
Jeffrey R, Dunk,l  Redwood Sc ences Laboratory Pac f c Southwest Beseafch Stat on, USDA Forest Serv ce. 1700
Bayvlew Drlve, Arcata, Caii forn a 95521 and Departanent of Natura Resources Plann ng and nterpretat on Huffrbo dt
State Un versity. Afcata. Ca forn a 95527

Wil l iam J. Ziel inski,  Red$rood Sclences Laboratory, Pacif ic Southwest Research Stat on USDA Forest Serv ce
1700 Bayv e\ /  Drive, Arcata. Cal forn a 95521

Karen West, Klamath National Forest 1312 Fa r ane Road Yreka. Ca forn a 96097

Krist in Schmidt, '? S x R vers Nat ona Forest, T 330 Bayshore Way Eureka, Ca forn a 95501

Jim Baldwin, USDA Forest Servlce Pacif lc Southwest Research Stat on A bany, Cali forn a

Jul ie Perrochet. K amath Nat ona Forest 131 2 Fa r lane Road Yreka, Cali fornia 96097

Kary Schl ick,3 Hurnbo dt State Un vers ty FoLrndat on. HLrmbo dt State Un vers ty Arcata Ca forn a 95521

ano

Jan Ford, K amath Nat ona Forest. 1312 Fa rane Road. Yreka Cali fornla 96097

Distributions of Rare Mollusks Relative to Reserved Lands in Northern
California

Abstract
ln 1994 the Norrhx.esr Foresr Plan idcntified seleral huDdred rclali\cly rarc plant and animal species as Survcy and Manage'

bascd in parr on rheir presumed association with Iate-successionayold growth forests. Other such species werc givcn protecion

liom graTing. However. broad scalc surveys for fe\\' ofthese species cxincd at that time.In 1999-2000 we clalualcd lhe relation-
ship of nine renestlial nollusks to U. S. Forest Service reservc! in tour National Forests in Dorlhem C]aljtbmia. The nine mollusks
$ere \','ell disrribuled anong rcser\€d and non-resened lands and showed no association $ith Lalc Successional Reserves, Con-
gre\sionally Rescr!cd. Adrrinistfalivel) Wirhdra$ n. or Niarir land allocations. Howevcr. lhc mollusks occufed more frequentl]
rhan expecred in Riparian Reserles when all other land allocations were combined. Our rcsuhs are a step tolvard evaluating lhe
protection thnl &e Northwesl Forest Pl.rn atlbrds thesc molluskr jn norhern Calilbmia.

lntroduction

Survey and Manage (S&M) species are thought
to be rare, or thet geographic ranges or habitat
associations were not sufficiently known at the
time of the Northwest Forest Plan (NWFP) to
determine whether reserved lands would ad
equately protect their populations (USDA/USDI
1994). Furthermore, other species were given
protection from grazing under the NWFP; some
of these have subsequently becn put on the S&M
Iist. In nofihem Califomia. all or paft of six Na
tional Forests exist within the range of the north-
em spotted owl (Srrrr occidentalis caurina), whlch
delineates the boundaries of the NWFP Within
four ofthesc ibrests (Shasta-Trinity, Klamath, Six
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Rivers. and Mendocino). nine terrestrirLl mollusks
were selected 1br study because of their protec-
tion under the NWFP They werc selected on the
basis of three criteria: ( 1) the belief that they ex-
isted on more than one ofthe four lbrests; (2) the
requirement to survey them prior to timber har-
vest or other land-disturbing activities; and (3)
the implications of their discovery lbr local land
management planning (e.g., interterence with
scheduled applications of prescribed fire or fuel
reduction activities). The subset of species selccted
included: the hooded lancatooth (Ancotrema
rolazura), Oregon sh oulderbard (Helmintho glypra
lrerlclnl), Klamath shoulderband (11. talmudgei),
chace sideband (Monadenia c haceana). Cht'tc s
sideband (M cftarchi). Klamath sideband (M.

lideli s klamathica), yellow-based sideband (M. f,
ochromphalus), pappilose tail-dropper ( Pntphl-
suon dubiutn) , 'andTehama chapparal ( ?l/obopsls
te hdndrur. Little p\tbli shed information exists on
the habitat relationships or geographic range of
any of these species. Roth and Pressley (1986)
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mentioned the t.ange of M cftln:&l along with
general habitat associations and Cameron (1986)
evaluated associations between mollusks and en-
vironmental variation in Brit ish Columbia.
Monadenia Jidelis occurred in Cameron's study
arca, but not the subspccies with whlch we were
concemed.

The NWFP incorporatcd seven kLnd zLllocations,
five of which we evaluated. Congressionally Re-
served Areas (CR) were lands set aside fbr spe-
cific purposes by Congrcss. such as National Parks,
Wilderness Areas, and Wild and Scenic Rivers.
The \WFP did not rlter rn) pre-e\i\ l in! man
dates on thesc lilnds. Late Successional Reservcs
(LSR) were designated in the NWFP to serve as,
or become habitat tbr. late-successional and old-
growth related species. Administrati\ely With-
drawn Areas (AWA) were areas identified in Na-
tional Forest plans to include visual areas, back
country. and other areas not schcduled fbr timber
hanest. Riparian Rcscrves (RR) were designated
to protect aquatic species,&abitats. and to con-
nec t  Ia le  .ucec \ \ ion l l  h lh i tu ts .  RR occur  in  e r
ery other land allocation within a specified dis-
tance of streams (scc below). Matrix is all land
outside of all other categories. and represents the
land in which the majority of timber harvcst and
silviculture activit ies occur (US DA/USDI 1994).
The two allocations we did llot evaluate, Adap-
tive ManagenentAreas (AMA) and Managed Late
Successional Reserues (MLSR), were not con-
ducive to this analysis owing to thet overlying
other land allocations (AMA) or theh small size
(MLSR; <17. of the land area).

The degrec to which currently rcsen'ed lands
support long-tefln persistence of these mollusk
spccies is of considerable interest. For instanca,
i l  the  ml j , r r i t y  o f  the  rn ! , l lu {k  5pec ie5  are  a . :oc i -
ated with LSR, one rnight conclude that the ex-
isting habitat for such species occurs only in LSR
, \ r  th r l  lhe \e  re \ene5 are  ldequat r '11  nr  le \ ' l i nF
such species. Ifthe specics are founil in LSR and
Matrix lands. however, we might conclude that
the species are broadly distributed and do not need
protections they are currendy afforded. or that their
habitat needs are rot provided by LSR and addi-
tional habitat protection in Matrix lands may be
warranted. For the sccond interpretation, it could
be that rare habitat features required by a species
are not primarily found in LSR.

Our project objectives were to l) evaluate the
distribution ofthese mollusks reiative to reserved
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lands: 2) estimate the geographic range of each
speoies; and 3) attempt to develop empidcal models
to predict each species' presence-absence through-
out the study area. Herein we present our find-
ings for the first objective.

We tested the null hypothesis that one or more
of the selectcd mollusks occurred propoftionately
among land allocation types against the altemate
hypothesis that these mollusks were represcnted
disproportionately in one or more land allocations.
We werc especially interested in the degree of
association ofthe mollusks to rcserved lands rela
tive to non-resen ed lands.

Methods

The study area included the Klamath. Mendocino,
Shasta-Trinity, and Six Rivers National Forests
in northern California (Figure l). These forests
cncompass >2.2 million ha of primarily forested
habitat. Mollusk suneys were conducted at For-
est Inventory andAnalysis (FLA) plots dudng 1999
and 2000. The FIA program is national in scope
and is designed to inventory and monitor change
in forest composition and structure (White et al.
1992. USDA 2000). FIA plots occur on a grid
with 5.4 km between points. Each plot is -l ha
and contains tive 0.1-ha subplots where detailed
infbrmation on live and dead vegetation is col-
Iected (USDA 2000). Mollusks were surveyed at
307 FIA points randomly sclected fiom l055 plots
on the 5.,1km grid available on the four National
Forests.

Owing to the paucity of existing intbrmation
on the selected mollusks, we stratified our sam-
pling by allocating plots proportionate to each
National Forest's area so we would not randomly
under-sample any forest. Because of a keen in-
terest in the association of the selected spccies
with RR, we cnsured that the number of points
that occurred in RR was prcportionate to the area
ofRR. This required the addition offour RR plots
on the Six Riven and six RR plots on the Shasta
Trinity National Forests. Ripadan Reseryes were
identif i eJ using u geographic information :1 stern
that used USGS canographic f'eature files liom
the US Forest SeNice Remote Sensing Labora-
tory in Sacramento, California. Fish-bearing
strcams were identified by state and federal fish
eries biologists in 1995. Fish-bearing streams were
buff'ered 90 m on each side and non-trsh bearing
streams were buff'ered ,15 m on each side as re-
quired by the USDA/USDr ( 1994).
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Mollusks wcrc sampled between March 1999
and September 2000 on the Klamath National
Forest, and between l0April 2000 and I July 2000
on the other three National Forests. Each sclected
F I A  p o i n t  u u . . a m p l e d  t u i c e .  u i t h  a  m i n i m u m
of l0 days between the lirst and second surveys.
Our survcy protocol was modified from the
protocol cunently used for pre project surveys.
We collected many more micro- and macro-habitat
r''ariables (for future development of habitat models)
than the standard protocol and wc also increased
the sun'ey effort fuom one person-hr/4 ha to one
person-hr/1 ha.

Surveys were conducted only if the daytime
tcmperature was >5" C and soil was moist as de
termined by touch. Surveys began with crews
ua lk ing  th rough lhe  p lo t  and ident i l l i ng  sLnrc
tural leatures that were likely to provide mollusk
habitat (e.g., downed wood). alterwhich two types
oftbcused searches were conducted. Area searches
targetcd thc most likely mollusk habitat by thor
oughly inspecting all features and the area likely
to conceal them within a radius of 5 m (i.e., 80
m2.1 surounding that feature. One 20-min time-
constrained area search was conducted. Point
searches were 40-min time-constrained searches,
but unlike area searches they were opportunistic
searches not constrained to a srnall area. Survcy-
ors went tiom one point to another but were lim-
ited to a maxinum of 3 min at any one point be
tbre moving on to another point. W(] did not
estin.nte the abundance of each specres.

Because of the difficulty ofdistinguishing spe-
cies in the field. a single specimen ofeach putative
species (live if available, shell if that was all that
was fbund) was collected from each plot for labo-
ra to r l  iden t i f i c r t ion .  F ic ld  co l lec ted  spec imens
were given to stali experienced in mollusk iden-
tification at the Klamath. Mendocino. and Six
Rivers National Forests and to on(] independent
confactor, called Second Level Identification staf|
If the Second Level Identilication statT could not
contidently identify a specimen. the specrmen was
forwarded to Dr. Banf/ Roth, an expert in mol-
Iusk taxonomy, fbr identiflcation.

We uscd chi-square tests to evaluate the rela
tionships of mollusk presence to land allocation
type.  I f .  a .  un t le r  the  nu l l  hypothe . i . .  no  as .oc ia
tion between land allocation and the presence of
one or more of thc mollusks exists, the expected
number of detections of mollusks in each land

252 Dunk et al.

allocation category should be equal to the total
number of piots in which mollusks were fbund
multiplied by the proportion of sampled plots
within each land allocation category. Recall that
the response at each FIA plot is binary (0. l):
either none (0) or one or more (1) of the selected
mollusks was found. regardless ofthe number of
species or the lumber ofindividuals ofeach spe-
cies that were observed. Chi-square tests should
not be conducted using the X:distribution approxi-
mat ion  $hen more  lhan .201 o f  thc  ca tegor ie r
contain expected fiequencies (5 (Zar 1999). For
this reason, and because the detection of any one
species at a proposed project area calls tbr addi-
tional review ofthe management activity, we treated
our set of species as a group. However, for de-
scriptive purposes we also provide data fbr indi-
vidual species.

Each cre*, usually composed of two people,
received similar training. Nonetheless, we were
interested in evaluating among-crcw variation in
detecting one or more of the selected species. To
do so, we randomly selected 30 plots that would
be sampled by a second crew that was unaware
of the results of the initial crew. We compared
the proportion ofplots in which the two diff'erent
crews arrived at the same conclusion regarding
the pre.ence or rb\ence of ln1 of the nine 'pc-
cies. We used McNemar's test for paired-sample
nominal scale data (Zar 1999) to comparc the
results of the two initial visits to the same plots
by  'epura te  c reu . .  The ind i r iduu l  \pec ie \  uere
not of inlerest in this evaluation. only whether
there was agreement in the detection (or lack of
detection) ofone or more ofthe selected mollusk
species. Our evaluation of the among-crew sarn
pling variation revealed that different crews
achieved the same overall proportion ofpresence
(McNemar's Xr test statistic = 0.14286-with no
continuity correction), but 23olo (7) of the 30 test
plots difttred in the assessment of presencc, thus
there appears to be no crew bias for the overall
proportion of presence.

Results

Of the 307 plots sampled, 153 were in Matrix
(49 .8%) .76  in  LSR (24 .8%) ,58  in  CR (18 .9%) ,
20 in AWA (6.5olo). Forty sample plots (13.07o)
occuned within RR. One or more ofthe nine mol-
lusks were found at 113 of the 307 plots (36.8%)
(Figure 2). Individual species were detected at
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TABLE L Dctections of individual selected mollusk specics
bv lalrd allocation status. LSR= Lale Succcssional
liesenes; CR = Congressionally Rcscrlcdi AwA
= Administrativel) wirhdrawn Areas.

\'ldtn\ LSR Clt .\WA Total

76 58 20 107

0.25 0.19 0.079 r 5 1 e Y B 9 i= F i r g 9 E e g
Mollusk Species

Fjgurc 3. Numbef of sampling location s at which each of the
selecled mollusk speci.s was detected. Fouf lellel
acfon)nrs reler to the lbllowing species: ANVO =

Andrlrcnd ntanun, HEHE = Helnit hngl:-pla
h( eini, HETA = H. talmads?| |'IOCH = Mand'
denia chucnna, MOCH2 = M .l&r,rti, MOFIK
= M. fdeli: klanathica, MOFIO = M.J: o(hft,n
phulut, PRDU = Propltlsaon r/rr6nr. and TRTE =

Tr i I o bo p \ i s t e ltatnana.

from 2-55 plots (Figure 3, Table l) and six ofthe
nine species were detected at less than l0 plots.

We tailed to rcject the hypotheses that thc pro-
pofiion of samples wilh at least one focal mol-
lusk species detection was equal among the four
forests (Xr = | . l l1 1), and thus did not further sub-
divide analyses by foresVstrata. when evaluat-
ing the association of mollusks with Matrix, LSR,
CR. and AWA land allocations, no significant
association was tbund (Table 2, Figure 3). This
analysis, however, did not consider RR as a separate
land allocation because this allocation is often
viewed as an overlay over all other land alloca
tions, effectively supcrseding other more liberal
Iand use practices that might exist. When we in-
cluded RR as a separate land allocation. we fbund

t\to adenia lideIis achnnphal s

FIA plots sampled 153

Proport ionoftotal 0.50

t\ncltrema to)unum

Number  10

Proporlion 0.42

H e Lmi n rho gly p I a he rld t I i
Number
Prcpoftion

9 3 2
0.18 0. l3 0.08

l r i l
0.50 0.00 0.50

0 1 1
0 .00  0 .13  r i . l 3

1 0 0
0.33 0.00 0.00

l 1  1 1  4
0.26 0.20 0.07

3 0 0
0.33 0.00 0.00

t)
0.0t)

H e Ltr int ho g \ p td ta lmadge i
Nunber 6
Proporrion 0.75

itlotrulenh chdceana
Number 2

Propolion 0.67

Monadnid &uft:hii
Numbcr 26

Propodon 0.,18

M o nad e tl id fide ]i s Hat tu, h ie
Numbcr 6
Propofion 0.67

Number 5
Pfoportion 0.63

Propbsaott dubium
Number 12
Proponion 0.52

liilobopsis tehanunu
\umbcr 2
Propoftion 1.00

2 0 1
0 .25  0 .00  0 . r3

6 3 2
0.26 0. r3 0.09

0 0 0
0.00 0.00 0.00

TABLE 2. Resull! olX: anal,vsis ofassociarions berween mollusks and land allocatioDs. LSR = Lale SucccssionalResen'esl CR
= Congrcssionally Reserved;A\!A = Administralivel,v withdfawnAreas: RR = Riparian Rcserles.

CR AWA RR X. P

Observed number

Expected number

Obser!ed number (301)

Obscncd proportion

Observed nulnber

Expecled nunbcr

0 .130

22

11./ 7.E8

Seleccd mollusks by four land albcations
5,1 33 I7 ,

56.3 28.0 21.3 1.1

Di\lfibution ol sanplc locations among five land allocadons
l l 9  62  51  15

0.,153 0.202 0.166 0.0,19

\clecred -nl lL' \ .  b) ' l ! (  land " l lo.Jr ion'
16  25  l l  8

51 .2  22 .8  18 .6  5 .5
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RR LSR Other :/"'

Riparian Resenes vs. Other land allocarions
Obscrled number 22 9l
E\nec|ed nunrhur 1.t 7 98.3 ,1.202 0.0.+0

Late Successional Rcscr'\c! vs. Other land allocations
Obserled number 3l 80
Expectcd nunber 28.0  85 .s  r ry8  u . .27-1

TABLE 3. Results of X: analysis comparing mollusks on
Riparjan Rcscrlcs (RR) and Laie Successional
Resenes (LSR) agains! other land allocations.

tats (USDAruSDI 1994). RR were also envisioned
to provide connectivity among habitat patches.
We believe that it is premature to draw any con-
clusions about the need for more or less protec-
tion, or about the importance of any habitat fea,
ture for dris group. This requires species-by-spccies
habitat analyses. which we plan to conduct. be
fore a more complete picture of the distribution
and habitat associations of each species wil l be
possible. Thc general lack of association of the
selected species with rescrved lanos, nowever,
sugge: l \  thd l  lhe  (un \er \a t ion  o l  the .e  rpee ies
will require careful management of Matrix lands.
For example, the geographic langcs of M. I
klumathit:a and, M. f. ochromphalus ne extremelv
small and most of the detections were in Matdx.
When appropriate habitats are identified for each
species. especially those with small geographic
ranges, evaluating distdbutions ofhabitat by land
allocations will be of great interest. Fuflhermore,
the relative concentration of high species rich-
ness ofthe selected species (Figurc 2) occurs pri
marily in Matrix lmds. Until individual species
distributions are evaluatcd relative to their habi-
tat associations and rcserve status, we tecommend
continuing pre-proiect surveys.
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the taxonomy ol some relaied species. Veligcr29:169
1 8 2 .

USD,A. Foresl Service 1000. Forest lnventor) and Analysis
User's Guide. LSDA Forest Service, Pacific South
west Region. San Francisco. California.

USDA Forest Se|\ice and USDI Bureau of Land Manage
ment. 199,1. Rccod of Decision for anrendmcnls |o
F.rrest Serlice and tsureau of Land Management

a stronger association between presence of the
mollusks and land allocation status (Tablc 2). We
also compared the association of one or more of
the mollusk species with RR versus all other land
allocations as a group. Mollusks were found at
22 of the 40 RR plots (557.). Under the null hy-
pothesis of no association with RR, the expected
number of plots with mollusks in RR was 14.7.
which resulted in a signillcant association with
RR (Table 3). We lbund no association between
the presence of one or more of the mollusks in
LSR versus other land allocations (Table 3) or
when comparing reserved (i.e., LSR, CR, AWA,
and RR) vcrsus Matrix lands. Analyses were also
conducted excluding Pn4thysaon dubitun (.detected
at 23 plots) because this slug may be a habitat
generalist and not need S&M protection (USDA/
USDI 2001). However, excluding P dubium did
not appreciably alter the results.

Discussion

As a group, thc selected mollusks in our study
only showed an association with RR. This con
clusion should be moderated, howeveq by the
knowledge that on(] less observation ofpresence
would have yielded a non-significant P-\'aiue of
0.076 (using the conventional alpha level of0.05);
and two tewcr observations would have yielded
a P-value of 0.136. ln addition to the puryose of
providing protection to aquatic organisms/habi-
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