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SUMMARY

Understanding the factors influencing recruitmenGarry oaks Quercus garryanajn

the San Juans and neighboring islands is essém{éénning successful stewardship and
restoration activities. In order to better undemst these factors we studied oaks at The
Nature Conservancy’s Bitte Baer Preserve on Poishdy, Waldron Island; and on an
undeveloped private parcel at Point Williams, Séimsdand. We looked at recruitment
(the ratio of trees under 15 cm in circumferencéeées over 15 cm in circumference) in
relation to the presence of animals that cacheuny &corns; the presence and abundance
of insects that parasitize acorns and oak leavgst &nd shade; understory plants; soil
structure and nutrients; and acorn viability. Réonent was not correlated with light
availability, soil nutrients, or understory comgasi within or between study sites. The
presence of acorn-caching animals and the absérm®im parasites may account for the
higher recruitment ratios seen on Samish Islandielrer. Soil composition at both our
Waldron and Samish Island study sites indicatesttiey were not historically savannas
or meadows, but forested. This suggests thdtat®l early 26 century logging of firs
was an important factor in the present-day distrdmuand abundance of Garry oaks.
Thus the history of the Waldron and Samish Islaakispand their potential response to
restoration measures, may differ considerably faaks in the Willamette Valley or the
Saanich Peninsula (Vancouver Island), which deveslamder different conditions.
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BACKGROUND
Importance of Garry oaks

Garry oaks Quercus garryanapccur from Northern California to the southern ¢ip
Vancouver Island (Erickson, 1993). Together witd Gulf Island and Vancouver Island
populations, Garry oaks in the San Juan Islandsafahe northern limit of the species’
range and support diverse species that are scs@ghere. In parts of Washington and
British Columbia, Garry oak groves support or casewith rare species of plants such as
California buttercup(Ranunculus californica golden paintbrushGasstileja levisecja
white meconella Nleconella organg erect pygmyweed(rassula connata common
blue-cup Githopsis specularioid@s Nuttall's quillwort (soetes nuttall), rosy owl-
clover O©rthocarpus bracteosliscoast microserisMicroseris bigelovij, white-top aster
(Aster curtuy and annual sandwomtfnuartia pulsilla), as well as animals such as purple
martins Progne subisand moss elfinslifcisalia mossi (GOERT 2005). Aesthetically
Garry oak communities include more common but dolaspecies such as white fawn
lilies (Erythronium organury camas Camassia leichtliniiand C. quamas)) chocolate
lilies (Fritillaria lanceolatgd and brodeaiasBfodeaia sppand Tritelia spp). Many of
these species are also culturally significant ttwgpeoplesCamassia sppfor example

is considered to be the most important “root” fdodCoast Salish peoples (Turner 1995,
Beckwith 2005).

Garry oaks in the San Juan Islands

When American naturalist C.B.R. Kennerly exploresh Suan Island in 1860, his British

and American hosts took him to see “Oak Prairieg only oak community he recorded

during his explorations of the San Juan-Gulf arelzigo in 1857-1860 (Kennerly 1860).

According to contemporary maps, Oak Prairie waatkxat at the head of San Juan Valley
in what was (and is) plainly a seasonal wetlandh\ad&ep alluvial soils. Today, Waldron

and other San Juan County oaks, as well as Sasiafdloaks, are all located on steep
hillsides with shallow rocky soils, associated witls and madronas rather than wetland
species such as alders. Were Garry oaks alwaysl foudrier upland sites? Have oaks
expanded their range in the islands since 1868awve they lost ground, as a number of
local public-land managers and conservationist$erut?

It is most likely that the pre-Contact inhabitanfs/Valdron were Saanich, since Saanich
families owned the reef-net sites of Waldron andribg Stuart Island, and the Saanich
have more names for landmarks in the Waldron draa other Northern Straits Salish
groups. Samish Island was originally the homehefNuwhaha, a Lushootseed-speaking
people, but the Samish built a plank house thetkdrearly 18 Century that remained in
use until the 1870s (from interviews with Wayne tlegt Earl Claxton, and Victor
Underwood, Jr.). Neither Suttles (1951), the ppatethnographer the Northern Straits
speaking Coast Salish peoples (Saanich, Songhesske S Mitchell Bay, Lummi,
Samish, Semiahmoo) that occupied the San Juardsslaor Sally Snyder, unpublished



ethnographer of the Nuwhaha, recorded any useawf/®aks or acorns—a hint that the
pre-Contact distribution of oaks may have beerricést.

Palynology of a single sediment core taken fromn&dalnlet, Vancouver Island (Pellat
et al. 2001) accounts for most of what is knownutltbe evolution of post-glacial Garry
oak ecosystems in the Salish Sea. Douglas fiepdiegan to appear about 11,450 years
ago, while Garry oak pollen first appeared abol808, years ago, and its relative
frequency began to decline 6,800 years ago. Rwithe arrival of oaks, the landscape
appears to have been “Douglas-fisudotsuga menzi@sparkland with abundant grass
(Poaceae) and brackeRtéridium)”. After oaks began their decline, the landscees
“mixed deciduous/coniferous forest with oak, westeemlock Tsuga heterophyljaand
Douglas-fir". The rise and decline of Garry oaks\tancouver Island coincided with a
period of climatic change from warm and dry coradhsi to cooler and wetter ones. Oaks
arrived at the end of the warm-dry period, expardigihg a period of warm winters, and
declined before the climate turned cool-wet moke lihe present-day. In the 1880s
much of the Saanich peninsula was still occupieddbgsts containing oaks, or by oak
meadows (GOERT), but little remains of these edesys due to development and the
elimination of native Coast Salish stewardship ficas.

There have been no comparable pollen studies falolifor the San Juan Islands or for
Samish Island. Henry Hansen cored two bogs on<Ostand in 1943, and although he
observed Garry oaks on the exposed slopes of tlsesbuth of Lake Killebrew, he did
not report any Garry oak pollen from either of sasnples, simply stating that deciduous
trees as a class were represented by an insigmtiiwaount of pollen (Hansen 1943). His
9.5 m core from Killebrew Lake was dominated by Blas fir in all but its oldest levels,
which were dominated by shore pirf@ir{us contortq Palynologists have significantly
improved on Hansen’s techniques since the 194QGsndowne has re-analyzed the peats
he sampled on Orcas Island, or cored peats elsevitn¢ine county (Judith Harpel, pers.
communication). Most bogs in the islands have #r@amed, farmed, or excavated for
recreational ponds, moreover, leaving few intaett pecords. We are currently working
with Estella Leopold and Hollie Hatch at the Unsigr of Washington on two previously
unstudied San Juan County peat records, from Waldnal Lopez Islands, and trying to
locate other intact peats in the archipelago withesv to making a comparison with the
Saanich core, and exploring long-term microclimatiange within the San Juan Islands.

While the mid-Holocene rise and decline of Garrig papulations in our region has been
elucidated by pollen studies, the composition efuhderstory of ancient Garry oak balds
and meadows has eluded reconstruction (Masloval;2@acDougal et al. 2004). Garry
oaks are still present around Saanich Inlet, beit thnderstories are often dominated by
introduced species (Roemer 1995). Fires were ssppd and non-native pasture grasses
introduced before any serious attempt was madbdmacterize the plants associated with
Garry oaks in the pre-Contact landscape (Fuchs)20Bdckson (1996) has identified 27
modern native Garry oak plant communities or asgimgis, including five early season
plant communities characterized by the combinatio@arry oak and camas.



Current conditions and threats

Apparent decline in the health and abundance ofyGeks on Young Hill has become a

concern for the San Juan Island National Histofak, which has carried out extensive
controlled fires to try to promote the oaks. Garaks are also locally abundant on Cady
Mountain (San Juan Island), where private restomagifforts focus on hand-clearing firs

and burning underbrush. On the southern slopaudféback Mountain near Westsound,

Orcas Island, there are numerous unmanaged oa&kgy Gaks are practically absent on
Lopez Island, however, which is as puzzling asértdecline is elsewhere.

Recent encroachment by Douglas firs is widely bidmeblicly for the decline of Garry
oaks, but little systematic field research has lumre to determine rates of survival and
recruitment in different Garry oak patches, orrteestigate other factors affecting oaks’
health and sustainability, such as:

Climate change (temperature, seasonal precipitgittierns)
Disease and parasites, especially recently invasserts

Genetic isolation, loss of diversity, and inbreggiepression
Absence or recent loss of birds and animals thatieacorns
Suppression of wildfire, cessation of Coast Saghistscribed burning
Encroachment by invasive grasses associated wehtbck grazing
Changes in the abundance and composition of hedsvo

Effects of historical logging and forest practices

Changing weather patternszarry oaks are generally regarded as highly drbug
tolerant. The ratio of sapwood to leaf-area desgeas Garry oaks grow older and taller,
however, so that it is increasingly difficult fdregm to supply water to their uppermost
branches and leaves (Phillips et al. 2003). S{hagy oaks are deciduous, only water
that is available during their growing season dffabeir growth and survival, unlike
conifers, which are photosynthetically active yeaund. Changes in the seasonal pattern
of rainfall can stress older and taller oaks withadversely affecting conifers. We have
recently experienced several summer droughts,damele, which resulted in premature
leaf loss in Garry oaks; only the most thirsty d¢ers (cedars) have displayed comparable
responses to water stress. Pollination may alsaffeeted by changing weather patterns.
According to Fairly and Batchelder (1986) polleoguction in coast live oakfQ(ercus
agrifolia) and valley oaks@. lobatg is a function of total rainfall of the previougsar.

If this relationship holds for Garry oaks, then @ased rainfall should result in decreased
pollination success.




Diseases and parasiteblany insect species parasitize Garry oaks. Sounew
under the bark. Others suck fluids from the legVslseletonizers”); form galls on stems
and leaves; or else lay their eggs inside devetppoorns so that their larvae can feed on
the endosperm. Four insects have attracted pkarticancern in the Pacific Northwest:
jumping-gall wasp, oak-leaf phylloxeran, filbert ewé and filoert worm. The jumping-
gall waspNeuroterus saltatoriugs a tiny cynipid wasp whose eggs form 1mm sphéric
galls on the underside of Garry oak leaves. Qalise a small round brown scar after
they fall to the ground to continue their developmeé~Nidespread in the Northwest for at
least 30 years, jumping-gall wasps were not comsdsufficiently damaging to the host
oaks to warrant control measures (Larew and Ca33), but they are now reaching
an alarming level of abundance in the Victoria mjedlitan area. Oak-leaf phylloxerans
Phylloxera sppare aphid-like insects that suck fluid from oakviesa Phylloxerans have
been causing oaks to “scorch” and lose their legvematurely around Victoria (Maier
1993). It is uncertain whether oak-leaf phylloxexame currently present anywhere in the
San Juan Islands; they appear to be absent onis&siaed. The filbert weeviCurculio
occidentisdrills into developing acorns with its long probissto feed on the endosperm
and lay eggs, producing large grubs that devout vgHaft of the endosperm. The filbert
“‘worm” Cydia latiferreanais actually the larva of a small, rather inconspigs brown
moth that inserts its eggs through the cap of yepng acorns. It is currently considered
a serious target for control measures (pesticidesdrchards throughout the Pacific
Northwest. Nevertheless, the effects of filberiewks and filbert worms on Garry oak
acorn survival and seedling growth have not beadiatl systematically.

Lack of genetic diversity Garry oak communities in the San Juan Islandd te
be small and isolated from each other by salt watarry oaks are self-infertile (Fuchs,
2001) and require a genetically distinct pollen @loto produce acorns. Oak pollen
grains can travel as much as 10 miles or 16 knrlgFand Batchelder 1986), but their
trajectory is controlled by the prevailing windsidawe have found no data on the actual
distribution of oak pollen between islands in thanSJuan Archipelago. Without
exchange of pollebetweenslands, Garry oak stands isolated on individuainds may
become genetically too homogeneous to continueliinpte successfully. Low within-
stand diversity may result in very low numbers @le acorns, before pollination fails
altogether. It should be noted that the well-s#ddGarry oak populations on southern
Vancouver Island and the Willamette Valley are oder@bly larger and therefore less
likely to suffer from low diversity and infertility

Absence or loss of acorn cachinbike all white oaks (subfamiliepidobalanuys
Garry oaks bear acorns that are not dormamnj.they will germinate as soon as they fall
if conditions are moist enough (Fuchs 2001). knd¢hmate of the Salish Sea this means
that acorns begin germinating in autumn. Adultr@aaks may be drought resistant but
desiccation is often fatal to sprouting acorns (fsuet al. 2000). Acorns must maintain at
least 30% moisture content to remain viable (Si89@0). If an acorn is buried it is more
likely to remain moist. Acorns are more vulneratolelesiccation, as well as predation if
they are not cached or buried by animals sucheeB¢ jays Cyanocitta stelledior the
western gray squirreBSgiurus griseus(Fuchs et al. 1999). An equally important rofe o




cachers and buriers is the distribution of acomayafrom their parent trees. Garry oaks
bear large acorns that do not travel far from whibkey land (Stein 1990). To sustain an
oak community, there must be continual colonizabatside of the older groves. Garry
oaks can only accomplish this with the help of s@nenal or human dispersal of their
acorns (Gomez et al. 2003; Fuchs, 1999; Stein 1990)

Cessation of fires All post-glacial landscapes in the San Juan tddmave been
influenced by human activity. Early projectile pta establish the presence of humans in
the San Juan Islands up to 8000 years ago, whear¢hgelago was still emerging from
glacial melt waters and the rising sea (Stein 2000)ere are historical and ethnographic
accounts of Coast Salish people using fire to dlear camas gardens and create broken-
canopy “game parks” for deer and elk hunting (Bag®9; Suttles 2005; Suttles 1951).
This is consistent with two recent studies of ioar records from ancient Douglas firs on
Waldron (Sprenger et al. 2005) and south Lopez &k and Keenum 2003) that found
fire-free intervals on the order of 10-15 years awmilence that most fires were relatively
small and “flashy” (fast and cool). Frequent firesuld have removed shrubs and young
trees, producing a more open landscape than arreExperimental restoration fires on
Yellow Island and Fort Lewis also reduced the rafigrasses to forbs (Dunwiddie 2001;
Tventon 1997; Schiller 1997). Coast Salish gamigmractices.e. weeding and hoeing
(Suttles 2005) would have further increased thendance of edible forbs and reduced
grass density. These conditions would have fatdd the survival of older Garry oaks,
although their effects on recruitment are lessrqlRagan and Agee 2004). Garry oaks do
not recruit well in grass-dominated landscapesk@omn 1996).

Coast Salish people stopped regularly setting fimedie San Juans by the 1850s
as conflict with better armed First Nations frone thorth made gardening the San Juans
too risky (Spurbeck and Keenum 2003). The cessaifdrequent burning allowed for
the rapid spread of Douglas fir seedlings, but maye promoted Garry oak recruitment
as well, since oak seedlings were no longer peradlgi destroyed by fire. The long term
effects of fire suppression can be seen in theeas® in oligarchic Douglas fir forests and
the dominance of grasses over forbs in many meadeas. The cessation of fire and the
resulting increase in Douglas firs is often highted asthe cause of Garry oak decline
(Devine and Harrington 2004).

Encroachment by grasses his survey of Garry oak communities on Vanasu
Island, Wayne Erikson (1996) attempted to iderttiy common feature of low-recruiting
communities:

When considered on a community-by-community babiret were 11 plant
communities in which regeneration was limited inrmsoway, either absent or
present only on some sites or with stocking bel@nmal. These communities
were split about evenly between introduced andreatbmmunities and between
‘xeric’ and ‘mesic’, but were predominantly ‘grassy

Grasses compete with sprouting oaks for water,jenify, and space (Davis et al. 2005;
Welker et al. 1991). This is particularly truelafge non-native grasses. The abundance
and dominance of non-native forage grasses in meadad oak groves in the San Juans



and on Samish Island suggest an increase in grassesse communities as a result of
turning meadows into pastures. Eurasian foragesgeagrowing on thin minergenic soils
suggest that the grasses were introduced into #raagvere primarily mosses or forests.
Forage grasses growing on deeper organic soilsestggvasions of forb meadows and
possibly the displacement of native grasses. th bases, the cessation of anthropogenic
fires, the introduction of livestock and the plagtiof pastures with Eurasian grasses have
led to an increase in the “grassiness” of San fiamty’s open areas.

Changes in herbivoryC.B.R. Kennerly of the American Boundary Comnuas

in notes from his 1858 exploration of the San Jstands, recorded the presence of large
numbers of elk at least on Lopez Island (Kenne8§Q). No elk remain in the San Juans
today. Native elk were to a great extent replat&idoy deer, but by sheep and goats that
were grazed in the open areas and rocky shoresev@ery oaks grow. EIlk, deer, sheep,
cattle and goats differ in their pattern of herlojwoCervids and goats are browsers while
sheep and cattle graze. Areas grazed by sheepoavgltend to become grassier as long
as they continue to be grazed, from the grass sgwdad by the animals themselves and
by their owners. Shrubs and trees rapidly invdaeep and cattle pastures when they are
abandoned. Deer have not been observed reprodogikigaldron since the 1970s; none
can be found on Waldron today. Sheep and goats grazed on Point Disney until the
1980s (John Bishop, pers. comm.), however. Deernbundant today on Samish Island,
by comparison, which also has a history of orcharufishing rather than livestock.

Logging and forest practicednsofar as logging opens up closed tree canpjties
facilitates fresh colonization by firs, alders, n@ths and other fast-growing pioneers, as
well as the slower-growing Garry oaks. Many ofagd venerable oaks probably began
as seedlings in heavily logged landscapes 50-1&fs\yago. Both Point Disney and Point
Williams were logged sporadically from the 1870¢he 1960s, the most extensive clear-
cut logging taking place between the 1890s and 4920ggers would have had no cause
to cut mature oaks, since their market was fordind hemlock. This selectivity predicts
post-logging landscapes with high ratios of alderadronas and oaks to firs. Cessation
of logging would allow firs to regenerate and ewatiy to displace other pioneer species.
This could explain why Garry oaks today are foumfirrdominant upland areas, whereas
their only historical concentration in the archams in the 18 century was in a wetland
environment at “Oak Prairie” (San Juan Island).

Today, removing the conifers surrounding maturergsaaks does not necessarily
benefit all of the oaks thus “released”. Suddemaases in light and heat can cause water
stress in trees. Greater light and heat incregise®synthesis and transpiration, which in
turn requires an increase in the supply of watéh¢deaves. As noted above, larger oaks
are especially vulnerable to water stress becaueeio typical low sapwood to leaf-area
ratio. Trees suffering water stress lose leavesbaanches. If they survive, they may be
able to adapt by growing fewer leaves in subsequeats, raising their sapwood to leaf-
area ratio. But oaks that have long been growmgldirs face other risks if “released”.
They are likely to have very tall thin trunks, aaptation to competing for light. When
firs are removed, the remaining oaks are more et the wind and more likely to be
toppled. Furthermore, conifers provide nesting@sar@nd food for the animals that cache



acorns, such as Steller’s jays and squirrels, diotu(on San Juan Island) northern flying
squirrelsGlaucomys sabrinusWhile the removal of firs may benefit some of thature
oaks by increasing light levels, then, the lossaocbrn-caching animals may reduce
recruitment and survival of the oak community ie tlonger term. Acorns falling in
unshaded fields and pastures are more likely teick® if not buried, moreover, and are
more exposed to browsing by deer and livestock.

Burning in forested areas is also a threat to eakuitment because the fuel loads
create a fire hot enough to kill young oaks. Fesdthigh load burning may suppress all
recruitment by seed—and result in gradual shrinkagbe community as older oaks die.
We return to these issues following a review of fiblel data from Waldron and Samish
Island.

CONCEPTUAL FRAMEWORK

To investigate some of the alternative explanat@in&arry oak decline, we studied and
compared two coastal Garry oak communities: Poish& on Waldron Island, and a
previously undocumented population of actively wéang Garry oaks on private land
protected by a conservancy easement on Samishd I§&kagit County, WA) roughly 25
miles east of the Waldron oak community. Less resitee data were also collected from
the Westsound oaks, a geographically intermediafilption, and from Indian Island
(Jefferson County, WA), which has an actively réang oak population that is at least
superficially similar to the Samish Island oaks.

We choseaecruitment patterras the key measure of Garry oak communities’ heal
landscape may have many beautiful old oaks; biltelf are not producing young oaks,
the community will eventually disappear. In adultito the rate of recruitment of young
oaks in relation to the mortality of old oaks,stalso important to evaluate the nature and
conditions of existing recruitment to ascertairsitstainability: for example, the extent to
which acorns are dispersed and survive outsiderthens of the older trees, and whether
recruitment depends on human intervention and reaantce.

MATERIALS AND METHODS
Sampling locations

Ten distinct (= separated by other plant commus)iti@arry oak groves with one or more
acorn-bearing mature trees were studied at thet Pogmey (Waldron), and five distinct

groves were studied at Point Williams (Samish JanAcorns were also collected from
oaks growing along Deer Harbor Road near Wests@Dnchs Island).

We mapped the oaks, firs and other trees in eambegrn Point Disney using a mapping
table equipped with a level, compass, protractdrm fiberglass tape, with the help of
students Hollie Hatch, Rose Castilleja and Sam.Bd@fe also mapped one grove at Point
Williams (Grove 2). The mapping table was setusgt putside of each grove and its GPS
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coordinates were recorded. After the table waslégl/the attached tape was used to take
distance and angle measurements to each treeun@eence at breast height was also
measured of trees that exceeded 10 cm around emoh height. Every effort was made
to locate all of the seedlings growing under, athiwi 5 m outside of the oak canopy, and
to include them on grove maps.

Data collected

In addition to mapping, we collected mature acoleayes, and soil samples from each
of the 15 Waldron and Samish Island groves, anédiall plant species seen within each
grove. Photosynthetically active wavelengths giti(PAR) were measured outside and
inside each grove at midday in late summer usibg@or quantum sensor mounted on a
4 m long telescoping aluminum boom. HOBO Pro® Wwegiroof digital loggers were
mounted on mature oaks in three of the Waldromtklgroves and one grove on Samish
Island to record temperature and humidity at 15et@nntervals for a year. We installed
DeerCam® automated wildlife cameras on three mataocgn-bearing oaks on Waldron
Island and one on Samish Island; these instrunagsttriggered by infrared motion/heat
sensors with an effective range of 60 feet.

Soil cores were taken by slot probe from each eflth groves on Waldron and Samish
Islands at the beginning of the study. After relony soil depth and structure we tested
acidity with an Oakton 310 portable pH meter, agirieved at least 10 cc of the A layer
for preservation and chemical analysis. Specimesre kept at 4-6C until gently dried
overnight in our laboratory oven at4Q, screened to remove macro plant material and
clasts, then analyzed for key constituents {NM,, PQ,, SQ,, K, Fe, Mg, Mn, Al) using
standard colorimetric methods.

In mid-August 2005 we counted nearly 1000 acorrthénten mapped Waldron groves as
well as a number of groves located between themtmowi removing the acorns from the
trees. Each acorn was classified as to maturégly@bort, late abort, mature) as well as
any visible damage (insect entry or exit holesygng, cracks). Very small acorns were
recorded as “midgets”. This exercise was alsaezhwut on Samish Island in 2005, and
then repeated on Waldron Island in late August 2006

Students from Waldron School, school staff and sdvgarents collected mature acorns
from nine of the Waldron groves in late August 20B&ch acorn was scored for maturity
(immature or mature); evidence of insect damagetla@sumber of entry and exit holes;

whether it was collected on the ground, from a gthtouching branch or from higher on

the tree; and the side of the tree from which thikection was made (compass direction).
Any unusual features were also recorded. Acorng weighed and placed in small clear
plastic tubes containing moist sterile potting smitl covered with a cap of Grow Guard-
20 fabric (Territorial Seed Company). Acorns wkept out of direct sunlight; students

watered and monitored the acorns weekly and redaitte emergence of fresh shoots or
insects for six months.
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Acorns were collected from trees in two of the Sdmisland groves in September 2005,
and from the ground along Deer Harbor Road neawiltege of Westsound on Orcas

Island. They were scored for the same charadterias the Waldron collection as well

as distinguishing between acorns that were abdyéddre developing (early abort) and
acorns that were aborted after developing but paanaturity (late abort). Acorns were

placed in clear plastic tubes filled with moistrdeepotting soil, closed with perforated

plastic caps; they were not watered but were kapbbdirect sunlight on Samish Island

and checked weekly for the emergence of shootssects.

Mature leaves were collected from two oaks in gg@ve in autumn 2005, and again in
spring 2006. Leaves were frozen at -80° C forgmestion. The autumn 2005 specimens
were lyophilized prior to DNA extraction with a @en DNeasy plant tissue kit. DNA
from these specimens was then sequenced usingki#eforward primer described in
Deguilloux et al. (2003). DNA from these specimaras also amplified using thekk4
primer pair and then sequenced wittk4 forward and reverse primers. A sub-sample of
the spring collection was extracted with an MO Biant DNA extraction kit, amplified,
and sequenced usindkk4 and cdc2 primer pairs (Deguilloux et al. 2003). Sede=n
were run on an Applied Biosystems ABI 377 automaiegliencer.
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RESULTS

Grove structure

As seen in the maps of the 10 Waldron groves (Eg@r11) and Samish Island grove 2
(Figure 12), grove structure varied between islaartt$ between groves. Waldron groves
consisted of from one to a half-dozen mid-sizelhtge trees, separated from other Garry
oak groves by forage grass meadows or stands ajlB®firs. Douglas firs were usually
found on one edge of the Waldron oak groves, slgatiem only for only part of the day.
All of the Samish Island groves consist of many lbwaks crowded very close together,
and interspersed with shrubs and Douglas firs. r& laee more saplings than adult trees.
All of the Samish Island groves but only two of tke Waldron groves are dominated by
oak suckergoaks sprouting vegetatively from oak roots anat mowns) anaak brush
(oak branches spreading laterally along the grdagidre growing horizontally again).

O
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8

Waldron grove I(Figure 2) consists of two large exposed oaks bigh sloping
rock terrace overlooking Cowlitz Bay. Spanish m$sneaor Ramalinalichens) grows
thickly on the oak branches. This is the only gravour study where madronarbutus
menzies)i forms part of the canopy. Seedlings and saplargamostly downslope of the
sole acorn-bearing oak (with a circumference ot®¥4. The understory consists of tall,
introduced forage grassebetuca eliator, Dactylus glomerat&lolcus lanatuy and
some hairy honeysucklédgnicera hispidul® There were not enough acorns at this site
for us to harvest any for germination experimenid/e installed one of our weather
loggers in this grove.

Figure 1:
Symbols used in oak grove maps
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Figure 2: Map of Waldron Grove 1.
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Waldron grove AFigure 3) consists of five large “wolfy” (spread) Garry oaks
and two Douglas firs on a rocky terrace, closertaeea recently cleared of young firs.
Acorns in this grove were relatively large and atanmt; however, scarcely any seedlings
or saplings were found in this grove. The undeysi® primarily honeysuckleLonicera
ciliosaandL. hispidulg and snowberryymporicarpos albys

Figure 4: Map of Waldron Grove 3
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Waldron grove JFigure 4) consists of one very large exposedrabearing oak
and numerous young saplings, particularly on itghlseest (downhill) side. There were
abundant acorns and signs of rabbit activity (ssap Large old oak snags were found
nearby, outside of the live grove’s canopy. Thdarstory is a dense hedge of snowberry
(Symporicarpos albysunder the crown of the large oak. On the soidé sf the grove,
there is abundant orchard graBsa¢tylus glomerata Acorns were collected from the
upper branches of the large tree and from a smadlem-bearing sapling (not labeled).

Waldron grove 4Figure 5) consists of five mid-sized oaks at finet of a high
rock wall, forming a cluster of three oaks on tlasteside and two on the west. Only one
of these oaks bore acorns in 2005, but many oallisge were found just downhill. A
cedar Thuja plicatg makes up part of the canopy; the understory stssif snowberry
(Symporicarpos albysand honeysuckleLpnicera ciliosaandL. hispidulg. A wildlife
camera was installed under the acorn-bearing oakawitor any predation and caching
of acorns.
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Figure 5: Map of Waldron Grove 4
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Waldron grove JFigure 6) consists of seven mid-sized spreadailgo It is just
downhill from grove 4 along the same rock wall. ¥&sv evidence of considerable rabbit
activity. The understory is mainly introduced fgeagrassesDactylus glomeratawith
someFestuca eliatoy and orange honeysuckleopicera ciliosg. There are also some
young oaks in the understory shrub layer. Thred@larger oaks bore acorns in 2005.

Figure 7: Map of Waldron Grove 6
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Waldron grove GFigure 7) contains two pairs of mid-sized oakak enags, and
three smaller oaks. It is on a steep 20 slopehamwtimuch evidence of rabbit activity in
2005. The eastern oak pair bore acorns in 20@5iteare are a great many oak saplings
clustered under their canopy—so dense that we fdufitficult to distinguish individual
saplings from spreading branches. Some livingaeatl saplings were found under the
canopy of the western oak pair. The understorysists of introduced forage grasses
(Dactylus glomerataand Festuca eliatoy and honeysucklesL¢nicea ciliosaand L.
hispidulg. A weather logger was attached to the largédst oa

Waldron grove 7Figure 8) is a thicket of over a dozen small oamka shallow
rocky depression on top of the bluff above grovel@&o small oaks bore acorns in 2005.
There are many saplings, in some places too thickstinguish between individuals and
spreading branches (marked in Figure 8 by clustiecgcles). The understory includes a
number of young oaks, honeysucKl®iicera hispidulaand some.. ciliosa), snowberry
(Symphoricarpos albysand some introduced forage gras$escfylus glomerataHolcus
lanatusandFestuca eliatoy. We placed a wildlife camera in this grove.
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Figure 8: Map of Waldron Grove 7
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Waldron grove §Figure 9) consists of two large oaks and fourlspaks on top
of the ridge above groves 6 and 7. One of theelaaks, and a much smaller oak beside
it, bore acorns in 2005. One fir snag and two five are included in the canopy. The
understory consists of brome gra€Brgmus spp, honeysuckle (mainlyLonicera
ciliosa), and unidentified mosses. We placed a weatlggeloand a wildlife camera in
this grove.

Figure 10: Map of Waldron Grove 9
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Waldron grove 9Figure 10) consists of seven large exposed sprgaxhk trees
and many younger oaks on a narrow rocky terracdamiang Cowlitz Bay. Four of the
oaks bore acorns in 2005. The understory is odcheass Dactylus glomeratg Bromus
spp, honeysucklel(onicera hispiduly and unidentified mosses. Oak suckers also form
part of the understory (vegetative sprouts fromgaw root crowns). We found much
evidence of rabbit activity in 2005, including largcrapes exposirgyodeiabulbs.

Waldron grove 1(Figure 11) contains five mid-sized oaks brackdtgdouglas
firs on top of the highest ridge above Point Disn€ne of the smaller mid-sized oaks
bore acorns in 2005. The understory in the cerfténe grove is very dense honeysuckle
(Lonicera ciliosaandL. hispidul3; tall grasses§actylus glomeratandFestuca eliatoy
are found on the north side of the grove; and ensttuth side there is a mixture of great
camas Cammassia leichtlinjj nodding onion Allium acuminaturyy Hooker’'s onion
(Allium cernuuny, and red fescu@estuca rubrg Only a single oak sapling was found
in this grove in 2005.
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Figure 11: Map of Waldron Grove 10
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Samish Island grove it a dense hedge of small oaks under 1 m in heighere
are also several small madronasbutus menziegii None of the oaks in this grove bore
acorns in 2005. There was a fire in this area 3@mars ago (Landry Corkery, pers.
com. 2005). The oaks in this grove lost their &=ain late July 2005 during a prolonged
drought, and sprouted new leaves in late August @ftained. The understory outside of
the oak hedge was composed of non-native foragsesa

Samish Island grove @rigure 12) contains numerous small oaks, oakirsggl
and oak seedlings together with a few Douglas i®se of the mid sized oaks and two of
the small oaks bore acorns in 2005, although thexgwonspicuously small compared to
acorns from Waldron. The understory was very shyulsonsisting of oak suckers and
oak brush, ocean spraydlodiscus discold; serviceberry Amalanchier alnifolid,
snowberry §ymphoricarpogalbug, and trailing blackberryRubus ursinius with a patch
of mixed grasses and great cam@arfassia leicthlin)iin the south part of the grove.

Samish Island grove &nsists of a few mid sized oaks spreading veigetat It
is 15 m downhill from grove 2. All of the oaks lkanormal sized acorns in 2005. The
understory is oak suckers and brush, tall gresst(ica eliatoy, unidentified moss, yerba
buena $aturja douglas)iand strawberryRragaria sp).

Samish Island grove donsists of a few mid sized oaks ranging along@wths
facing slope that ends in a sea cliff and a thickesmaller oaks. None of these oaks bore
acorns in 2005. The understory included oak siscéed oak brush as well as snowberry
(Symphoricarpos albugnd non-native forage grasses. The grove is shaalé@d north,
west and south sides by Douglas firs, heavieshemorth side.

Samish Island grove &ontains a few mid-sized oaks separated from e#udr
by a small rock outcrop. The grove includes a e and is almost entirely surrounded
by Douglas firs and willowsSalix spp. Immediately downhill from the oaks is a large
wind-thrown Douglas fir. The understory is a detmggle of ocean spraylf¢lodiscus
discolor), snowberry $ymphoricarpos albus}railing blackberry Rubus ursinius and
yerba buenaSaturja douglas).

Table 1 summarizes the characteristics of the d%y@®ak groves included in this
study, including aspect, shade, and soil depths.
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Table 1: Summary of oak grove structure for Waldron(W) and Samish Island (S)

Location Number of Garry oaks Soil
Grove Biome Sun Shade denth
N 48° | W 123° >15cm <15cm | w/acorns seedlings ep
w1l 40.814 2.321 Rocky ledge 2 1 1 6 NW - 9
W2 | 40.725| 2412| Broken 5 1 2 2 W | Partial| 23
forest
w3 | 40.671| 2410| Meadow 2 19 1 0 S - 15
copse
W4 40.642 2.417 Cliff base 5 10 1 0 SE Partial 15
W5 40.633 2.406 Cliff base 7 4 3 1 SE Partial 10
W6 40.632 2.433 Steep trough 7 36 2 0 E - 23
w7 | 40613| 2337| Rocky 12 >36 2 2 S - 19
hollow
w8 40.630 2.393 Rocky ridge 2 4 1 0 S Partial 15
W9 40.640 2.509 Rocky ledge 6 15 4 0 SW - 9
W10 | 40.668| 2462 Meadow 5 1 1 0 SW | Partal| 17
copse
S1 34.894| 33.495 Steep slope 0 >36 0 No data W 29
S2 34.930| 33.520 Rocky ridge 3 >36 3 4 W Partial 13
S3 34.934| 33.518] Rockyridge Nodata No data 3 aad SW Partial 18
S4 34.956| 33.537 Forest Nodata No data 0 No dataWw S Full 16
S5 34.987| 33.547| Forestedge No derta No data ( avod W Partial 12

All measurements in cm; shading by Douglas firesslotherwise noted in grove descriptions
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Recruitment rates

The ratio of oak saplings (defined as oaks less ftacm circumference at breast height)
and oak seedlings to larger oaks (more than 15imuanoference at breast height) can be
used as a measurement of recruitment success ¢daeksl. 1998). Recruitment ratios
were computed for 10 Waldron groves and 2 Samlahdsgroves in 2005 as follows:

w1 W2 W3 w4 W5 W6 W7 w8 W9 W10 S1 S2

3.5 0.6 8.5 2.0 0.7 | 51 | =>3.0, 2.0 1.7 0.2 ] >36 | >12

Ratios shown imed are greater than 2; ratios showrbloe are less or equal to 2.

Both of the Samish Island groves that we charamsdrhad recruitment ratios of greater
than 12. Recruitment ratios of Waldron groves eahijom 8.5 in grove 3 down to 0.2 in
grove 10. A majority (60 percent) of Waldron grevead recruitment ratios of 2 or less.

In 2006, we found a total of 43 living and 25 “déadedlings in the ten Waldron groves.
Groves 2, 3, 5, 6, 7 and 8 had at least one liedls®y each; the other groves had none.
Oak seedlings were classified as “dead” if they hadiving trunks or leaves. Some of
these may re-sprout.

Parasite loads

Parasite loads differed significantly between thaldkbn and Samish Island oak groves
(Table 2). On the whole, Waldron oaks and thearas were considerably more heavily
parasitized. Acorns were examingdsitu on the trees in August 2005 for insect entry
and exit holes. Jumping-gall wasp damage was dedoas the proportion of trees’

leaves visibly speckled with the characteristidowlto brown spots left by wasp galls.

Sometimes, as in Figure 14, the infected leaf diedl browned partially or entirely.

Acorns that had not developed before dying arernedieto here as “early aborts”; it is
likely that many of them had not been pollinatétate abort” acorns had developed to
full size before dying (Figure 13a). When closekamined, many of late abort acorns
from Waldron revealed filbert weevil larvae; fillbewveevils were not found on Samish
Island. Filbert weevils appear to be the mostuesy cause of visibly “drilled” acorns.
Filbert worm caterpillars are less likely to leaveisible entry hole: eggs are laid on the
cap of a developing acorn and the caterpillarsdwithough it without leaving the dark
bruises typical of filbert weevil egg depositionli(Niazee 1998). The presence of filbert
worms is difficult to confirm without removing theap from the acorn.

Waldron oaks were heavily infested with jumpingl gghsps (Figures 14 and 15) and
filbert weevils (Figures 16-18). We also obsendaimage caused by filbert worms
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(Figures 19 and 20), tent caterpillars (Figure 220 other gall- forming cynipid wasps
(Figure 23) as well as other unidentified leaf gées (Figure 24-25). The purple stem
galls in Figure 21 are probably also formed by pighiwasps. On Samish Island we
found only signs of an unidentified leaf miner (lig 26) and fuzzy leaf galls that may
have been formed by cecidomyiid midges (Figure 27).

Table 2: Parasite loads on Waldron (W) and Samishsland (S), August 2005

Acorns Leaves
Groves Condition of acorns (as percent of total) % Other damage
ESJR’S ALb%tris Drilled | Midgets| Other Good Niilesy Wasped

w1l 44 4 5 20 - 27 55 10
N/W1-A 55 - - - - 45 11 +
N/W1-B 47 39 13 - - 0 38 +
w2 4 8 35 - 12 42 26 20 Bunny bites
N/W2 - - - - - - - 25-50
W3 18 18 8 16 - 39 38 10-20
w4 25 55 7 1 - 12 109 20
W5 17 32 43 - - 8 63 Purple stem galls
N/W5 8 23 58 - - 11 53
W6 20 17 27 - - 29 66 10 Small, thin shells
N/W6 6 10 52 1 4 27 79 20-30 | Wind scrapes
w7 19 6 10 1 5 60 109 Split
w8 6 12 65 - 8 8 85 20-30 | Bunny bites, split
N/W9 11 18 61 - - 11 38 +
W10 39 18 15 3 8 17 93 20-30 | Cracked
N/W10 28 24 41 - - 7 46 + Tent caterpillars
All Waldron 22 21 30 2 3 23 904 56
S1 - - - - - - 0 0
S2 53 1 - 30 10 7 105 0 Split
S3 74 6 - 13 - 3 95 0 Deer browse
N/S3 63 - - 38 - - 72 0
S4 - - - - - - 0 0 Leaf miners
S5 - - - - - - 0 0
All Samish 63 3 0 26 4 4 272 0

N/ = Near but not within one of the study groveg &/W2 is a grove close to Waldron Grove 2.
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2005 appears to have been a mast year for Waldaks, ovith very high acorn
production when compared to 2006.
groves and an increased proportion of early al@idble 3). Leaf parasitism was also
high in 2006 (compare Tables 2 and 3), and muchenign Waldron than on Orcas or
San Juan.
higher (up to 16% in grove 1) than in 2005. Fitbeeevil and filbert worm damage was
also higher in 2006 than 2005 both on Waldron anch® and was high on San Juan
(Cady Mountain).

In 2006 we ofesetess acorns produced by all

The proportion of midget acorns produmedValdron in 2006 was also

Table 3: Acorn conditions on Waldron, Orcas and Saduan Island, 2006

Acorns Leaves
Groves = Cor::i’;ion of écorns (és percent of total) NUmber % Other damage

Aborts | Aborts Drilled | Midgets| Other Good Wasped
w1l 64 3 9 16 9 0 58 100 Deformed
w2 50 17 29 0 0 5 42 50+
W3 20 80 0 0 0 0 5 25
w4 30 41 16 5 1 6 128 10 Deformed
W5 25 13 57 1 1 3 69 50+ Purple stem galls
W6 28 9 61 2 0 0 80 25 Purple stem galls
w7 71 0 29 0 0 0 14 50
w8 22 14 42 7 3 11 179 10 Deformed, cracke
w9 55 1 31 1 12 0 77 10 Deformed acorns
W10 72 3 23 0 0 2 65 50+
All Waldron 38 15 34 4 3 5 717
All Orcas 55 4 33 1 0 7 358 5-10 Purple stem galls
All San Juan| 42 20 28 1 0 9 231 <2 Purple stem galls

Waldron acorns collected August 13, 2006; Orcakectgdd from 5 trees at Westsound, September 9,;2006
San Juan Island collected from 2 trees on Cady MdninSeptember 11, 2006.
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Figure 13: Late aborted acorn (A) and healthy acornB) from Point Disney, 2005
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Figure 16: Filbert weevil larva removed from a Garry oak acorn from Orcas, 2005

Filbert weevil damage on acorns from Waldron andsttaund (Orcas) Garry oaks was
characterized by drilled holes in the sides of graeorns with a characteristic blackened
“bruise” around the hole (Figure 17). Acorns oftead multiple holes, as well as smaller
bruises where adult filbert weevils (Figure 18) tedthe immature acorn but did not drill
a hole in it to deposit eggs. A larger round heés sometimes observed on older acorns
where the filbert weevil larva had exited the acafter consuming the endosperm.

Figure 17: “Bruises” from filbert weevil egg deposiion, Point Disney, 2005

Figure 18: Adult filbert weevil found on a Garry oak on Point Disney, 2005
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Figure 19: Filbert worm larva from a Garry oak acorn, Westsound, 2005

Filbert worms were present on Waldron in 2005, pubably in relatively small
numbers. They can be detected by holes in acqgs @though sometimes these holes
have healed over, because the damage was donetéhexnorn was still immature and
growing), and by silk and frass underneath the chjpdorted acorns (Figure 20).

Figure 20: Filbert worm silk and frass on a Garry aak acorn on Pt. Disney, 2005
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Figure 21: Purple stem galls (probably from cynipidwasps) on a Point Disney
Garry oak tended by ants, 2005

Figure 22: Tent caterpillar damage on Garry oak onPoint Disney, 2005
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Figure 23: Gall of cynipid waspDisholocapsis washingtonensi®oint Disney, 2005

Figure 24: Unidentified insect galls and larva, Pait Disney, 2005 and 2006
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Figure 25: Leaf galls developing on Garry oak leawe Point Disney, 2006

Although acorn parasites and jumping-gall waspsewest observed on Samish Island
oaks, some Samish Island oak leaves bore what gy leen cecidomiyiid midge galls
(Figure 27), previously reported on servicebeAgn@lanchier alnifolia but not on Garry

oak (Larew and Capizzi 1983). These galls werg geken in Samish Island grove 1,

affecting fewer than 10 percent of the leaves. &omdentified leaf miners were also
seen (Figure 26).

Figure 26: Tracks of an unidentified leaf miner onGarry oak leaf from Pt. Williams
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Figure 27: Fuzzy leaf galls (possibly made by ce@dyiid midges) on Garry oak,
Point Williams, 2005

Figure 28: Propertius duskywing wrapped in Garry o& leaf, Point Disney, 2005

One obligate predator on Garry oak leaves meriggiapmerit: larvae of the Propertius
duskywing butterfly Erynnis propertiuy uncommon in western Washington and British
Columbia. We observed a single duskywing larvé&omt Disney (Figure 28) in August
2005 but have not encountered any adults. Meashiadd be taken to avoid destroying
duskywing larva in leaf litter, where they fall lste autumn.
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Soil structure and nutrients

Soils can provide clues to the ecological histdriandscapes. San Juan County soils are
very young, formed within the last 11,000 yearsfrihie erosion of exposed bedrock and
material deposited by glaciers (unsorted glacibhtid stratified kettle deposits of clays)
and glacial outwash (sorted fluvial or marine déjgosf clay, sand and gravel) frequently
lacking a significant amount of decomposed orgamatter. At the same time, most soils
are of roughly equal age, simplifying the interptiin of residual organic matter in the A
layer of soil profiles. Non-woody, rapidly decongnay plant material accumulates more
quickly in herbaceous communities than forestsfotests, most of the organic material
is tied up in the non-living woody cores of trurdsd branches; the leaves of evergreens
(conifers and madronas) decompose especially sjondyeover, producing the thick soft
duff characteristic of Northwest forests.

Logging and intensive grazing, especially by shéagitate erosion and accelerate the
decomposition of soil organic matter, essentiahgetting the depositional clock of soils.
A long history of intensive grazing can thin theedeA layers characteristic of a prairie to
the point of disappearing altogether. Plowing pesduce the same effect. Interpreting a
soil profile must take account of historical patteof disturbance.

Soils beneath the Garry oak groves on Waldron amdish Island are relatively shallow
(9-29 cm with a mean of 16 cm), with thin, “veryrkldrown” (Munsell 2000) A layers,
poor in nitrates and phosphates, and often higlluminum. None of the oak groves we
studied have mollisols—soft crumbly dark organidsstypical of herbaceous cover, such
as grasslands and meadows. All appear to be po@ratlic soils typical of woodlands).
Small patches of mollisols have been identifieddadron and are believed to be natural
meadows or in some instances, pre-Contact camdsm@a(Barsh et al. 2004), but none
have yet been discovered anywhere on Point Disiiéys suggests that today’s oaks are
relics of mixed woodlands rather than savannas.

It is possible that Point Disney and Point Williameare sufficiently logged and grazed to
remove all evidence of old mollisols. We did nadver mollisols close to the bases of
ancient firs (>400 ya) where they might have begreeted to survive, protected by root
masses if these trees had grown dispersed throughmairie. In addition, the depletion

of iron and manganese (otherwise quite abundaBamJuan County’s young soils), and
the accumulation of aluminum, suggest historicabetand conditions.

Interestingly, some of the poorest soils (and theitle the highest aluminum) were found
in groves that bore very heavy acorn crops in 200%yhere the abundance of seedlings
was indicative of high acorn production in 2003-2@0ich as Waldron grove 6 and grove
8. This raises the possibility that Garry oalsg lmany other plants, respond to stress by
diverting energy to sexual reproductioe, dispersal, rather than vegetative reproduction
(Wolcast and Zeide 1993).
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Table 4: Soil analyses from Waldron and Samish Isted Garry oak groves

Measurement in parts per million (ppm) unless otfser indicated

Grove | Depth(cm) Color pH NO| PO, | SQ Al Mg Fe Mn K
w1 9 2/210YR| 6.2 10, 75 <50 10 26 T b 3P0
W2 23 2/2 10YR| 571 30 | 12 | <50| 30| 80| <5 5 180
W3 15 2/210YR| 733 5 12 <50 5 25 T TR 220
w4 15 2/210YR| 6.08 5| 75 | <60| 5 80 0 TR| 260
W5 10 2/210YR| 6.574 30 | 75| <50| 5 80 0 TR| 360
W6 23 2/2 10YR| 5.24| 5 5 | <60| 125| 80 | 7.5 | TR | 220
W7 19 2/2 10YR| 6.44 10 25 <50 § 8D ( TR 2RO
w8 15 4/3 10YR | 5.20| 5 12 | <50| 125 | 10 | 7.5 | TR | 360
W9 9 2/210YR| 5.82 10/ 100 | <50| 10| 25| TR 5| 350
W10 17 2/2 10YR| 6.6% 10 50 <50 5 80 TR 12 300
S1 29 2/2 10YR - 20 5| <50 100 50 TR120
S2 13 2/2 10YR - 5 5| <50 10p 10 5 12 | 300
S3 18 4/4 10YR - <5 5| <50125| 10 | 7.5 5 220
S4 12 2/2 10YR -| 50 | 50 | <50| 80| 50 5 12| 200
S5 16 2/2 10YR - 5 12| <50 1 80 Q % 360
Mean 6.13] 132 334 -| 512 512 28 - 250
Al Standard deviation (SD) 0.66 125 31.1 53.5 30.10 84.9

Numbers inred are greater than (mean+SD), numberslire are less than (mean+SD)
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Light and shade

Light levels in micromoles of photosyntheticallytige radiation (PAR) were measured
at midday in late summer, comparing full sunliglitrmwmeasurements at ground level and
mid-canopy (4 m height) under the Garry oaks in gakes, and in the mid-canopy of
the Douglas firs shading oak groves. Where m@tipeasurements varied by more than
10 percent, as we observed under some very “wtlégs, the range is shown in Table 5.

Table 5: PAR measurements inside and outside oak mapies
Waldron, August 13-14, 2006; Samish Island, Seperh2005

Full sun Percent of full sun remaining
Grove : . :
( moles PAR)|  Oaks mid-canopy |  Ground under oaks Firs mid-canopy

W1 1171 84 8 -
W2 1325 73 5 3
W3 1709 15 5 -
W4 1756 67-94 5 -
W5 1782 8-82 8 -
W6 1717 6 7 -
W7 1535 67 7 14
W8 1632 32 4 11
W9 1540 7-16 3 3
W10 1481 17 4 4
S1 1139 * 14 -
S2 1577 12-38 4 4
S3 1596 53 4 8
S4 1423 9-15 2 2
S5 1583 7-31 12-16 5

*Trees all under two meters in height

Shading within the oak canopy varied consideraletyvieen sites, allowing from 6 to 84
percent of PAR to penetrate to 4 m height, wheBsxagglas firs, where present, allowed
no more than 16 percent PAR penetration. At grdemel where acorns fall, however, it
made little difference whether the canopy was aaliroin either case, more than 80 per
cent of PAR was blocked. From the standpointgiftlavailability for initial recruitment,

then, it seems irrelevant whether firs are pathefcanopy.
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Microclimates
Average annual temperature and relative humidiynait differ significantly between the

groves on Waldron and Samish Island. Waldron gravere subject to greater extremes,
however, as shown in Figures 29-32.

Figure 29: Absolute Humidity at Waldron Grove 6, August 2005-May 2006

Figure 30: Absolute Humidity at Samish Island Grove2, September 2005-May 2006
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Figure 31: Temperature at Waldron Grove 6, August P05-May 2006

Figure 32: Temperature at Samish Island Grove 2, $gember 2005-May 2006

The implications of these data are consistent déta on parasite loads, to the extent that
Waldron oaks appear to be more stressed than Sdstaskd oaks, and may be producing
more abundant acorn crops in response to thissstres
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Caching animals and herbivores

Wildlife cameras in three acorn-bearing groves aadfdon captured only a single animal
on film: a rabbit in Grove 10, photographed whhe ttamera was deliberately aimed at
rabbit scrapes beneath acorn-bearing branchescoByparison, the sole wildlife camera
on Samish Island photographed the following speloegggeath an acorn-bearing tree from
August-November 2005 (number of images in pareeff)es

Waldron European rabbi®ryctolagus cunicul{1)
Samish CoyoteCanis latrans(1)
Island Domestic dog€anis lupus familiarig4)

Red-shafted flicker€olaptes auratug?)
Opossum®Pidelphis marsupialis virginiané3)
Domestic caFelis silvestris catuél)

Varied thrushixoreus naeviug4)
DeerOdocoileus hemionus columbiani@3
Eastern gray squirreBScirurus caolinensigl0)
HumansHomo sapien$l9)

In addition to these photographic records, we oleska flock of at more than a dozen
band-tailed pigeond@tagioenas fasciajadeasting on the acorns in Waldron Grove 3 in
September 2005, and heard a Steller’'s fayafiocitta stelledi calling on Samish Island
in April 2006.

Squirrels and jays cache nuts including acorns; dee rabbits eat acorns and browse on
seedlings but do not disperse or bury their fod@s. Samish Island, at least some acorns
are likely to be carried outside the oak groves ‘@iahted” where they may become the
progenitors of new groves; while on Waldron, thare acorn predators but no disperser.
Relatively few acorn dispersers have been recoodeghy of the San Juan Islands.

Steller’s jay(Cyanocitta stellediis the most likely candidate for a historical aco
disperser. According to the first systematic syreESan Juan County birds, this jay was
“Formerly a common resident. On San Juan Islarrevit was reported as common a
number of years ago, in 1935 it seems to have plesapd” (Miller et al. 1935, at 60). A
single recent sighting on Mount Constitution, Ortsland, was noted. A decade later, a
Steller’s jay was reported from Lopez Island (GA@46), and shortly afterwards “Two
were heard on Orcas Island” (McMannama 1950). Bg#&965) had no further reports
of this bird in the San Juan Islands. Howevery tleportedly established themselves in
Eastsound by the 1970s and were rapidly expandorg there to most of Orcas Island,
with occasional sightings elsewhere in the arclaigel(Lewis & Sharpe 1987, at 151-52).
The pre-1930 distribution of Steller’s jay remaunrgclear, but it is reasonably certain that
their post-1930 distribution has largely been rettd—for unknown reasons—to Orcas.
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We observed Steller’s jays repeatedly in Westsanr#05-2006, at Haida Point and on
southern flanks of Turtleback Mountain; but theg aimost absent from Waldron Island.
Steller’s jays are frequently seen on Samish Islagatomparison.

Lewis & Sharpe (1987, at 204) report a single sghof a Gray jay Perisoreus
canadensisand three sightings of Clark’s Nutcracklugifragus columbianaon Cady
Mountain in the 1970s-80s. A Clark’s Nutcrackersvedso seen on Mount Constitution.
There was also a single report of an eastern BlpdJyanocitta cristataon Waldron, in
1966. We neither observed, nor heard local anyemecent local reports of these birds
in the vicinity of Garry oak populations in the Saran Island.

Squirrels Douglas squirrelsT@miasciurus douglagiwere not reported from the
San Juan Islands in the 1930s, but subsequently semmn on Blakeley and Orcas Islands
(Miller et al. 1935; Schoen 1972). We observedrtimeore recently on Orcas Island near
Eastsound and on Mount Constitution. Townsendignahnk Eutamias townsendihas
been present at least since the 1930s, on Orcasewle have observed it more recently.
We also observed it recently on Lopez. Schoenq)l8Bserved the Eastern gray squirrel
(Sciurus calolinensjsand Eastern fox squirreS¢iuris nigej on Orcas Island, as well as
on nearby Crane Island; we have found no earlgorte of either species in the San Juan
Islands. They were presumably introduced to tichipelago some time in the mid‘20
century. In contrast Douglas squirrels, Townsertdipmunks and Eastern gray squirrels
are all present on Samish Island; Eastern graypatiularly common.

Northern flying squirreGlaucomys sabrings Although the historical range of
the Northern flying squirrel encompasses the P&geind lowlands, Vancouver Island,
and the lower mainland of British Columbia, thisnaal was not mentioned in historical
surveys of San Juan County mammals. Neverthdless are credible reports of flying
squirrels brought home by domestic cats on Cadyri¥en and Mount Dallas, San Juan
Island (Pence, pers. communication, 2006; Kozfoéfs. communication 2006), and our
wildlife cameras have thus far captured the image ftying squirrel resting in an acorn-
bearing Garry oak tree, at night, on Cady Mountdtvidence of flying squirrel caching
of acorns may be seen in the abundance of oakisgedbund far from any living oaks,
in woodlands dominated by Douglas firs. Sincenitysquirrels typically nest in fir snags
we presume that they make expeditions to the Caolyrithin oaks and return to bury the
acorns closer to their nests, in the firs—leadmgdung oaks slowly developing under a
much older fir canopy. Firs would remain esseribadak recruitment and dispersal.

Rats(Rattus rattus, Rattus norvegigusEuropean rats were reported from several
of the islands as early as 1929 (Schoen 1972; Meli@l. 1935), and they remain locally
abundant around the denser settlements on LopeasQand San Juan. They are present
on Waldron, although their abundance on Disney wi@arry oaks grow is unknown. It
is also uncertain whether rats include acornseir ttaches, but this is probably likely, in
any environment where rats have access to frudtai.
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Table 6. Potential caching animals in the San Jualslands

By dates of published reports of their presencerepsrted in the Z0Century*

Jays Squirrels and Chipmunks Rats
Steller’s Douglas Townsend  Gray/Fox N Flying

Blakeley 1948 1948
Coon 1972
Crane 1972
Decatur
Double 1972
Lopez 1946 RB/MM RB/MM 1929
Orcas 1935, 198 1972 1948 1972 1929
San Juan Pre-1935 RB/MM 1929, 1948
Shaw 1972
Waldron 1948
All SJC Pre-1935 1948 1935 1972 RB/MM 1929

* Yellow shading indicates species distribution @cting to Washington State’s NatureMapping program,
http://www.depts.washington.edu/natmap/maps/ {lested November 16, 2006). This program combines
data from WDFW and the Burke (State) Museum. RB/Mblficates visual observations by the author and
Russel Barsh, made since 2004.

Acorn viability

Only 14 percent of the acorns collected from Watdoak groves eventually germinated.
The sample included healthy acorns (21 percentytad acorns (28 percent), and acorns
with one (26 percent), two (11 percent), or threenore (6 percent) insect entry and exit
holes. As expected, germination was greatest daithy, non-parasitized (23 percent),
and lowest for aborts (3 percent, representingiglesiacorn, possibly misidentified). Of
the acorns with visible insect damage 16 percemhig@ated; sample sizes were too small
to make useful comparisons based on the numbeseti holes.

By contrast, 34 percent of the acorns collecte@amish Island germinated. The sample
consisted entirely of small but otherwise appayendalthy “midget” acorns (61 percent)
and aborted acorns (18 percent early, 21 percts)jt lzo acorns with insect damage were
found. Acorns were all collected from groves 2 8nas they were the only groves that
bore acorns in 2005. Half (47 percent) of the ratdacorns germinated; but none of the
aborted acorns germinated.

We made a further comparison with acorns colleote®rcas Island of which 50 percent
germinated. The sample consisted of healthy ac@hgpercent), acorns with a single
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insect entry or exit hole (31 percent), acorns witfdence of filbert worm damage to the
cap (16 percent), acorns with multiple entry ot éxiles (13 percent), aborted acorns (6
percent, both of them late aborts) and a midgetre®percent). A majority (60 percent)
of the healthy acorns germinated, as did the simytlget acorn. Half of all of the insect-
damaged acorns germinated: 40 percent of thoseon#hhole, 50 percent of those with
two or more holes, and 60 percent of those withdapage. None of the aborted acorns
germinated.

Figure 33

Percent of Healthy Acorns Germinating by Island
60%

percent

healthy

acorns
germinating

Orcas Samish Island Waldron

Location

Samish Island acorns are midgets. N=10 for Ofda4,7 for Samish Island, N=30 for Waldron.

Acorns’ weight was not a good predictor of whettiey would germinate. Nor was it a
good proxy for parasitism of acorns: relatively \eacorns were often found to contain
two or more weevil larvae. Rohlfs (1999) used gunation combining length and weight
to predict whether acorns had been parasitized]idveot measure acorns’ length.

Differences in germination rates of undamaged acdfigure 33) suggest that the
Waldron oaks are experiencing recruitment problanmrelated to parasites. Extremes of
weather were noted above as a potential stresabnthly also explain the relative size of
Waldron’s acorn crop. Genetic isolation is theeottactor that might explain these data.
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Oak genetics

Experimental sequencing of DNA extracted from Garai leaves usingkk4 and cdc2
primer pairs (from Deguilloux et al. 2003) neithgelded the expected microsatellites,
nor did it show any quantifiable differences betwélee samples sequenced. In order to
determine the degree of relatedness of these oakg, microsatellite loci will need to be
compared. Microsatellite genotyping—that is, udingrescently labeled primers rather
than a terminator dye—may also yield better resuRglandet al (2006) has meanwhile
completed the first analysis of allozyme variatiorGarry oak populations from British
Columbia. It shows significant differences betw&arry oaks on the U.S. and Canadian
sides of the international border. They did nctude samples from oaks in the San Juan
Islands or Samish Island, however; and it is umolgdzether their method is sufficiently
sensitive to detect population differences betwagdts as closely related as the San Juan
Archipelago may be to one another. In any evéwy results imply a relatively recent,
post-Contact date for the establishment of manyfie&torthwest oak populations.

DiscussION

At the outset of this study, we generated seveypbtieses to explain the differences in
observed recruitment rates on Waldron and Samiahds Each of these hypotheses has
different implications for oak stewardship:

Differences in recruitment reflect intrinsic loaahvironmental differences, such
as soil nutrients, microclimates, and surroundil@gpcommunities.

Differences in recruitment are a function of thegance/absence of acorn burying
and caching animals.

Differences in recruitment are a function of acpredation by insects.
Differences in recruitment reflect differencesandiscape histories.

Intrinsic environmental difference®/e found no clear relationships between the
type of plant community, or dominant understorycsg®g and recruitment ratios. Two of
the low recruiting groves on Waldron had foragesges as the dominant understory and
two had honeysuckle. Two of the high recruitingwgrs on Waldron had forage grass as
the dominant understory, one had a snowberry utaigrand one had chiefly oak brush.
The same species were found in the understorygbienirecruiting Samish Island groves.

We found differences in soil chemistry amongst\i¥i@dron groves and between
Waldron and Samish Island groves (Table 4), buttreentration of soil nutrients is not
correlated with recruitment ratios in our study plapion. Some groves with low nutrient
levels produced abundant acorns and some alsateztmell. It is always possible that
a larger sample of groves would be able to detatiesrelationship between nutrients and
recruitment that is too weak to be seen in our g study. Even if some impact could
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be detected, it seems clear from other data irstudy that the influence of soils, if any,
are dwarfed by other factors such as parasite loads

While Waldron groves are exposed to somewhat greateemes of temperature
and humidity than Samish Island groves, the madaitef the difference in microclimate
seems out of proportion to the differences betwslands in recruitment ratios. We kept
two weather loggers on Point Disney, in grove 1 grave 6, the groves farthest apart in
the landscape; both recorded nearly identical teatpee and humidity patterns. If there
was so little microclimate variation amongst Waldgyoves, some other factor is needed
to explain most or all of the differences amongstlékbon groves in recruitment.

The data appears to show an inverse correlatiomeaet shading by Douglas firs
(table 1) and recruitment ratios among the Waldyjmves. The mean recruitment ratio
of the unshaded Waldron groves in 2005 was 3.9 8&5I53, while the mean recruitment
ratio of the Waldron groves partially shaded by Blas firs was only 1.1 (SD=0.84).
Shading by firs was not correlated with light lesyeleasured at midday, however; in fact,
the average maximum light measurement at 4 m ihaded groves (38 percent of full
sun) was slightlyower than the average maximum light measured at 4 tharpartially
shaded groves (56 percent of full sun). There maasignificant difference between the
shaded and partially shaded groves at ground IeMeé recruitment ratios of the Samish
Island groves were an order of magnitude greater the Waldron groves whether or not
they were shaded, moreover. Taken together, thsesuggest that shading may indeed
be a factor in recruitment under some conditions,dther factors play a far larger role.
Measuring light levels over 24-hour periods durthg growing season would provide a
more accurate measure of shading and might begpdgiia its impact on recruitment.

Any effect that shading may have on recruitmennoame related to germination
since acorns will germinate without light, and ligevels measured on the ground were
nearly the same in both the partially shaded arsthaghed groves. In 2005, we observed
that oak branches exposed to full sun bore mornacdOn the other hand, oak seedlings
growing under shade were less likely to suffer asi®n than seedlings exposed to more
sun. This suggests that, in the absence of caemimgals to distribute acorns, unshaded
groves will have slightly higher recruitment ratiofn the presence of caching animals,
acorns from unshaded groves will likely be buriadshaded areas (Steller’'s jays and
flying squirrels preferentially cache under corsf¢Fuchs 1999), and overall recruitment
per acorn produced will be higher due to reduceskidation, although the cachers will
consume some of the acorns.

Caching animatsAnimals that bury or cache acorns appear to tadlyabsent on
Waldron but abundant on Samish Island. This faalone may account for the observed
difference in recruitment between the two islanflgs we suspect, a major limitation on
seedling survival is dessication. Buried or cacheaorns are less likely to dry out during
periods of drought than acorns left on the groumtbse—especially where the ground is
covered only with grasses as opposed to a canoggrsiory such as snowberry. Also,
as noted earlier, dispersal of acorns away fronc#mopy of parent trees is important in
the long term for the survival of oak populationglynamic landscapes.
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It should be noted that acorn production was peoBSamish Island in 2005, and
some of the observed recruitment appeared to betatdge (oak suckers and oak brush),
hence not mediated by caching animals such asrslyuirLikewise, the absence of acorn
caching animals cannot explain differences in rnétrent ratios between the ten groves
on Waldron, which must be ascribed to other facsosh as shading or parasite loads.

Historical records of caching animals in the SaanJislands—and the dominance
of introduced Eastern gray squirrels in the caclangnal contingent on Samish Island—
suggest that the regional distribution and abunelasfccaching animals has not been
consistent during the lifetimes of the oaks we igdidTable 6). There have been enough
recent disappearances.d. Steller’s jays) and introductiong.(} Eastern gray squirrels)
to question the extent to which (1) humans rathan tcaching animals must have been a
major factor in distributing oaks through the iglanand (2) the oaks may actually be
expanding their range on some islands becauseenfeat increase in caching animals. It
is significant that the only early historical redasf Garry oaks—at “Oak Prairie”—was
on the only island that also once had a large hstoSteller’'s jay population, that has
since disappeared.

Insect Predatian Insect entry and exit holes were observed onlyneae-third of
all Waldron acorns (30 percent), but none of theniSh Island acorns we counted in
2005. The true rate of insect predation on Waldroorns was necessarily greater than
one-third, in fact, because we found that many taldobut otherwise unmarked acorns
contained insect larvae. The observed rate ottrmedation on acorns increased to 34
percent in 2006, and the production of sound acdrapped from 23 percent in 2005 to
5 percent in 2006, with early-aborted acorns cosampgi much of the difference. At first
blush, parasite loads seem to provide a simplepaneerful explanation of the overall
poorer recruitment observed on Waldron. The priigorof healthy undamaged acorns
in each grove is not a very precise predictor ofugment ratios, however (Figure 34).

Figure 34: Recruitment Ratio by Healthy Acorns
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Data: Samish Island Grove 2; Waldron Groves 1-8Hhdnidgets included as “healthy”.
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Acorn viability is a confounding factor. The Westsid oaks on Orcas evidenced
some insect damage in 2005, albeit less than Waldinat they also had higher rates of
germination than either Waldron or Samish Islamtiese differences may have been due
the fact that the Samish Island acorns testeddongpation were all midgets, since they
dominated the 2005 Samish Island crop; or to tketfaat the acorn predators on Orcas
included filbert worms, which may do less damagthtendosperm than filbert weevils.
Another confounding factor is the fact that evemdged acorns often do germinate. A
much larger sample of oaks would be needed to atapuantitatively for all of these
variables. In the mean time, we think it safe tmaude that parasite loads depress
recruitment significantly, although the scale of effect depends on other factors such as
acorn viability and species of parasite.

Damage by leaf parasites (almost entirely jumpiatjrgasps) was very severe in
2006 (Table 3), and this may have contributed &lttw production of healthy acorns.
However, it seems more likely that other factorsgschsas summer drought, influenced
both the increase in leaf parasite loads and ftiecteon in acorn production. We did not
record any occurrence of the phylloxerans thatresponsible for considerable oak leaf
damage on the Saanich Peninsula (Bennett 1993jt, isutkely that they will eventually
appear in the San Juan Islands, and we recommentiomiog the Waldron oaks for both
phylloxerans and jumping-gall wasps.

Landscape history and assemblccording to Foster (2003), old meadow soils
are detectable for up to 400 years after meadowrsiersion to forests—even though the
floristic transition can be completed in less tB@nyears. The absence of mollisols under
the Waldron and Samish Island groves we studiedesig that the oaks are growing in
landscapes that have been forested for centuesiglas firs up to four centuries old are
found dispersed throughout much of the Point Didaegscape; however, their “wolfy”
habit indicates that they originally gremithout crowding by other trees. Some very old
firs (not cored for dating, but estimated at 200-38 from their size) are also present on
Point Williams, but they are mainly tall and stt@igmore consistent with a closed-
canopy woodland centuries ago. What might accéamthe apparent inconsistency of
soil and tree-habit evidence on Waldron?

Many of the Waldron oak groves are located in operas dominated by grass—
chiefly non-native forage grasses. These grassloneamay be products of logging and
sheep grazing rather than relics of a pre-Contastsgdominated ecosystem. We suggest
that the pre-Contact landscape was broken-canopiecous woodland, the understory
(including young firs) being cleared frequently daythropogenic fires and the herbaceous
layer consisting mainly of shade-tolerant mossekfarbs. Logging of younger, straight
firs in the late 19 century (leaving the unmarketable wolfy firs urtbed) followed by
sheep into the mid-Z0century replaced fire as a control on fir recretty widened the
clearings and introduced aggressive Eurasian ggadselarged clearings were pioneered
by woody species that were worthless as timberraladively resistant to sheep grazing:
madronas, possibly oaks. Logging removed the ecelef a somewhat denser historical
canopy, and sheep removed whatever mollisols meg peeviously formed in woodland
openings. The oaks may already been present dbmggseunder the fir canopy, or may
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have arrived after 1850; Point Disney was the diita large stone quarry with dwellings
and docks in the late 90 early 28' century, and much of it was blasted to rubble.

In his 1858-1861 botanical surveys for the Britgbundary Commission, David
Lyall (1863) observed:

Quercus GarryanaDoug. (the only Oak seen), which is plentiful ta $S.E. end
of Vancouver Island, was not found on the mainlangwhere along the 49
parallel. It was seen in the neighborhood of tladld3, but did not extend much
higher on the Columbia.

Lyall collected plant specimens on Lopez, Orcas Sal Juan Island but never published
his findings. C.B.R. Kennerly, who spent more timahe San Juan Islands than Lyall
during the 1850s, only noted oaks from the “Oakirlfaon San Juan Island, in the wet
upper San Juan Valley—where there are currentlyaks but conditions are functionally
more like the Willamette Valley, with fine, deepuafial soils. It is impossible to say, at
this distance of time, how old or viable were ttees$ in Oak Prairie, or how they arrived
on San Juan Island. It is fair to suppose, howedhat Oak Prairie was a potential point
of diffusion of Garry oaks into areas logged arehotd in the 50 years following Lyall’s
and Kennerly’s surveys.

The Samish Island oak groves are still part ofrgdaforest that includes Douglas
fir, willows (Salix spp. and a diverse shrub layer, concentrated on steaward bluffs
where the forest breaks up gradually into herbas@oeadows and mossy balds. As far
as we can determine, its post-Contact history washntike the forest on Point Disney—
except for little or no “sheeping” and the contidwdundance of acorn cachers and acorn
predators (Steller’s jays, deer, native Sciurida@ iacreasingly introduced Sciuridae). It
is plausible that oaks established on Point Wilkaafter extensive logging created open
ground for colonization; unlike Waldron, the Samigtks enjoyed the benefits of caching
animals and less disturbance by livestock.
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| MPLICATIONS FOR OAK STEWARDSHIP

Our results are not entirely consistent with pragi@xplanations of oak decline in the
restoration ecology field. Fire suppression, catitipa with firs, climate change and the
expansion of human settlements are all plausildeames for the limited distribution of
Garry oaks in the San Juan Islands today; howensre of these factors is sufficient to
explain differences in recruitment ratios withir thoint Disney, Waldron oak population
and between the Point Disney and Samish Islangopllations. Acorn parasites, acorn
caching animals, and differences in local landsdagteries appear to have played major
roles in the differences in recruitment betweentthe islands, and should be given more
attention by land stewards. We have not yet beassess the impacts of genetic factors
(relatedness and self-infertility) on insular oapplations. This merits further study, for
if genetic isolation is a significant factor, maeegcan easily remedy it.

Researching the history of each Garry oak landscapée particularly useful. We need
to document pre- as well as post-Contact disturbamcl management. Did Coast Salish
peoples actively maintain oaks? Were oaks prombtegost-contact logging? When
and how did oaks first arrive? In the case of Watcand Samish Island our research has
revealed something about the history of these groteat they have been forested for a
long time, for example, and that they were extezigilogged and grazed after 1850. The
historical data raise more questions than they answWow extensively did the quarry on
Point Disney disturb the landscape apart from lsigst large exposure of bedrock? Was
the temporary settlement on Disney a vector obohicing or promoting oaks? We may
never answer such questions with certainty, but teenind us that oak populations may
have quite different origins, assembly historieg] as a result, different sensitivities.
invasability, genetic homogeneity, and sustaingbih the absence of continued human
assistance. In the absence of caching animalg$tance, Waldron oaks may have been
unsustainable (without human dispersal) from thenewat of their arrival—whether that
event was a century or a millennium ago.

In the absence of perfect historical data, the thettwe can do is to assemble as much
current ecological data as possible, and experiroargfully with any restoration tools
such as clearing, burning, introducing caching atsmor increasing gene flows between
populations. Experimentation requires explicitlg@nd consistent long-term monitoring
of meaningful (e. valid) outcome variables. The present study heasured recruitment
ratios, parasite loads and acorn germination rfae2005 that can be used as baselines
for monitoring the results of future experimentgkervention on Point Disney.

Our study also indicates that care must be takeRaint Disney to avoid interventions
that may increase the abundance or distributians#cts such as filbert weevils, or non-
native forage grasses. Care must also be takawvoid extirpating Propertius duskywing
butterflies from Point Disney. Burning after acefall would destroy acorn parasites but
likely also destroy any duskywing larvae in the tedf litter—as would heavy trampling
of leaf litter during autumn-winter tree-thinningerations. Clothes and equipment used
at Point Disney should be cleaned before leavindgdvia to avoid dispersing jumping-
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gall wasp larvae to other oak populations in tlehigeelago—and to avoid introducing or
dispersing oak phylloxerans. If thinning and dleguffirs, care should be taken to expose
oaks gradually: preferably over several years,aastdeen the practice of the landowner at
Point Williams, who tops or girdles smaller firdesgively a year or two before removing
them.

We recommend consideration of introducing Stell@ys to Waldron to disperse acorns
and increase their likelihood of survival after geration. Steller's jays were native to
some of the San Juan Islands, and hastening #relispersal from Orcas Island would
be a very modest way of “nudging” existing natynalcesses in the islands.

Waldron groves necessarily depend on one anothgraitnation, but in the absence of
acorn dispersal by caching animals, they funct®isalated units from the standpoint of
recruitment. On Waldron, variation in recruitméetween groves is more influenced by
grove-level conditions than on Samish Island, whggmr/es are partly replenished with
acorns cached from other groves. Shading by Deugkmay be a factor in recruitment
for some Waldron groves (albeit all beneath theamaiopy). However, the magnitude of
this effect, if any, is small compared to the difieces in recruitment between Waldron
and Samish Island that reflect different landsdaptories and different acorn-consuming
fauna. From data currently available, it wouldf&ie to say that “releasing” oaks from fir

canopies may increase acorn production somewheglsw risks stressing the older oaks
and, as a result of human disturbance of the littger, spreading harmful insects and
extirpating rare insects. A more promising metluddncreasing recruitment through

greater acorn dispersal and burial by animals ami$ should be considered as well. The
possibility of improving the reproductive succeg$soaks through increased gene flow
should also be investigated.
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