites. Line lengths
rcpresenl the s(rcngth and difrclion ofcorre]alions
oi srtc cheraclclislics Nilh arcs. Bolh ordinalions
indicate that epiph,vtes found in harleslable moss
mrts afe least abundrnt in stand\ r'ith high conifer
b.rsal .rreu und lnost .rbundarl in stands $ith ligh
ha.d$ ood balal area. The targct spccics &/i/?i( i i.r
tur tQ?n]ula xas le, i \  abundant in o lder.  dr ier
srands. r'hilethe greatef abundance ofseleral non
trfget/incidentrl species on iree trunk hosts tran-
scended othef en\,ironmental tuctors.



of thc variability in the data. was strongly colTe-
lated with Antitrichia curtipendulu G = -0.76),

and contrasted older (stand age r = 0.,17). drier
(aspect r= 0.57) stands rvith youngel rvefter stands.
Atttitri.hiu (Llrtipenrla/n vas lcss abundant in the
older, drier stands, despite being typically con-
sidered an old growth associate (ROD 1994.). Its
preserce in these youngcr slands suggests that
its associntion *ith old-glonth may be a func-
tion ofgeneral enyironmental conditions not nec-
essarily specific to old-growth.

The nontarget/incidental species dataset had
a nvo dimensionrl solution accounting tbr 62%
ofthe vadabil ity in the dataset (Figure lb). Thc
lirst axis explained 34% ofthe variability and was
positively correlated with the abundance of the
mosses C/aopodilnt trispifolitrnt (r = 0.62),
Dicranun scoparitrm ft = 0.13). Honuktthetiwn
ntrttnll i  (r = 0.131. Orthotrichunt I .\ ell i i  (r = O.49).
Pldgiothecitnt undLtldtunl (r = 0..,11) and
Rhizomnitrn glabresceirs (r = 0..13) and the vas-
cular plant Po1)?o/lton glyc-tthiza (.r = 0.15), and
negativcly cofelated with the l ichen Z.rD.rri.r
pt ntonurit (.r = -0.53). This axis also contrasted
stands rvith high hardwood basal arca (r = 0.59)
and those u,ith high conifer basal area (r = -0.61).

Thcse nontarget and incidental species were most
abundant in stands with high hardwood basal area,
except the canopy lichen |obarla, which was most
abundtrnt in stands with high conifcr basal area.
Cre le r  h i r r \  r . t rh le  eprphr  tc  lbund lnce  in  i r reu .
with high hard$'ood basal area (and lorver abun-
t l lnce  in  con i le r  d ,  'm in : t tcd  r i te .  r  .uppot t .  p rer  i -
ous indications that hard$'eods are important for
epiphyte cornmunities (Ncitlich and McCune 1997,
Rambo and Muir 1995). The second axis. which
explaincd 28% of the vadabil it) ' , was positively
correlated with the proportion of tree trunks
sampled r = 0.,14). This axis was positively cor-
rclated with Cktopocliunt cri.ytiJotiun (r - 0.52)
and Metaneckera men:lcsii (r = 0.:t5). both pre-
donr inant lS  t rce  t runk  .  p ip l t l  te r .  Agr in .  non l i r r -
geVincidental specics appear to be associated with
hardwq)d trcc lrunks to a greater extent than un-
derstory shrubs.

Cascade Range and Coast Range sites did not
separate in the ordinations \\, hen analyzed togcther
and sepamte analyses of the ta.rget species lbr each
range revcaled essentially identical pattcrns. The
primary dillerence between ranges was the coln-
plexity of the gradients influencing harvestable
epiphyte abundance. rvith epiphyte abundancc in

the Cascade Range related to aspect. slepe. hard-
wood basal area. and the linear distance to water,
rvhich werc not importaDt in the Coast Rrnge.
This complexity. ho$,ever, may simply reflect the
wiclcr geographic range, and larger spread ofstand
ages (lrorn 50 to 290.1 ofthe Cascade Range sites
relative to fie Coast Range sites. In addition, the
Cascade Range sites were chosen as areas ofhigh
lichen diversity. Although average moss and he
patic specics richness did not di11-er between the
two ranges, it is impossiblc to quantify what ef
fect this difference in site selection had on thc
comparison of the two mountain ranges. Of all
50 species. twenty-three species were common
to both mountain langes (Table 2). including all
target ard incidental species. ln thc Cascade Range,
Isothecium ntyosuroitles contdbuted 3I7r, and
Neckeru douglosii 17'l,',, to total harvcstable bio
mass. Theirrolcs were reversed in the Coast Range,
where I. tnyosuroicles and M rl.rr81d.rii contib
uted 55'/r and 25% ol the han'estable biomass,
respectively.

l\,4anagement lmp ications

It is impofiant to note that the delinition of what
is considercd hanestable by commercial rnoss
hanesters will depend on dcmand: as restdctlons
on moss harvcst increase on sorne public lands.
moss mats previously considered marginaJ wil l
begin to be harvested simply because they are
still available on ()thcr private and public lands.
A shift in this direction would likely lead to in-
creased harvest of incidental species, and of the
nontarget species associated with thosc commu
nities. One ofthe nost inpofiant llndings of this
study is thr: discovery that commercial moss har-
vcst impacts a signilicantly largercommunity than
the handtul of most abundant mosses, including
ROD (19911) l isted l ichens. The inadvertent har-
vest of species that nray soneday reqlrile active
management suggests that restrictions discour-
aging the harvest of thcse species may be appro-
piate.

Identifying and quantitatively distinguishing
categories oftarget, incidental. and nontarget spe-
cies will enable nanagers to direct harvest away
tiom areas with more sensitive species. Manag-
ers should protect some areas from harvest (e.9.,
Late Successional Reserves to be managed to-
ward "old growth' conditions) to facil i tate the
continuit)' that may be required to develop corn-
plex, mature epiphyte mats. Thc actual impact
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of moss harvest on nontarget and incidental spe-
cres can only be evaluated by exantining the abun-
dancc of these species on other substlates, par-
ticularly in cases vhere these spectes occur
primarily as non-epiphytes. The general surveys
requ i red  fo r  man l  l iLhen rnd  br '1oph1re  .pec ie .
l isted in the ROD (1994) should providc an op-
portunity to survey for other species that are im-
pacted by commercial moss harvest. The bload
gcographic distribution of comnon epiphytic bryo-
phyte species suggests that sonre level of com-
nercial moss haNest may be acceptable ovcr the
landscape ifpockets oftarget specics can be identi
fied for h?rvest. or conversely. if pockets of non-
target/incidental species can be identilied for pro-
tection.

There arc several obstacles to determining what
levcl of commelcial moss harvest is acceptable
on the landscape. First, basic inventory infbrma
tion is lacking about the landscape level distribu-
tion and abundance of harvestable mosses. Case
studjes such as the current study aid local man
gers, but ult imately widcscale inventories wil l be
required in order to determine the magnitude of
thc resource base and to evaluate pattems ofabun-
dance in relation to stand characteristics such as
the presence of a hardwtxtd component in the
overstory. Second, the ecological roles of
harvestable mosses are vifiually unknown. Land
scape level inventoies should incotporate sam-
pling designed to evaluate fie role of haruestable
mosses as food and habitat for invcfiebrates. as
regulators ol nutrient and watcr cycJing in the forest
ecosystem. and as sources ofdiversitv in the epi-
phytic and cryptogamic communities.

The most pressing need. however. is fol pub-
lic land n-nnagers to come to aconsensus on which
aspects of "sustainabil ity" need to be managed.
Haryestable epiphytes are a multitaceted rcsourcc.
In addition to their ecological roles, they provide
income for locll residents with a long tradition
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of supplenrental income dcrived tiom public lands
and they provide a ievel of aesthetics to which
residents ofthe Pacific Nofthwest are accustomed.
Sustainabil ity must be defined, whether it be as
sustainabil ity of harvest volumes. of continuity
fbr old-growth moss mat development, or of a
rich mantle of green adorning our forests.

Summary

In twenty sitcs in northwestem Oregon, han'estable
moss mats ranged l'rom 20 to 80 g (dry weight)
and were composed of 50 specics of mosses, hc-
patics. lichens. and an occnsional vascular plant.
The most common and abundant species. which
are targeted for commercial harvesL, are mosr
abundant in stands with highhardwood basal area.
These spccies are corunon and abundant through-
out the Pacific North$est. Less common and
abundant spccies, which are often incidentally
harvested. are also more abundant on lirlge sur-
lace-area hosts (i.e.. mature hardwoods). These
nontarget and incidental species contribute a large
proportion ofthe diversity ofthe harvestable epi-
phyte community and can be protected ifharvest
is directed away from mature hardwood doni-
nated forests.
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