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Abstract
To address the need fbr inventory estimalcs tbr thc nontinrber forest product of epiphytic "moss" (a mirlurc olbrlophytcs). rvc
inventoried 100 randomly selecled 1/8 ha sitcs in 50-200 year old upland and ripadan lbres|s below 915 m clcvation in ccntral
lvcstcm Oregon. All commercially harvestable moss was removed from each site, nsing methods conmonly enploled by con
mercial harlcsters. and weighed. Although harveslablc cpiphyte mals were found in 29q. ofthe siies. onl] 67. had enough moss
ibr rhe sitc to bc considered haNestable by connnercial standards (>50 kg,/ha). The commercial moss biomass inventories across
all sites. uhich ranged from 0 kg/ha to 217 kg,ha. are subnanliall)- lower rhan those previously repolted for nofihern Oregon. We
examincd relalion ships ofharlestable moss occurencc and abundance to environmental vadables to facilitate the understanding
and predicrion of harlestable moss biomass on thc landscape. Harvestable moss was most likel] to be lbund in low elevation
(<500'l, areas. wilh;n 50 rn ofperennial w ror. on silcs rha! suttorted rnore than l0 m rAa in hardwood basal arca. and or shcs

that lacked dry-site shrubs such as Bcr.l,.rrir nenosa. Geulthria ilnllo . ^nd Halodiscus dis.olor. Our inlcntory mclhod is
prescnrcd and its applicability to oiher regions is discusscd.

lntroduction

The importance of commercially harvestable epi-
phytic "moss" (a mixture of mosses and liver
wofts; Peck 1997) as a nontimber lbrest product
in the Pacific Northwest has become clearer in
lecantyears. Federal land managers are now faced
uith writing management guideliles that must
balance the demand lbr the resource and its
sustainability. Forexample, the Suislaw National
Forcst in Oregon curendy issues pemits for 50,000
kg (1 10,000 lbs) of moss per year (USDA 1995)
rhat musl be har\e.leJ oul.iLlc of riparian area'.
only in the lowcr canopy, and from "every other
stem" in the forest. The Eugene District of the
Bureau of Land Management (BLM) in Oregon
also prohibits harvest in riparian areas, as well as
in Late Successional Reserves (N. Wogen, Eu-
gene BLM. pers. comm.). However, harvcst re-
strictions are currently based on very little inlbr-
mlrtion on three critical paramete$: (l) the amount
of moss being removed fionr the fbrests (pelmit
records are scxnty, moss buyers are wary about
giving information, and illegal harvest is estimated
to rcmove between 2 and 30 times the legal quan-
tity): (2) the actual size ofthe nross resource avail-
able fbr harvest; and (3) the rate at which mosses

Cun enl addrcs s I jcri @l strength inperspecti ! e.com
rAulhor 1o rvhoin conespondence should be addressed

re-accumulate following harvesting zurd Iong-term
impacts  on  spec ie .  ec ,mpos i t ion .  In l i ' rmat ion  on
these parameters is vitally important to guide
permi tL ing  de i i . ion '  in  thc  fu tu re  {L iege l  l9g2) .
Some inventory estimates of the moss resource
are available from a series ofcase studies in noth-
em central and westemOregon (Peck and McCune
1998), but inventories are lacking fbr other ar-
eas .  Be(uuse har \e : lab le  mo. '  b ioma. .  i r  e r -
tremely variable across the landscape, regional
inventories are needed to make informed deci
.ions aboul commerl iul mors hxrresl pre:crip-
tions.

The current study, bom out of the recognized
need for inventory, monitoring, and research in
nontimber product programs (USDI 1993). was
designed to develop a rapid inventory method that
wou]d provide accuratc estimates of harvestable
moss biomass for sites on the Eugene, Oregon
District of the BLM and an Adaptive Manage-
ment Area (AMA) shared between this Disrict
and the Sweet Home Ranger District, Willamette
National Forest (WNF). Wc provide data on bio-
mass and infomation on site factors that best
predict the occunence or abundance ofhan'estable
moss. We also report the detailed Ueld methods
to tacilitate similar inventories in other areas where
infomation on the availability of commercially
harvestable moss is needed. The epiphyte com-
munities and estimates of hanestable moss mat
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rcaccumulation lates are described elsewhere (Peck
and Mui r  2001) .

Methods

Site Se ection

The Eugene District of thc BLM (including the
AMA that it shares q ith the WNF) lies in central
westem Oregon bctwccn the western tbothills of
thc Cascade Mountain Range and the Pacific
Ocean, although most contiguous land parcels lie
bctwccn the eastern foothills of the Coast Range
and the western foothills of the Cascade Range
(,13"30' ,+,+'15'N. 122'30' 123'50'w). A total
of 100 sites in predominantly Douglas-fir
(Pseudotstrgu menii.r.rii) stands were sampled. We
utilizcd an estiblished geographic information
systems (GIS) database to randomly sclect man-
agement uDits mccting our requirements. Because
high elevation stands and ),oung stands in this
rcgion do not support harvestable quantities of
epiphytes (J. Pcck. pers. obs.). we began by omit
ting all units above 915 m (3000') in elevation
and with forcsts less than 50 yrs of age. Units of
less than.1 ha (l0 acres) were excluded to mini-
mize edge effects for a companion study (Peck
and Muir 2001). Our intention was to sample rep-
resentatively across the remaining lands in the
Eugene District. thus we calculated the propor-
tion ofthose lands that belonged to several d Zriori
classes: (1.) forest land allocation category (ma
trix. Latc Succasional Reserve ILSR], ol AMAl
Isee ROD 199,1 for definitions ]). (2) either ripar-
ian or upland tbrest (based on the curent 6l m
[200'] stream buffen set for moss harvest; i:reas
within this buft-er were designated "riparian"), and
(3) threc stand age classes (50-89,90 199,3200
yIS). These propo ions werc thcn used as weights
in a raDdom sclcction, distributing the number of
sites based on the prcpofiional amount ofthe to-
tal land base in cach of these classes.

Erch . i te  u r . . rmp le t l  u . ing  a  ' ing le . l5  r ,  35
mplot (l/8 ha= l/3 acre; the "rvholc plot"), which
was divided into 49 5x5m "subplots". Thiny sitcs
were sampled in summcr 1997 and the remain
ing 70 sites were sanrpled in summer 1998.

Site Characterlstics

Latitude. longitude. and stand ages tbr Eugene
District sites \\"ere obtained from thcir GIS data-
base and were tlken tiom topographic maps and
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increment cores for sites in theAMAthat is shared
\'",ith theWNF. Elevation. and horizontal and ver
tical distance to water. were estimated from to-
pographic maps; when visible the lattcr was mea-
sured on site. In each plot, we rer:orded: topographic
position (l = bottomland, 2 = lower slope, 3 =
midslope, ,1= upper slope. 5 = ridge; thesc ranks
represent an index of decreasing site moisture).
aspcct. and basal area (BA) of hardwoods and
con i fe rs  l f lom r \e ragc :  o l  \ redFe pr i .m coun l .
lbasal area factor 201 from the plot center and
fburcomers). The presencc ofmajortree and shrub
species was also recorded.

Moss, Tree, and Shrub Samp ng

We tes led  r  r  a r ic t l  , ' l 'method '  fo r  e . r imar ing
the abundance ofharvestable moss in the first live
sites, most of which were rctained for all sites.
Howevel based on inlbrmation fuom thc initial
sites, we decided to exclude all estimates ofmoss
abundance 1br conifers. dead hardwoods eurd dead
shrubs from future sites. Conifer boles in this re-
gion rarely support harvcstable quantities ofmoss
or bear l ive l imbs below 2 m in height. and while
dead shrub stems and tree branches may be fes
tooned with moss, it is often too dirty to sell be-
cause of the loose, dead bark.

Both whole plot and subplot estimates (from
10 randomly chosen subplots perplot) were made
fbr the total number of shrubs and trees of spe-
cies that typically support harvestablc moss. These
included all species ofhardwood trees (e.g., big-
leaf maple. Acer ncc rophyllum ar::dred. alder, Alnu.s
rubra)'dnd,nid, to-large size shrubs, such as yine
map\c (Acer c irc inatum), htckleberry (.Vaccittium
pon ifo lium), andhazelnnt (Cory'lus convt.t ),b\t
no low (e.g., salal. Gaultheria srallor) or sea-
sonal (e.g.. salmonberry.,lluhir rp<trtaDilis) shrubs.
Nomenclature follows Hitchcock and Cronquist
(1973). Criteria for inclusion in tree and shrub
density estimates were: > 1 m tall/ long; tree di-
ameters > 4 cm at I m in height; shrub diameters
> 2 cm at I m in length. Vine maple proved to be
the host tbr 956/c of samples. Ramets that odgi-
nated separately fiom the ground were consid-
cred individuals.

Both wholc-plot and subplot estimates were
made of the number of shrubs and trees beadng
"hanestable quantities" of moss, defi ned according
to cunent commercial harvest standards (lbllow-
ing Peck 1997) and including rl l nonadherant



epiphyte rnats of at lcast 200 cmr in volumc. The
total number ofthese harvestable noss mats. and
the number on hardwood trees and shrubs wert
also visually estimated. A1l measurements and
estimates of lTross mats were taken only in the
lower2 mof the caropy. which are typically subject
to legal commercial noss harvest on public lands
(e.g., USDA 1995). AIt subplotlcvel estimates
wcre extrapolated to the whole plot level by
multiplying their average values across the l0
subplots by the total number of subplots. Raw
data are givcn in Peck and Muir (1998, 1999).

All commercially harvestablc moss was then
removed fiom each wholc plot. below the 2 m
height cutotT, according to methods commonly
used by commelcial moss harvesters (various
commercial moss haNesters, pers. comm.).
Harvestable moss fiom trees and shrubs $as kept
sepffate. All material was packed intoburlap bags
tbr transport, allowed to air dry for a lew days,
and then weighed. To calibrate air-dried wcights
to oven-dried weights for lirrge-volume samples,
several subsamples from each site (-257. oftotal
volume) werc weighed air dried. thcn oven dried
(24 hrs @ 60 C). and reweighed. A correction
factor for water content (oven-dried weighVair-
dried weight) was thcn applied to the rest of the
air-dried nross from that site to calculate the total
oven-dricd weight ofharvestablc moss fuom each
site.

Data were collccted at both rlhole- and sub
p l , ) r  l c \e l .  in  a  lo tu l  o l  . \ ( ,  r i te .  dur ing  summer
1997. Howcver. during surnmer 1998, the final
70 sites were sampled only at the whole-plot level,
as we had concluded that whole plocbascd esti
mates \!ere comparably accurate, and yet sub-
stantially (2 3 times) less time consumirg than
those derived fiom subplot sampling (Pcck and
Mui r  1998) .

Data Ana yses

A!sociations bet*een actual abundance of
han'estable moss (oven-dried bionass) and indi-
vidual quantitative site characteristics. including
whole plot estimates ofhost density and number
ofharveshble mats, were asscssed using Pearson
conelation analyses (PROC COR, SAS 1996).
Harvestable moss biomass data wele squareroot
or natural log transtbm]ed. after scatter plots wcre
examined. to improve normality prior to analy-
sis. Only associations with P 3 0.05 are reported

here, however caution should be used when in-
telpreting p-valucs. given that multiple compari-
sons wgre made.

We sought to develop regression modcls ca-
pable of predicting the abundance of harvestable
moss (oven dried biomass; squareroot or natural
log transformed), with candidatc pledictor vari-
ables chosen based on the fbur sets of assump
tions ljsted below. We used multiple linear regres
sion (PROC GLM. SAS 1996), on all possible
variable combinations and retained only variables
with P-values < 0.05 in the final models. Along
with quantitative site variables, indicator variables
tbr thc upland and riparian and for AMA. LSR.
and matrix site designators \\,ere testcd, but were
never retained in final models.

Several regression models werc de.ived. based
on all 100 sites (including those with no harvestable
moss) using fbur scts of assumptions about what
information might be available for future predic-
tions. These assumptions were:

1. Only the currcnt BLM GIS database in-
fonnation is available (e.g.. elevation. stand
age, Iatitude, longitude, horizontal and linear
distanoe to water, Coasvcascade Rangc
classification).

2. The assumptions from #1 abovepl rpres
en( e/Jh.cnce inlonnrtion lur mrrjor trcc .pe-
cies (potentially available without on-site
measures).

3. The assumptions from #2 abovep/ls prcs-
ence/absencc infonnation for major shrub
species (potentially available without on-
site measures).

4. The assumptions from #3 lboveplris ad
ditional site characteristics (e.g., aspect, top-
ographic position, and basal areaestimates)
and thc whole plot estimates of host and
moss mat density (require oll-site measures).

ln addition to these tcsts for l inear (or
linearizable) relationships betwecn oven dded
biomass and site variables. we tested whcther mealt
biomass (squareroot transformed) differed among
sites of various discrete types using simple one
way ANOVA s with F-tests (PROC GLM. SAS
1996). We compared mean biomass values among
the tbree land allocations (matrix, LSR, andAMA),
between riparian and upland sites, and among the
thrce forest age classifications.

Hlrr estable Moss Biomrss lol



Finally, in addition to analyses focusing on
abundance of harvestable moss (biomass), we
asked whether its occunence (presence orabsencc)
ua5 independcn l  o l  var iou :  . i l e  charac le r i \ l i r ' s .
We used the chi-squared test fbr homogeneity to
test independence of harvestable moss occunence
fiom site characteristics, and an odds tests (Ramsey
and Schafer 1997) to calculate the associated prob-
ab i l i t ie .  o l  f in rJ ing  hur res tab le  mosr  g i r  en  ra r i -
ous site conditions.

Results and Discussion

Biomass Est mates, Dlstr ibut ion, and
Predlct on

Of the 100 randomly selected sites. 7l7r had no
or virtually no harvestable moss (e.g., < 2 kg/ha:
Table l). Commercia[ moss halvesters generally
consider sites desirable ifthey support more than
the equivalent of approximately 50 kg/ha oven
dried biomass (various harvesten, pers. comm.).
Only 67o of our sites supported more than this,
with 23% of sites having more than 80 mars,4ra
but less than 50 kg/ha. Averaging l0 kg/ha (sd 33
kg/ha) across the 100 sites, the study area would
appear to have too little conrmercially haNestable
moss to sell. However, continucd requests for
haryest pemits on the Eugene District probably
reflect the fact that some sites support biomasses

over 200 kg/ha (Table 1), and that the average of
36 kg/ha (sd 55 kg/ha) in the 29 sites where
haryestable moss was present is close to "desir-

able" from a commercial perspective, particularly
when hffvestable moss is scarce in the area.

Both the avemge and the range of observed
biomasses ffe substantially lower than those re-
ported for the Hebo District, Siuslaw National
Forest in northwestem Oregon (45"2' .15'13'N,
123'5' 123'55'W), which receives the bulk of
moss harvest activity in Oregon and supports bio-
masses nnging from ll9 to l469 kg/ha, averag
ing 550 kg/ha (Peck and McCune 1998). The sites
on the Hebo Distdct. howcver, were not selected
randomly, but were sought out as mossy exarnples
ofthat area, which is situated in a fog beh on the
westem edge ofthe Coast Range less than 50 kln
from the Pacific Ocean. ln contrast, much of thc
Eugene District lies in the ruin shadow ofthe Coast
Range mountains in the Willamette Valley, and
drier portions of the lbothills of thc Cascade Range.

Somewhat more comparable. therefore, are
sites in the nonhwestern tbothills of the Cascade
Range of Oregon (4,1'30' - 45"20'N, 122'12' -
122'35'W), which, although chosen with a bias
for hardwoods and riparian areas, were chosen
independently of harvestable moss (Peck and
Mccune 1998). These sites also had higher
harvestable moss inventories (average = 385 kg/

TABLE L Descriptors ofaclual harvestable moss biomass (oven-dried) and key environmenul variables for lhe 100 sites iD this
studv. Data arc broken dowD by site biomass calcgories: sites *'ith < 2 kg,fta and sites with > 2 kg/la oven,dried
biomass. N = numbcr of sites in each category. BENE = Befierh net\nrd. CASH = Cdl/rr.rta shalbn.HODI =
Holotlis.us dis.ah.

Sites Wilh > 2 kgAa Moss
(N=29)

NIean (st.dev.)

Siles With < 2 kg/ha Moss
l N = 7 1 )

Mean (s l .  dev.) RangcRange

Har|eslablc moss biomass (kg/ha)

Ele!at ion (m)

HorizoDtal distance to watcr (nt
Vcrtical disrance t0 *,rter (m)

Coniitr BA 0n:,&a)
Hardwood BA (mrAa)

Sites wirh BENE
Si les $i lh CASH
Si les wi th HODI
Stand Age Class

50 89 )rs
90 199 )rs
> 200 yrs

36 (55)
204 (12',7)

:17 (6,1)
l2 ( I  : t)

22.,1(l l . : l )
7.9 (9.:1)

7. of siies

105 (138)
r11 t2O1)
,r4 (60)

32 .9  (  1s .  1 )
3.7 (5.5)

93 - 95',7
15 162
0 305
rJ 76
0 2 6

% of si tes

2.2 2r ' ,7
65 - 63:1

7 - 3 0 5
0 - 6 0
0 ,16
0 , 1 1

16
80lrJ

2 l

, ;
2 l 28
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ha; range from 24 to 1068 kg^ra) than we found
in the Eugene District, which probably reflects
the somewhat wetter conditions of the area just
north of ours. Peck and McCune (1998), how
ever, visited atotal of20 sites in that area with no
restrictions on elevation or stand age, md these
values reflect the I 0 sites that had some haNestable
moss;excluding sites over 915 m in elevation and
younger than 50 yrs in stand age, they tbund
harvestable moss in 7l% of their sites (Peck 1996).

The riparian and upland classifications used
in this study were sensitive enough to detect the
higher probability of harvestable moss occurrence
in ripadan as opposed to upland areas (chi-squared
test, P < 0.001) but not enough to detectthe mag-
nitude ofdifferences in biomass (Table 2; ANOVA,
P > 0.5). The high variability in moss biomass
that results in this lack of sensitivity reflects, at
least pafily, the tact that the 6l m buffer, designed
to protect riparian communities from the impacts
of commercial moss harvest, is probably broader
than the microclimatic zone that influences the
development of epiphytic bryophyte biomass.
Harvestable moss was most likely to be found
less than 50 m from water (chisquared test, P <
0.03), and no harvestable moss was found more
than 300 m in horizontal distance from a peren-
nial body of water or stream, as ref'lected in the
negative correlation between horizontal distance
and biomass (Tables l. 3), Thus, although the 61

TABLE 2. Oven-dried biomass means (and slandard delia-
rions)for sites ofvarious types lscc Methods for
descriplions). Total number of siles = 100. N=
number of sites of each type. F and P values
are from simpie one-wa,v ANOVAS on biomass
(squareroot translbrmed).

TABLE 3. Pearson correlalions (rmd asso:iated tro-lailed P
values) bet{'een oven dried biomass (squdrerool
transformed) and site vanables across all lLyll sitca.

Site Variable

-0.24 0.015
-0.26 0.009
-0.33 < 0.001
,0.28 0.005
0.23 0.02

Horizon|al distance to waler (m)

Vertical distance to lvater (m)

Elevalion (m)

Conifcr BA tnr,4ra)
Hard$'ood BA onr ,/ba)

m buffer is likely sufficient to protect the npar-
ian communities in the study area from the im-
pacts of commercial moss hafvest, it is not so useful
in predicting the actual biomass of harvestable
InOSS.

Difficulty in predicting biomass ariscs paftly
from the complex nature of the microclimatic
conditions that are conducive to epiphytic bryo-
phyte growth, which we are only now beginning
to understand. Because mosses can absorb water
directly from the air, humidity is an important
environmental factor In addition to horizontal
distances from water, vertical distances are also
important. No har,'estable moss was found morc
than 60 m in vertical distance liom water (Table
1), and it was most likely to occur within 30 m
(chi-squared test, P < 0.003), although the pat-
tern was already discemible at 50 m (chi-squared
test, P < 0.01). Vertical distance to water was
negatively correlated with harvestable moss abun-
dance (bionass) as well (Table 3). The impor-
tance of distNmce to water is lufther illustrated by
the lactthat, despite the small sample size ofhigh-
biomass sites, sites with more than 50 kg/ha of
harvestable moss were most likely to be found
less than 30 m and 20 m in horizontal and veni-
cal distance ftom water, respectively (chi-squared
test, P < 0.05). However humidity is not only
influenced, or reflected, by distance to water, nor
is it the only relevant environmental characteris-
tic for epiphytic bryophyte growth, as cvidencad
by the leot that, of the ,15 sites within these dis-
tances to water. only 40% had harvestable moss,
while 20olc of the remaining 55 sites also had
harvestable moss.

Even within our restricted range, elevation was
negatively conelated with harvestable moss bio-
mass (Table 3; also seeTable 1), with harvestable
moss most likely to occur below 500 m in eleva-
tion (chi-squared test, P < 0.03). Conil-er basal

Site Tlpe

oven dried

(kg/ha) N F P

Topographrc
Posl t ion

Riparian
Upland

LandAllocation
Mafix
LSR
AMA

Stand age class

50-E9 yrs

90- 199 yn

> 2{X} yrs

l ] . 8  ( 37 . s )
5 .1  (21  . r )

8 .1  (35 .9 )
6.0 (20.9)
24.3 (47.0)

I  1 .9  (37 .1 )
r6.6 (.11.1)
r . r  (2 .3)

56
11

38

l9

0.85 0.67

0.64 0.53

0.6:1 0.53
5 l
24
25
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area was negatively correlated with harvestable
moss biomass. while biomass andhardwood basal
area were positively correlated (Table 3; also sce
Table l), which is in keeping with previous find-
ings (Peck 1997). No harvestable noss was found
in sites with fewer than 40 hardwood trees per
hectarc, and haryestable ntoss was most likely to
be tbund in stands with more than 10 mTha in
hardwood basal arca (chi-squared test, P< 0.001).
Indeed, the positive association between
haryestable moss occurrence and hardwoods was
detectable with as little as I m2,4ra of hardwood
basal area (chi-squarcd test, P < 0.005).

Several species ofunderstory shrubs were nega-
tively associated with harvcstable moss biomass
(Tablc 1), including salal, Oregon-grape (BerD-
eris nenosa), and ocean-spray (HoLotliscus clis
cr.rlor). Harvestable moss was lnore than 6 times
more likely to occur in sites without salal as in
those with it (odds test, P = 0.0005:95'h percen-
tile conlldence interval from 3 to 17). Similarly.
haryestable moss was 3 (l ro 8) times and 4 (2 to
10) times more l ikely to occur in sites without
ocean-spray and Oregon-grape, respectively (odds
test. P = 0.0025). Borh salal and ocean-spray are
considered to be indicative ofrelittively dry con-
ditions within ourstudy area (Franklin andDymess
1973). In contrast, harvestable moss was nearly
3 (1 to 7) l imes more l ikcly to occur in sites that
supported the fiparian hardwood tree. red alder
(odds les t .P=0.025) .

No diffcrences in haNestable biomass were
detected among the stand age classifications (Table
2). Wc also found no association between stand
age and the density of harvestable rross-harbor-
ing (or potentially harbodng) host shrubs. Stand
agc. it seems. may not be as important for the
development ofepiphytic bryophytes as the avail
abil ity of large host shrubs. which are posirively
associated with the occunence oflarge epiphytic
mats in our area (Rosso 2000). Thus it is not sur
prising that no distinction in hffvestable moss
biomass was discerned across the three land al-
locations (natrix. AMA and LSR; Table 2), as
sites within each allocation occur across a wide
range ofcnvironments and stand ages. These land
allocations. although useful for other aspects of
land management. cannot be used to predict the
presence ofhan'estable nross across the landscape.
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Thc regression analyses. in general. did not
allow us to accounl for more variation in harvest-
able moss biomass than was accounted for by the
simple correlation analyses. Only three signifi-
cant (P < 0.05) models resulted from our lbur
sets of assumptions about data availability (see
Methods). Based only on information curreltly
available in the BLM's GIS database, the best
model included only elevation (biomass decreasing
with increasing elevation). and, while statistically
signilicant. it had Iow predictive power (R,= 0.11).
When the presence or absence of major tree spe-
eies u a. iniluded in r rriahle .elecrion. unce again
only clevation was retained (i.c.. the modcl was
identical to the previous model). We discovered.
however, that the presence or absence of two shrub
species, salal and Oregon grape, was abctter pre
dictor of hanestable biomass than elevation. When
these were included in variable selection along
with variables available in the GIS database and
the prcsencc or absence of major trec species, the
best model included only these two shrub spe-
cies (parlial rr for salal = 0.l1; tbr Oregon-grape
parrial t' = 0.13: modet R':= 0.24). with harycstable
biomass decreasing when they were present. Not
surprisingly, the inclusion of whole-plot measures
produced the best model. but again retained only
one variable: the log of the estimated number of
haryestable moss mats present on shrubs in the
plot (biomass increasing with incrcasing number
of mats, R2= 0.5?).

Harvestable N,4oss Inventory l\,4ethodo ogy

D ata ava i lab i I ity as s u m pti on s

ln terms of predictive power, it is clear that
harvestable moss bionass can be predicted bet-
ter when whole-plot measures are available than
when only GIS database and shrub and tree dis-
tribution information are available. lnvcntory es-
timates based solely on the data curently avail-
able in these databases would bc inadequate to
predict accurately the biomass of h ar! estable moss.
Houer  e r .  i r  i \  un l i ke l )  Lhar  rheer , rens i rcun-s i re
suryeys required fbr obtaining whole-plot esti-
matcs of mat numbers will prove practical tbr the
Eugene District or fbr other, simileLr land man
agemcnt agencies.

Fofiunately. the elcvation and distance to wa-
tercutofls addressed earlier, as well as information



on the distribution of salal. ocean spray, and Or-
egon-grape. can be used to predict which areas
of this distdct are most likely to harbor some
han'estable moss. Spccifically, based on the sam-
pling conducted in the curent inventory, prob
abilities of han'estable moss occurrence can be
calculated lbr various combinations ofthese vari-
ables. For our area. sites above 500 m in eleva-
tion and more than 50 m of horizontal and 30 m
ofvenical distance from water (all variables avail-
able in many cu[ent GIS databases) would be
6.6 times less l ikcly to harbor harvestable moss
than lower elevation sites closer to water: a sub-
stantial enough rcduction that managers could
assume that essentially no harvestable moss will
be found in those areas. If wc cxclude these un-
lavorable areas, which constitute 65dl. ofthe area
ofthc Eugene District, and apply the average bio
mass estimate for sites within these elevation and
distance-to-water constraints (1 L8 kg/ha) to the
res t  o I  the  Eug<ne D is l r i c l .  ue  ern  e \ l im l te  . r
harvestablc moss inventory (oven-dried) of roughly
523,963 kg (1,152.720 lb) on the Districr as a
whole, 261.l36 kg (57.1,500 lb) of which is on
matrir lands and hencc currently open to com-
mcrcial harvest. Ifthe distributions ofsalal. ocean
spray. and Oregon grape were availablc, a site
known to hilve one of these three shrubs would
be 6.7 times less likely to harbor harvcstable moss
than sites without these shrub species, potentially
excluding these sites from moss production esti-
rna te \  a rnd  hence lo r . re r ing  the  e . t in r r tc .  g i ren
aoove).

With such a low biomass inventory and slow
cstim;lted re-accumulation rates (more than 20
year rotation pedods are indicated for this area:
Pcek anr-l Muir 200 | ). ir rppeurs to he u nu ise ro
permit moss harveston this district. Not only would
the costs of issuing penr.its and enlorcing har-
vest regulations exceed pcrmit fee revenues tbr
lhe  le$  hurver le r \  w i l l i ng  to  pu lcha.e  u  permi t .
but sustainable harvcst would dictate very low lev-
els of allowable han'est and long rctation periods.

Methodology

The harvestable moss inventory method described
here, involving whole-ploL harvcst of randomly
selected sites. can be reproduced in other moss-
scarce areas with few modifications. On-site plot

layout and measurements of site characteristics
at the whole-plot level typically rcquired l/2 hr
to complete. with whole-plot shrub and mat den-
sity estimates requiring another 1/2 hr and moss
harvest taking an additional 0-60 min. Distanccs
between sites were relatively large, ofien requir-
ing ovcr an hour of driving time. plus additional
time to access the site. Thus, at most three to four
sites could bc sampled per day. The time required
to conduct such an inventory using the whole-
plot harvest method would l ikely be similar
throughout southem central and westem Oregon
and northern Califbmia. Sampling in northern
Oregon. and western Washington and Brit ish
Columbia, however. would rcquire substantially
more time due to the higherbiomass ofharvestable
moss present in thcsc areas.

Tn i rL l t l i t i on  to  the  b iomas5 in \en lo r )  c \ t imJte5
that could be obtained. an approximately compa-
rable predictive ability could probably be derived
from the resulting dataset. This would enable the
dcvelopmentof predictive regression models and
the calculation of presence/absence probabilities
lbr sites based on key environmental variables
(e.g.. elcvation, distance to water. or the presencc
ofkey shrub species) that couldbe applied to non-
sampled portions of the study area. We encour-
age other researchers and forest managers to con
sider the environmental variables that we
discovered to be important predicton, as this may
facilitate their dcvelopment of models for prcdicting
occurence or abundance of haryestable moss
without the need for intensive on-site measures
;rfter the initial sampling.

Summary
. Our estimates of harvestable moss biomass (0

to 217 kg/ha. with many sites lacking
harvcstable moss) are substantially lower than
those recorded for wetter northcrn Oregon.

. The Federal land allocations of matrix, LSR.
AMA. and even the designations of "riparian"

and "upland" based on moss ha est restric
tions, were unrclated to biomass ofhar'/estable
moss. These classifications cin not. therefore,
be used to pledict moss biomass, and gener
alizations across thesc land classifications as
to the available biomass of harvestable moss
arc not appropnate.
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In central westem Orcgon, harrestable epiphytic
moss is not likely to be found at elevations
greater than 500 m, more than 50 m fiom pe-
rennial strelms, or in drier sites that are indi-
cated by the presence of BerDeris nervosa,
Geultheria shallon. or Holodiscus di.scolor.

The low frequency and biomass ofharvestable
moss tbund in this study suggests that, to pro-
tect the ecosystem functions ofthe few mossy
sites that do exist. no permits for haNesting
moss should be issued on the Eugene District.

The whole-plot inventory method presented
here is suitable for other areas in southem central
al1d western Oregon, where haryestable moss
is relatively scarce.
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