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Abstract
Historical variabilii)'. jn tjrc rcgimcs nnd lbrcst age structufes is necessaN refefence informalion lbr managenent of vegetation
and landscapc paltcrns in naturallt managed ecos)stems. In ihis stud,v. .|re rcconstrucr.d lire histor,- rnd fbre\r xge smrcturc al
Poinl Rc\cs \ati|)l l Seashore on tbe cenlf.rl CrLlilbfnia coast to documcnl chang.s in lbrest conditions olef lhe past ca. twL)
ccnturies. Su ace fire history $rs feconstrucled from dendroch.onologically crossdtrled iire-scrffed tree,i in !ro stand\ ofDou
gl.ls lir (P.\.rdrrslig,r ,,e ,itsli \at. nrn.l.sii) .rnd one lrand of coas! rcdwood (Sc4rot se iterrirenl. Age srrucllnc in lrn
approxrlnalcl] 2000 ha area of Dougl.rs-fir fbrest $as examined for tree rccruilmcnr putems. RecoDstructed mean surlacc lirc
inlcrrals and wcibull ncdian probrbilitr- i eflals fuged from ' 7 to-lJ Ic.1r!. Fircs gcncrajl] occurfed late in the gro$ing
season or atier gro$lh had ccascd 1or a )ear. Sprtirl prtterns of histo|ic tires and thosc rcconsrucred iroln the fire-scar record
documcn! oilcn sidcsprcad lircs in lhe central Olem.r Vrlle). Likel,v man\'. if not rost. of the lires recon\tructed from Poi.l
Rclcs \\crc ignircd by hunans gilen the long history of iniensire u\e ofthis arca. irsr b) the Coast Miwok and later by Europcnn
r,rnchers. Age nructures of strnds sugge\r that much of the l)ouglas lll o!erstor) is multiaged $ith liftle evidcncc of stand
replacing llre or other dislurbance event\. Ages of irees in Douglas iir s(ands document increr\ing landscape co\crrg. ol Dou,
gl.rs tir fbrest rt Point Re!es.rnd hxrd$'ood recrujl en t u. dcr oklcr Douglas 1ir canopies. and suggest tha! loss of s urluce lires is
hu!ins cxsc dmg etlects on landscrpe vegeiation pafterns. comnunir) rclationships. and probably relrted eco,,tslcnr processes.

lntroduction

Changes in fire regimcs ovcr the past century arc
well documented 1br many areas. espccially in
ecosystems that experienced fiequent, episodic
surface fircs prior to widespread non-Native
American settlement beginning in the westcm US
in  the  1800s (Agcc  1993.  Swetnanr  199J .
Covington and Moore 199,+. Brown and Swetnanl
199,1. Swetnam ancl Baisan 1996. Barrett et al.
1997). Livestock grazing, geographical fitrgmen-
tation caused by roads and f-ences, and fire sup-
pression havc resulted in the cessilt ion of sudace
lires in these ecosystems. Ccssation of surface
tircs has, in turn. led to otien protbund changes
in fbrest and landscape vegetation patlenls. Fre-
quent surf'acc fires kil led tree seedlings and sap
lings before they could bccome established in a
tbrest ove$tory or on grassland or shrubland |rar-
gins. Increases in tree density or landscape cov
erage after fire exclusion have led to concurrent
losses of understerv bionrass and species diver-
sity and shifts in biogeochemical cycles and hy-
dro log ica l  reg imes (e .g . .  Mutch  e t  a l .  l993 .

Covington and Moore 1994). Shifts in fi)rest stluc
ture and fuel loads also have led to feedbacks in
lire regimes, and stand-dcstroying crown iires are
today nore prevalent in forcsts that expelienced
prinrarilv surthce tlres (Covington and Moore
r994).

Here we descdbe historical patterns of lires
and trec rccruitment in stands ofcoastal Douglas-
tir (Pseudotsuga tnetr:L:sll var'. rnel..:ie.rll) and coast
rcdwood (Seqaola senlperrirens') at Point Reyes
Nct ionr l  Scr r .h , r re  on  the  (  en t r i l l  C l l i l om i r  ( t  ' r .1 .
Chalges in fire regimcs and forest pattems over
the past ca. 2 centuries were reconstructed fiom
fire scars recordcd in dendrochronologically-
crossdrted tree-ring series and forest stancl ages.
We concenftated our stucly in Douglas-fir and coast
redwood tbrests within the Scashore boundaries
in an attcmpt to obtain the longest possible rccords
of both fire scars and age structurcs. Bishop pinc
\Piflus nuricdtu) lorests also are cxtensive at Point
Reyes. but Bishop pine trees are generally too
voung (< 100 to 120 years old) l irr reconstruc-
tion of long term firc history (Sugnet 198.1, and
otherdata frool this studv). Resul|s from this studv
providc infirrmation on historical !ariabil ity in
lire fiequency. timing. spatial patterning, and sea-
sonalit) 'at Point Reyes that is necessary for
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managernentof vegetation andlandscape pattems
in this naturally-managed area (Morgan et al. 199.1,
Kaufmann et al. 1994).

Methods

Study Area

The PoinL Reyes Peninsula is separated liom thc
Caiifirrnia mainland by the San Andreas rif't zone
that tbrms the Olcma Valley (Figure 1). Point
Reyes National Seashore covers most ofthe Pen-

insula west tiom the Olcma Valley. lnverness
Ridge runs nonhu'est to southeast down the lengft
of the Peninsula (Figurc 1) and leaches a maxi-
mumheight of 4211m at Mt. Wittcnberg. In\'emess
Ridge drops steeply to the east in a sedcs ofdrain
ages while descending more gradually to the west
in rollin-e hills and valleys to the Pacific Ocean.
The Peninsula is underlain by relatively young
granites and shales in contuast to the sedimentary
substrates ofthe Franciscan complex ofthe rdja-
cent mainland (Galloway 1977).

PacifrV 
C)ceaz

Figure L Locations (l1 lirc scar collecdons and pl.rce naDres menlioncd in text.
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A Meditcrranca[ clin]ate dominates. \\,ith wet
winten and cool, dry summers. The coastal lo-
cation and topography result in large variability
in precipitatien patterns. Avcragc annual rainfall
rangcs from .160 mm on the western tip of the
Peninsula to over 900 mm in the Olcma Valley;
over 807a talls fronr Novcmbcr through March.
Coastal fogs during the sulnmer contribute to in-
creased soil moisture during otherwise dry sunt-
mer months. Mcan daily minimum and maxi-
n1um temperatures range fiom 11' to l7'C in
July and 6' to l3'C in January.

Invcrncss Ridge supports extensive coniterous
forests while grasslands and coastal shmb orchap-
arral cover most ofthe rest ofthc Pcninsula. Bishop
pine forests doninate the north end of Inverness
Ridge while predorninately Douglas-tir forcsts are
fbund in the south. Bishop pine is one of three
species of relict closed-conc (scrolinous.) pine
stands found in disjunct locations along the Cali-
fomia coast (Dulheld 1951, Critchtield 1966).
Bishop pine generally occurs in purc. even-aged
stirnds that establishcd after cro*n hles (Wells
1962, Sugnet 198:l). The Douglas-fir tbrest is
usually considcred to be a phase of the mixed
evergreen lbrest of central Crlitirrnia (Sawyer et
al. 1977. Shuford and Timossi 1989) ard otten
occurs with a sub canopy layer of coast l ive eak
(.Qu erttrs ug rilol ia 1 or Calilirrnia bay ( U n be l l u -

luria.aliJonlk:.t) atPoint Reyes. Most stands also
have a dense shrub layer. Asinglestandof coast
redwood is present on thc southwest side of the
Olema Valley in Pine Gulch (Callo$'ay 1959),
although morc cxtensive staDds ale found on
Bolinas Ridge (Figure l) just to the east el the
Seashole boundaries (Finney 1990.). Thc coast
Iedwood stands tend to havc more open under
stories than thc Douglas fir forests, although they
ofter have dense areas of shrubs, hardwoods, or
occasionally abundant redwood regeneration fiom
basiil sprouts.

Human habitation of thc Point Reyes area by
the Coast Miwok began at least 5000 years ago
(Treganza 1961, Duncan 1992). The earliest
European contacts with thc Coast Miwok were
from Spanish and English vo)'ages along the coast
i n the I 61h century, thc nlost lamoLls of which was
Sir Frarcis Drake in the Golden Hinde rn 1579.
Intensive Spanish influcnce in this area began in
I 817 with establishment of a Franciscan mrssron
at San Rafael. about 20 km southeast of the Sca-
shore. After the Mexican rcvolulion from Spain

in I l l2l . the Point Reyes area was opcncd to land
graDt claims. the filst of u'hich was granted in
11336 in the Olcma Vallcy (Toogood 1980). A
long history of cattle and dairy ranching on the
Peninsula bc-qan at that l ime (Livingslon 1994.
1995). Cattle grazing is still present at Point Reyes,
although grazing has not occuned within the tbr-
ested areas since the 1960s and 1970s n'hcn the
present Seashore boundaries *ere established.

Beconstruct on of F-ire H story

Fjre-scamed trees *ere oppoft unistically collected
llom three areas to reconstruct long term pattems
ofsurface fire events. Two areas, Limatour Ridge
(LIM) and Five Brooks (5BR). are in the Deu-
glas-tir forcsL and the third is in the coast red
\\"ood stand on the west side of OlemaVrlley (Pine
Gulch Redwoods: PGR). ln general, we searched
firrtrces with sequences oftire scars that resulted
t'rcm rcpcated fire events. These scar sequences
are distinct ftom other injuries that rnay kill cambial
tissues. We looked tbr fire-created "cattaces 'tioln

*,hich wccould rcmovc prxdal circumlerence cross
sections using chainsaws (Brown and S$,etnam
199.1). Catlaces are areas of open wood not cov
ered with bark where cambial death occurred
during tircs or othcr injury events. Horvever, owing
to npid growth exhibited by most trees at Point
Reyes. l iving tissues on the margins of catfaces
tended b grow over quickly and wc louncl vcry
few open catfaces on either living or remnant (logs
or standing dead) trees. In an cffort Lo obtain thc
most complete fir'e records tbr- the Point Reyes
area. wc samplcd cxtensively for hidden catfaces.
This was accomplished on rcnnaDt trees b.v making
"blind" cuts around a tree's base. Often we re-
moved up to lirur paftial circumference cross sec-
tions from different locations around a bole
(Sq'etnam I 993, Brorvn and Swetnam 1994). All
cross sections retloved in this manner were lrom
dead trees to mininrize impacts on l iving trccs in
thc Nalional Seashore.

Trcc-ring material was prepared and crossdated
using standard dendlochronological methods (e.g.,
Swetnam et al. 19115). We developed a ring-rvidth
chronology from PoiDt Reyes that aided in
crossdating of remnant tirc-scarrcd matcrial. Wc
assigned a position within the annual t.irg tbr fire
scars or other injuries to assess possible season-
ality of past tirc cvcnts (Brown and Swctnam 1994).
Dormant season scals (occuring between two
rings) were assigned to the previous year (i.e.,
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fall fires). Firc records fionr this area ovcr the
past centur), document that fi res generally occuned
fronr late August to Novembcr rfterradial grou'th
had ceased (R. Moritz, Bolinas, California; un-
published dala).

Conrposite fire chronologies were compilccl
fo r . ' . r , .h  c lus te r  . ,1  l i fe  .cJ r rcd  l ree .  u . inB l r r r -
-qram FHX2 (Grissino-Mayer 1995). Fire tie
quency for cach cluster was detemined using thrce
measures. Mern fire interval (MFI) is the aver
a-ee number ofyeals betwcen flrc dates in a com
posite fire chronology and has been used widely
to desc be tire frequency (e.g.. Romme 1980,
Brown and Swetnanr I 99,1. Grissino-Mayer 1995,
Swetnam and Baisan 1996). Vadabilil)' in fire
intervals is dcscribed by thc first standard devia
tion andmngc ofintenals. Weibullmedian prob
abiJity interval (WMP1) is the Ure inteNal asso-
ciated with the 507r exceedance probabil ity of a
modeled Weibull distribution of all fire intervals
liom a fire chronokrgy and is considered to bc a
les . -h i r .ed  e . l in l i r t ( ' r  n l  cen l rJ l  lendenc ies  in  in -
tcrval distdbution (Grissino-Mayer l995). Vari-
abil ity in fire datr with the Weibull model is de-
scribed by the 57c and 957. cxceedaDce intervals
(Grissino Maycr 1995).

The third measurc tirr tire fiequency is deter-
mined as a regrcssion slope fit through a cunru-
lative sequence of f ife dates (Brown el a]. 1999).
Piecewise l inear regression procedurcs (Neter et
al. 1989) were used to cstimate the number of
segments and break points in cumulative fie fte
quency through tine (Brown et al. 1999).

Age Structure in Douglas f  r  Stands
We examined maximun ages of ovel-story Dou-
glas-fir trees to de|crmine possible tirning of cs-
tablishnent in the Douglas-flr fo[est on the east
side of Inverncss Ridge (Arno et al. 1995). In-
crement cores wcre c()l lected using 50 cm incre-
ment borels fronl 10 doninant Douglas fir trees
ln 2,1 plots located on a raldomly-spaced grid laid
oul on the east side of Invemcss Ridge. Total
area covered by the grid was approximately 2000
ha. We mcasur.ed diamcterat breasthcight (DBH)
ot trees \\'here cores did not reach pith or the vi-
cirity ofpith lbr latcr extrapolation ofage. Larger-
dlamctcr (> 20 cm) sub-canopy htrrdwoods (oak
and bay) were also sampled in plots where they
occurrcd.
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Fol ages of trecs where santple cores did not
reach pith. $,e estimated probable pith ages us-
rng either overlaid concentric circles or extrapo-
lations based on measurements of ring widths.
On corcs whele curvature ofthe inside dngs was
visible. we used overlaid circles to sstimate thc
number of rings to possible pith locations (Amo
et al. 1995). Pith ages were estinrated to bc from
I to 22 fings \'"'ith a majoriry (-75%) from I to
I0yeafs fiom mle pith locations usingthis mcthod.
For larger diameter trees, we used extrapolations
ofring measurements to calculatc numberof ngs
topossible pith locations (Stephenson and Demetry
1995. Brown unpublished manuscdpt). Best f it
negative exponential or negative-slope linear cqua-
tions werc first determined fbr measured ring sc-
I ies  l rom incremcnr  ( , ' re . .  Thc .e  equ iun .  per .
nritted us to account for wider rings lowards tree
centers. Equations were used to calculate back-
wards sLlms of ring widths until a probable ra-
dius was equaled. Radial distance was detcrmined
as l/2 field-measurcd DBH for cach tree and did
not account fbr possiblc eccentricity in ffee cir-
cumiarence. An average bark thickness of 3 cnt
was added b core lengths befbre extrapolations.
The date of the inside ring at the point of cqual
radius was then used as pith age for the tree.
Extrapolations from ring widths added frorn 15
lo  o \ r r  150 )cc r \  L ,  in \ ide  dc le :  un  inc rcnren t
cores from trees aged in this manner We recog-
nizc that estimatcs ofpith ages using this method
are relativcly crude but extrapolalions based on
dng widths were the only means rvailable to es-
timate ages on trees that often exceedcd I m and
occasionally 2 nl DBH (Stephenson and Demetrv
1995) .

Besults and Discussion

Fire-Scar Records

Fire chronologies developed liom fire scarrcd trees
at tlx ee sites on Invcrness Ridge and in the Olenra
ValJey are shown in Figure 2. Cross sections col-
lected tiom Douglrs-1ir trecs at Limatour Road
(LIM.) and Five Brooks (5BR) often recorded
multiple lile scars (Figure 21. Fire-scarrcd cross
sections fronr at least 20 other Douglas-fir trecs
werc collected but could not be crossdatcd be
cause of problems with either sample preserva-
tion or ring series that wcre too shofl to crossdatc
with the chronology lbr the area. Additionally.
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Figuij 2. Fir. chronologies ibr Point Reyes slrnds. Horizontal lines fepresent time spans of individual rrees \\'jth in!crlcd lri
angles at dalcs ()1 lirc scill\.

dng widths in the Douglas lir and coast redwood
tended to be 'complacent", with l itt le variabil ity
in ring width, which made crossdating dift icult
on many ffees. Most ofthe trees from sites 5BR
and LIM u'ere large dianeter, I to 2 n DBH.
However, because lrces grow rapidly in this l lrea
(inside ring rvidths trom I to 3 cm on rnany trees).
most of the Douglas-fir sanpled wcrc not vcry
old. and tire scar records did not extend much
bclbrc thc latc 1700s. Thc oldest Douglas-fir tree
(not fire scared.) found in any ofthe aleas sampled
had an inside date of 16E0.

Cross sections and increment cores were col-
lected frorr 33 coast redwood trccs at sitc PGR.
although only 10 were successfully crossdated
(Figure 2). The oldest trees on the northem Cali-
fornia Coast are coast rcdwood. and they otten
contain long and wcll-preserved tire-scar records
(Finney and Matin 1989, Finney 1990. Brown
and Swetnam 1994). I-arge-diameter (> 2 m)

stumps that grew prior to the 1800s were pfesent
at site PGR but were heavily decayed trnd burned
from tires that occtured alter this stand was loggecl.
Toogood (1980) rcpofis that logging ofredwood
stands in the lower Olema Vallcy and Bolinas Ridge
began in the flll of I E:19 and continued until 1858.
with up to four lunbcr mills operating in the south
end of the valley at the height of operations.

Coast rcdrvtxrd is an especially difficult spe
cies to crossdate becausc rings around tree cir
cumlerences ale often inconplete (Finncy and
Martin 1989, Finney 1990. Brown and Swetnam
199'1). We were not able 1(] crossdate any of the
pre-settlement trees tiom this stand. Mostof thc
successtully crossdated tlee wele evidently basal
sprouts that established after the oiginal stand
was logged or in rcsponse to tire events afier log
ging (scls, Stuart 19871. InFigure2.trees PGR
2 and l7 may have been sprouts that started atter
a firc in 18.19. trees PGR 3. .1. 6. and 15 ma1
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har,e sprouted in response to fire in 1906. and
tree PGR ll likely rvas a sprout that stafted in
response to fi le in 1923.

Fire scars were tbund on trees at two or three
sites in the OlenaValley during several fire ycars
(Figure 2). Fircs wcrc rccorded at both sites 5BR
and PGR during 1770, 1841, 18.19. l 87 l, and 1 898.
Trees at these lrvo silcs wclc collected f'rom near
thc botlonr of Inverness Ridge in the OIema Val-
lcy vhere there are feu'topographic breaks to limit
fire spread betu'een the stands. Horvever. with
the exception of 18,11. fir'es recorded by trccs at
LIM werc not rccordcd at either of the other two
sites (Figure 2). Trees fiom LIM were collected
from drainages on lnlcrncss Ridge above the
Olenra Vallel. and it is l ikely that topographic
br-eaks (ridges and valleys) linited lue spread ftom
the valley botton.

Only onc firc scrr was recolded in sites LIM
and 5BR atter the early 1900s. in 1973 (Figure
2). Three fires were rccordcd dt PGR during the
20'r' century (Figure 2), all of which also were
recorded in histo c records (R. Moritz. unpub-
lished data). Historic records used to documcnt
fire occunenccs includc all Caliti)rnir Depaftment
of Forestrl llrc rccords tirr the Point Reyes area.
A widespread tire in October, 1906, reporredly
burned nost ofthe Olerna Vallcy and closely tb1-
lorvcd an extensive fi re that burned mostofBolinas
Ridge in 190,1(Marin Jounal. October 25'h. 1906).
\\'idespread fires wcrc rccordcd throughout the
PoiDl Re)es arca in 1923 and reported to have
bumed ovcr rl0,(XX) acres ( 16.200 hr). Extensive
tire in 19,15 was reported to have bumed over'
I E.000 acres (7300 ha), nuch of it on thc $,est
sidc of Bolinas Ridee. No tires have been re-
corded in the Pine Gulch redwoods stand sincc
19,15. ln addition, nlost f irc scars were recorded
latc in the growing setson or as dormant scars
(Fi-uure 3), u'hich flts well vith historic records
thrt document the majodty of l ires occured in
thc  pc | i , ' J  I r , \m Au!u \ t  t r r  l \ r r re rnher .

Surface F re Frequency

Mcasurcs of surface fire fiequency 1br the Dou
glasJir (5BR and L1M) and coast redwood (PGR)
sites are in Tablc l. A pcriocl of analvsis tbr f ire
liequency was detemrined fbr each site based upon
picccwisc tcgressions of cumulative tire dates
(Figure.1). ln Figure.1. all f irc datcs are plotted
as cumulirtive data. However. dates before the
carly to rniddle l1l00s fiom each site do not 1it
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Flgure l. Posidds of lire scars \rithlll uDual rimgs for three
sires at Poinl Rcr-cs. E: $ilhir the lirst rhird ofthe
ea !$ood band; N4: iddlc th i rd o l  car l !$oor l  L:
l t rs t  t l i rd ofear l )$ood;A: in the la lexood bandi  D:
dor ant  scasont Ur unknoln posi l ion due to naF
rorres\ of rings. ring damagc. or olhcr lirctors.
Donn.lnt \e.l\on scxrs $'ere dated !o thc carlicr,"-cu.

longer-term trends in cunulative events. lt is prob-
able that fire datcs are missing fiom the lire scar
reL,rrJ: helorc this pcriod. Fire lrequenel :rt sitc
PGR was broken into two segments based on re
sults fronr piecewise regression procedures. Rc-
gression slopes before and after 1906 $ere de-
termined to be significantly different (P > 0.l0)
based on analysis of varJance ofregression results.

Mcasures of fire fiequency trorn the early 1800s
to early 1900s are consistcnt tbr all three stands
(Table 1). Metn fire intervals (MFIs) mnged ffon'r
7.7 to 8.5 yrs while Weibull median probabil ity
intervals wcrc slightly lower retlecting the gen
erally positive skews in intcrval distributions.
Variability in inte als as reflected by standard
dcviations, ranges. and Weibull 59r, and 95clr prob-
abil ity intervals also wcrc consistent between
stands. MFIS fbund by this study fit well with
reconstructed fire fiequency from coast redwood
stands on Bolinrs Ridge (Finney 1990). Finney
lbund llre frequencies bctwccn 1850 and 1900
ranged tiom 6 to 33 yea$. with a mcan of 14
vcars.

ln addition to crossdated flre events on l iving
coast redwood trees at site PGR. we collccred fire
scar sequences from five pre-settlgment coast rcd
wood stumps. Point lire inten'als (i.e., avcrage
fire-scar intcrvals from individual trees) were
e l l cu l l ted  l rum thc :c  f i re  t rees  us in l  r ing  cnunts
between tire scars (Table 2). These sequcnces of
lire sclrs may be incomplete because fire scars

IPGRNsBR trLIM



TABLI L Firc licqucncic\ lir Point Reves sites. Fire trequenc,v is calculated using iniervals bet\\een all tire dates at each sitc
rbr the period of analysis.

Si lc
PCR
PCR
PGR

5tsR
LIN,l

Period ol

18.11 to I  906
1906 to I 9.15
l8:11 t0 19.15
1820 t() 1905
1825  r0  l 9 l 8

No. ol l\'lFI
i n tena l s  (1SD)L

8  i l .  I  11 .7
I  13 .01 .1 .6
I  I  9 .5  13 .8
I  I  7 .7  15 .0
l l  1J .5  15 .1

Range

, l  t0 l2
u t 0  l l
,l tL' ll
1 r 0  1 7
3 ! o  l E

w\{Pt '

l l .2
13 .2

7 .8

5t/. to 95ta

.1.0 t0 12.3
6.0 t0 22.7
.1.I ro 15.0
1 .3  r0  17 .6
2. |  !o 16.0

(fron f is..1)J
0 . 1 2 2
0.075

0 .110
0 .107

r Nlcan iirc interval and standard devirtion of.rll intervals in composile fire chronology in yeafs.
' h )e.rrs.
r Weibull medi.Ln (50{ erceedrnce) prubability inkrval in }cars.
r Weibull 5q ind 959i crcccdancc probabilily inrerr'als jn rears.
I Piece$ise fegressbn slopes c.rlculated lionl culnulrrive fire d.rtes lnumber of lires yeur ).

P G R

Figure,1. Fife fiequenr) in strnd\ deten ned lioln lirc.rr rcgressions lit lhrough cumulad\c lirc datcs. Dashcd lincs rrc bet\Leen
lire dutes nol uscd in pcrilxls of anal]\is lor iirc ficque c,v (see tcr!J. There i! a signiticant difierence in rcgrcssion (P

> 0.10)bclorc and ai icr  1906 ar s i te PCl i .

. !  3  ro :
i l x  l
I  "  s l
E o  I
3 f  o l

maj/ not have been recorded in every lire event
or tire scars nray have bccn crodcd or losl from a
scar record. Missing dngs bet$,een fire scals can
be aconnon occunence il coastredwood (Brown
lnd  Suetn i rm lo ( )J ) . rnJ  mr)  . t l s r r  h i r r .  meun in -
tervals. Howcvcr, averaging of fire intervals re
sulted in close agreement of point inteNals be-
twccn trees (Table 2). Unfortunately, without
crossdated ring sequences. it is unknown what
time pcriod thcsc fire frequencies may represent,
only that they are from some time belbre logging
of the stand in the 1850s. These 'f lorting" fire
scar sequcnccs at least suggest that there have been
relativel,v high tire liequencies in the Olemr Val-
ley during pcriocls belore the 19"'century. Point
llre intervals of 8 to l2 years on the PGR samples
(Table 2) lit well with roughly-dated MFIs that
ranged ftom 8 to 20 years lron 1.150 to 1850 tbund
by Finney (1990) ir coast redwood stands on
Boliras Ridge.

TAB]-E l. \umbcr ofycars. can\ and slandard cfiors (in

yerN) beNeen fife \ca|s in sequences recorded
on undrted pfe-,iettlement coasi red.|\'ood trees
fiom Pine Gulch redwoods st.rnd.

1 1 . 0 1 5 . u
8 . 7 1 5 . 5
8 .1  1 ,1 .1

1 2 . 0 1 7 . 1
8 .1 : l 1 .8

P C R  l 8 :  1 1 .  1 6 , 6
P G R  2 2 :  6 .  1 1 ,  1 8 , 5 , 8 ,  I  l .  l 2
PCR l8r 3. I  L 13. 6. 8. 16.,1. 7. 10. 3
PCR l9r 7. l7
P C R  3 0 : 6 . 6 . 1 . 8 .  l 5

Age Structure n Doug as f r Stands

Agcs ofovcrstory Douglas-fir trccs from 2.1plots
in the Bear Valley area of Limatour Ridge docu-
ment an apparently multiaged fbrest with no evi
dence oferel aged tblest stmcture oler large areas
(Figure 5). Although extrapolated pith ages based
on ring measurements are only crude estimations
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Figure 6. NunrbeA of undeNtofy ork .Lncl ba! trees b! certef dates liom all plds in the Be.u Vrlley .Lrea.

of true ages. there is no clustering of dates over
thc approximatcly 2(XX) ha arca whcrc trccs wcrc
sampled. Trees were young for the most part,
with few trees in any plot over 200 years old. Ages
oftrees from plots near the top oflnvemess Ridge
were especially yonng (Figure 5). Several ofthe
inL l i r  i Jur l  : l i rnd \  \eem r , '  h r \e  r  mr \ imur r  i r !e
coho{ that may be related to stand destroying
e\en l \ .  \uch  r \  ( i r l i r \ l r , ' ph ic  l i re . . l r ,3g in3 .  r ' r  un-
known disturbances. The l87l lile year was re
corded rs tire scrrs at sites 5BR and LIM. and
trecs at lwo plots (OP3 and OP4) did not have
any ffees that dated from before this year. A number
of trees established at these two plots beginning
in the late 1870s. Only 2 fire scar dates were
. rml le r l , ' n  rn r  t rees  i r r  the  p l r r t . .  {  l l re .c r r  uJ \
recorded on a single tree in plot BT2 in 1927. In
plot MTl. f lre scars were recorded on 2 trees in
1897. Five trees in the stand established in the
early 1900s.

Understory hardwoods (bays and oaks) were
younger than overstory Douglas-fir in all stands
where hardwoods were collected (Figure 6).
Abundant sub-canopy hardwood regeneration and
l i t t le  to  no  Doug lar - l i r  regene la t ion  u ! r \  \een in
many of the Douglas-fir strnds. These patterns
suggests thal in the absence of Douglas-fir re-
generatior. hardwood trces mav eventually replace
Dou-qlas-fir

l -o  i ca l io ls  o '  rh t r  r  re  t i s ro rv  'o r  Vegera  or
Dy^a^r cs d1d and"cape Patte" i 'rg

Rr \u l l \  f r lm Ih r .  ' tuJ1  do iu rnent  char i r i l c r i : l i c .
of the fire regime in Douglas-fir and coast red-
wood stands in the Olema Valley and on lnvemess
Ridge during the period from the middle 1800s
to early 1900s. Average intervals betveen tlres
wcrc similar bctwccn stands lnd ranged from 8
to 9 yrs. Fires were apparertly variable in size,
with most fire years recorded at only one site and
l'ewer fires recorded at two or very rarely three
sites (Figure 2). Historic records also document

highly variable tire sizes from local stands to ex
tensive landscape scale events.

Longer-term tlre hisbry data fiom the Poiot
Reyes area document relatively high surface fire
frequency before the early 1800s. Floating fire
scar sequences fiom prc settlemert coastrcdwood
stumps in site PGR docunent point MFls of 8 to
12 yrs prior to thc niddle 1800s (Table 2). Fire
scars fiom Finney's (1990) study in coast r.ed-
wood stands on Bolinas Ridge document com
parable high fire frequency in this area at lcast
back to the middle 1.100s. The presence of char-
coal layers in sedirnelts ftom lakes in the south
end of the Point Reyes Pcninsula fufther suppon
thc rcgular occurrcncc of tire in firrests of this
area over the past several centuries (Russell 1983.
Duncan 1992) .

Surt'acc fires ceased for the most part at all
sites in the early to middle 20" centuq'. with only
one fire scar recorded at any stand at'ter 1945 (Fig-
ure 2). Shifts in tire tiequencl't iom pre-settle
ment orearly settlemert periods to recent decades
have impofiant implications for assessing possiblc
changes in landscape patterning and composition
and structurc of prcscnt-day forest stands. Fre-
quent surfhce lires would have tended to main
tain lnore open stands by kil l ing young trecs be-
lbre they could become established in the oventory.
Frequent fires on forest malgins also would havc
tended to maintain the position of forest/grass-
land or forest/shrubland ecotoncs. Historical ret'-
erences and records of vegetation patterns on the
Calilbrnia coast in the vicinity of Point Reyes
documcnt lcss tbrcst on thc coastrl hil ls than at
present. Viscaino in 1602 described the coastal
ranges Dorth of Point Reyes as "places of sleriz
lhil lsl bare 1() the sea" (Akcr 1965; quoted in
Duncan 1992:213). In 1792, Vancouver noted
that. ' the verdure ofthe plain continued to a con
siderable height up the sides ofthe hills, the sum
mits ofwhich...one could see produced a tew trees"
(Vancouver  1967:10 ;  Wi lbur  l953: l ) .  Von
Kotzebue during an expedition in thc 1810s
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described the Point Reyes arer as "barren u'ith
1tw scattered trees on the higher elevations and
patches of clwarl shrubs in the vallevs' (Vrn
Kotzebue 1967:.18; quoted in Durcan 1992:212).
Topographic and vc-qctation maps olthc coast and
a mile inland produced by the US Coast Surley
1rom l859 to 1862 shorv tbrested or shrub veg
etation prirnarily in drainages on the east and west
sides of lnlerness Ridge but not oD the ridge it
self (maps on tl le at Point Reyes National Sea-
shore). Historicalphotographs of InvemessRidge
and the Olcrna Vrlley takcn in the late 19tr' and
early 20'n centuries (Livingston 1994. 1995) also
document open hillsides and more extelsive ar'
eas of grtsslands prior to the middle 20'1' century
than are preseDt in these same areas today.

Age structures in Douglas fir plots from
Limatour Riclgc show thatlargc numbcrs oftrccs
have established in these stalds since the early
1900s (Figure 5). Most ofthe hardwoocls in the
stancls also cstablishcd aftcr thc carly 1900s (Figurc
6). Wills and Stuafi (1994) found similar pat
terns of heavy recent regeneration in Douglas-
fr/hardwood stands on the Klamath National Forest
in nonhern Calit irrnia in the absence of surface
fires. Age stmctures in stands froln near the top
of Inverness Ridge document encroachment of
the Douglas-llr forest into these afeas (Figure 5).
Almost all trees fiom the plots near the top ofthe
riclge establishecl atier the errly to middle 1900s,
ald confirm shifts in landscape pattems of forest
and grrss or shrub conrmunities.

Patlems in the fire regime at Point Reyes were
nost likely irtluerced by human activities. It is
probable that some ( if not most) of the tl re events
rccordcd by trccs in Figurc 2 wcrc thc rcsult of
hunar ignitions. Relerences to Native Amed
can burning practices are extensive (e.g.. Boycl
1999), and the Coast Mi$'ok that occupied this
arca prior to thc ninctccnth ccntur)'wcrc known
to have set fires lbr cleadng brush. hunting, of
accidentally (Treganzr 1961. Duncan I992). In-
tcnsivc non-Nativc Anrcrican sctl lcmcnt bc-qan in
the early to niddle 1800s. References in LiviDgston
( 1994. 1995) sug-sest that clearing of brush tiom
grasslands was a liequent occupation ofthe early
ranchers and dairy larmers on the Peninsuh. While

not often stated explicitly, setting fires to bum
off Lhe land would have been a possible means
firr clearing of brush.

Thc probablc rolc ofhumans in historical t ire
regimes at Point Reyes leads to questrons con-
cerning the appropriate approach to managemeDt
of ccosystcms on the Peninsull. [n the absence
of human ignitions, it is l ikcly that f ires would
not have been as common. Lightning ignitions
ale rare fol this area, especially during the later
summer/early tall period when grasses and her
baceous fuels cure and the majority of fircs oc-
curred. However. regardless of the source of ig-
nit ions in pre-settlement or early settlement f-lre
regimes, forests ofthe Point Reyes Pcninsula are
not burning today with nearly the frequency they
did in the past. Shifts frorn undcrsk)ry to over-
story dominance. increases in fuel loads. and
changes in tirrest structure (i.e.. increases in'ladder
fucls") may lead to increased incidence of over-
story. stand-destroying tjres that have been docu
mcntcd in other ti)rests that experienced tiequent
surface fires prior to widespread non-Native
American settlement (e.g.. Covington ct ll1. 1994).
Conversion of grasslands to forest also will con-
tinuc in thc absence of f ires. In addition, l ires
infl uence many ccosystem-level f unctions. such
as nutrient cycling and energy flows. by rapid
chenical and physical changes in both l iving and
dead biomass. The loss of surt'trce fires tiom fbr-
ests ofthe Point Reyes Peninsula most l ikely has
hrd and will continue to have cascading effects
on landscape patterns and ecosystem processes
(e.g.. Covington and Moore 199:1).
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