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Abstract
During thc pan centur). fofest struclurc on south-facing slopcs ol Mount Constiturion. Orcas Island. Washington. ha\ changcd
ffom opcn grown Dougla\-ti( lPftudatsu?a tnen.l.rir) mixcd with praifie to primadly closed canopv forcsr. Density of opcn
gro\l'n Douglas iir was approximarcl,'- 7 stem\/ha in thc l9lh centurv. while currcnl density of trees in closed-canopt mature
fofest is ,126 slems,fta. Tfees occur a! interDediate densilics in ireas of transition iion1 savanna-like siands lo closed canoF!.
A n a l y s i s o f i j r c s c a r s i r d i c a l e s t h a t a t l c a s l s e l e n f i f e s h a v e o c c u r r e d o n M o u n t C o n s t i t L r l i o n \ i n ( e l ' l h . h u r o n L l u L r e i f e h r s
occurfed since I 1t93. s hich suggests that thc rccent iDcrease in stem dcnsit] has been caused primarily by fire exclusior. The h ig h
stem densitres currcntl! lbund ir this landscapc pul1he relict ( 120-350+ years old) Douglas fir al risk liom conremporury lires.
$hich would likelv bc high intensitv crown fircs. Cilen dre transilion olioresl\ on Orcas Island du ng the 20rh cenlury lC) closed
c.tnopy \tructure, undinurbed open-gro.|ln conilerous lbrest is non cxlremely rafe in rhe San Juan lslands.

lntroduction

Ope[. savanna-]ike coniferous fbrest is a rcre
vegctative assenblage in \\,estern Washington state.
. r l thuugh i t  i \  (ommon in  lo$  p lec ip i t r r ion  enr  i -
ronmcnts on the east side of the Cascade Range
in the Pacific Nofthwest (Franklin and Dymess
1988). The only areas of westem Washington where
this forcst type is found is the San Juan Islands
and the southem edge ofthe Puget 10wlands. Open
savannalikc stands are also lbund in portions of
thc rainforest of the westcrn Olympic Peninsula.

Low-density Douglas-fir ( Pseudotstrga nen-
:lcsii) and some ponderosa pine (Pinus ponde-
,?.ra) associated with prairies are found on well-
draired outwash soils mnging from the FofiLewis
area to the eastem Chehalis River vallcy (Lang
1961. del Moral and Deardorff 1976. Tveren and
fL , r rJ r  1999) .  In  th i ,  r , .g iun .  the  [o re . r -p |a i r ie
dynamics have been greatly modified by tree cut-
ting and fire exclusion during the past century:
most older trces have bccn rernoved, although
Douglas-fir and Carr)' oak (.Qttercus garr\-dno)
arc becorning established at some locations in the
absence of firc (Tveten and Fonda 1999). Lower
terraces of river valleys in the western Olympic
Pcninsula contain late-successional forest with low
densities of very large Sitka spruce (Pitea
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.sitchensis) and western hemlock (Zrirgri
heterophllla) (.Buckrngham ct al. 1995). The open
structure of these tbrests is maintaincd through
intense herbivory by Roosevclt elk (Cenrs
elaphas) (Woodward et al. 1994. Schreiner er al.
r996).

The Orcgon Territory surveys of the San Juan
lslands in 1855 noted that forcsts generally had
open canopies, much like those on the east side
ofthe Cascade Range (Agee 1984). Low-density
coniferous forest and prairics on the San Juan
lslands have been historically located on south
tacing landforms and well-drained soils (Fonda
and Bemardi 1976). where the lelatively dry rain
shador'", environment ofthe islands is accentuated
by low soil moisture during the sunmer (Agee
and Dunwiddie 198,+). Because the San Juan Is
lands have been occupied by Euro-Amenciurs snce
the 1850s (White 1980,Agee 1984, Wessen 1986).
many island ecosystems have been altered by log-
ging. agriculture, livestock grazing. and likel)' by
llre exclusion.

The few remaining areas of the San Juan Is-
lands dominated by opcn forest and prairie at the
beginning of the 20th century, and still relarively
undisturbed by human activities. have changed
greatly in tems of vegetative structure and spe-
cies dominance. This is particularly true on Orcas
Island, where a nature reserve provided the
opponunjty to observe temporal changes in forest



structure in an area formerly dominated by open
forest and prairie. In this study, we quantified the
currcnt structLue of undisturbed closcd canopy
Douglas-fir fbrcst on Orcas Island and compared
il to reconstructed fbrest structure of the l9th
century in order t0 document changes that have
occurred to the increasingly rare savanna-likc forest
al this location.

Study Site

The San Juan Islands arc an east-west trendug
chain that transects the Puget trough. They l ie
bctween the Olympic Mountains to the southwest,
Vancouver Jsland to thc nofihwest. and Cascade
M, 'un l i l i n .  lo  lhe  er . l .  Mount  Con. l i tu t ion ,  on
Orcas lsland (,18'39'N. 122'50'W) (Figure l), has
an elevation of 731 m. This study was conducted
between 210 and 5U0 |r elevation within a 50-ha
site on the southwest-facing aspect of the moun
tain.

Weather patterns affecting the alea arc directly
influenced by neighboring mountain ranges and
surrounding islands. with the San Juan lslands in
the rain shadow ofthe Olympic Mountains to the
south$,est. On Orcas lsland. nlean temperatures
near sea level ale 9'C in January and 21'C in
July, with annual precipitation of 73 cm (data for
Friday Harbor at nearby San Juan Islrnd, from
the U.S. National Climatic DotaCentcr, Asheville,
North Carolina). Orcas lsland receives 707. of
its prccipitation between October and March. pri
marily tiom stoms moving across the island fiom
the south and southwest.

Rock outcrops and underlying parcnt material
on Mount Constitution consist primarily of Pa-
leozoic and Mesozoic sandstones and siltstones
(Easterbrook 1969). Thc San Juan Islands have
been glaciated several times. most rccently dur
ing the Vashon stade of the Fraser glaciation
(15,m0 13,0008P) (Easterbrook and Rahm 1970).
The regolith is mixed with glacial till and outwash
sedirnents. Glacial eratics, carried down from their
granitic source nofth ofthc Puget lowlands. are a
common landscape featule.

Little descdptive infirmation is available for
the sojls ofOrcts lsland. The glades on the south
face of Mount Constitution were prevlously
mapped as stcep rock land. r'ith 30-70% slope:
tbrest soils are mapped as Pickctt rock outcrop
complex, with both G30% and 30 70clc slopes
(Schlots 1962). The Pickett soils are fbrmcd fron.t

weathered iLrkose sandstone und -srcywacke. n-Iodi
fied greatly by colluvium and medium textured
Vashon ti l l . Soils are deeper and Ioamier than in-
dicated in the ex jsting soil survcy (R.D. Hammer
and D.L. Peterson, unpublished data).

Vegetation on the south-facing slope of Mount
Constitution is characterized by intenningled ar
eas of Douglas-lir forest and native grasses and
forbs. The fbrested areas are chancterized by rela-
tively cven-aged (<100 years old) patches of"rc-
generation forest. '$ith nruch older'"relict" trees
( 120-350+ years old) scattered throughout. These
older trees are much larger than the younger stra-
tum and havc many large lower limbs, indicating
that they werc originally open grown (Figure 2).
Therc is no historical or visual evidence of past
logging, grazing, or other human-caused distur
bance on this poftion of the [rountain since 1922,
*hen thc site was protected witbin the confines
olMoran State Park. NativeAmericans are known
to have set fires at other locations in the San Juan
Islands (Agee and Dunrviddie 1984), and Native
Americans lived on Orcas Island until ar ound 1800,
hunting and fishing on and near Orcas Island un-
ti l  Euro-American disruption in the mid 1U00s
(Wessen 1986).

Glades are defined here s areas dominatcd
by glass and forb species with few trccs (some-
limes tenned "grassbalds," Rochd and Busacca
1987.). Dominant vegetation in ftc glades includes
Idaho fescue (F".elrca idahoensis). bl:ue wildrye
(EL}"mus glatrctrs), colonial bentgrass (Agioslls
tnpiLktris), sedges (Carex spp.), bracken fern
(Pteridium aquilinunr, nootka rose (R.rr.i rrlkrn.r),
yarrow (Achillea nillefolium), meado$, death-
canas (.Zygadenus venenosus). ferl l loweted
shootingstar (Do d ecot he on pulc he | | um). f ieu,
chicku ccll 1Cer,r'rrrr/, {//r i rr \d). anJ \ Jriou\ Inr,.\
species. The glades also contain a few scatte[ed
regeneration Douglas fir.

Douglas-fir is the doninant species in the fbr-
est stands, although there are scattered individu-
lLls ofwestem hemlock, shore pine (Pilrs rrorilofa
var coalorra). bigleaf maple (Acer mac roph\llunl).
and bitter chery (Pranus enurginata). Cornmctn
unde$tory species in thc forest include dull Or
egon grapc (Berberlr len,osrr). stink currant (RlDes
bratteosurn'1, stlngrng nettle ( Ur'rld dloico), path-
finder (Atlenot:a on Dlcolor). broad-leavcd star-
flow er (TrientuLi: latijbl ia) . lnd cleav ers (.Gali wn
aparitrc). Some areas within thc forest ("relict
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Fig urc L Local ion of the study sire on Mounr Con stitution, Orcas Is land. \tr'ashington. The pholograph of rhe
study silc indicates cuffent distribulion of vegetation. with dors to indicare rhc locrdon of all relicl
Douglus lir. Elevation contour lines f100 m) are indicaled on ihe phorograph.

glades") contain grass. tbrb, and moss species
typical of the glades. reflccting a transition from
glade to closcd canopy forest.

26,1 Peterson and Hammer

Methods

Field sampling was structured around three land-
scape units: (l) mature forest, dominated by



Figure 2. T\\'o vic$s ol reiict Douglas tir or L\e south face of Mount Constitution. crdibiting charactcrjnic open-8ro$.n torm
including largc bole diarneter and largc lower branches. l\lolc the high densiry of younger rfees in thc background.

Douglas fir (2) glades. and (3)relict glades, \\,hich
contain a lbrest overstory and an understory with
some vcgetative chancteristics of glades.

Regcneration lbrest vegetation was charactcr-
ized within each landscape unit. Quadrars 0.02
ha rn area were sampled at 50-m intervals along
tlansccts parallel to the slope. Number of quad-
rats varied, depending on the size of the forest
: tund be ing  mel ru rer l .  w i th  the  fo l l , ' u ing  num
ber of quadrats per landscape unit: mature forest
(20). glades (1li), relict glades (5). Species and
diameter of all live trecs greoter than 1.5 m tall
were recorded fbr each tree within the sample
quadnt; only species was noted fbr trees less than
1.5 m tall. One codominant tree fron each quad-
rat was cored (one core pcr tree) with an incre-
ment borer at 1-m height on the bole to estimate
agc.

Relict trees were sampled separately. These
trees were characterized as having large diant-
eters, very large crowns. and evidence of open-
grown crown morphology with large branches near
the ground. All felict trees were lecorded through
out the study sitc, excluding only the large gladcs
(there were no large trecs in the glades). Loca-
tion was recorded and diameter was measured for
each tree. The geographic locations of all relict
trees were mapped and compared to a scanned
image of an aerial photograph of Mount Consti-
tution (Figure 1).

A subsamplc (n= l4) of relict trees u,as corcd
\\"ith an increnrent borcr at 1-m height on the bole
(usually two or more cores per trce) firr analysis
of tree age and fire scars (B arrett and Arno 1988).
Only those trees with relatively open faces on tire
scars were sanplcd, because the use of saws 1()
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obtain wedges was prohibited, and material was
needed that would allow fire dates to be deter-
mined with cores. ltis recognized that this sample
may have underestimated the number of total fires
over umc.

C0res from regeneratior and relict trees \\,ere
mounted in wooden blocks and sanded until in-
dividual tr (heiJ. u ere r isible under.t microscope.
All cores were crossdated visually and with thc
program COFECHA (Holmes 1983) in order to
associate each tree ring with a specific calendar
year (Stokcs and Smiley 1968, Fritts 1976). Age
was determined fbr regeneration trees. and agc
and (crossdated) fire dates were determined for
relict trees. This estimated age is slightly lou'er
than actual age, because 4-8 years generally are
required for trees to reach thc l-m level on the
bole. This slight inaccuracy ofage dctemination
does not measruablv affect our inferences regarding
large changes in stand structure overthc past cen
tury.

Results and Discussion

Analysis of forest stll.lcture on Mt. Constitution
shows that current structure is considerably dif-
lerent than it was at the beginning of the 20th
ccntury. The closed canopy forest has a high stem
density dominatcd by Douglas-lir that are 50 95
years old (Table l). Furthermore, therc are lew
large woody debris on the forest t-loor and ftw
standing dead trees, which suggests that the cur-
rent stand dominated by the younger trcc stmtum
is unique within (at a minimum) the past tcw
hundred years. Stem density in relict glades is
only 25% of that in closed canopy forest; regen-
eration trees are slightly younger than in the closed
canopy fbrest. which suggests that tree establish-

nrent was more recent in relict glades. It is im-
possible to reconstruct precisely the past demog-
raphy and stand structurc in the absence of tree
mofiality data overthe past oentury. However, \\, e
feel that minimal large woody debris in the un-
derstory-in the absence of reoent tlre-are strong
evidence that tree moftality has generally been
low (at least lbr larger trees) and that the current
stand structure is a major change from that ofthe
19th century and earlier.

A 100% sample of relict trees on the study
site indicates a density ol'only 7.7 stems/ha (Table
l): stemdensity is about twice as high on the lowest
pafi of the study site, u,hich is considerably less
steep than adjacent slopes. Mean diameter of the
relict trees is 133 cm, with the largcst tree mea
sured having a diamcter of 265 cm. Most of thc
relict trees are dominonts, with the top of their
crowns above thc main part of the canopy. Only
I 8 standing dead trees and only a few fallen, dead
trees were observed. Although we do not have a
complete record of the demography of Douglas
fir, the apparent lack of significant mortality of
large trecs indicates that much of the landscape
has changed from open stands to a n.fxture of
closed canopy forest and gladcs.

Fofiy-nine percent ofthe relict trees have vis-
ible fire scars on the lower bole, but no regenera-
tion trees have fire scars. Thc most recent fire
recorded in the fire-scar data tiom relict trees
occurrcd in 1893. Prior to that time. there were
fires (identif iable in multiple trecs) in 1858, 1837,
1795, and 1773. We identilied additional fire scitrs
in 1765 and 1736. but consider thcse dates tenta
tive becausc they were observed in only one tree.
We have not been able to determine liom histori-
cal records ifthese fires were caused by lightning

TABLE L Summurj- 01 lrcc diametefs. densilies. and ages in the different landscapc units on Mount Constituli|)ll.

Landscapc unit

\,lear sleil

(1 I SE)

Me.rn densit]
(steDrsAa)
(1 I  SE)

Tree age at 1 nr
height  on bole

(range in yeaN)l

Ent i re study s i te.
excluding gladcs

Glade

Rel ic t  g lade

l ] l  (2)

37 ( l )

5 l  ( 5 )

I  ( l )

,126 (,1,1)

r0  (5 )

r00  (31 )

1:0 350+:

50 95

15 rJ5

60 65

rAge bascd on crossdaied cores.xlracted at 1-m height.
:The radius of the oldesl lrcc \\as longer than our incrcmcnt borer; this tree was > 350 ycars old.

266 Peterson and Hammer



or humans. but rcgardless of cause, the fire scar
data indicate that there have been at lcast seven
fires on the island since l736. Fire exclusion be-
gan on the Moran Statc Park property in 1923.
The 1736 1923 fire retum intenal of 31 yr is lower
than has been reported tbr several dry Douglas-
fir forests ofthe Pacitic Nofthwest (Mcans 1982,
Agee and Dunwiddie 1984. Agec 1990. 1991b).
but higher than in thc Siskiyou Mountains of Or
egon (Agee l99la). It is possible tbat there were
additional fires, because only a small number of
trees were sarnpled and bccause some fires may
n u l  h i r \ (  ( a u ' \ ' d  r i . i h l . ' . c r r .  i n  t h e  t r e e - r i n g
sanrples. Largc woody debris are sparse in the
forest undcrstory on the south aspect of Mt. Con-
stitution. which suggests that past fires (prior to
1900), in combination with decomposition. have
been sufficient to rcmovc most lalger fuels. but
not intcnsc enough to kill nost fire-tolerant relict
Douglas-fils (Blown and Davis 1973; Peterson
and Arbaugh 1986. 1989t Peterson et al. 1991,
Agee 1993).

Thc absence oflarge fires during the 20th cen-
tury was probably the critical factor fiat facili
tated the establishmcnt of new cohorts of Dou-
glas-fir. However. the persistence of glades and
relict glades indicates that 1irc is not the only en-
vironmental factor that determines foresVgladc
distribution. The southwest aspect of the moun-
tain where this study \\,as conducted clearly has
high irradiance. and slopcs are con.rmonly >606/o.
The upper pa ofthe soil profi le normally is dry
in  la te  .unrmer  and cou lL l  p r , )Ju \ 'e  mo i \ lu re : l re \ .
in tree seedlings. Instrumcntal records show that
average temperature in wcstem Washington has
increased by 0.9oC sincc 1900 (Mote 1999). The
warmer clirnate ofthc 20th century contrasts with
that of thc Litt le lce Age (ca. 1600- I 850) during
which nost ofthe cunent relict Deuglas-fir would
have germinatgd. Howevcr, because the recent
warming trcnd would be expected to increase
moisture strcss in tree seedlings, the effect oflong-
term climatic variation on regeneration at this site
is probably small. We also observed extensive
herbivory of small Douglas-fi r in glades by blacktail
deer (Odocoileus hemionLts). ln addition, many
aretrs of the glades contain large populations of
Townsend's \ole (Micftitus townsendii), whrch
feeds on the vascular tissue of Douglas-fir and
can reduce the survival of trcc seedlings (West
1987). We have no way of asccrtaining the im
portance ofherbivory to regeneration at this site,

but given that large mammalian predators have
been absent during most ofthis century. it is likely
the cfftcts ofherbivores on small trees have been
relatjvely constant during this time.

On nearby San Juan Island. stem densities have
increased greatly on some ofthe drier landscapes
previously doninated by open-grown Douglas-
flr and Garry oak (Agcc 198,1. 1987; Rolph and
Agee 1993), but most of those lbrests were heavily
cut during the late 19th and early 20th centuries.
Agee and Dunwiddie ( 1984) have documented
recent (last 40 years) establishment of Douglas-
fir in grasslands on nearby Yellow Island, but at-
tribute this regeneration to a period of above-av-
erage precipitation. Regeneration of young
Douglas-fir has also increased at the lbrcst-prai-
rie ecotone of areas such as the Mima Mounds
near Centralia, Washington (D.L. Peterson and
R.D. Hammer, personal obseNation). It is most
likely that a combination offire regime, herbivory.
climate, and perhaps movement ofhillslope sedi-
ments has maintained the current distribution of
t i ' re ' t  rnd  ghdcs  on  Mount  Const i tu t ion .

The closed canopy forest on the south face of
Mount Constitution represents a forest stlucturc
that has not occurred at this location in the past
300 years and probably longer As a result, it is
likely that the last remaining savannalike Dou-
glas-firforest in western washington is being lost.
The regcneration of younger trces at this loca
tion is analogous to the increased sten densities
l 'ound in coniferous fore.ts in lou -prec ipitat ion
environments on thc cast slope of the Cascade
Range, wherc fire exclusion has contdbuted to
altered st?Lnd struoture overthe past century (Agee
1993, 1998, Quiglcy ct al. 1996). Cunent distri
bution of live fuels in the understory on Orcas
l . land  u  i l l  l i ke l l  fuc i l i t r rc  h igh  f i re  in ren . i l i e .  in
the future, with a high probability of crown fires
that will threaten the survival of the relict Dou
glas-fir

Ifresource managers at Moran State Park wish
to preserve the relict trees and restore open Dou-
glas-fir forest on Mount Constitution, moditlca-
tion of the current forest structure is needed to
reduce the likelihood of future crown 1lres. This
could bc achieved by manual thinning to reduce
stem densities, especially in the vicinity of largc
trees. Alternatively, prescribed buming could be
used to reduce stem densities, although the sten
dianeters ofthe newer cohort of Douglas-fir arc
largc cnough that controlled, low intensity fire
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may not kill many trees. Repeated fires combined
with manual thinning ovel several years, or per-
haps cautious use of patchy crown fires, may be
necessary to effectively restorc stands with low
stcm density. Periodic prescribed burning could
then be used more effectively and safely to re-
duce the density of understory trees.
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