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SUMMARY  

 
Understanding the factors influencing recruitment of Garry oaks (Quercus garryana) in 
the San Juans and neighboring islands is essential to planning successful stewardship and 
restoration activities.  In order to better understand these factors we studied oaks at The 
Nature Conservancy’s Bitte Baer Preserve on Point Disney, Waldron Island; and on an 
undeveloped private parcel at Point Williams, Samish Island.  We looked at recruitment 
(the ratio of trees under 15 cm in circumference to trees over 15 cm in circumference) in 
relation to the presence of animals that cache or bury acorns; the presence and abundance 
of insects that parasitize acorns and oak leaves; light and shade; understory plants; soil 
structure and nutrients; and acorn viability.  Recruitment was not correlated with light 
availability, soil nutrients, or understory composition within or between study sites.  The 
presence of acorn-caching animals and the absence of acorn parasites may account for the 
higher recruitment ratios seen on Samish Island, however.  Soil composition at both our 
Waldron and Samish Island study sites indicates that they were not historically savannas 
or meadows, but forested.  This suggests that 19th and early 20th century logging of firs 
was an important factor in the present-day distribution and abundance of Garry oaks.  
Thus the history of the Waldron and Samish Island oaks, and their potential response to 
restoration measures, may differ considerably from oaks in the Willamette Valley or the 
Saanich Peninsula (Vancouver Island), which developed under different conditions.  
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BACKGROUND  
 
Importance of Garry oaks 
 
Garry oaks (Quercus garryana) occur from Northern California to the southern tip of 
Vancouver Island (Erickson, 1993).  Together with the Gulf Island and Vancouver Island 
populations, Garry oaks in the San Juan Islands fall at the northern limit of the species’ 
range and support diverse species that are scarce elsewhere.  In parts of Washington and 
British Columbia, Garry oak groves support or co-exist with rare species of plants such as 
California buttercup (Ranunculus californica), golden paintbrush (Casstileja levisecta), 
white meconella (Meconella organa), erect pygmyweed (Crassula connata), common 
blue-cup (Githopsis specularioides), Nuttall’s quillwort (Isoetes nuttallii), rosy owl-
clover (Orthocarpus bracteosus), coast microseris (Microseris bigelovii), white-top aster 
(Aster curtus) and annual sandwort (Minuartia pulsilla), as well as animals such as purple 
martins (Progne subis) and moss elfins (Incisalia mossii) (GOERT 2005). Aesthetically 
Garry oak communities include more common but colorful species such as white fawn 
lilies (Erythronium organum), camas (Camassia leichtlinii and C. quamash), chocolate 
lilies (Fritillaria  lanceolata) and brodeaias (Brodeaia spp. and Tritelia spp.).  Many of 
these species are also culturally significant to Native peoples: Camassia spp., for example 
is considered to be the most important “root” food for Coast Salish peoples (Turner 1995, 
Beckwith 2005). 
 
 
Garry oaks in the San Juan Islands 
 
When American naturalist C.B.R. Kennerly explored San Juan Island in 1860, his British 
and American hosts took him to see “Oak Prairie”, the only oak community he recorded 
during his explorations of the San Juan-Gulf archipelago in 1857-1860 (Kennerly 1860).  
According to contemporary maps, Oak Prairie was located at the head of San Juan Valley 
in what was (and is) plainly a seasonal wetland with deep alluvial soils.  Today, Waldron 
and other San Juan County oaks, as well as Samish Island oaks, are all located on steep 
hillsides with shallow rocky soils, associated with firs and madronas rather than wetland 
species such as alders.  Were Garry oaks always found in drier upland sites?  Have oaks 
expanded their range in the islands since 1860, or have they lost ground, as a number of 
local public-land managers and conservationists contend?   
 
It is most likely that the pre-Contact inhabitants of Waldron were Saanich, since Saanich 
families owned the reef-net sites of Waldron and nearby Stuart Island, and the Saanich 
have more names for landmarks in the Waldron area than other Northern Straits Salish 
groups.  Samish Island was originally the home of the Nuwhaha, a Lushootseed-speaking 
people, but the Samish built a plank house there in the early 19th Century that remained in 
use until the 1870s (from interviews with Wayne Suttles, Earl Claxton, and Victor 
Underwood, Jr.).  Neither Suttles (1951), the principal ethnographer the Northern Straits 
speaking Coast Salish peoples (Saanich, Songhees, Sooke, Mitchell Bay, Lummi, 
Samish, Semiahmoo) that occupied the San Juan Islands, nor Sally Snyder, unpublished 
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ethnographer of the Nuwhaha, recorded any uses of Garry oaks or acorns—a hint that the 
pre-Contact distribution of oaks may have been restricted. 
 
Palynology of a single sediment core taken from Saanich Inlet, Vancouver Island (Pellat 
et al. 2001) accounts for most of what is known about the evolution of post-glacial Garry 
oak ecosystems in the Salish Sea.  Douglas fir pollen began to appear about 11,450 years 
ago, while Garry oak pollen first appeared about 8,300 years ago, and its relative 
frequency began to decline 6,800 years ago.  Prior to the arrival of oaks, the landscape 
appears to have been “Douglas-fir (Pseudotsuga menziesii) parkland with abundant grass 
(Poaceae) and bracken (Pteridium)”.  After oaks began their decline, the landscape was 
“mixed deciduous/coniferous forest with oak, western hemlock (Tsuga heterophylla) and 
Douglas-fir”.  The rise and decline of Garry oaks on Vancouver Island coincided with a 
period of climatic change from warm and dry conditions to cooler and wetter ones.  Oaks 
arrived at the end of the warm-dry period, expanded during a period of warm winters, and 
declined before the climate turned cool-wet more like the present-day.  In the 1880s 
much of the Saanich peninsula was still occupied by forests containing oaks, or by oak 
meadows (GOERT), but little remains of these ecosystems due to development and the 
elimination of native Coast Salish stewardship practices. 
 
There have been no comparable pollen studies published for the San Juan Islands or for 
Samish Island.  Henry Hansen cored two bogs on Orcas Island in 1943, and although he 
observed Garry oaks on the exposed slopes of the hills south of Lake Killebrew, he did 
not report any Garry oak pollen from either of his samples, simply stating that deciduous 
trees as a class were represented by an insignificant amount of pollen (Hansen 1943).  His 
9.5 m core from Killebrew Lake was dominated by Douglas fir in all but its oldest levels, 
which were dominated by shore pine (Pinus contorta).  Palynologists have significantly 
improved on Hansen’s techniques since the 1940s, but no one has re-analyzed the peats 
he sampled on Orcas Island, or cored peats elsewhere in the county (Judith Harpel, pers. 
communication).  Most bogs in the islands have been drained, farmed, or excavated for 
recreational ponds, moreover, leaving few intact peat records.   We are currently working 
with Estella Leopold and Hollie Hatch at the University of Washington on two previously 
unstudied San Juan County peat records, from Waldron and Lopez Islands, and trying to 
locate other intact peats in the archipelago with a view to making a comparison with the 
Saanich core, and exploring long-term microclimatic change within the San Juan Islands.  
 
While the mid-Holocene rise and decline of Garry oak populations in our region has been 
elucidated by pollen studies, the composition of the understory of ancient Garry oak balds 
and meadows has eluded reconstruction (Maslovat 2002; MacDougal et al. 2004).  Garry 
oaks are still present around Saanich Inlet, but their understories are often dominated by 
introduced species (Roemer 1995).  Fires were suppressed and non-native pasture grasses 
introduced before any serious attempt was made to characterize the plants associated with 
Garry oaks in the pre-Contact landscape (Fuchs 2001).  Erickson (1996) has identified 27 
modern native Garry oak plant communities or associations, including five early season 
plant communities characterized by the combination of Garry oak and camas.  
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Current conditions and threats 
 
Apparent decline in the health and abundance of Garry oaks on Young Hill has become a 
concern for the San Juan Island National Historical Park, which has carried out extensive 
controlled fires to try to promote the oaks.  Garry oaks are also locally abundant on Cady 
Mountain (San Juan Island), where private restoration efforts focus on hand-clearing firs 
and burning underbrush.  On the southern slope of Turtleback Mountain near Westsound, 
Orcas Island, there are numerous unmanaged oaks.  Garry oaks are practically absent on 
Lopez Island, however, which is as puzzling as is their decline is elsewhere.   
 
Recent encroachment by Douglas firs is widely blamed publicly for the decline of Garry 
oaks, but little systematic field research has been done to determine rates of survival and 
recruitment in different Garry oak patches, or to investigate other factors affecting oaks’ 
health and sustainability, such as:  
 

·  Climate change (temperature, seasonal precipitation patterns) 

·  Disease and parasites, especially recently invasive insects 

·  Genetic isolation, loss of diversity, and inbreeding depression 

·  Absence or recent loss of birds and animals that cache acorns 

·  Suppression of wildfire, cessation of Coast Salish prescribed burning 

·  Encroachment by invasive grasses associated with livestock grazing 

·  Changes in the abundance and composition of herbivores 

·  Effects of historical logging and forest practices 

 
Changing weather patterns:  Garry oaks are generally regarded as highly drought 

tolerant.  The ratio of sapwood to leaf-area decreases as Garry oaks grow older and taller, 
however, so that it is increasingly difficult for them to supply water to their uppermost 
branches and leaves (Phillips et al. 2003).  Since Garry oaks are deciduous, only water 
that is available during their growing season affects their growth and survival, unlike 
conifers, which are photosynthetically active year-round.  Changes in the seasonal pattern 
of rainfall can stress older and taller oaks without adversely affecting conifers.  We have 
recently experienced several summer droughts, for example, which resulted in premature 
leaf loss in Garry oaks; only the most thirsty conifers (cedars) have displayed comparable 
responses to water stress.  Pollination may also be affected by changing weather patterns.  
According to Fairly and Batchelder (1986) pollen production in coast live oaks (Quercus 
agrifolia) and valley oaks (Q. lobata) is a function of total rainfall of the previous year.  
If this relationship holds for Garry oaks, then decreased rainfall should result in decreased 
pollination success. 
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Diseases and parasites:  Many insect species parasitize Garry oaks.  Some burrow 

under the bark.  Others suck fluids from the leaves (“skeletonizers”); form galls on stems 
and leaves; or else lay their eggs inside developing acorns so that their larvae can feed on 
the endosperm.  Four insects have attracted particular concern in the Pacific Northwest: 
jumping-gall wasp, oak-leaf phylloxeran, filbert weevil and filbert worm.  The jumping-
gall wasp Neuroterus saltatorius is a tiny cynipid wasp whose eggs form 1mm spherical 
galls on the underside of Garry oak leaves.  Galls leave a small round brown scar after 
they fall to the ground to continue their development.  Widespread in the Northwest for at 
least 30 years, jumping-gall wasps were not considered sufficiently damaging to the host 
oaks to warrant control measures (Larew and Capezzi 1983), but they are now reaching 
an alarming level of abundance in the Victoria metropolitan area.  Oak-leaf phylloxerans 
Phylloxera spp. are aphid-like insects that suck fluid from oak leaves.  Phylloxerans have 
been causing oaks to “scorch” and lose their leaves prematurely around Victoria (Maier 
1993). It is uncertain whether oak-leaf phylloxerans are currently present anywhere in the 
San Juan Islands; they appear to be absent on Samish Island.  The filbert weevil Curculio 
occidentis drills into developing acorns with its long proboscis to feed on the endosperm 
and lay eggs, producing large grubs that devour what is left of the endosperm.  The filbert 
“worm” Cydia latiferreana is actually the larva of a small, rather inconspicuous brown 
moth that inserts its eggs through the cap of very young acorns.  It is currently considered 
a serious target for control measures (pesticides) in orchards throughout the Pacific 
Northwest.  Nevertheless, the effects of filbert weevils and filbert worms on Garry oak 
acorn survival and seedling growth have not been studied systematically. 

 
Lack of genetic diversity:  Garry oak communities in the San Juan Islands tend to 

be small and isolated from each other by salt water.  Garry oaks are self-infertile (Fuchs, 
2001) and require a genetically distinct pollen donor to produce acorns.  Oak pollen 
grains can travel as much as 10 miles or 16 km (Fairly and Batchelder 1986), but their 
trajectory is controlled by the prevailing winds, and we have found no data on the actual 
distribution of oak pollen between islands in the San Juan Archipelago.  Without 
exchange of pollen between islands, Garry oak stands isolated on individual islands may 
become genetically too homogeneous to continue to pollinate successfully.  Low within-
stand diversity may result in very low numbers of viable acorns, before pollination fails 
altogether.  It should be noted that the well-studied Garry oak populations on southern 
Vancouver Island and the Willamette Valley are considerably larger and therefore less 
likely to suffer from low diversity and infertility. 
 

Absence or loss of acorn caching:  Like all white oaks (subfamily Lepidobalanus) 
Garry oaks bear acorns that are not dormant, i.e., they will germinate as soon as they fall 
if conditions are moist enough (Fuchs 2001).  In the climate of the Salish Sea this means 
that acorns begin germinating in autumn.  Adult Garry oaks may be drought resistant but 
desiccation is often fatal to sprouting acorns (Fuchs et al. 2000).  Acorns must maintain at 
least 30% moisture content to remain viable (Stein 1990).  If an acorn is buried it is more 
likely to remain moist.  Acorns are more vulnerable to desiccation, as well as predation if 
they are not cached or buried by animals such as Steller’s jays (Cyanocitta stelleri) or the 
western gray squirrel (Sciurus griseus) (Fuchs et al. 1999).  An equally important role of 
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cachers and buriers is the distribution of acorns away from their parent trees.  Garry oaks 
bear large acorns that do not travel far from where they land (Stein 1990).  To sustain an 
oak community, there must be continual colonization outside of the older groves.  Garry 
oaks can only accomplish this with the help of some animal 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 Islands have been 

influenced by human activity.  Early projectile points establish the presence of humans in 
the San Juan Islands up to 8000 years ago, when the archipelago was still emerging from 
glacial melt waters and the rising sea (Stein 2000).  There are historical and ethnographic 
accounts of Coast Salish people using fire to clear their camas gardens and create broken-
canopy “game parks” for deer and elk hunting (Boyd 1999; Suttles 2005; Suttles 1951).  
This is consistent with two recent studies of fire scar records from ancient Douglas firs on 
Waldron (Sprenger et al. 2005) and south Lopez (Spurbeck and Keenum 2003) that found 
fire-free intervals on the order of 10-15 years and evidence that most fires were relatively 
small and “flashy” (fast and cool).  Frequent fires would have removed shrubs and young 
trees, producing a more open landscape than at present.  Experimental restoration fires on 
Yellow Island and Fort Lewis also reduced the ratio of grasses to forbs (Dunwiddie 2001; 
Tventon 1997; Schiller 1997).  Coast Salish gardening practices i.e. weeding and hoeing 
(Suttles 2005) would have further increased the abundance of edible forbs and reduced 
grass density.  These conditions would have facilitated the survival of older Garry oaks, 
although their effects on recruitment are less clear (Regan and Agee 2004). Garry oaks do 
not recruit well in grass-dominated landscapes (Erikson 1996).  
 

Coast Salish people stopped regularly setting fires in the San Juans by the 1850s 
as conflict with better armed First Nations from the north made gardening the San Juans 
too risky (Spurbeck and Keenum 2003).  The cessation of frequent burning allowed for 
the rapid spread of Douglas fir seedlings, but may have promoted Garry oak recruitment 
as well, since oak seedlings were no longer periodically destroyed by fire.  The long term 
effects of fire suppression can be seen in the increase in oligarchic Douglas fir forests and 
the dominance of grasses over forbs in many meadow areas.  The cessation of fire and the 
resulting increase in Douglas firs is often highlighted as the cause of Garry oak decline 
(Devine and Harrington 2004). 
 

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

When considered on a community-by-community basis there were 11 plant 
communities in which regeneration was limited in some way, either absent or 
present only on some sites or with stocking below normal.  These communities 
were split about evenly between introduced and native communities and between 
‘xeric’ and ‘mesic’, but were predominantly ‘grassy.’ 
 

Grasses compete with sprouting oaks for water, nutrients, and space (Davis et al. 2005; 
Welker et al. 1991).  This is particularly true of large non-native grasses.  The abundance 
and dominance of non-native forage grasses in meadows and oak groves in the San Juans 
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and on Samish Island suggest an increase in grasses in these communities as a result of 
turning meadows into pastures.  Eurasian forage grasses growing on thin minergenic soils 
suggest that the grasses were introduced into areas that were primarily mosses or forests.  
Forage grasses growing on deeper organic soils suggest invasions of forb meadows and 
possibly the displacement of native grasses.  In both cases, the cessation of anthropogenic 
fires, the introduction of livestock and the planting of pastures with Eurasian grasses have 
led to an increase in the “grassiness” of San Juan County’s open areas. 
 

Changes in herbivory:  C.B.R. Kennerly of the American Boundary Commission, 
in notes from his 1858 exploration of the San Juan Islands, recorded the presence of large 
numbers of elk at least on Lopez Island (Kennerly 1860).  No elk remain in the San Juans 
today.  Native elk were to a great extent replaced not by deer, but by sheep and goats that 
were grazed in the open areas and rocky shores where Garry oaks grow.  Elk, deer, sheep, 
cattle and goats differ in their pattern of herbivory.  Cervids and goats are browsers while 
sheep and cattle graze.  Areas grazed by sheep and cows tend to become grassier as long 
as they continue to be grazed, from the grass seeds spread by the animals themselves and 
by their owners.  Shrubs and trees rapidly invade sheep and cattle pastures when they are 
abandoned.  Deer have not been observed reproducing on Waldron since the 1970s; none 
can be found on Waldron today.  Sheep and goats were grazed on Point Disney until the 
1980s (John Bishop, pers. comm.), however.  Deer are abundant today on Samish Island, 
by comparison, which also has a history of orchards and fishing rather than livestock. 
 

Logging and forest practices:  Insofar as logging opens up closed tree canopies, it 
facilitates fresh colonization by firs, alders, madronas and other fast-growing pioneers, as 
well as the slower-growing Garry oaks.  Many of today’s venerable oaks probably began 
as seedlings in heavily logged landscapes 50-150 years ago.  Both Point Disney and Point 
Williams were logged sporadically from the 1870s to the 1960s, the most extensive clear-
cut logging taking place between the 1890s and 1920s.  Loggers would have had no cause 
to cut mature oaks, since their market was for firs and hemlock.  This selectivity predicts 
post-logging landscapes with high ratios of alders, madronas and oaks to firs.  Cessation 
of logging would allow firs to regenerate and eventually to displace other pioneer species.  
This could explain why Garry oaks today are found in fir-dominant upland areas, whereas 
their only historical concentration in the archipelago in the 19th century was in a wetland 
environment at “Oak Prairie” (San Juan Island). 

 
Today, removing the conifers surrounding mature Garry oaks does not necessarily 

benefit all of the oaks thus “released”.  Sudden increases in light and heat can cause water 
stress in trees.  Greater light and heat increases photosynthesis and transpiration, which in 
turn requires an increase in the supply of water to the leaves.  As noted above, larger oaks 
are especially vulnerable to water stress because of their typical low sapwood to leaf-area 
ratio.  Trees suffering water stress lose leaves and branches.  If they survive, they may be 
able to adapt by growing fewer leaves in subsequent years, raising their sapwood to leaf-
area ratio.  But oaks that have long been growing amid firs face other risks if “released”.  
They are likely to have very tall thin trunks, an adaptation to competing for light.  When 
firs are removed, the remaining oaks are more exposed to the wind and more likely to be 
toppled.  Furthermore, conifers provide nesting areas and food for the animals that cache 
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acorns, such as Steller’s jays and squirrels, including (on San Juan Island) northern flying 
squirrels Glaucomys sabrinus.  While the removal of firs may benefit some of the mature 
oaks by increasing light levels, then, the loss of acorn-caching animals may reduce 
recruitment and survival of the oak community in the longer term.  Acorns falling in 
unshaded fields and pastures are more likely to dessicate if not buried, moreover, and are 
more exposed to browsing by deer and livestock. 

 
Burning in forested areas is also a threat to oak recruitment because the fuel loads 

create a fire hot enough to kill young oaks.  Frequent high load burning may suppress all 
recruitment by seed—and result in gradual shrinkage of the community as older oaks die.  
We return to these issues following a review of the field data from Waldron and Samish 
Island. 

 
CONCEPTUAL FRAMEWORK  

 
To investigate some of the alternative explanations of Garry oak decline, we studied and 
compared two coastal Garry oak communities: Point Disney on Waldron Island, and a 
previously undocumented population of actively recruiting Garry oaks on private land 
protected by a conservancy easement on Samish Island (Skagit County, WA) roughly 25 
miles east of the Waldron oak community.  Less extensive data were also collected from 
the Westsound oaks, a geographically intermediate population, and from Indian Island 
(Jefferson County, WA), which has an actively recruiting oak population that is at least 
superficially similar to the Samish Island oaks. 

 
We chose recruitment pattern as the key measure of Garry oak communities’ health.  A 
landscape may have many beautiful old oaks; but if they are not producing young oaks, 
the community will eventually disappear.  In addition to the rate of recruitment of young 
oaks in relation to the mortality of old oaks, it is also important to evaluate the nature and 
conditions of existing recruitment to ascertain its sustainability: for example, the extent to 
which acorns are dispersed and survive outside the crowns of the older trees, and whether 
recruitment depends on human intervention and maintenance.  
 
 

MATERIALS AND METHODS 
 
Sampling locations  
 
Ten distinct (= separated by other plant communities) Garry oak groves with one or more 
acorn-bearing mature trees were studied at the Point Disney (Waldron), and five distinct 
groves were studied at Point Williams (Samish Island).  Acorns were also collected from 
oaks growing along Deer Harbor Road near Westsound (Orcas Island).   
 
We mapped the oaks, firs and other trees in each grove on Point Disney using a mapping 
table equipped with a level, compass, protractor and 15 m fiberglass tape, with the help of 
students Hollie Hatch, Rose Castilleja and Sam Barr.  We also mapped one grove at Point 
Williams (Grove 2).  The mapping table was set up just outside of each grove and its GPS 
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coordinates were recorded.  After the table was leveled the attached tape was used to take 
distance and angle measurements to each tree.  Circumference at breast height was also 
measured of trees that exceeded 10 cm around and 1 m in height.  Every effort was made 
to locate all of the seedlings growing under, or within 5 m outside of the oak canopy, and 
to include them on grove maps.   
 
 
Data collected 
 
In addition to mapping, we collected mature acorns, leaves, and soil samples from each 
of the 15 Waldron and Samish Island groves, and listed all plant species seen within each 
grove.  Photosynthetically active wavelengths of light (PAR) were measured outside and 
inside each grove at midday in late summer using a Li-Cor quantum sensor mounted on a 
4 m long telescoping aluminum boom.  HOBO Pro® weatherproof digital loggers were 
mounted on mature oaks in three of the Waldron Island groves and one grove on Samish 
Island to record temperature and humidity at 15-minute intervals for a year.  We installed 
DeerCam® automated wildlife cameras on three mature acorn-bearing oaks on Waldron 
Island and one on Samish Island; these instruments are triggered by infrared motion/heat 
sensors with an effective range of 60 feet.   
 
Soil cores were taken by slot probe from each of the 15 groves on Waldron and Samish 
Islands at the beginning of the study.  After recording soil depth and structure we tested 
acidity with an Oakton 310 portable pH meter, and retrieved at least 10 cc of the A layer 
for preservation and chemical analysis.  Specimens were kept at 4-6o C until gently dried 
overnight in our laboratory oven at 40o C, screened to remove macro plant material and 
clasts, then analyzed for key constituents (NO3, NH4, PO4, SO4, K, Fe, Mg, Mn, Al) using 
standard colorimetric methods.   
 
In mid-August 2005 we counted nearly 1000 acorns in the ten mapped Waldron groves as 
well as a number of groves located between them, without removing the acorns from the 
trees.  Each acorn was classified as to maturity (early abort, late abort, mature) as well as 
any visible damage (insect entry or exit holes, gnawing, cracks).  Very small acorns were 
recorded as “midgets”.  This exercise was also carried out on Samish Island in 2005, and 
then repeated on Waldron Island in late August 2006. 
 
Students from Waldron School, school staff and several parents collected mature acorns 
from nine of the Waldron groves in late August 2005. Each acorn was scored for maturity 
(immature or mature); evidence of insect damage and the number of entry and exit holes; 
whether it was collected on the ground, from a ground-touching branch or from higher on 
the tree; and the side of the tree from which the collection was made (compass direction).  
Any unusual features were also recorded.  Acorns were weighed and placed in small clear 
plastic tubes containing moist sterile potting soil and covered with a cap of Grow Guard- 
20 fabric (Territorial Seed Company).  Acorns were kept out of direct sunlight; students 
watered and monitored the acorns weekly and recorded the emergence of fresh shoots or 
insects for six months. 
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Acorns were collected from trees in two of the Samish Island groves in September 2005, 
and from the ground along Deer Harbor Road near the village of Westsound on Orcas 
Island.  They were scored for the same characteristics as the Waldron collection as well 
as distinguishing between acorns that were aborted before developing (early abort) and 
acorns that were aborted after developing but prior to maturity (late abort).   Acorns were 
placed in clear plastic tubes filled with moist sterile potting soil, closed with perforated 
plastic caps; they were not watered but were kept out of direct sunlight on Samish Island 
and checked weekly for the emergence of shoots or insects.   
 
Mature leaves were collected from two oaks in each grove in autumn 2005, and again in 
spring 2006.  Leaves were frozen at -80° C for preservation. The autumn 2005 specimens 
were lyophilized prior to DNA extraction with a Qiagen DNeasy plant tissue kit.  DNA 
from these specimens was then sequenced using the � kk4 forward primer described in 
Deguilloux et al. (2003).  DNA from these specimens was also amplified using the � kk4 
primer pair and then sequenced with � kk4 forward and reverse primers.  A sub-sample of 
the spring collection was extracted with an MO Bio plant DNA extraction kit, amplified, 
and sequenced using � kk4 and � cdc2 primer pairs (Deguilloux et al. 2003).  Sequences 
were run on an Applied Biosystems ABI 377 automated sequencer. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 13

RESULTS 
 
Grove structure  
 
As seen in the maps of the 10 Waldron groves (Figures 2-11) and Samish Island grove 2 
(Figure 12), grove structure varied between islands and between groves.  Waldron groves 
consisted of from one to a half-dozen mid-sized to large trees, separated from other Garry 
oak groves by forage grass meadows or stands of Douglas firs.  Douglas firs were usually 
found on one edge of the Waldron oak groves, shading them only for only part of the day.  
All of the Samish Island groves consist of many small oaks crowded very close together, 
and interspersed with shrubs and Douglas firs.  There are more saplings than adult trees.  
All of the Samish Island groves but only two of the ten Waldron groves are dominated by 
oak suckers (oaks sprouting vegetatively from oak roots and root crowns) and oak brush 
(oak branches spreading laterally along the ground before growing horizontally again). 
 

Figure 1:      
Symbols used in oak grove maps   
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Waldron grove 1 (Figure 2) consists of two large exposed oaks on a high sloping 

rock terrace overlooking Cowlitz Bay.  Spanish moss (Usnea or Ramalina lichens) grows 
thickly on the oak branches.  This is the only grove in our study where madrona (Arbutus 
menziesii) forms part of the canopy.  Seedlings and saplings are mostly downslope of the 
sole acorn-bearing oak (with a circumference of 34 cm).  The understory consists of tall, 
introduced forage grasses (Festuca eliator, Dactylus glomerata, Holcus lanatus) and 
some hairy honeysuckle (Lonicera hispidula).  There were not enough acorns at this site 
for us to harvest any for germination experiments.  We installed one of our weather 
loggers in this grove. 

� �

�

�
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Figure 2: Map of Waldron Grove 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: Map of Waldron Grove 2 
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Waldron grove 2 (Figure 3) consists of five large “wolfy” (spreading) Garry oaks 
and two Douglas firs on a rocky terrace, close to an area recently cleared of young firs.  
Acorns in this grove were relatively large and abundant; however, scarcely any seedlings 
or saplings were found in this grove.  The understory is primarily honeysuckle (Lonicera 
ciliosa and L. hispidula) and snowberry (Symporicarpos albus). 
 
 
Figure 4: Map of Waldron Grove 3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Waldron grove 3 (Figure 4) consists of one very large exposed acorn-bearing oak 
and numerous young saplings, particularly on its southwest (downhill) side.  There were 
abundant acorns and signs of rabbit activity (scrapes).  Large old oak snags were found 
nearby, outside of the live grove’s canopy.  The understory is a dense hedge of snowberry 
(Symporicarpos albus) under the crown of the large oak.  On the south side of the grove, 
there is abundant orchard grass (Dactylus glomerata).  Acorns were collected from the 
upper branches of the large tree and from a smaller acorn-bearing sapling (not labeled).  
 

Waldron grove 4 (Figure 5) consists of five mid-sized oaks at the foot of a high 
rock wall, forming a cluster of three oaks on the east side and two on the west.  Only one 
of these oaks bore acorns in 2005, but many oak seedlings were found just downhill.  A 
cedar (Thuja plicata) makes up part of the canopy; the understory consists of snowberry 
(Symporicarpos albus) and honeysuckle (Lonicera ciliosa and L. hispidula). A wildlife 
camera was installed under the acorn-bearing oak to monitor any predation and caching 
of acorns. 
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Figure 5: Map of Waldron Grove 4 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6: Map of Waldron Grove 5 
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Waldron grove 5 (Figure 6) consists of seven mid-sized spreading oaks.  It is just 
downhill from grove 4 along the same rock wall.  We saw evidence of considerable rabbit 
activity.  The understory is mainly introduced forage grasses (Dactylus glomerata with 
some Festuca eliator) and orange honeysuckle (Lonicera ciliosa).  There are also some 
young oaks in the understory shrub layer.  Three of the larger oaks bore acorns in 2005. 
 
Figure 7: Map of Waldron Grove 6 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Waldron grove 6 (Figure 7) contains two pairs of mid-sized oaks, oak snags, and 
three smaller oaks.  It is on a steep 20
 slope and had much evidence of rabbit activity in 
2005.  The eastern oak pair bore acorns in 2005, and there are a great many oak saplings 
clustered under their canopy—so dense that we found it difficult to distinguish individual 
saplings from spreading branches.  Some living and dead saplings were found under the 
canopy of the western oak pair.  The understory consists of introduced forage grasses 
(Dactylus glomerata and Festuca eliator) and honeysuckles (Lonicea ciliosa and L. 
hispidula).  A weather logger was attached to the largest oak. 
 

Waldron grove 7 (Figure 8) is a thicket of over a dozen small oaks in a shallow 
rocky depression on top of the bluff above grove 6.  Two small oaks bore acorns in 2005.  
There are many saplings, in some places too thick to distinguish between individuals and 
spreading branches (marked in Figure 8 by clusters of circles).  The understory includes a 
number of young oaks, honeysuckle (Lonicera hispidula and some L. ciliosa), snowberry 
(Symphoricarpos albus) and some introduced forage grasses (Dactylus glomerata, Holcus 
lanatus and Festuca eliator).  We placed a wildlife camera in this grove. 
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Figure 8: Map of Waldron Grove 7 

 
 
 
Figure 9: Map of Waldron Grove 8 
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Waldron grove 8 (Figure 9) consists of two large oaks and four small oaks on top 
of the ridge above groves 6 and 7.  One of the large oaks, and a much smaller oak beside 
it, bore acorns in 2005.  One fir snag and two live firs are included in the canopy.  The 
understory consists of brome grass (Bromus spp.), honeysuckle (mainly Lonicera 
ciliosa), and unidentified mosses.  We placed a weather logger and a wildlife camera in 
this grove. 
 
Figure 10: Map of Waldron Grove 9 
 

 
 

Waldron grove 9 (Figure 10) consists of seven large exposed spreading oak trees 
and many younger oaks on a narrow rocky terrace overlooking Cowlitz Bay.  Four of the 
oaks bore acorns in 2005.  The understory is orchard grass (Dactylus glomerata), Bromus 
spp., honeysuckle (Lonicera hispidula), and unidentified mosses.  Oak suckers also form 
part of the understory (vegetative sprouts from roots or root crowns).  We found much 
evidence of rabbit activity in 2005, including large scrapes exposing Brodeia bulbs. 
 

Waldron grove 10 (Figure 11) contains five mid-sized oaks bracketed by Douglas 
firs on top of the highest ridge above Point Disney.  One of the smaller mid-sized oaks 
bore acorns in 2005.  The understory in the center of the grove is very dense honeysuckle 
(Lonicera ciliosa and L. hispidula); tall grasses (Dactylus glomerata and Festuca eliator) 
are found on the north side of the grove; and on the south side there is a mixture of great 
camas (Cammassia leichtlinii); nodding onion (Allium acuminatum), Hooker’s onion 
(Allium cernuum), and red fescue (Festuca rubra).  Only a single oak sapling was found 
in this grove in 2005. 
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Figure 11: Map of Waldron Grove 10 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 12: Map of Samish Island Grove 2 
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Samish Island grove 1 is a dense hedge of small oaks under 1 m in height.  There 
are also several small madronas (Arbutus menziesii).  None of the oaks in this grove bore 
acorns in 2005.  There was a fire in this area 10-15 years ago (Landry Corkery, pers. 
com. 2005).  The oaks in this grove lost their leaves in late July 2005 during a prolonged 
drought, and sprouted new leaves in late August after it rained.  The understory outside of 
the oak hedge was composed of non-native forage grasses. 
 

Samish Island grove 2 (Figure 12) contains numerous small oaks, oak saplings, 
and oak seedlings together with a few Douglas firs.  One of the mid sized oaks and two of 
the small oaks bore acorns in 2005, although they were conspicuously small compared to 
acorns from Waldron.  The understory was very shrubby, consisting of oak suckers and 
oak brush, ocean spray (Holodiscus discolor), serviceberry (Amalanchier alnifolia), 
snowberry (Symphoricarpos albus), and trailing blackberry (Rubus ursinius), with a patch 
of mixed grasses and great camas (Camassia leicthlinii) in the south part of the grove. 
 

Samish Island grove 3 consists of a few mid sized oaks spreading vegetatively.  It 
is 15 m downhill from grove 2.  All of the oaks bore normal sized acorns in 2005.  The 
understory is oak suckers and brush, tall grass (Festuca eliator), unidentified moss, yerba 
buena (Saturja douglasii) and strawberry (Fragaria sp.). 
 

Samish Island grove 4 consists of a few mid sized oaks ranging along a south-
facing slope that ends in a sea cliff and a thicket of smaller oaks.  None of these oaks bore 
acorns in 2005.  The understory included oak suckers and oak brush as well as snowberry 
(Symphoricarpos albus) and non-native forage grasses.  The grove is shaded on its north, 
west and south sides by Douglas firs, heaviest on the north side. 
 

Samish Island grove 5 contains a few mid-sized oaks separated from each other 
by a small rock outcrop.  The grove includes a pear tree and is almost entirely surrounded 
by Douglas firs and willows (Salix spp.).  Immediately downhill from the oaks is a large 
wind-thrown Douglas fir.  The understory is a dense tangle of ocean spray (Holodiscus 
discolor), snowberry (Symphoricarpos albus), trailing blackberry (Rubus ursinius) and 
yerba buena (Saturja douglasii). 
 
 Table 1 summarizes the characteristics of the 15 Garry oak 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) 
 

Grove 
Location 

Biome 
Number of Garry oaks 

Sun Shade Soil 
depth N 48º W 123º >15 cm <15cm w/acorns seedlings 

W1 40.814 2.321 Rocky ledge 2 1 1 6 NW - 9 

W2 40.725 2.412 
Broken 
forest 5 1 2 2 W Partial 23 

W3 40.671 2.410 
Meadow 

copse 
2 19 1 0 S - 15 

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 40.613 2.337 
Rocky 
hollow 

12 >36 2 2 S - 19 

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 2.462 
Meadow 

copse 
5 1 1 0 SW Partial 17 

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 Rocky ridge No data No data 3 No data SW Partial 18 

S4 34.956 33.537 Forest No data No data 0 No data SW Full 16 

S5 34.987 33.547 Forest edge No data No data 0 No data W Partial 12 

 
All measurements in cm; shading by Douglas firs unless otherwise noted in grove descriptions 
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Recruitment rates 
 
The ratio of oak saplings (defined as oaks less than 15 cm circumference at breast height) 
and oak seedlings to larger oaks (more than 15 cm circumference at breast height) can be 
used as a measurement of recruitment success (Jackson et al. 1998).  Recruitment ratios 
were computed for 10 Waldron groves and 2 Samish Island groves 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 5.1 >3.0 2.0 1.7 0.2 >36 >12 

 
Ratios shown in red are greater than 2; ratios shown in blue are less or equal to 2. 

 
Both of the Samish Island groves that we characterized had recruitment ratios of greater 
than 12.  Recruitment ratios of Waldron groves ranged from 8.5 in grove 3 down to 0.2 in 
grove 10.  A majority (60 percent) of Waldron groves had recruitment ratios of 2 or less.  
 
In 2006, we found a total of 43 living and 25 “dead” seedlings in the ten Waldron groves. 
Groves 2, 3, 5, 6, 7 and 8 had at least one live seedling each; the other groves had none.  
Oak seedlings were classified as “dead” if they had no living trunks or leaves.  Some of 
these may re-sprout. 
 
 
Parasite loads 
 
Parasite loads differed significantly between the Waldron and Samish Island oak groves 
(Table 2).  On the whole, Waldron oaks and their acorns were considerably more heavily 
parasitized.  Acorns were examined in situ on the trees in August 2005 for insect entry 
and exit holes.  Jumping-gall wasp damage was recorded as the proportion of trees’ 
leaves visibly speckled with the characteristic yellow to brown spots left by wasp galls.  
Sometimes, as in Figure 14, the infected leaf died and browned partially or entirely. 

 
Acorns that had not developed before dying are referred to here as “early aborts”; it is 
likely that many of them had not been pollinated.  “Late abort” acorns had developed to 
full size before dying (Figure 13a).  When closely examined, many of late abort acorns 
from Waldron revealed filbert weevil larvae; filbert weevils were not found on Samish 
Island.  Filbert weevils appear to be the most frequent cause of visibly “drilled” acorns.  
Filbert worm caterpillars are less likely to leave a visible entry hole: eggs are laid on the 
cap of a developing acorn and the caterpillars burrow though it without leaving the dark 
bruises typical of filbert weevil egg deposition (Ali Niazee 1998).  The presence of filbert 
worms is difficult to confirm without removing the cap from the acorn. 

 
Waldron oaks were heavily infested with jumping gall wasps (Figures 14 and 15) and 
filbert weevils (Figures 16-18).  We also observed damage caused by filbert worms 
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(Figures 19 and 20), tent caterpillars (Figure 22) and other gall- forming cynipid wasps 
(Figure 23) as well as other unidentified leaf parasites (Figure 24-25).  The purple stem 
galls in Figure 21 are probably also formed by cynipid wasps.  On Samish Island we 
found only signs of an unidentified leaf miner (Figure 26) and fuzzy leaf galls that may 
have been formed by cecidomyiid midges (Figure 27).  
 

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

Groves 

Acorns Leaves 

Other damage Condition of acorns (as percent of total) 
Number % 

Wasped Early 
Aborts 

Late 
Aborts 

Drilled Midgets Other Good 

W1 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 groves e.g. N/W2 is a grove close to Waldron Grove 2. 
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2005 appears to have been a mast year for Waldron oaks, with very high acorn 
production when compared to 2006.  In 2006 we observed less acorns produced by all 
groves and an increased proportion of early aborts (Table 3).  Leaf parasitism was also 
high in 2006 (compare Tables 2 and 3), and much higher on Waldron than on Orcas or 
San Juan.  The proportion of midget acorns produced on Waldron in 2006 was also 
higher (up to 16% in grove 1) than in 2005.  Filbert weevil and filbert worm damage was 
also higher in 2006 than 2005 both on Waldron and Orcas and was high on San Juan 
(Cady Mountain). 
 
 
 

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

Groves 

Acorns Leaves 

Other damage Condition of acorns (as percent of total) 
Number % 

Wasped Early 
Aborts 

Late 
Aborts 

Drilled Midgets Other Good 

W1 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, cracked 

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; Orcas collected from 5 trees at Westsound, September 9, 2006; 
San Juan Island collected from 2 trees on Cady Mountain, September 11, 2006. 
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Figure 13: Late aborted acorn (A) and healthy acorn (B) from Point Disney, 2005 
 
 
 
 
 
 
 
 
 
 
 
 
   A     B 
 

Figure 14: Jumping-gall wasp galls on Garry oak leaf, Point Disney, 2005 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 15: Speckling on oak leaves from jumping- wasp galls, 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 and Westsound (Orcas) Garry oaks was 
characterized by drilled holes in the sides of green acorns with a characteristic blackened 
“bruise” around the hole (Figure 17).  Acorns often had multiple holes, as well as smaller 
bruises where adult filbert weevils (Figure 18) fed on the immature acorn but did not drill 
a hole in it to deposit eggs.  A larger round hole was sometimes observed on older acorns 
where the filbert weevil larva had exited the acorn after consuming the endosperm. 
 
 

Figure 17: “Bruises” from filbert weevil egg deposition, 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, but probably in relatively small 
numbers.  They can be detected by holes in acorn caps (although sometimes these holes 
have healed over, because the damage was done when the acorn was still immature and 
growing), and by silk and frass underneath the caps of aborted acorns (Figure 20). 
 
 
 
 

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

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 22: Tent caterpillar damage on Garry oak on Point Disney, 2005 
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Figure 23: Gall of cynipid wasp Disholocapsis washingtonensis, Point Disney, 2005 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 24: Unidentified insect galls and larva, Point Disney, 2005 and 2006 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 31

 
Figure 25: Leaf galls developing on Garry oak leaves, Point Disney, 2006 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Although acorn parasites and jumping-gall wasps were not observed on Samish Island 
oaks, some Samish Island oak leaves bore what may have been cecidomiyiid midge galls 
(Figure 27), previously reported on serviceberry (Amalanchier alnifolia) but not on Garry 
oak (Larew and Capizzi 1983).  These galls were only seen in Samish Island grove 1, 
affecting fewer than 10 percent of the leaves.  Some unidentified leaf miners were also 
seen (Figure 26).  
 
 
 
Figure 26: Tracks of an unidentified leaf miner on Garry oak leaf from Pt. Williams 
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Figure 27: Fuzzy leaf galls (possibly made by cecidomyiid midges) on Garry oak, 

Point Williams, 2005 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

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

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
One obligate predator on Garry oak leaves merits special merit: larvae of the Propertius 
duskywing butterfly (Erynnis propertius), uncommon in western Washington and British 
Columbia.  We observed a single duskywing larva on Point Disney (Figure 28) in August 
2005 but have not encountered any adults.  Measures should be taken to avoid destroying 
duskywing larva in leaf litter, where they fall in late autumn. 



 33

Soil structure and nutrients 
 
Soils can provide clues to the ecological history of landscapes.  San Juan County soils are 
very young, formed within the last 11,000 years from the erosion of exposed bedrock and 
material deposited by glaciers (unsorted glacial till and stratified kettle deposits of clays) 
and glacial outwash (sorted fluvial or marine deposits of clay, sand and gravel) frequently 
lacking a significant amount of decomposed organic matter.  At the same time, most soils 
are of roughly equal age, simplifying the interpretation of residual organic matter in the A 
layer of soil profiles.  Non-woody, rapidly decomposing plant material accumulates more 
quickly in herbaceous communities than forests.  In forests, most of the organic material 
is tied up in the non-living woody cores of trunks and branches; the leaves of evergreens 
(conifers and madronas) decompose especially slowly, moreover, producing the thick soft 
duff characteristic of Northwest forests. 
 
Logging and intensive grazing, especially by sheep, facilitate erosion and accelerate the 
decomposition of soil organic matter, essentially re-setting the depositional clock of soils.  
A long history of intensive grazing can thin the deep A layers characteristic of a prairie to 
the point of disappearing altogether.  Plowing can produce the same effect.  Interpreting a 
soil profile must take account of historical patterns of disturbance. 
 
Soils beneath the Garry oak groves on Waldron and Samish Island are relatively shallow 
(9-29 cm with a mean of 16 cm), with thin, “very dark brown” (Munsell 2000) A layers, 
poor in nitrates and phosphates, and often high in aluminum.  None of the oak groves we 
studied have mollisols—soft crumbly dark organic soils typical of herbaceous cover, such 
as grasslands and meadows.  All appear to be podzols (acidic soils typical of woodlands).  
Small patches of mollisols have been identified on Waldron and are believed to be natural 
meadows or in some instances, pre-Contact camas gardens (Barsh et al. 2004), but none 
have yet been discovered anywhere on Point Disney.  This suggests that today’s oaks are 
relics of mixed woodlands rather than savannas. 
  
It is possible that Point Disney and Point Williams were sufficiently logged and grazed to 
remove all evidence of old mollisols.  We did not discover mollisols close to the bases of 
ancient firs (>400 ya) where they might have been expected to survive, protected by root 
masses if these trees had grown dispersed throughout a prairie.  In addition, the depletion 
of iron and manganese (otherwise quite abundant in San Juan County’s young soils), and 
the accumulation of aluminum, suggest historical woodland conditions.   
 
Interestingly, some of the poorest soils (and those with the highest aluminum) were found 
in groves that bore very heavy acorn crops in 2005, or where the abundance of seedlings 
was indicative of high acorn production in 2003-2004 such as Waldron grove 6 and grove 
8.  This raises the possibility that Garry oaks, like many other plants, respond to stress by 
diverting energy to sexual reproduction, i.e. dispersal, rather than vegetative reproduction  
(Wolcast and Zeide 1993). 
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Table 4: Soil analyses from Waldron and Samish Island Garry oak groves 
 

Measurement in parts per million (ppm) unless otherwise indicated 
 

Grove Depth( cm) Color pH NO3 PO4 SO4 Al Mg Fe Mn K 

W1 9 2/2 10YR 6.26 10 75 <50 10 25 TR 5 320 

W2 23 2/2 10YR 5.71 30 12 <50 30 80 <5 5 180 

W3 15 2/2 10YR 7.33 5 12 <50 5 25 TR TR 220 

W4 15 2/2 10YR 6.08 5 75 <50 5 80 0 TR 260 

W5 10 2/2 10YR 6.57 30 75 <50 5 80 0 TR 360 

W6 23 2/2 10YR 5.24 5 5 <50 125 80 7.5 TR 220 

W7 19 2/2 10YR 6.44 10 25 <50 5 80 0 TR 220 

W8 15 4/3 10YR 5.20 5 12 <50 125 10 7.5 TR 360 

W9 9 2/2 10YR 5.82 10 100 <50 10 25 TR 5 350 

W10 17 2/2 10YR 6.65 10 50 <50 5 80 TR 12 300 

S1 29 2/2 10YR - 20 5 <50 100 50 2.5 TR 120 

S2 13 2/2 10YR - 5 5 <50 100 10 5 12 300 

S3 18 4/4 10YR - <5 5 <50 125 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 10 80 0 5 360 

All 
Mean 6.13 13.2 33.4 - 51.2 51.2 2.8 - 250 

Standard deviation (SD) 0.66 12.5 31.1  53.5 30.1 3.0  84.9 

 
Numbers in red are greater than (mean+SD), numbers in blue are less than (mean+SD) 
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Light and shade 
 
Light levels in micromoles of photosynthetically active radiation (PAR) were measured 
at midday in late summer, comparing full sunlight with measurements at ground level and 
mid-canopy (4 m height) under the Garry oaks in oak groves, and in the mid-canopy of 
the Douglas firs shading oak groves.  Where multiple measurements varied by more than 
10 percent, as we observed under some very “wolfy” trees, the range is shown in Table 5. 
 
 

Table 5: PAR measurements inside and outside oak canopies 
 

Waldron, August 13-14, 2006; Samish Island, September 5, 2005 
 

Grove 
Full sun 

(� moles PAR) 
Percent of full sun remaining 

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 considerably between sites, allowing from 6 to 84 
percent of PAR to penetrate to 4 m height, whereas Douglas firs, where present, allowed 
no more than 16 percent PAR penetration.  At ground level where acorns fall, however, it 
made little difference whether the canopy was oak or fir: in either case, more than 80 per 
cent of PAR was blocked.  From the standpoint of light availability for initial recruitment, 
then, it seems irrelevant whether firs are part of the canopy. 
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Microclimates 
 
Average annual temperature and relative humidity did not differ significantly between the 
groves on Waldron and Samish Island.  Waldron groves were 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 Grove 2, September 2005-May 2006 
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Figure 31: Temperature at Waldron Grove 6, August 2005-May 2006 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 32: Temperature at Samish Island Grove 2, September 2005-May 2006 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The implications of these data are consistent with data on parasite loads, to the extent that 
Waldron oaks appear to be more stressed than Samish Island oaks, and may be producing 
more abundant acorn crops in response to this stress. 

"�����������
 �

�������"	
��� �



 38

Caching animals and herbivores 
 
Wildlife cameras in three acorn-bearing groves on Waldron captured only a single animal 
on film: a rabbit in Grove 10, photographed while the camera was deliberately aimed at 
rabbit scrapes beneath acorn-bearing branches.  By comparison, the sole wildlife camera 
on Samish Island photographed the following species beneath an acorn-bearing tree from 
August-November 2005 (number of images in parentheses): 

 
Waldron European rabbit Oryctolagus cuniculi (1) 
 
Samish Coyote Canis latrans  (1) 
Island  Domestic dogs Canis lupus familiaris (4) 

Red-shafted flickers Colaptes auratus (2) 
Opossums Didelphis marsupialis virginiana (3) 
Domestic cat Felis silvestris catus (1) 
Varied thrush Ixoreus naevius (4) 
Deer Odocoileus hemionus columbianus (5) 
Eastern gray squirrels Scirurus caolinensis (10) 
Humans Homo sapiens (19) 

 
In addition to these photographic records, we observed a flock of at more than a dozen 
band-tailed pigeons (Patagioenas fasciata) feasting on the acorns in Waldron Grove 3 in 
September 2005, and heard a Steller’s jay (Cyanocitta stelleri) calling on Samish Island 
in April 2006.   
 
Squirrels and jays cache nuts including acorns; deer and rabbits eat acorns and browse on 
seedlings but do not disperse or bury their foods.  On Samish Island, at least some acorns 
are likely to be carried outside the oak groves and “planted” where they may become the 
progenitors of new groves; while on Waldron, there are acorn predators but no disperser.  
Relatively few acorn dispersers have been recorded on any of the San Juan Islands.   
 

Steller’s jay (Cyanocitta stelleri) is the most likely candidate for a historical acorn 
disperser.  According to the first systematic survey of San Juan County birds, this jay was 
“Formerly a common resident.  On San Juan Island, where it was reported as common a 
number of years ago, in 1935 it seems to have disappeared” (Miller et al. 1935, at 60).  A 
single recent sighting on Mount Constitution, Orcas Island, was noted.  A decade later, a 
Steller’s jay was reported from Lopez Island (Gove 1946), and shortly afterwards “Two 
were heard on Orcas Island” (McMannama 1950).  Bakus (1965) had no further reports 
of this bird in the San Juan Islands.  However, they reportedly established themselves in 
Eastsound by the 1970s and were rapidly expanding from there to most of Orcas Island, 
with occasional sightings elsewhere in the archipelago (Lewis & Sharpe 1987, at 151-52).  
The pre-1930 distribution of Steller’s jay remains unclear, but it is reasonably certain that 
their post-1930 distribution has largely been restricted—for unknown reasons—to Orcas.  
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We observed Steller’s jays repeatedly in Westsound in 2005-2006, at Haida Point and on 
southern flanks of Turtleback Mountain; but they are almost absent from Waldron Island.  
Steller’s jays are frequently seen on Samish Island, by comparison. 
  

Lewis & Sharpe (1987, at 204) report a single sighting of a Gray jay (Perisoreus 
canadensis) and three sightings of Clark’s Nutcracker (Nucifragus columbiana) on Cady 
Mountain in the 1970s-80s.  A Clark’s Nutcracker was also seen on Mount Constitution.  
There was also a single report of an eastern Blue jay (Cyanocitta cristata) on Waldron, in 
1966.  We neither observed, nor heard local any more recent local reports of these birds 
in the vicinity of Garry oak populations in the San Juan Island. 
 

Squirrels.  Douglas squirrels (Tamiasciurus douglasii) were not reported from the 
San Juan Islands in the 1930s, but subsequently were seen on Blakeley and Orcas Islands 
(Miller et al. 1935; Schoen 1972).  We observed them more recently on Orcas Island near 
Eastsound and on Mount Constitution.  Townsend’s chipmunk (Eutamias townsendii) has 
been present at least since the 1930s, on Orcas, where we have observed it more recently.  
We also observed it recently on Lopez.  Schoen (1972) observed the Eastern gray squirrel 
(Sciurus calolinensis) and Eastern fox squirrel (Sciuris niger) on Orcas Island, as well as 
on nearby Crane Island; we have found no earlier reports of either species in the San Juan 
Islands.  They were presumably introduced to the archipelago some time in the mid-20th 
century.  In contrast Douglas squirrels, Townsend’s chipmunks and Eastern gray squirrels 
are all present on Samish Island; Eastern grays are particularly common. 
 

Northern flying squirrel (Glaucomys sabrinus).  Although the historical range of 
the Northern flying squirrel encompasses the Puget Sound lowlands, Vancouver Island, 
and the lower mainland of British Columbia, this animal was not mentioned in historical 
surveys of San Juan County mammals.  Nevertheless, there are credible reports of flying 
squirrels brought home by domestic cats on Cady Mountain and Mount Dallas, San Juan 
Island (Pence, pers. communication, 2006; Kozloff, pers. communication 2006), and our 
wildlife cameras have thus far captured the image of a flying squirrel resting in an acorn-
bearing Garry oak tree, at night, on Cady Mountain.  Evidence of flying squirrel caching 
of acorns may be seen in the abundance of oak seedlings found far from any living oaks, 
in woodlands dominated by Douglas firs.  Since flying squirrels typically nest in fir snags 
we presume that they make expeditions to the Cady Mountain oaks and return to bury the 
acorns closer to their nests, in the firs—leading to young oaks slowly developing under a 
much older fir canopy.  Firs would remain essential to oak recruitment and dispersal. 
 

Rats (Rattus rattus, Rattus norvegicus).  European rats were reported from several 
of the islands as early as 1929 (Schoen 1972; Miller et al. 1935), and they remain locally 
abundant around the denser settlements on Lopez, Orcas, and San Juan.  They are present 
on Waldron, although their abundance on Disney where Garry oaks grow is unknown.  It 
is also uncertain whether rats include acorns in their caches, but this is probably likely, in 
any environment where rats have access to fruiting oaks. 
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Table 6. Potential caching animals in the San Juan Islands 
 

By dates of published reports of their presence was reported in the 20th Century* 
 

 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, 1987 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 according to Washington State’s NatureMapping program, 
http://www.depts.washington.edu/natmap/maps/ (last visited November 16, 2006).  This program combines 
data from WDFW and the Burke (State) Museum.  RB/MM indicates visual observations by the author and 
Russel Barsh, made since 2004. 
 
 
Acorn viability  
 
Only 14 percent of the acorns collected from Waldron oak groves eventually germinated.  
The sample included healthy acorns (21 percent), aborted acorns (28 percent), and acorns 
with one (26 percent), two (11 percent), or three or more (6 percent) insect entry and exit 
holes.  As expected, germination was greatest for healthy, non-parasitized (23 percent), 
and lowest for aborts (3 percent, representing a single acorn, possibly misidentified).  Of 
the acorns with visible insect damage 16 percent germinated; sample sizes were too small 
to make useful comparisons based on the number of insect holes.   
  
By contrast, 34 percent of the acorns collected on Samish Island germinated.  The sample 
consisted entirely of small but otherwise apparently healthy “midget” acorns (61 percent) 
and aborted acorns (18 percent early, 21 percent late); no acorns with insect damage were 
found.  Acorns were all collected from groves 2 and 3, as they were the only groves that 
bore acorns in 2005.  Half (47 percent) of the midget acorns germinated; but none of the 
aborted acorns germinated. 
 
We made a further comparison with acorns collected on Orcas Island of which 50 percent 
germinated.  The sample consisted of healthy acorns (31 percent), acorns with a single 
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insect entry or exit hole (31 percent), acorns with evidence of filbert worm damage to the 
cap (16 percent), acorns with multiple entry or exit holes (13 percent), aborted acorns (6 
percent, both of them late aborts) and a midget acorn (3 percent).  A majority (60 percent) 
of the healthy acorns germinated, as did the single midget acorn.  Half of all of the insect-
damaged acorns germinated: 40 percent of those with one hole, 50 percent of those with 
two or more holes, and 60 percent of those with cap damage.  None of the aborted acorns 
germinated. 
 
 

Figure 33 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Samish Island acorns are midgets.  N=10 for Orcas, N=17 for Samish Island, N=30 for Waldron. 
 
 
Acorns’ weight was not a good predictor of whether they would germinate.  Nor was it a 
good proxy for parasitism of acorns: relatively heavy acorns were often found to contain 
two or more weevil larvae.  Rohlfs (1999) used an equation combining length and weight 
to predict whether acorns had been parasitized; we did not measure acorns’ length.   
 
Differences in germination rates of undamaged acorns (Figure 33) suggest that the 
Waldron oaks are experiencing recruitment problems unrelated to parasites.  Extremes of 
weather were noted above as a potential stressor that may also explain the relative size of 
Waldron’s acorn crop.  Genetic isolation is the other factor that might explain these data. 
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Oak genetics 
 
Experimental sequencing of DNA extracted from Garry oak leaves using � kk4 and � cdc2 
primer pairs (from Deguilloux et al. 2003) neither yielded the expected microsatellites, 
nor did it show any quantifiable differences between the samples sequenced.  In order to 
determine the degree of relatedness of these oaks, more microsatellite loci will need to be 
compared.  Microsatellite genotyping—that is, using fluorescently labeled primers rather 
than a terminator dye—may also yield better results.  Ritland et al (2006) has meanwhile 
completed the first analysis of allozyme variation in Garry oak populations from British 
Columbia.  It shows significant differences between Garry oaks on the U.S. and Canadian 
sides of the international border.  They did not include samples from oaks in the San Juan 
Islands or Samish Island, however; and it is unclear whether their method is sufficiently 
sensitive to detect population differences between oaks as closely related as the San Juan 
Archipelago may be to one another.  In any event, their results imply a relatively recent, 
post-Contact date for the establishment of many Pacific Northwest oak populations. 
 
 

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

·  Differences in recruitment reflect intrinsic local environmental differences, such 
as soil nutrients, microclimates, and surrounding plant communities. 

 
·  Differences in recruitment are a function of the presence/absence of acorn burying 

and caching animals. 
 

·  Differences in recruitment are a function of acorn predation by insects. 
 

·  Differences in recruitment reflect differences in landscape histories. 
 
  Intrinsic environmental differences: We found no clear relationships between the 
type of plant community, or dominant understory species, and recruitment ratios.  Two of 
the low recruiting groves on Waldron had forage grasses as the dominant understory and 
two had honeysuckle.  Two of the high recruiting groves on Waldron had forage grass as 
the dominant understory, one had a snowberry understory, and one had chiefly oak brush.  
The same species were found in the understory of higher recruiting Samish Island groves. 
 

We found differences in soil chemistry amongst the Waldron groves and between 
Waldron and Samish Island groves (Table 4), but the concentration of soil nutrients is not 
correlated with recruitment ratios in our study population.  Some groves with low nutrient 
levels produced abundant acorns and some also recruited well.  It is always possible that 
a larger sample of groves would be able to detect some relationship between nutrients and 
recruitment that is too weak to be seen in our 15-grove study.  Even if some impact could 
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be detected, it seems clear from other data in our study that the influence of soils, if any, 
are dwarfed by other factors such as parasite loads. 
 

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

 
The data appears to show an inverse correlation between shading by Douglas firs 

(table 1) and recruitment ratios among the Waldron groves.  The mean recruitment ratio 
of the unshaded Waldron groves in 2005 was 3.9 (SD=3.15), while the mean recruitment 
ratio of the Waldron groves partially shaded by Douglas firs was only 1.1 (SD=0.84).   
Shading by firs was not correlated with light levels measured at midday, however; in fact, 
the average maximum light measurement at 4 m in unshaded groves (38 percent of full 
sun) was slightly lower than the average maximum light measured at 4 m in the partially 
shaded groves (56 percent of full sun).  There was no significant difference between the 
shaded and partially shaded groves at ground level.  The recruitment ratios of the Samish 
Island groves were an order of magnitude greater than the Waldron groves whether or not 
they were shaded, moreover.  Taken together, these data suggest that shading may indeed 
be a factor in recruitment under some conditions, but other factors play a far larger role.  
Measuring light levels over 24-hour periods during the growing season would provide a 
more accurate measure of shading and might better explain its impact on recruitment.   

 
Any effect that shading may have on recruitment cannot be related to germination 

since acorns will germinate without light, and light levels measured on the ground were 
nearly the same in both the partially shaded and unshaded groves.  In 2005, we observed 
that oak branches exposed to full sun bore more acorns.  On the other hand, oak seedlings 
growing under shade were less likely to suffer dessication than seedlings exposed to more 
sun.  This suggests that, in the absence of caching animals to distribute acorns, unshaded 
groves will have slightly higher recruitment ratios.  In the presence of caching animals, 
acorns from unshaded groves will likely be buried in shaded areas (Steller’s jays and 
flying squirrels preferentially cache under conifers (Fuchs 1999), and overall recruitment 
per acorn produced will be higher due to reduced dessication, although the cachers will 
consume some of the acorns.  
 

Caching animals: Animals that bury or cache acorns appear to be totally absent on 
Waldron but abundant on Samish Island.  This factor alone may account for the observed 
difference in recruitment between the two islands, if, as we suspect, a major limitation on 
seedling survival is dessication.  Buried or cached acorns are less likely to dry out during 
periods of drought than acorns left on the ground surface—especially where the ground is 
covered only with grasses as opposed to a canopy understory such as snowberry.  Also, 
as noted earlier, dispersal of acorns away from the canopy of parent trees is important in 
the long term for the survival of oak populations in dynamic landscapes.   
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It should be noted that acorn production was poor on Samish Island in 2005, and 

some of the observed recruitment appeared to be vegetative (oak suckers and oak brush), 
hence not mediated by caching animals such as squirrels.  Likewise, the absence of acorn 
caching animals cannot explain differences in recruitment ratios between the ten groves 
on Waldron, which must be ascribed to other factors such as shading or parasite loads. 
 
 Historical records of caching animals in the San Juan Islands—and the dominance 
of introduced Eastern gray squirrels in the caching-animal contingent on Samish Island—
suggest that the regional distribution and abundance of caching animals has not been 
consistent during the lifetimes of the oaks we studied (Table 6).  There have been enough 
recent disappearances (e.g. Steller’s jays) and introductions (e.g. Eastern gray squirrels) 
to question the extent to which (1) humans rather than caching animals must have been a 
major factor in distributing oaks through the islands, and (2) the oaks may actually be 
expanding their range on some islands because of a recent increase in caching animals.  It 
is significant that the only early historical record of Garry oaks—at “Oak Prairie”—was 
on the only island that also once had a large historical Steller’s jay population, that has 
since disappeared. 
 

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

 
 
 

Data: Samish Island Grove 2; Waldron Groves 1-8 and 10; midgets included as “healthy”. 
 

Figure 34: Recruitment Ratio by Healthy Acorns
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Acorn viability is a confounding factor.  The Westsound oaks on Orcas evidenced 
some insect damage in 2005, albeit less than Waldron; but they also had higher rates of 
germination than either Waldron or Samish Island.  These differences may have been due 
the fact that the Samish Island acorns tested for germination were all midgets, since they 
dominated the 2005 Samish Island crop; or to the fact that the acorn predators on Orcas 
included filbert worms, which may do less damage to the endosperm than filbert weevils.  
Another confounding factor is the fact that even damaged acorns often do germinate.  A 
much larger sample of oaks would be needed to account quantitatively for all of these 
variables.  In the mean time, we think it safe to conclude that parasite loads depress 
recruitment significantly, although the scale of the effect depends on other factors such as 
acorn viability and species of parasite. 

 
Damage by leaf parasites (almost entirely jumping-gall wasps) was very severe in 

2006 (Table 3), and this may have contributed to the low production of healthy acorns.  
However, it seems more likely that other factors, such as summer drought, influenced 
both the increase in leaf parasite loads and the reduction in acorn production.  We did not 
record any occurrence of the phylloxerans that are responsible for considerable oak leaf 
damage on the Saanich Peninsula (Bennett 1993), but it is likely that they will eventually 
appear in the San Juan Islands, and we recommend monitoring the Waldron oaks for both 
phylloxerans and jumping-gall wasps.  

 
Landscape history and assembly:  According to Foster (2003), old meadow soils 

are detectable for up to 400 years after meadows’ conversion to forests—even though the 
floristic transition can be completed in less than 30 years.  The absence of mollisols under 
the Waldron and Samish Island groves we studied suggests that the oaks are growing in 
landscapes that have been forested for centuries.  Douglas firs up to four centuries old are 
found dispersed throughout much of the Point Disney landscape; however, their “wolfy” 
habit indicates that they originally grew without crowding by other trees.  Some very old 
firs (not cored for dating, but estimated at 200-300 ya from their size) are also present on 
Point Williams, but they are mainly tall and straight, more consistent with a closed-
canopy woodland centuries ago.  What might account for the apparent inconsistency of 
soil and tree-habit evidence on Waldron? 
 
 Many of the Waldron oak groves are located in open areas dominated by grass—
chiefly non-native forage grasses.  These grass meadows may be products of logging and 
sheep grazing rather than relics of a pre-Contact grass-dominated ecosystem.  We suggest 
that the pre-Contact landscape was broken-canopy coniferous woodland, the understory 
(including young firs) being cleared frequently by anthropogenic fires and the herbaceous 
layer consisting mainly of shade-tolerant mosses and forbs.  Logging of younger, straight 
firs in the late 19th century (leaving the unmarketable wolfy firs untouched) followed by 
sheep into the mid-20th century replaced fire as a control on fir recruitment, widened the 
clearings and introduced aggressive Eurasian grasses.  Enlarged clearings were pioneered 
by woody species that were worthless as timber and relatively resistant to sheep grazing: 
madronas, possibly oaks.  Logging removed the evidence of a somewhat denser historical 
canopy, and sheep removed whatever mollisols may have previously formed in woodland 
openings.  The oaks may already been present as seedlings under the fir canopy, or may 
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have arrived after 1850; Point Disney was the site of a large stone quarry with dwellings 
and docks in the late 19th to early 20th century, and much of it was blasted to rubble. 
 

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

Quercus Garryana, Doug. (the only Oak seen), which is plentiful at the S.E. end 
of Vancouver Island, was not found on the mainland anywhere along the 49th 
parallel.  It was seen in the neighborhood of the Dalles, but did not extend much 
higher on the Columbia. 

 
Lyall collected plant specimens on Lopez, Orcas and San Juan Island but never published 
his findings.  C.B.R. Kennerly, who spent more time in the San Juan Islands than Lyall 
during the 1850s, only noted oaks from the “Oak Prairie” on San Juan Island, in the wet 
upper San Juan Valley—where there are currently no oaks but conditions are functionally 
more like the Willamette Valley, with fine, deep alluvial soils.  It is impossible to say, at 
this distance of time, how old or viable were the trees in Oak Prairie, or how they arrived 
on San Juan Island.  It is fair to suppose, however, that Oak Prairie was a potential point 
of diffusion of Garry oaks into areas logged and cleared in the 50 years following Lyall’s 
and Kennerly’s surveys. 
 

The Samish Island oak groves are still part of a larger forest that includes Douglas 
fir, willows (Salix spp.) and a diverse shrub layer, concentrated on steep seaward bluffs 
where the forest breaks up gradually into herbaceous meadows and mossy balds.  As far 
as we can determine, its post-Contact history was much like the forest on Point Disney—
except for little or no “sheeping” and the continued abundance of acorn cachers and acorn 
predators (Steller’s jays, deer, native Sciuridae and increasingly introduced Sciuridae).  It 
is plausible that oaks established on Point Williams after extensive logging created open 
ground for colonization; unlike Waldron, the Samish oaks enjoyed the benefits of caching 
animals and less disturbance by livestock.  
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IMPLICATIONS FOR OAK STEWARDSHIP  

 
Our results are not entirely consistent with previous explanations of oak decline in the 
restoration ecology field.  Fire suppression, competition with firs, climate change and the 
expansion of human settlements are all plausible reasons for the limited distribution of 
Garry oaks in the San Juan Islands today; however, none of these factors is sufficient to 
explain differences in recruitment ratios within the Point Disney, Waldron oak population 
and between the Point Disney and Samish Island oak populations.  Acorn parasites, acorn 
caching animals, and differences in local landscape histories appear to have played major 
roles in the differences in recruitment between the two islands, and should be given more 
attention by land stewards.  We have not yet been to assess the impacts of genetic factors 
(relatedness and self-infertility) on insular oak populations.  This merits further study, for 
if genetic isolation is a significant factor, managers can easily remedy it. 
 
Researching the history of each Garry oak landscape can be particularly useful.  We need 
to document pre- as well as post-Contact disturbance and management.  Did Coast Salish 
peoples actively maintain oaks? Were oaks promoted by post-contact logging?  When 
and how did oaks first arrive?  In the case of Waldron and Samish Island our research has 
revealed something about the history of these groves: that they have been forested for a 
long time, for example, and that they were extensively logged and grazed after 1850.  The 
historical data raise more questions than they answer.  How extensively did the quarry on 
Point Disney disturb the landscape apart from blasting a large exposure of bedrock?  Was 
the temporary settlement on Disney a vector of introducing or promoting oaks?  We may 
never answer such questions with certainty, but they remind us that oak populations may 
have quite different origins, assembly histories, and as a result, different sensitivities e.g. 
invasability, genetic homogeneity, and sustainability in the absence of continued human 
assistance.  In the absence of caching animals, for instance, Waldron oaks may have been 
unsustainable (without human dispersal) from the moment of their arrival—whether that 
event was a century or a millennium ago. 
 
In the absence of perfect historical data, the best that we can do is to assemble as much 
current ecological data as possible, and experiment carefully with any restoration tools 
such as clearing, burning, introducing caching animals, or increasing gene flows between 
populations.  Experimentation requires explicit goals and consistent long-term monitoring 
of meaningful (i.e. valid) outcome variables.  The present study has measured recruitment 
ratios, parasite loads and acorn germination rates for 2005 that can be used as baselines 
for monitoring the results of future experimental intervention on Point Disney. 
 
Our study also indicates that care must be taken on Point Disney to avoid interventions 
that may increase the abundance or distribution of insects such as filbert weevils, or non-
native forage grasses.  Care must also be taken to avoid extirpating Propertius duskywing 
butterflies from Point Disney.  Burning after acorns fall would destroy acorn parasites but 
likely also destroy any duskywing larvae in the oak leaf litter—as would heavy trampling 
of leaf litter during autumn-winter tree-thinning operations.  Clothes and equipment used 
at Point Disney should be cleaned before leaving Waldron to avoid dispersing jumping-
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gall wasp larvae to other oak populations in the archipelago—and to avoid introducing or 
dispersing oak phylloxerans.  If thinning and clearing firs, care should be taken to expose 
oaks gradually: preferably over several years, as has been the practice of the landowner at 
Point Williams, who tops or girdles smaller firs selectively a year or two before removing 
them. 
 
We recommend consideration of introducing Steller's jays to Waldron to disperse acorns 
and increase their likelihood of survival after germination.  Steller’s jays were native to 
some of the San Juan Islands, and hastening their re-dispersal from Orcas Island would 
be a very modest way of “nudging” existing natural processes in the islands.   
 
Waldron groves necessarily depend on one another for pollination, but in the absence of 
acorn dispersal by caching animals, they function as isolated units from the standpoint of 
recruitment.  On Waldron, variation in recruitment between groves is more influenced by 
grove-level conditions than on Samish Island, where groves are partly replenished with 
acorns cached from other groves.  Shading by Douglas firs may be a factor in recruitment 
for some Waldron groves (albeit all beneath the oak canopy).  However, the magnitude of 
this effect, if any, is small compared to the differences in recruitment between Waldron 
and Samish Island that reflect different landscape histories and different acorn-consuming 
fauna.  From data currently available, it would be fair to say that “releasing” oaks from fir 
canopies may increase acorn production somewhat, but also risks stressing the older oaks 
and, as a result of human disturbance of the litter layer, spreading harmful insects and 
extirpating rare insects.  A more promising method of increasing recruitment through 
greater acorn dispersal and burial by animals and birds should be considered as well. The 
possibility of improving the reproductive success of oaks through increased gene flow 
should also be investigated. 
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