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INTRODUCTION AND OVERVIEW Purpose/Vision Statement The development of this Conservation Area Plan (CAP) was undertaken for Cowlitz Bay and Bitte Baer Preserves to support The Nature Conservancy (TNC) mission of ensuring the longterm survival of all native life and natural communities. The vision for Cowlitz Bay and Bitte Baer Preserves is to conserve and protect the native communities of the preserves and the biological diversity of the site and ecoregion. This is to be accomplished through the adoption of management strategies that rely on the following key principles: science-based planning, a conservative approach to intervention, appropriate and cautious experimentation, and adaptive management. A site-specific plan is intended to conserve ecological targets identified in a recently-developed ecoregional assessment (Floberg, et al. 2004) as well as in the course of local planning. TNC conservation area plans are created using methods developed by the organization to ensure consistency, efficacy and scientific credibility. Their approach is to identify and prioritize potential conservation targets, develop site-specific management strategies, prepare for taking action and determine methods of measuring success. TNC calls a recent iteration of this method “The Enhanced 5-S Framework” (The Nature Conservancy 2000). Major components of the framework include: • • • •



• •



Systems. The species and natural communities that will be the conservation elements for the area are determined by the planning team using targets identified in ecoregional planning as well as site-specific targets identified through research or local knowledge. Stresses. The team determines what factors are degrading the native communities and in what ways. Sources. The causes, or sources, of stress for each target are then hypothesized. Together, analysis of sources and stresses comprise a threat assessment. Strategies. In order to mitigate the stresses and thus preserve biodiversity, specific and feasible methods are proposed based on current science, local knowledge, and available resources. Conservation of “native life and natural communities” may require management strategies that range from “no action” to intensive intervention, such as mowing weeds, restoration planting, or prescribed burning. Success. 5-S plans include methods of evaluating management actions to assess effectiveness in reducing threats and improving site conditions, typically involving the monitoring of key indicators of ecological attributes important to conservation. An essential sixth component is to examine the social, political, economic and historical context of the site. An understanding of these factors is necessary for conservation strategies to be appropriate and effective.



For more information on how single-area planning fits into the larger efforts of The Nature Conservancy, agencies, and other environmental planners, please consult the publication “Conservation by Design”, available at http://nature.org/aboutus/howwework/files/cbd_en.pdf.
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A key element in the development of the Cowlitz Bay and Bitte Baer CAP is the ability of the conservation planning team to communicate and work closely with local stakeholders. Seeking community involvement and arranging public forums that provide island residents with opportunities for comment are of particular importance for successful implementation of the plan. The often keen observations of local residents—whether botanists, farmers, or lovers of nature—can positively influence the over-arching mission and specific character of a conservation plan. Ecoregional Context The Willamette Valley-Puget Trough-Georgia Basin ecoregion is a coastal belt of islands, inland sea, floodplains and eventually wide lowland valleys extending from northeastern Vancouver Island, down the Pacific coastline and coast interior into central Oregon (Floberg, et al. 2004). Its borders are defined in places by the Pacific Ocean and the Cascades, Olympics and coastal mountain ranges of British Columbia, Washington and Oregon. The ecoregion has been divided into four sections, from north to south: Georgia Basin (an inland sea), Puget Sound, the Lower Columbia (here dividing Oregon and Washington along a north-south axis), and the Willamette Valley (Floberg, et al. 2004). Elevation averages only 135 m (445 feet), yet adjacent mountains, ocean intrusions, and past glacial episodes (affecting the northern majority of the region) have produced remarkably different climate, soils, and geology, which in turn have helped shape a distinctive set of ecological communities, including extensive conifer forests, open prairies, lakes, marshes, wet meadows, rocky balds, and oak savannas. The San Juan and Gulf Islands are situated where the Georgia Strait meets Puget Sound and where both connect with the Strait of Juan de Fuca thus Pacific Ocean waters. The San Juan islands are considered to be in the Georgia Basin section of the ecoregion, as they fall within the Olympic rainshadow and tend to have exposed bedrock (sandstone and Tertiary marine deposits) and shallow soils, a result of glacial scouring (Floberg, et al. 2004). Landscape features included herbaceous rocky balds and prairies, oak savannas, Douglas-fir forests, marine shorelines and many types of wetland systems. Overview of Preserves Bitte Bear and Cowlitz Bay Preserves are located on Waldron Island (Figure 1), a small island, approximately 10 km2 in size, (4 sq. mi.) located in the upper northwest region of the San Juan Islands (Figure 1).
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Figure 1. Location of Waldron’s preserves within San Juan Islands, San Juan County, Washington.
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Bitte Baer Preserve The 84 ha (208 acre) Bitte Baer Preserve is located on the southern end of the island. On the northwest side of the preserve are nearly vertical cliffs (100-140 m, or 330-450 ft high), and the opposite side consists of south-facing slopes ranging from 20-45 degrees (Schlots 1962). The geology of the preserve is characterized by elevated and rocky terrain with beds of sandstone and conglomerate outcrop (Baichtal 1982) running in roughly cross-slope diagonal ridges. Soils are typically thin and poorly developed, yet considerable variation exists following the variations in topography (Schlots 1962). The extreme Southern extent of the preserve was quarried for sandstone during 1907-1908, where substantial portions of the cliffs were removed through blasting. Livestock grazing on the preserve began sometime around 1870 with the introduction of sheep. Salstrom (1989) conducted interviews with residents reporting that a large number of Angora goats were grazed during the year of 1907, and approximately 15-40 sheep and goats remained on the preserve until the late 1960s. The domestic stock introduced to the island probably had a number of effects on the vegetation. Native bunchgrasses would have been reduced and more easily replaced by European grasses. Heavy grazing pressure may have reduced the establishment of young conifers and oaks but may also have resulted in areas of degraded and exposed mineral soil, leading to favorable periods of establishment once grazing pressure was lightened or animals were removed. Cowlitz Bay Preserve The Cowlitz Bay Preserve, about 109 ha (270 acres) in size, is located just north of the midsection of Cowlitz Bay. The bay itself is relatively shallow and very exposed to the west; its beaches are sandy and wide. About half of the preserve has sandy bluffs which rise to a height of about 18 m (60 ft). Two main marshes along with a mosaic of grassland and shrub fields make up the majority of the non-forested portions of the preserve. About two-thirds of the preserve is covered in forest. Scattered sections of fencing and a few crumbling buildings are reminders of what was once a large and mostly open farm. Abundant pasture grasses, visible ditches, and charred cedar stumps are all signs of extensive use of the area by settlers. Human Dimensions Coast Salish people, a linguistic and cultural assemblage of several tribes, historically occupied the islands and other near-shore lands throughout the upper Puget Trough. Archaeological and ethnographic evidence suggests that in the late 19th century Waldron was predominantly under the stewardship of the Lummi, though not exclusively—its use was shared among related Samish and Saanich lineages (Barsh 2003). Early European settlement began during the mid to late 1800s. A census conducted in 1870 reported four white farmers on the island, all of whom were settled along the shoreline of
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Cowlitz Bay. One of these was John Brown, who hired laborers to dig what is now known as “Chinaman’s ditch” in order to drain the upper marsh. Island history suggests that John Brown then cleared and burned what is now the Cowlitz Bay Preserve, burning up much of the peat in the soil. Other early settlers began pasturing sheep up on Point Disney in the 1870s (Ludwig 1972). The number of residents who currently live on Waldron year round fluctuates but is generally between 60 and 80. Many landowners and relatives spend part or all of the summer on the island, thus the population of the island may double during summer months. Although many island residents enjoy technology such as cell phones and solar power, it is still a remote and rural place, with no centralized power grid or paved roads. The island’s community began formal land use planning in the early 1970s. Waldron’s Limited Development District/Sub-area Plan is protective against commercial development and the tourism industry (San Juan County code, chapter 16.36). The Nature Conservancy preserves on Waldron are not heavily used by the island residents, as the large majority of the land is, by design, not accessible by road or trails. Yet Bitte Baer Preserve is a favorite place for residents to take family or friends who are visiting. It offers spectacular views of the surrounding Puget Sound, Olympic Mountains, Cascades, and Vancouver Island.
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DESCRIPTIONS AND VIABILITY OF CONSERVATION TARGETS Listing of Targets and Conceptual Diagrams Table 1. Conservation targets and nested elements for Cowlitz Bay and Bitte Baer Preserves. Common Name Scientific Name



Cowlitz Bay beach bluffs Red fescue – great camas - gumweed Cowlitz Bay forest Red alder / salmonberry Lodgepole pine – Douglas-fir Slough sedge Cowlitz Bay grassland Cowlitz Bay wetland complex Red alder / salmonberry Estuary Bitte Baer Quercus garryana – Pseudotsuga menziesii Woodlands Douglas-fir – Garry oak / common snowberry Bitte Baer Pseudotsuga menziesii woodlands Douglas-fir / common snowberry – oceanspray Douglas-fir – Pacific madrone / oceanspray – hairy honeysuckle Bitte Baer Quercus garryana savanna Propertius dusky wing White fawnlily Bitte Baer bald grasslands Red fescue – great camas – gumweed



Global Rank, Federal/ State Status



Festuca rubra – (Camassia leichtlinii – Grindelia stricta) herbaceous vegetation



G1S1



Alnus rubra / Rubus spectabilis forest Pinus contorta – Pseudotsuga menziesii Carex obnupta herbaceous vegetation



** G2S1 **



Alnus rubra / Rubus spectabilis forest Tidal freshwater estuarine fringe wetland (uncertain classif.; salinity > 500 ppm)



**



Pseudotsuga menziesii – Quercus garryana/ Symphoricarpos albus Forest



G4S3



Pseudotsuga menziesii / Symphoricarpos albus – Holodiscus discolor Forest Pseudotsuga menziesii / Arbutus menziesii / Holodiscus discolor – Lonicera hispidula forest



G1S1



Erynnis propertius Erythronium oregonum



G5S3 G5



Festuca rubra – (Camassia leichtlinii – Grindelia stricta) herbaceous vegetation Opuntia fragilis



G1S1



Brittle prickly-pear Rare avian species Purple Martin Progne subis Bald Eagle Haliaeetus leucocephalus Peregrine Falcon Falco peregrinus ** High-quality / rare ecological communities known to occur in San Juan County.



G2G3S2



G5G4SNR G5S3B, SZN G4S4B, S4N G4S2B, S3N
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Cowlitz Bay Preserve Ecosystem Conservation Model



Key:



Education and community involvement



June 2005 Sprenger, Larson, Martin, Almaguer-Bay



Restore hydrological regime



Strategy



Effects of historical land-use



Stress



Control invasive species Mechanical control of encroaching woody plants



Prevent/detect new invasions



Native plant propagation/ outplanting



Limit recreational traffic during nesting season



Recreation (human/dog traffic)



Altered fire regime Invasive spp. introductions



Logging/ snag removal Noise disturbance



Starlings Loss of saline exchange



Loss of estuarine wetland



Target



Provide nesting habitat (nest box installation)



Fire mgmt. plan (prescribed burns)



Altered hydrology (drainage)



Source



Reduced freshwater inputs



Competition w/ woody plants



Reduced native herbaceous plant cover



Reduced wetland area?



Wetland complex



Rabbits



Increased plant competition



Reduced native herbaceous plant diversity



Grassland (within shrub-dominated matrix)



Homogenous structure/ reduced diversity



Beach bluff



Cowlitz Bay forest



Degraded martin habitat (fewer perch sites)



Reduced nesting success



Rare avian species (purple martin + other bird populations)



Estuarine wetland



Figure 2a. Ecosystem restoration conceptual model for Cowlitz Bay Preserve.
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Bitte Baer Preserve/Pt. Disney Ecosystem Conservation Model



Key:



Strategy



Source



Stress



Education and community involvement



June 2005 Sprenger, Larson, Martin, Almaguer-Bay



Target



Limit human activity during mating/ breeding seasons Fire mgmt. plan (prescribed burns)



Effects of historical land-use



Prevent or detect new invasions



Altered fire regime Forest mgmt. plan (selective thinning) Fires too infrequent



Introduced non-native invasives



Control invasives (mech., chem.)



Incr invasive cover



Reduced prairie spp. richness



Restoration plantings



Bald grasslands



Incr shrub cover



Decr native spp cover



Incr Doug-fir density



Incr oak density



Altered understory spp. compos.



Quercus garryana savannah



Decr oak cover (esp. lg. trees)



Mixed Q. garryana – Pseudotsuga menziesii woodland



Few widelyspaced, large “wolf” trees



P. menziesii woodland



Nesting sites disturbed by humans



Rare avian species (raptor populations) See: Cowlitz Bay target descriptions



Figure 2b. Ecosystem restoration conceptual model for Bitte Baer Preserve.
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Cowlitz Bay Conservation Targets



Figure 3. GIS layers with all conservation targets located on Cowlitz Bay Preserve.



Cowlitz Bay Grasslands A decade ago there were an estimated 4 ha (10 acres) of grassland remaining on the Cowlitz Bay Preserve (Habegger 1996). Currently, small patches persist in the lower, western portion of the preserve as well as on the footprint of the old airstrip located to the west of the upper marsh (Figure 4). These small open areas, likely reduced since 1996 by expansion of shrubs and weedy forbs, are dominated by non-native grasses such as Arrhenatherum elatius (tall oatgrass), Lolium perenne (perennial ryegrass), and Dactylis glomerata (orchard grass; Habegger 1996). An earlier vegetation study (Patterson 1976) reported the dominant grass species as the introduced Poa pratensis (Kentucky bluegrass), which formed essentially monotypic stands several acres in size; Agropyron spicatum was also abundant. Interspersed with several non-native grass species was the native bunchgrass Festuca idahoensis, presumably var. roemeri, (Roemer’s fescue).
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Figure 4. 1998 aerial photograph showing extent of Cowlitz Bay grasslands. (Photo USGS.)



No native forbs were documented specifically in the grassland areas during the 1996 survey, although native species were found on the sandy bluffs of the southeastern portion of the preserve: Grindelia integrifolia (Pacific gumweed), Festuca rubra (red fescue; especially closer to the shoreline), Lupinus bicolor (twocolored lupine), and Lotus denticulatus (meadow lotus). Only Pteridium aquilinum (bracken fern) among native, non-graminoid herb species was noted within grass patches during site visits in February and May 2005; other species may be present.



Grassland areas on the preserve make up only a small portion of the non-forested areas. The majority of the non-forested areas (excluding wetlands) is dominated by R. nutkana (Nootka rose), though Symphoricarpos albus (snowberry) and Rubus discolor (Himalayan blackberry) are also common. In 1996 it was estimated that the R. nutkana thicket covered 29 ha (72 acres) and were continuing to invade the remaining 4 ha (10 acres) of grassland (Habegger 1996). In at least three locations patches of clonal Prunus virginiana (bitter cherry) trees are expanding into the previously rose-dominated sections, suggesting successional development from herbaceous to forested cover in the absence of disturbances such as fire. The historical structure of the preserve’s non-forested areas is unclear, and the historical extent of grassland versus shrubland is unknown. Cowlitz Bay was one of the first locations on the island to be settled by Euro-Americans due to its greater suitability for farming (GLO 1878) and has been altered greatly through changes in hydrology (road building and ditching), burning, and livestock grazing. Evidence from pre-settlement reports and a recent soil study taken together suggest that the preserve may historically have been a mosaic of shrub- and grasslands. An early scout, Caleb Burwell Rowan Kennerly, visited Waldron in 1860 and made an apparent reference to Cowlitz Bay in a journal entry dated Saturday, Feb. 11 under the heading “Waldron Isld”: “The island in the lowlands is characterized as intensely swampy, rendering it almost impossible to get through it, on account [of] the denseness of the bushes.” (Barsh, unpublished transcription)
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This small window into the past suggests that there was a significant presence of shrubs surrounding the wetland areas prior to EuroAmerican settlement—though just which species were present is uncertain. R. nutkana is well adapted to the site, evident in the vigorous Cowlitz Bay populations as well as its autecology, particularly an ability to establish on sandy, fast-draining soils as well as soils that are saturated in the winter months. Rose shrublands do provide habitat value as nesting and escape cover for birds and small mammals (Haessler, et al. 1990). However, a small-scale soil study has found evidence for extended grassland dominance. A field study to investigate evidence of wet meadow soil on the Cowlitz Bay Preserve was conducted during the summer of 2004. Five soil Figure 5. Soil pit locations (green squares). pits were located along a northwest-southeast transect from the upper marsh towards but short of the lower marsh (Figure 5). While soil profiles exhibited high variability, specific patterns of horizonation were intriguing; for example, Pit 5 (northwestern-most) had an A horizon depth of 33 cm (13 inch) as well as obvious signs of water retention in the form of large iron concretions (Martin, unpub. data). This finding suggests that the area may have been dominated by graminoid vegetation for a long time, although the rate of soil formation for this site is unknown. Given evidence of deep A horizons and water retention in the soil profile, it is possible that in the past this area was a wet meadow; further research is needed to explore this tantalizing supposition. Development of a 33 cm-deep (13 inch) A horizon could instead be the result of 140 years of dominance of non-native grasses after introduction by early settlers (D. Zabowski, pers. comm.). However, the existence of patches of native fescue along beach bluffs edging current grassland areas as well as observations of F. idahoensis in Patterson’s 1976 survey are consistent with historic presence of native prairie or grassland vegetation. A small, grassy area within the shrubland matrix has been kept open by the caretaker based on his observations that Passerculus sandwichensis (savannah sparrow) used such areas (T. Scruton, pers. comm.). It is mowed annually to keep R. nutkana from re-establishing. Creating and maintaining open, grassy areas provides an additional habitat type on the preserve, thereby conserving the intrinsic biodiversity of the site at a landscape scale. Without intervention, R. nutkana will likely invade remaining open areas. Establishing a conservation target of open grassland also provides an opportunity to restore native grasses and forbs on site, ensuring the availability of food and habitat that support native wildlife and were once part of the local food web. More research is needed in order to map the extent of the apparent meadow-like soils; this would provide an ecological basis for identifying appropriate sites for grassland restoration.
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Size is poor for grasslands. Considering the extent of solely grass-dominated areas, the size is very small, and these areas are quickly being converted to R. nutkana and Rubus discolor. The Nootka rose-dominated shrubland does not warrant target status, as there are no apparent threats to its persistence or condition. Condition is poor. Current grasslands are dominated by invasive, non-native grasses. There are few native species except for the small patches of native fescue that persist on the edge of the beach bluffs, as well as the bracken ferns that emerged after mowing of Nootka rose. Landscape Context is poor. Grassland areas on the Cowlitz Bay Preserve are small and patchy. These areas are isolated from one another and are rapidly being lost. Cowlitz Bay Forests This target includes all forested areas on the Cowlitz Bay Preserve (Figure 5), roughly 80 ha (196 acres). Pseudotsuga menziesii (Douglas-fir), Thuja plicata (western red-cedar), and Abies grandis (grand fir) are the most common tree species, with P. menziesii dominating. Tsuga heterophylla (western hemlock) occurs sporadically. Pinus contorta (lodgepole pine) is locally abundant as large canopy dominants in some areas, where it forms mixed stands with other species, primarily P. menziesii. Acer macrophyllum (bigleaf maple) occurs occasionally throughout the forest matrix; individuals of Populus trichocarpa (black cottonwood) are present but less common. Virtually all of the forest areas within the preserve have been impacted by past logging, although severity, biological legacies and time since logging vary. Some portions the preserve that is now occupied by conifer forest were entirely cleared during settlement, presumably for agriculture and grazing. Additionally, some areas of the second-growth forest have been selectively logged as well. Based on preliminary reconnaissance, residual old-growth trees occur within the second growth matrix either at extremely low densities or not at all. Current forest structure is typical of young P. menziesii forests in the competitive exclusion stage identified by Franklin et al. (2002). Canopy structure is characterized by a single layer of foliage high in canopy (Franklin and Van Pelt 2004, their figure 2; Van Pelt and Nadkarni 2004, their figures 6 and 7). The post-logging cohort of P. menziesii has not yet developed the crown-level architectural complexity characteristic of old-growth individuals (Ishii and Wilson 2001, Ishii and McDowell 2001, Franklin and Van Pelt 2004).



Figure 6. 1998 USGS aerial photo of Cowlitz Bay forest (red) and Alnus rubra/Rubus spectabilis patches (green hatchmarks).
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While small-scale disturbance (e.g. windthrow) and tree mortality due to pathogens or insects are occurring at Cowlitz Bay, the forests have not yet developed the horizontal heterogeneity or patchiness typical of old-growth P. menziesii forests (Franklin et al 2002, Franklin and Van Pelt 2004). Due to the past logging and land clearing, density of large diameter snags and coarse woody debris (CWD) are low, presumably below regional targets (Mellen, et al. 2003), although no quantitative estimates are available for Cowlitz Bay forests at this time. Tsuga heterophylla is uncommon on the preserve. T. heterophylla seedlings are known to have a strong preference for woody substrates (Christy and Mack 1984, Harmon and Franklin 1989, Beach and Halpern 2001); the only juvenile T. heterophylla observed during a site visit to Cowlitz Bay were rooted on decayed woody substrates. Low levels of decayed CWD may be restricting establishment of T. heterophylla in the understory at Cowlitz Bay. At least three, 1-2 ha (2-5 acre) patches of Alnus rubra/Rubus spectabilis (red alder/salmonberry) forests occur throughout the conifer forest matrix (Figures 6 and 7). Although dominated by A. rubra, these hardwood patches also contain a few scattered individual Betula papyrifera (paper birch)—a surprising addition given both its absence from many local plant lists and field guides and the location of Waldron Island at the far southern end of its known range. These red alder patches—often closely associated with Carex obnupta (slough sedge)—are characterized by relatively wet soils and shallow surface water during parts of the year. Their extent and distribution may be closely linked to the hydrologic regime. As forested seasonal wetlands or vernal pools, these sites constitute an important biological resource and may host distinctive flora and fauna relative to the surrounding forest matrix (Lindenmayer and Franklin 2002). Additionally, hardwood patches have been identified as “hot spots” for epiphytic lichen diversity in young, previously harvested western coniferous forests (Neitlich and McCune 1997).



Figure 7. Carex obnupta beneath Alnus rubra in a forested depressional wetland, with Sambucus racemosa.



It is difficult to know from casual observation if these hardwood patches are early successional communities that will give way to conifer dominated stands with time, or if they represent a more stable climax community. However, given the virtual absence of conifer regeneration within these hardwood patches, their close association with seasonally saturated soils, and the occasional presence of A. rubra seedlings and saplings, is appears that some self-replacement by A. rubra may occur. Another possible successional pathway in the absence of significant tree seedling establishment and recruitment into the canopy is the eventual loss of tree species and dominance by Rubus spectabilis and other shrubs (Spies, et al. 2002).
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The areas characterized by a Pinus contorta–Pseudotsuga menziesii (lodgepole pine–Douglasfir) overstory may be of conservation interest. A similar community type—Pinus contorta– Pseudotsuga menziesii/Gaultheria shallon (salal)—has been identified as a conservation target by the Washington Natural Heritage Program (Washington DNR 2003) and carries a ranking indicating very rare occurrence and threatened persistence (G1G2S2). G. shallon, however, is only an occasional component of the understory in the Cowlitz Bay Pinus contorta-Pseudotsuga menziesii stands. Instead, the understory is dominated by Symphoricarpos albus, Urtica dioica, Sambucus racemosa, and Rubus ursinus, with patches of Holodiscus discolor and Rosa species. Many of the Pinus contorta stems are quite large (50-70 cm dbh, 20-24 inches) and decadent, with abundant evidence of stem rot, making them valuable as habitat for cavity nesting birds and other wildlife. In the absence of high-severity disturbance these mixed Pinus contorta-Pseudotsuga menziesii stands will transition to Pseudotsuga menziesii/shade-tolerant conifer stands, as Pinus contorta is not able to regenerate under a closed canopy (Lotan and Critchfield 1990). Active management could ensure the persistence of Pinus contorta in Cowlitz Bay forests by creating large overstory gaps and exposed mineral soil thru group selection and soil scarification. Gaps would have to be positioned within the seed rain footprint of mature Pinus contorta for natural regeneration to occur. An alternative to relying on natural regeneration would be artificially regenerate Pinus contorta in gaps with seedlings grown in a nursery from seed collected on the Cowlitz Bay site. Active management may not be necessary however; a high severity disturbance such as a windstorm could provide natural opportunities for establishment of a new Pinus contorta cohort. Throughout the P. contorta-dominated stand, one may find many somewhat lenticular-shaped mounds of fine soil with no obvious origin. We speculate that these may have formed from the decomposition or burning out of woody material from rootwads produced by tipped-over trees with the kind of flattened root systems (and soil held therein) typical of a high water table site. Target conditions for forest structure in Cowlitz Bay mixed-conifer forests is essentially that of old-growth P. menziesii forests, including high vertical and horizontal structural complexity, large diameter live trees, a vertically continuous canopy, and snag and CWD densities within regional range of variability (Mellon et al. 2003, Franklin and Spies 1991, Spies and Franklin 1991). Because of the local species composition and climatic regime, specific old-growth structural target conditions for Cowlitz Bay P. menziesii forests may be more similar to the structural characteristics of the Oregon Coast Range P. menziesii forests than to those of the geographically closer Washington Cascade Range (Spies and Franklin 1991), although neither is sufficiently similar to be useful for reference communities. Size: Good—this rating is based on the relatively large area of the Cowlitz Bay Preserve occupied by the conifer forest matrix. The current developmental trajectory for P. contorta stands will result in a loss of areas occupied by the species in the future in the absence of high severity disturbance or active management. Condition: Poor—the current condition of Cowlitz Bay matrix forests is poor relative to target conditions. Low densities of large snags and woody debris and simple vertical and horizontal canopy structure are the primary structural attributes that drive the low condition rating. The P. contorta–P. menziesii stands and A. rubra patches are currently in fair to good condition,
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however their condition may decline with time. The expectation for the P. menziesii forests is for structural condition to improve with time. Landscape context: Good—the mosaic of different forest habitat types (i.e., Alnus rubra patches and mixed P. contorta stands in a P. menziesii dominated matrix) make for a good landscape context rating. At a larger scale, landscape context is somewhat compromised by forest fragmentation due to the land use practices on adjoining properties. However, due to the rural character of Waldron Island forest fragmentation is not a major issue, and with the strict development regulation provided by the Limited Development District/Sub-area Plan, this element of landscape context is not expected to decline in the foreseeable future.



Figure 8. Approximate extent of wetlands on Cowlitz Bay Preserve.



Cowlitz Bay Wetland Complex A substantial portion of Cowlitz Bay Preserve comprises a wetland complex (Figure 8) that includes two main marshes, a number of both permanently and seasonally wet small hollows, and areas with surface and subsurface flows connecting the two marshes and ultimately draining the surrounding watershed. Although no thorough, quantitative vegetation survey has been completed, occurrences of some of the more conspicuous wetland plants have been observed and documented (Habegger 1996; M. Almaguer-Bay, pers. obs.). An evaluation written shortly after the acquisition of Cowlitz Bay refers to this area of the preserve as “…the finest freshwater marsh ecosystem and one of the finest accretion shoreforms in the County.” (TNC 1975). Conservation values for the Cowlitz Bay wetland complex include habitat for resident and migratory birds as well as resident mammals (e.g., beaver, muskrat). In particular, Cowlitz Bay represents important habitat for river otters (TNC 1975; T. Scruton, pers. comm.) presumably due to the historic abundance of Zostera marina (seagrass) beds just offshore. Freshwater and estuarine wetlands are valued worldwide for many functions, and understanding the ability of a given wetland to provide ecosystem services depends on its characteristics. Traits such as plant communities and habitat value are responses that depend on the more fundamental ones, soils, water quality, and most importantly, hydrology (Stevens and Vanbianchi 1993). Unfortunately, little is known about the hydrology of the wetland complex, as no technical assessment has been performed. References to hydrology in the descriptions below are based on site observations, written descriptions, topography data, plant communities as indicators, and educated guesswork.
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Upper marsh. The upper marsh can likely be classified as a depressional outflow wetland (Hruby, et al. 1999) based on its topography, glacial history, and accumulation of peat (Ludwig 1972, J. Scruton, pers. comm.). Over the past several decades most of the upper marsh was dry by late summer (Figure 8). See “Historical Legacy Effects” in the Threat Assessment section for further discussion. More recently, during wet seasons and even into summer, the upper marsh has retained more water and supplied one or more ephemeral, Figure 9. Outlet of Cowlitz Bay wetland complex. Seeps occur along overland channels that connect to the this 50-150 m stretch of beach berm adjacent to lower marsh. lower marsh. Retention of water in the upper marsh creates a pressure head that may result in greater outflow and thus greater retention of water in the lower marsh; unusually high water in the lower marsh has also been recently observed (Winter 2004-2005; P. Alexander, pers. comm.). Salinity is reported to be roughly 100 mg NaCl per liter pond water (Habegger 1996). The upper marsh has been observed to be active with wildlife, including mammals and birds (T. Scruton, pers. comm.) and has greater plant species richness than the lower marsh (Habegger 1996). Common species include Hippurus vulgaris (common marestail), Potamogeton natans (smartweed), Polygonum amphibium (pondweed), Spiraea douglasii (hardhack), Ribes lacustre (swamp gooseberry) and Phalaris arundinacea (reed canary grass), an invasive grass species often associated with disturbed wetlands that as of May 2005 occupies a narrow belt of almost 50% of the wetland edge (C. Sprenger, pers. obs.). Forested wetlands. Several pockets of wet forest dominated by an Alnus rubra–Rubus spectabilis association occur along a topographically suggested outflow route between the upper and lower marsh, totaling an estimated 2.5 ha (6 acres) in size. (See Cowlitz Bay Forest Target Description for further discussion.). The forested area also includes one wetland lacking woody plants or trees and containing at least seasonal open water, an estimated 2-2.5 ha (4-5 acres) in size. Lower marsh. The lower marsh, which currently retains standing water throughout most years, appears to be the eventual collection point for most water moving across the preserve. Local residents have described this marsh as a once-functioning estuary, complete with an active marine exchange channel (Ludwig 1972, J. Thorsen, pers. comm.); however, the marsh is currently separated from tidal influence by a substantial vegetated berm, covered by species such as Distichlis spicata. Active fresh water seepage along an approximate 50-150 m (150-500 ft) stretch of beach directly below the marsh has been observed at several times throughout the year; this is the apparent ultimate outlet for the wetland complex on the preserve (Figure 9). Consistent with reported erosion and deposition patterns, a barrier accretion shoreform and terminal (TNC 1975, Patterson 1976)—presumably associated with an offshore drift cell, and
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sediment deposition inside the marsh, the berm appears to be expanding seaward. Evidence for this expansion includes patterns of decay among accumulated marine-deposited wood, with the most intact wood toward the bay (including deposition during a December 2003 storm event, J. Scruton, pers. comm.) and highly decayed wood toward the marsh. Furthermore, aerial photographs from 1965 and 1998 (USGS) and from 1983 and 1990 (ACOE) hint at a widening beach here. In addition to the species present on the berm, vegetation at the lower marsh includes Typha latifolia (common cattail), Potentilla pacifica (Pacific silverweed), Eleocharis palustris (spikerush), and large areas of Scirpus acutus (soft-stemmed bulrush). This lower plant species richness compared to the upper marsh is likely due to the higher salinity (approximately 500-600 mg NaCl per liter pondwater; Habegger 1996) and thus more stressful conditions for plant growth. A flat area (perhaps inundated in winter) adjacent to the inlet at the southeast end of the marsh is covered by a population of P. arundinacea (reed canary grass). Size: Fair. The size of both marshes at time of first Euro-American contact is poorly documented. No land conversion or major development has taken place, although impacts associated with settlement (e.g., logging, clearing, burning, grazing, and agriculture; Ludwig 1972; Patterson 1976) have occurred. Seasonal water levels in both marshes continue to fluctuate. Size of upper marsh has been reduced since the time before major ditching, although size has increased in recent years as a result of partial filling of the lower end of the primary drainage ditch, possibly enhanced by subsequent beaver activity. Condition: Good—marshes are both dominated by native flora although some invasive, nonnative species are present, particularly P. arundinacea. The marshes continue to provide habitat and nesting sites for a number of bird species, particularly the upper, less saline marsh. Presumably due to past manipulation, the upper marsh still exhibits a substantial loss of standing water during summer months. Lower marsh no longer functions as a connected estuary due to the presence of a vegetated berm. Landscape context: Fair—connectivity between upper watershed, ponds, marshes, surface and subsurface flows has been impacted. Exchange channel between bay and lower swamp, if historically present, remains closed; this is likely a natural, geomorphological succession given shoreline accretion patterns. Legacy of ditching and draining efforts still affects retention of water in both marshes. Cowlitz Bay Beach Bluff A beach bluff occurs adjacent to the marine shoreline of Cowlitz Bay. The bluff is characterized by a long, narrow strip of land that rises to a height of about 18 m at its eastern end (Figure 10). Deconsolidating soils and steep slopes inhibit the establishment of most trees and shrubs yet maintain a dense cover of herbaceous species in some areas. These thinly vegetated layers periodically slough off, eventually being deposited at the base of the bluff where wave action leads to their rapid dissipation. The sloughing of the bluffs exposes the underlying sandy soil as well as contributes to a varied series of small ridges, depressions and mounds and is presumed to supply sand to the beach west of the bluffs, an “accretion shoreform” (TNC 1975).
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A number of conspicuous exotics have become established in the beach bluff system, some of the more common include Cirsium arvense (Canada thistle), Plantago lanceolata (lance-leaved plantain), Trifolium pratense (red clover), Daucus carota (Queen Anne’s lace), Vicia villosa (wooly vetch), and Dactylis glomerata (orchard grass). Notable and common natives (Patterson 1976, Habegger 1996) also occur, such as Elymus mollis (dune grass), Grindelia integrifolia (Pacific gumweed), Festuca rubra (red fescue), and Lathyrus japonicus (beach pea). Less common natives include Lupinus bicolor (two-colored lupine), Lomatium nudicaule (barestem Figure 10. Location of beach bluff along the shore of Cowlitz Bay. lomatium), Lotus denticulatus (meadow lotus), as well as Artemisia suksdorfii (mugwort) and A. chamissonis (northern wormwood). To date, Cytisus scoparius (Scots broom) has not been reported on the bluffs but may be capable of establishing there. Size: Very good. Size of target seems to be remaining relatively constant, apart from periodic mass wasting of bluff face. However, no long-term monitoring has taken place. Condition: Good. Non-native grasses have made it into this system; however, despite being potential C. scoparius habitat, none has established. Bluff vegetation retains a substantial native component. Landscape context: Good. The active erosion and associated contributions of sediment into Cowlitz Bay leading to subsequent accretion along the point are continuing natural processes. Rare Avian Species Bitte Baer Preserve is home to one or two pairs of Haliaeetus leucocephalus (bald eagles) and one known pair of Falco peregrinus (peregrine falcons). Both F.



Figure 11. Cowlitz Bay Haliaeetus leucocephalus perch.
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peregrinus and at least one pair of H. leucocephalus are known to have successfully fledged young during the last decade. F. peregrinus and H. leucocephalus have been observed on both preserves; a favorite perch site for H. leucocephalus being several of the large trees overhanging the beach bluffs on the Cowlitz Bay Preserve (Figure 11). Progne subis (purple martins), now considered to be extirpated from the island, occurred on Waldron in large numbers prior to 1950’s (T. Scruton, pers. comm.). Since then, there have been virtually no sightings, other than a single pair that arrived on Waldron in 1987 and successfully nested underneath the county dock. Regional efforts focused on habitat restoration and reintroductions have been in place on both sides of the Canadian/U.S. border in the last decade (Fraser et al. 1997, Van Der Ford 2001). The placement of nesting boxes and the use of recorded calls have proved successful in the nearby Canadian Gulf Islands. Size: Poor. H. leucocephalus and F. peregrinus populations have been ranked as fair, yet the P. subis have been locally absent for several years and drop the target ranking to poor. Condition: Poor. The condition of this target is based on nesting success. Fair for F. peregrinus, but poor for H. leucocephalus and P. subis. H. leucocephalus occur every five years and the current ranking is based on surveys conducted in 2001 by Washington Department of Fish and Wildlife. Landscape context: Fair. Based on estimations of the historical extent of the savannahwoodland-grassland mosaic--important habitat for all three species of our targeted rare avian species--the landscape context ranks fair due to the loss of these open habitats.
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BITTE BAER CONSERVATION TARGETS



Figure 12. Map showing all four conservation targets for Bitte Baer Preserve.



Bitte Baer Bald Grasslands Grasslands occur on both the steep, western slope and the gentler eastern slope of Point Disney (Figure 13); however, the two sides are quite different in species composition. On the west side of the point is a confirmed occurrence of a Festuca rubra – (Camassia leichtlinii – Grindelia stricta) association, a G1S1 ranked community (Washington DNR 2003; see Appendix D for description). This area, which covers 1.5 ha (3 acres), contains F. rubra along with Grindelia integrifolia (Puget Sound gumweed) and the potential for—but not reported—great camas. It is likely that this community persists because of its steep slope and resultant inaccessibility to humans or livestock. The grasslands on the eastern slope of the point are approximately 6 ha (15 acres) in size and are dominated by such non-native grasses as Bromus rigidus (ripgut brome), Dactylis glomerata (orchard grass), Holcus lanatus (velvetgrass), and others, though some native species, particularly fescue, persist near the ridgeline and along the southeastern shore (Habegger 1996). The pervasiveness of non-natives is presumed to be a result of historical livestock grazing, fire exclusion, and in some cases logging disturbance. The grasslands are bordered by remnant oak savanna and encroaching Douglas-fir. Scots broom and Himalayan blackberry are present at low frequency within this area, and are monitored informally by the current caretaker. One species of particular interest and conservation value due to its rarity is Opuntia fragilis (brittle cactus), a 25



prickly-pear cactus which occurs in small patches and appears to be in light competition with invasive grasses (Figure 14). Size is good to fair. True extent of the bald grasslands is uncertain given the intergraded border with oak savanna. This border would have experienced dynamic shifts under disturbance regimes of either fire or grazing, as tree mortality oscillated and understory growth responded. Based on GIS mapping using relatively recent aerial photographs (USGS Terraserver 1998), the area of bald grasslands are an estimated 7 ha (17 acres) in size, where areas containing a Figure 13. Approximate extent of Bitte Baer bald grasslands. few isolated, individual Q. garryana and P. menziesii trees were included in the polygon (Figure 13). Although grasslands on the southeastern portion of Pt. Disney have been only moderated reduced, several patches near the ridgeline are being converted to a closed canopy of Douglas-fir. Condition is poor. The only area where remnant native fescue species still dominate is on the steep, northwestern side of the point and at its tip. Some areas on the southeastern side are still grass-dominated, with some occurrences of Festuca idahoensis, though non-native grass species are by far most abundant. Some remnant pockets of fescue can be seen on rocky outcrops and other areas of shallow soil. Landscape Context is poor. Due to the absence of fire in this area, there Figure 14. Opuntia fragilis on Bitte Baer Preserve. has been an increase of woody vegetation, especially Douglas-fir, snowberry, and hairy honeysuckle. Some native plants (e.g., Opuntia fragilis) may be suffering slow declines from competitive exclusion by invasive grasses. This is supposition, however, as no formal monitoring of plant populations has occurred.
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Brief Overview of Quercus garryana-Dominated Areas at Bitte Baer Preserve Quercus garryana (Garry oak) is the only oak native to Washington. A deciduous hardwood, the species occupies a wide latitudinal range—from southern Vancouver Island in British Columbia (BC) to central California (Stein 1990)—and has amazing environmental breadth while covering a relatively limited total area. Communities that are oakdominated tend to have lower tree densities than adjacent forest (Kertis 1986, Salstrom 1989, Larsen and Morgan 1998), either that of savanna (less than 50 trees/ha; Agee 1993) or as an intermediate woodland structure. Associated with this lower tree density and wider spacing are many grassland and prairie species, including Camassia leichtlinii, C. quamash, Fritillaria lanceolata, Collinsia parviflora, and Allium accuminatum, and many others (Habegger 1996, WDNH 2003, Figure 15. Approximate extent of Quercus garryana savanna (red) and Quercus garryana – Pseudotsuga menziesii woodlands (orange). Ryan and Carey 1995). Q. garryana ecosystems are recognized for their unique species assemblages and habitat value (Larsen and Morgan 1998) and are a regional conservation priority (Washington DNR 2003). The extent of oak woodland in western Washington has declined due to invasion by conifers related to fire suppression and conversion to agriculture and other land uses (Agee 1993, Ryan and Carey 1995), thus increasing its importance as a rare regional ecosystem. In BC, conservation attention is paid to Garry oak communities given their especial rarity (Erickson 2000); the ecology and distribution of Q. garryana on Waldron Island is similar to that of BC. Furthermore, Q. garryana communities are uncommon in the San Juan Islands (Dunwiddie, unpublished manuscript, SER meeting proceedings, 200_). Two important but distinct types of Quercus garryana dominated communities occur at Bitte Baer, Quercus garryana savannas and mixed Quercus garryana–Pseudotsuga menziesii woodlands (Figure 15). For the purposes of the Conservation Management Project Workbook (TNC 2004), used in the early stages of development of this Conservation Area Plan, we have treated these as nested targets within the broader conservation target of Quercus garryana dominated communities. However, because these targets are considerably different with respect to their desired structure and current condition we have treated each as a separate conservation target here.
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The definition of Larsen and Morgan (1998) is used for Quercus garryana savanna: areas with total canopy cover ≤ 25% and where Quercus garryana comprises at least 50% of the canopy. This definition is very similar to that of Griffin (1977), who defined savannas as areas with ≤ 30% total canopy cover and less than 50 trees ha-1. Mixed Quercus garryana-Pseudotsuga menziesii woodlands are defined as areas with ≤ 50% total canopy cover, of which ≥ 25% is contributed by the Quercus garryana component (Larsen and Morgan 1998).



Figure 16. Aerial photographs from 1965 (left) and 1998 (right). Note infilling of open areas. (Photos by USGS.)



Bitte Baer Quercus garryana Savanna Quercus garryana savanna occurs as the transition zone between bald grasslands and woodlands at Bitte Baer—the middle section of the ecocline described by Salstrom (1989). Consequently, the distribution of Q. garryana savanna across the site is defined by the locations of grassland and woodland patches, which results in the heterogeneous and spatially discontinuous occurrence of savanna (Figure 15). This pattern of oak distribution is similar to that observed in the Puget Sound area (Hanna and Dunn 1996, Thysell and Carey 2001). The general structure of the oak savanna is characterized by widely spaced individual trees or clumps of trees with a predominantly herbaceous understory (Figure 18). Understory species composition is similar to that of the Bitte Baer bald grasslands. A regime of periodic low or mixed-severity fires ignited under indigenous land-use practices has contributed to the structure and persistence of Quercus garryana ecosystems (Agee 1993, 1996; Thysell and Carey 2001; Harrington and Kallas 2002). Research currently in progress suggests that a fire regime of this nature may have operated at Bitte Baer (C. Sprenger, unpublished data). Microenvironmental conditions, and to a lesser extent, edaphic factors also regulate the distribution and occurrence of Quercus garryana savanna at Bitte Baer (Salstrom 1989).
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In a May 2005 survey at Bitte Baer Preserve for Euchloe ausonides insulana (island marble), biologists with Washington DNR and WDFW made positive identification on another butterfly, Erynnis propertius (propertius duskywing; J. Fleckenstein, pers. comm.), a nested conservation target. E. propertius (ranked G4) is considered an oak obligate, as larvae rely on Q. garryana (in Washington) as a host plant and overwinter in the leaf little underneath mature oaks. No formal inventory has been done for this species on Waldron; therefore, little is known about the viability of the local population.



Figure 17. Tentatively identified Erynnis propertius, photographed May 2005 at Bitte Baer Preserve, on Lychnis (rose campion) near mature oak (see Figure 18).



Size: Fair. Quercus garryana savanna occupies a relatively small area at Bitte Baer, occupying an estimated 22 ha (53 acres); total area is difficult to judge due to the heterogeneous and discontinuous distribution. It is uncertain whether the current extent of savanna is relatively close to that of historic conditions. Some savanna has definitely been lost to conifer encroachment; it has been converted to mixed Quercus garryana – Pseudotsuga menziesii woodlands and even closed canopy forest in some places. The rate of savanna loss will likely accelerate as establishing conifers continue to ameliorate the otherwise harsh environmental conditions, facilitating further conifer seedling establishment. Condition: Poor. The oak savanna is in fair condition in terms of overstory structure. The most vigorous Quercus garryana at Bitte Baer occur in the savannas. However, the savanna areas are experiencing conifer encroachment, which is degrading the structure by increasing tree density (Figure 16). Due to a higher growth rate and greater maximum height (Kertis 1986; Harrington and Kern 2002), encroaching conifers will eventually overtop and kill the oaks, shifting community Figure 18. High vigor trees in Quercus garryana savanna at Bitte Baer. composition and structure towards a Quercus garryanaPseudotsuga menziesii woodland, then eventually to nearly pure P. menziesii stands. Fortunately, conifer encroachment does not currently appear to be as advanced in savanna as in mixed
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woodlands at Bitte Baer. The rate of conifer encroachment into Q. garryana savanna is expected to increase as establishing conifers facilitate further conifer seedling establishment. Numerous Q. garryana seedlings have been observed in savanna areas, however their persistence and recruitment into larger size classes is jeopardized by conifer encroachment. It is unclear whether observed oak saplings originated from seed or root sprouts, although it is likely the former, as root sprouts in Q. garryana are thought to be associated with root damage from fire (Agee 1990) and fire has been excluded from the site for nearly a century (C. Sprenger, unpublished data); root sprouting has been found to decline with increasing oak diameter (Regan and Agee 2004). Condition with respect to savanna understory composition is poor; accordingly, overall condition has been determined to be poor. Shrub and non-native cover has apparently increased relative to historic conditions, also reducing the cover of native herbaceous plant species. Native prairie and grassland species that are typical of herbaceous cover in oak savanna have been substantially replaced by many exotics; these include pasture grasses (Dactylis glomerata, Holcus lanatus, Bromus rigidus), presumed to have been introduced during settlement-era sheep grazing. Many other weeds associated with human disturbance (e.g., Verbascum thapsis, Hypochaeris radicata, Rumex acetosella) are also abundant and widely distributed (Salstrom 1989, Habegger 1996). Landscape context: Poor. Associated with Euro-American settlement, wildfires have been suppressed on Waldron Island, and have been entirely absent from the Bitte Baer site since at least circa 1909 (C. Sprenger, unpublished data). The elimination of this disturbance regime from the site has produced conditions that favor conifer encroachment. Conifer encroachment largely drives the current deterioration of savanna size and condition. Bitte Baer Quercus garryana–Pseudotsuga menziesii Woodlands Mixed Quercus garryana–Pseudotsuga menziesii are currently the most at-risk conservation target at Bitte Baer. Conifer encroachment is dramatically altering forest structure and understory species composition. An estimated 12 to 16 ha (30 to 40 acres) of the Bitte Baer Preserve is occupied by a mixed Pseudotsuga menziesii–Quercus garryana community type characterized by a woodland structure. These mixed woodlands occur on the sloping, southeast face of Point Disney and along the upper portion of its ridge. The best example and largest contiguous patch of this community type is found on the gently sloping bench at the southwestern end of Pt. Disney (Figures 15 and 19).



Figure 19. Extent of Quercus garryana – Pseudotsuga menziesii woodlands.
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This community is an example of disturbance-mediated species coexistence—Pseudotsuga menziesii will out-compete the intolerant Quercus garryana if low-severity fire is excluded from the ecosystem (Agee 1993). Plentiful fire scars and charred bark on residual old-growth Pseudotsuga menziesii attest to the role of fire in this system. The largest surviving Quercus garryana trees at Bitte Baer (>70 cm dbh; see Figure 20 for one such tree) occur in this community type. Many are now in decline due to crowding and overtopping by encroaching Pseudotsuga menziesii. Additionally, some of the highest densities of residual old-growth P. menziesii (expressed as a proportion of historical density, not absolute density) occur in these mixed woodlands. In a few places the structure is still relatively open parkland (Figure 21) with low overstory tree density and the understory characterized by a mosaic of shrubs and herbs. Some understory species appear to be dependent on conditions of partial or “dappled” light typical of woodland canopy structure. At least one such species, Erythronium oregonum, occurs in these mixed woodlands at Bitte Baer (Table 1). Young, encroaching Pseudotsuga menziesii currently dominate the forest dynamics in these mixed woodlands. While some areas are still relatively open, the majority of the woodlands have been aggressively invaded by young Pseudotsuga menziesii. In places, young conifers have formed dense “dog-hair” thickets that competitively exclude virtually all understory species. In many cases young P. menziesii have established directly under mature Q. garryana, grown up thru the interior of their crowns, and are now shading the mature oaks from within and directly overhead. These large oaks have tremendous ecological value (Larsen and Morgan 1998, Ryan and Carey 1995) and cannot be replaced easily or quickly. A passive management approach that allows continued conifer encroachment will result in the loss of these large Quercus garryana thus the entire conservation target. Conserving these individuals is entirely feasible but will require swift, aggressive management action. Size: Fair. The current extent of Pseudotsuga menziesii–Quercus garryana woodland appears to be similar to inferred historic extent, with the exception of some expansion of young P. menziesii into former openings. The distribution has very likely shifted somewhat, relative to the historic distribution. Many areas formerly characterized by a woodland structure have now transitioned into forest, while some portions of former bald grasslands and Q. garryana savannas have been invaded by trees and converted to woodlands. The current extent of mixed woodlands may be similar to the historic extent, but it has come at the expense of savannas and prairies. If conifer encroachment is allowed to continue and fires continue to be excluded, the mature Q. garryana that typify this community will die, what oak reproduction is present will also be eliminated, and the size of these mixed woodlands will shrink to virtually nothing. Figure 20. Large ecologist. Oak shown for scale.
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Condition: Poor. Many Quercus garryana have been overtopped by Pseudotsuga menziesii. Some of the oaks have already died and virtually all of the remaining individuals are declining. Additionally, encroaching young conifers are degrading residual old-growth Pseudotsuga menziesii by shading the huge lower branches to the point of branch mortality. Death of these large diameter branches represents a loss of important structural elements and complexity (Franklin and Van Pelt 2004). Crown-level structural complexity enhances the biodiversity of canopy-dwelling organisms (Ishii, et al. 2004). While the current condition of these mixed woodlands is poor, the potential to restore historic structure is excellent. Because many of the large diameter oaks have not yet succumbed to competition with encroaching conifers and of the high density of residual old-growth Pseudotsuga menziesii, restoration of historic structure can be largely achieved by removing the young Douglas-fir. Understory conditions are thought to be poor relative to historical conditions, as a result of the exclusion of fire from the site for the past century. Fire exclusion has very likely increased the relative dominance of shrubs over herbaceous species and thereby reducing overall species richness, as relatively few shrub species (e.g., S. albus, L. hispidula) replace a much greater number of smaller-stature understory species. Increasing overstory density due to conifer encroachment has changed the understory light environment, likely excluding those species adapted to more open environments. The extreme example of this phenomenon is the “dog-hair” Pseudotsuga menziesii thickets, where no understory species are currently able to survive. Landscape context: Poor. The altered fire regime is the single largest factor responsible for the currently degraded condition of the Quercus garryana – Pseudotsuga menziesii mixed woodlands, perhaps followed by cessation of grazing, which may have provided favorable sites of mineral soil for conifer establishment. Q. garryana cannot coexist with P. menziesii in the absence of frequent, low-toFigure 21. Woodland opening. Note oak moderate severity disturbance. If conifers are allowed to regeneration in foreground. continue to establish and suppress the oaks the overall landscape pattern at Bitte Baer will be dramatically degraded: the mixed Quercus garryana – Pseudotsuga menziesii woodland will be converted to pure Pseudotsuga menziesii stands.
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Bitte Baer Pseudotsuga menziesii Woodlands Low density Pseudotsuga menziesii forest types (savannas and woodlands) are one of the rarest communities in western Washington (Peterson and Hammer 2001). Thus, the Pseudotsuga menziesii woodlands at Bitte Baer represent an exceptionally important ecological conservation and restoration opportunity. Bitte Baer Pseudotsuga menziesii woodlands (Figure 22) are characterized by a strong dominance of P. menziesii. Most of the residual old-growth P. menziesii have charred bark and many carry fire scars, indicators of the integral role of fire in maintaining the historical forest composition and structure. Shade tolerant conifers are quite rare; Thuja plicata and Abies grandis occur very infrequently. Quercus garryana of various sizes—typically between about 25 and 50 cm dbh, with some larger individuals—occur sporadically throughout a substantial portion of the Pseudotsuga menziesii woodlands. Figure 22. Extent of Douglas-fir woodland. Q. garryana in this community becomes less common with distance from the ridge crest and southern shoreline, and also with increasing distance from Pt. Disney. Arbutus menziesii (Pacific madrone) and Juniperus scopulorum (Rocky Mountain juniper) occur throughout the woodland area. A. menziesii is the more common of these species; large individuals (> 60 cm dbh) of both species are present. The understory is characterized by dominance of Symphoricarpos albus. Lonicera hispidula (hairy honeysuckle), Rubus ursinus (trailing blackberry), and Galium aparine (bedstraw) are other common understory species. The relative cover and dominance of woody shrubs has undoubtedly increased in the absence of fire. While not a perfect match in terms of species composition, these woodlands are very similar to the globally imperiled Pseudotsuga menziesii/Symphoricarpos albus–Holodiscus discolor community (G1S1); historic structure, overstory composition, and disturbance regime of Bitte Baer Pseudotsuga menziesii woodlands appear to be fundamentally the same as this rare community. Size: Good. Pseudotsuga menziesii woodlands occupy approximately 30-40 ha (80-100 acres) of the Bitte Baer Preserve, making it the largest area among conservation targets. Additionally, an area of P. menziesii woodland at Figure 23. “Wolf” P. menziesii.
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least equal to this size adjoins Bitte Baer on property owned by the San Juan Preservation Trust (SJPT). Condition: Poor. These woodlands have been subject to high grade logging, which removed many of the large old-growth Pseudotsuga menziesii that once defined the forest structure. However, many legacy old-growth stems survived the logging. A pilot reconstruction study estimated mean pre-logging density of old-growth P. menziesii (> 61 cm dbh) at 83 stems ha-1 (34 stems ac-1) based on data collected from five 2 ha (5 acre) plots (Table 2). While the density of large diameter trees is lower than that of the historical structure, total stem densities are much higher due to the effects of fire exclusion. Due to inter-tree competition, the dense post-fire exclusion cohort of P. menziesii is not developing the complex, open-grown crown architecture typical of the old-growth “wolf” trees (Figure 23; Peterson and Hammer 2001, their Figure 2) which developed at much lower densities. Table 2. Current densities (trees ha-1) for live and dead legacy old-growth Pseudotsuga menziesii, and reconstructed historical overstory density of P. menziesii. Densities of current live Quercus garryana > 15 cm dbh in Bitte Baer woodlands are also shown. Values are based on n = 5, circular 35.85 m radius plots (0.5 acre). Pseudotsuga menziesii Quercus garryana



Mean Min Max



Live trees



Snags



Stumps and logs



23 0 44



19 5 23



42 5 94



Total Historic density 83 40 153



Live trees 6 0 21



Understory conditions and species composition are similar to those of the mixed Quercus garryana–Pseudotsuga menziesii woodlands. It is likely that the exclusion of fire has caused an increase in the relative dominance and cover of woody understory shrub species and a decrease in herbaceous species adapted to more open environments as a direct result of greater overstory canopy cover. Landscape context: Poor. The drastically altered fire regime—fire having been essentially absent for a century—makes it impossible to rate the current landscape context anything other than poor.
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Summary of Conservation Target Viability for Bitte Baer and Cowlitz Bay Preserves The following table summarizes the rankings for all evaluation categories (size, condition, landscape context) with overall viability ranks. Rankings were developed using the Conservation Project Management Workbook Version 4b (TNC 2004). Table 3. Viability summary for conservation targets at Bitte Baer and Cowlitz Bay Preserves, Waldron Island, WA. Conservation Target



Size



Condition



Landscape Context



Viability Rank



Grassland2



Poor



Poor



Poor



Poor



Forest2



Good



Poor



Fair



Fair



Wetland Complex2



Fair



Good



Fair



Fair



Beach Bluffs2



Very good



Good



Good



Good



Key avian species1,2



Poor



Poor



Fair



Poor



Bald grasslands1



Fair



Poor



Poor



Poor



Garry oakdominated areas1



Fair



Poor



Poor



Poor



Douglas-fir woodlands1



Good



Poor



Poor



Fair



Red = poor, yellow = fair, green = good, blue = very good 1 Bitte Baer Preserve 2 Cowlitz Bay Preserve
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THREAT ASSESSMENT Five major threats (sources of stress) to the conservation targets have been identified through the Enhanced 5-S process (TNC 2000), as facilitated by the Conservation Management Project Workbook Version 4b (TNC 2004). These include: past logging and grazing, past drainage ditch and road construction, past and future introductions of invasive species, altered fire regimes, and current human recreational use. Each of these factors does not necessarily threaten every conservation target; conversely, an individual conservation target may be threatened by more than one factor. In addition, these factors threaten the various conservation targets to different degrees. Furthermore, they do not represent all of the possible stresses to the Conservation Area ecosystems, only the most important in terms of managing conservation targets. Table 4. Summary of threats across systems at Bitte Baer and Cowlitz Bay Preserves, Waldron Island, WA. Threat ranks were developed using the Conservation Project Management Workbook Version 4b (TNC 2004). Threats Across Systems



Douglas-fir woodlands1



Garry oakdominated areas1



Bald grasslands1



Fire exclusion



Very High



Very High



Very High



Invasive species



Medium



High



Very High



High



High



Very High



High



Medium



Historical logging/ grazing Historical drainage, ditches, roads Human activity/ recreation Threat Status



Key avian species1,2



Beach Bluffs2



Forest2



Low



Medium



Low



Very High



Medium



High



Low



High



Wetland Complex2



Medium



Medium



Low



Very High



Medium



Low



Medium



Grassland2



Overall threat rank



Very High



Very High



Very High



Very High



High



High



Medium



Medium



Low



Medium



Medium



Very High



Very High



1



Bitte Baer Preserve Cowlitz Bay Preserve
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In the remainder of this section we describe each of the five broad sources of stress and how they relate to the current status of the conservation targets, then rank and prioritize the conservation targets for management intervention by threat status. This process sets the stage for developing conservation strategies and a timeline for implementation. Altered Fire Regime For the past century, wildfires have not been a meaningful disturbance factor on either preserve. Yet, several lines of evidence suggest that prior to this period fire played a substantial role in shaping the landscape of Waldron Island (particularly on Point Disney, where Bitte Baer Preserve is now located). Physical evidence of fire exists. There are many examples and multiple species of fire-scarred trees throughout the mixed Quercus garryana–Pseudotsuga menziesii woodland. Charred bark and fire scars with charred wood—indicative of multiple fires at that point (Agee 1993)—can also be found in these stands. A fire-history analysis is currently being conducted that includes plots on Bitte Baer Preserve as well as the adjacent San Juan Preservation Trust land; early 36



results indicate that fires prior to about 1900 were relatively frequent, with a mean point fire return interval of 36 years (C. Sprenger, unpublished data). Analysis to date based on n=10 trees; range on individual tree fire return intervals = 20 – 74 years, fire dates recorded from years 1541 – 1909. Mean was derived from individual trees rather than area estimates, as crossdating has not yet been performed. Estimates based on point fire return intervals are considered much more conservative than area estimates. A preliminary reconstruction of historical overstory conditions at Bitte Baer found low densities—in line with those expected for savannas and woodlands—of Quercus garryana and old-growth Pseudotsuga menziesii (Table 2). Both Douglas-fir and Garry oak are considered to be fire adapted species and their occurrence as savanna or woodland on similar sites has been linked to a regime of frequent, low-intensity fires (Agee and Dunwiddie 1984, Peterson and Hammer 2001, Kertis 1986). Thus, the presence of those forest conditions at Bitte Baer Preserve is itself evidence that fire was likely an important process, a conclusion reached by Salstrom (1989) in an analysis of Douglas-fir invasion patterns at Point Disney. Indirect evidence is also consistent with a relatively frequent fire regime. Indigenous cultures in the ecoregion are known to have regularly used fire as a tool for managing landscapes to favor useful plants and wildlife, including acorns, camas, and deer. The presence of shell middens and archaeological sites on Waldron (although confirmation of state registered sites on either preserve is lacking) indicates past use by local native groups; presence of important food plants (Camassia, Fritillaria) within oak savanna and bald grasslands supports the inference of anthropogenic fire. The mere existence of historical mixed Quercus garryana–Pseudotsuga menziesii woodland is itself suggestive of a disturbance regime of relatively frequent fire. Whether or not fire was a result of human ignition may be less important than the recognition that regular fire was an intrinsic part of the ecosystem, with important consequences for plant and animal communities on the preserves. Forest structure and dynamics have changed dramatically at Bitte Baer following the exclusion of fire. The post-fire exclusion Pseudotsuga menziesii cohort now dominates forest dynamics at the Bitte Baer Preserve and is negatively impacting the residual elements of the pre-logging forest. Broadleaf trees (primarily Q. garryana and Arbutus menziesii) that were not removed in past logging entries have now been overtopped and are in decline. Many of the scattered individual Q. garryana have already died. The dense young cohort of Pseudotsuga menziesii is also modifying the residual P. menziesii by shading lower branches to the point of causing branch mortality, which reduces live crown lengths and tree vigor. Because these low branches are typically large decadent structures this amounts to continued degradation of pre-logging forest structure. Fire has also been excluded from the Cowlitz Bay Preserve for many decades, yet its past role and effects of its exclusion are unclear. In the closed-canopy, mixed-conifer forest at the north end of the preserve, there are a number of very large Pinus contorta, a species that requires a combination of open light environment and exposed mineral soil for establishment. These conditions are often associated with moderate to high intensity fires; however, other disturbances could explain this establishment pulse, including forest clearing for agriculture, timber harvest, or blowdown after large storm events. The open grasslands and shrub thickets on either side of
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the former airstrip and further west, near the lower marsh, may have been maintained in an open condition for long periods, and evidence obtained from an exploratory analysis of soil A horizon depths confirms this inference in some places (S. Martin, unpublished data). Open grasslands could have been perpetuated under a relatively frequent fire regime, as discussed above. Again, however, other factors may explain the absence of trees on some of these sites, including clearing, changes in hydrology, or edaphic limitations, particularly seasonally or persistently saturated soils. Historical Legacy Effects Logging Both the Cowlitz Bay and Bitte Baer Preserves have been impacted by past logging. The primary effect of past logging on both preserves has been to alter forest structure and composition. Logging on the preserves has occurred at different times and intensities, resulting in current conditions that vary from small patches of relatively intact original forest to larger patches that were entirely cleared and are now occupied by dense stands of young Douglas-fir. Old-growth Pseudotsuga menziesii trees on the Bitte Baer Preserve were high-grade logged in the late 1930s then more heavily between 1968 and 1972 (B. Carlson, pers. comm.) with harvest intensity varying across the preserve. The current forest structure on the Bitte Baer Preserve is not due solely to past logging. Rather it is the additive effect of logging and fire exclusion. Grazing has undoubtedly impacted forest structure by limiting seedling recruitment (as well as potential effects of grazing cessation), but fire exclusion and logging have affected forest structure most dramatically. Fire exclusion since approximately 1909 (C. Sprenger, unpublished data) allowed the establishment of relatively high densities of P. menziesii seedlings and saplings in the understory of the historic old-growth forest, which was characterized by low densities of large trees (Table 2). Obviously, high grade logging reduced the number of large diameter, decadent trees. Consequently, the dominant forest structure at Bitte Baer is now characterized by scattered, residual old-growth P. menziesii isolated in a matrix of relatively dense, young P. menziesii. Logging has affected another element of forest structure at Bitte Baer—coarse woody debris (CWD). Many of the old-growth P. menziesii felled during logging were left on the site. Consequently, there is a relative abundance of large diameter CWD on the forest floor. The current volume of CWD at Bitte Baer may exceed the historic levels, as forests subject to a fire regime of frequent, low intensity fires are characterized by low levels of CWD. Logging at Cowlitz Bay has altered forest structure and composition. As logging effects are not as closely coupled with fire exclusion as at Bitte Baer Preserve; fire does not play the same role at the Cowlitz Bay Preserve. The Bitte Baer forests fit more closely with the typical west-side P. menziesii forest succession and structural development sequence (Franklin, et al. 2002). The primary effects of past logging have been to alter forest structure by partial or complete removal of the previous forest and to change the density, distribution and dynamics of snags and down woody debris.
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Grazing The effects of grazing are most dramatic at the Bitte Baer Preserve. Grazing by sheep and goats at the Bitte Baer Preserve began in 1907 and lasted until the early 1970s (Salstrom 1989). Up until the mid 1900s escaped domestic goats occasionally made it on to the preserve. The circa 6 ha (15 acres) of grassland dominated by introduced Bromus rigidus is thought to be largely a product of past grazing by livestock that preferentially grazed on Festuca idahoensis and other native species (Salstrom 1989). Drainage, ditches and roads Human alteration of the Cowlitz Bay Preserve’s hydrologic regime, although poorly understood, has likely led to radical changes in the pathways and associated functions of surface and subsurface flows. Major alterations include the ditching and drainage of the upper marsh, grading to create an airstrip, and construction of a gravel road along the northern border of the preserve. The earliest documented modification to the wetland system includes major ditching and draining activities during the 1880s. The ditching not only drained the upper marsh but also improved the quality of tillable land located in the interior portion of the island. Oral history, transcribed by Ludwig (1974), describes large areas of exposed “peat”, which had dried out due to the draining process, catching fire and burning for “several years”. The manmade outlet of the 1880s ditch, locally referred to as “Chinaman’s ditch”, stands out as a noticeable landmark when viewed from the bay. The excavation and subsequent erosion have produced a deep cut extending through the 18 m (60 ft) high bank. The seasonal flow of fresh water from the marsh to the bay was reduced in recent decades—essentially a century from when the drainage began— when a combination of bentonite clay and several loads of large waste rock from the local gravel pit was used to dam the outlet (F. Richardson, pers. comm.). This activity, directed by Bob Weaver and completed in 1990, lead to a substantial increase in the seasonal extent and duration of standing water. Even with the added fill material, the ditch continued to drain and the upper marsh lost all evidence of standing water during dry years. In 1995 several beavers arrived on the island and took up residence in the upper marsh of Cowlitz Bay Preserve. The beavers further added to the man-made dam shortly after their arrival, raising the level of the marsh even higher. According to caretaker T. Scruton (pers. comm.) standing water has remained in the marsh throughout the year since the arrival of the beavers. This has likely also increased the horizontal extent of the marsh, an inference that is supported by aerial photographs (ACOE 1976, 1983, and 1990; Washington DOE 1995; USGS 1998). During the late 1940s an airstrip was graded in just to the west of the upper marsh. This likely impacted one or more ephemeral streams that connected the lower marsh to seasonal outflows of the upper marsh. Alternative pathways may have reinstated marsh connectivity during winter peak flow events, but this remains a mystery. At this time, the drainage ditch would not have been dammed and most of the water moving into the upper marsh would have found its way to the beach via this ditch. Airstrip use was discontinued in the early 1960s; as all maintenance of the cleared runway ceased, vegetation rapidly recolonized the area.
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In the early 1970s, the county further developed its east-west access road along Sand Point (locally referred to as Charlie’s road), which runs along the north edge of Cowlitz Bay Preserve (Figure 24), by adding a raised and compacted gravel roadbed. The development included a full-length ditch and the placement of two culverts. The placement of the ditches and culverts defines a due west movement of water that eventually leaves the island in North Bay, just beyond a diversion point at the west county road end. It is unclear what effect these major alterations have had on the condition of the lower marsh. If the lower marsh was at one time an estuary, some of its current condition may be related to the drainage and rerouting of water. Less water entering this system would have led to a less active outlet channel and eventual impoundment.



Figure 24. Cowlitz Bay Preserve (yellow boundary) with adjacent county road (dashed red line) and drainage ditch (blue dotted line).



Invasive species Invasive plants and animals are of concern on the Waldron Island preserves due to their great ability to establish in disturbed areas and out-compete desired native flora and fauna. Invasive plants are capable of altering the chemistry of the soil, increasing shade, and dramatically changing the structure of vegetation communities. Invasive animals, such as starlings, can displace native bird species and, along with invasive plants, decrease the overall biodiversity of a site. It is often the more sensitive species that are adversely affected by the introduction of invasive species. Non-native plant species of high concern are primarily Phalaris arundinacea (reed canary grass), Rubus discolor (Himalayan blackberry), Cytisus scoparius (Scots broom) and a variety of nonnative grasses. P. arundinacea, which is found on both the upper and lower marshes, may pose a threat to the health of the wetland system. The population on the lower marsh at the inlet (southeastern tip) may be inhibited by the higher levels of salinity in the water but could spread to more upland areas. During a site visit at the upper marsh in May 2005, a narrow belt (1-2 m) of P. arundinacea edged an estimated 50% of the shoreline; it also covered the beaver lodge near the marsh center. It is possible that the P. arundinacea populations alongside the wetlands increased during the past decades of lower water levels; with recent increases in water retention (subsequent to the damming of drainage ditch and arrival of beavers), these populations may be declining, being potentially limited by saturated conditions marsh-ward and by shading from S. douglasii or R. nutkana on the upland side. No formal monitoring program currently exists.
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R. discolor is well established in the lower portion of Cowlitz Bay. Although not obvious from the access trail, it occurs with high frequency in a once open field (near remnant orchard). R. discolor is also found on the Bitte Baer Preserve in small patches, including skid roads and shrub thickets. Large stands of blackberry occur on old skid roads in the adjacent SJPT preserve. There are occurrences of C. scoparius on the Bitte Baer Preserve, which are informally monitored by the current caretaker. Efforts to keep it in check have been moderately successful, though it is not fully eradicated from the area. With disturbance (e.g., fire, soil disturbance due to logging), this tenacious invasive plant may quickly spread into such areas. Any management strategy which prescribes some form of disturbance in order to meet management objectives should include a specific plan for weed management during and after disturbance. The widespread occurrence of invasive grasses such as Bromus rigidus (ripgut brome) and Dactylis glomerata (orchard grass) pose a significant challenge to restoring grasslands to native graminoid communities on both preserves. It also poses a threat to Opuntia fragilis (brittle cactus) which occurs on the Bitte Baer Preserve. There are three native species which may be considered invasive with regard to the conservation targets: Rosa nutkana (Nootka rose), P. menziesii (Douglas-fir), and Lonicera hispidula (hairy honeysuckle). On the Cowlitz Bay Preserve, R. nutkana has encroached onto what were once open fields; its extent has likely increased from the 29 ha (72 acres) estimated by Habegger (1996). The encroachment of P. menziesii on the Bitte Baer Preserve has dramatically changed the composition and structure of the oak woodlands and decreased the viability of many Garry oak individuals by limiting light availability. Occurring with this increasing forest overstory, several native shrubs, particularly L. hispidula, have effectively covered much of the understory, further reducing populations of savanna and woodland associated herbaceous understory species. Non-native fauna that are of concern on the preserves are mainly Sylviiagus floridanus (eastern cottontail rabbit) and Sturnus vulgaris (European starling). Readers should take note that the eastern cottontail rabbit on Waldron is different than the rabbit species found on San Juan Island, Oryctolagus cuniculus (European rabbit), which digs and burrows. The rabbit population may be sufficiently large to pose problems for restoring native herbaceous material and should be considered when devising revegetation or other outplanting strategies. The presence of starlings has likely affected the status of native bird species such as Progne subis (purple martin). Also worthy of note is the presence of both feral cats and rats (Rattus spp.) on the Cowlitz Bay Preserve. Due to the detrimental effect that these animals can have on bird populations, it may be desirable to reduce their populations on the preserves. The rat population has been observed to be low for the past several years but now seems to be on the rise (T. Scruton, pers. comm.). Human activity and recreation The main threat posed by human activity and recreation is disturbance to the populations of nesting raptors. Peregrine falcons are considered to be the most sensitive species to this type of disturbance (B. Anderson, pers. comm.). Human presence in the vicinity of the falcon scrape on Bitte Baer Preserve during brooding times could lead to stress and even nest failure. The scrape is located fairly close to path frequented by people. 41



STRATEGIES Some general strategies for abating threats to the Bitte Baer and Cowlitz Bay conservation targets have been identified in the ecosystem restoration models (Figures 2a and 2b): active forest management including individual tree management, restoration thinning and fuel reduction; reintroduction of fire to Bitte Baer; control of currently established invasive species and prevention of new introductions; restoration of the historical hydrologic regime at Cowlitz Bay; restoration planting of native species, particularly those associated with prairies and Garry oak savannas; regulating human recreational use and stewardship activities during raptor nesting periods; and community education and involvement. Strategies for conservation are prioritized according to two major themes: conservation target viability status and threat ranking (Tables 3 and 4). Furthermore, strategies that are designed to stop the loss of biological diversity (threatened conservation targets) are given higher priority than strategies designed to restore degraded systems, particularly where threats have been deemed immediate and intervention is urgent. Strategies for the highest priority threats are presented below, including rationale, required actions, and necessary monitoring for adaptive management. Several additional strategies for less immediate threats are also provided in the form of summary outlines. A tentative timeline for the implementation of these conservation strategies is presented in Appendix A. Most of the following proposed strategies have been written as though treatments would be applied across the entire conservation target (except where otherwise noted). We recognize that such an approach may not be feasible due to a number of factors, including a paucity of data on historical conditions, limited resources, need for community education and support, and scientific uncertainty. Alternative proposals could be developed for more limited experimental treatments on one or more sites and conservation targets.



Conservation Strategy: Improve forest structural conditions through silvicultural intervention Conservation Target: Cowlitz Bay Forests Stress: Degraded forest structure Source of Stress: Historical logging Strategy Overview Three degraded, key ecological elements of Cowlitz Bay forest structure can be improved with silvicultural intervention: amount of large diameter down woody debris (CWD), development of vertically continuous canopy structure and horizontal heterogeneity. The source of stress (historical logging) has been removed, so the focus of this strategy is on directly restoring the degraded ecological attributes. While the threat assessment analysis (Tables 3 and 4) did not identify Cowlitz Bay Forests as a high priority relative to other conservation targets, we present this strategy and associated action items because they are appear to have very high leverage in terms of conservation benefit relative to cost (TNC 2003).
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The primary objective of this intervention is to increase levels of down, large diameter woody debris (CWD) within up to two 5-10 ha (12-25 acre) project areas in Cowlitz Bay forests. Secondary objectives are to increase the rate of vertical canopy development and shade tolerant tree recruitment, and to increase horizontal heterogeneity at the stand scale. Project areas should be located in Pseudotsuga menziesii dominated stands where < 10% of total basal area is comprised by Pinus contorta or broadleaf tree species. Silvicultural Prescription In order to increase levels of CWD within selected project area(s), fell groups of 5-7 and 10-12 neighboring, overstory dominant and codominant (Oliver and Larson 1993, pg. 153) Pseudotsuga menziesii trees at an average density of one group of each size class, respectively, per hectare. Additionally, fell any intermediate or suppressed (Oliver and Larson 1993, pg. 153) P. menziesii stems within the area defined by each group of selected dominant and codominant overstory trees. Do not buck felled trees into segments. No portion of the felled trees shall be removed from the site. Do not fell trees of any species other than P. menziesii. Stems should be felled directionally to minimize damage to any Pinus contorta, shade-tolerant conifers, and broadleaf trees, and to inflict damage to the boles and tops of neighboring residual overstory P. menziesii. Damaging some neighboring overstory trees will promote the development of decadence and structures used by wildlife in these trees (e.g., canopy perches, raptor nesting sites, bole cavities). Additionally, felled trees should be “jack-strawed” if possible so that some of the logs cross one another. Within the approximate center of each large group (10-12 stems) leave one canopy dominant P. menziesii stem to develop into a “wolf” tree with large diameter branches. Groups of trees to be felled should be selected and marked according to the following criteria: •



Locate groups in areas with little or no legacy CWD.



•



Groups should be at least 20 meters apart, but may be clustered within the total project area (i.e., groups need not be strictly spaced at 2 per hectare).



•



Locate groups so that established shade tolerant understory trees are released and made free to grow into the upper canopy.



Assuming a rate of $50.00 for a timber faller and an estimated time of 1 hr per small group and 1.5 hr per large group, a tentative estimate for project implementation cost (excluding planning and layout) is $125.00 ha-1 treated. A local (Waldron Island) contractor should be employed if possible. Action Plan for Silvicultural Intervention in Cowlitz Bay Forests All or part of the action plan identified below may be carried out by either TNC staff or a qualified forest management/restoration consultant. The action plan is not included in the strategies implementation timeline (Appendix A) because of the relative low priority of this strategy. However, if the decision to implement this strategy is made, it should be possible to implement the actions plan in a short amount of time (< 3 months).
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1. Delineate in the field up to two, 5-10 ha project areas according to criteria described above and GPS the boundaries of each project area. 2. Within each project area mark with blue paint the groups of trees to be removed according to the silvicultural prescription above. 3. GPS the center of each group of marked trees. 4. Submit Forest Practices Application to Washington DNR, Forest Practices Division. A permit should not be required because timber will be extracted, but this must be confirmed and a permit or waiver obtained prior to implementing the project. 5. Work with the Nature Conservancy Legal Department to translate the silvicultural prescription into a contract. 6. Prepare contract and bid information package containing silvicultural prescription and maps of project area(s) and locations of marked trees. 7. Solicit bids from local contractors. 8. Implement project. Monitoring Plan for Silvicultural Intervention in Cowlitz Bay Forests A monitoring plan is not recommended beyond simple implementation monitoring (i.e., contract compliance) because the primary objective is to increase the amount of CWD within the project area(s) relative to current levels. Implementation of the silvicultural prescription will directly result in a success with respect to the primary objective by converting large, live standing trees to CWD. Implementation of the silvicultural prescription will also directly result in an increase of stand-level horizontal heterogeneity by creating canopy gaps. It is assumed that the silvicultural prescription will also increase the rate of development of a vertically continuous canopy, but because this is a secondary objective a monitoring plan is not warranted.



Conservation Strategy: Individual Tree Management of Quercus garryana Conservation Target: Bitte Baer Mixed Quercus garryana–Pseudotsuga menziesii woodlands Stress: Suppression and mortality of Quercus garryana due to shading by Pseudotsuga menziesii Source of Stress: Altered fire regime Strategy Overview The planning process has identified a portion of the mixed Quercus garryana–Pseudotsuga menziesii woodland conservation target that is at extreme risk of irreversible damage to a key ecological attribute—loss of large diameter, mature Q. garryana. About 6 ha (15 acres) of mixed woodland on the flat bench near Pt. Disney (Figure 24) is currently experiencing rapid and dense encroachment by young P. menziesii. Conifer encroachment has already resulted in the suppression mortality of many large Q. garryana in this area; all of the rest of the oaks in the stand are in various states of decline ranging from nearly dead to slightly reduced vigor.
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Figure 25. Project area for initial Q. garryana and old-growth P. menziesii release prescription.



A silvicultural intervention of individual tree management, in which individual Q. garryana trees are released from competition from encroaching P. menziesii will dramatically slow or even stop the loss of Q. garryana due to suppression in the project area. Release of Q. garryana from competition on an individual tree basis has been identified as a strategy for conserving the species on sites where conifers have encroached upon established Q. garryana (Harrington and Kern 2002).



This strategy attacks the stress directly, avoiding the source of stress, the altered fire regime, for two reasons. First, fire cannot be reintroduced to the Bitte Baer ecosystem without first reducing fuels and eliminating the risk of high-severity crown fire—i.e., young encroaching Pseudotsuga must be removed. Second, loss of mature Q. garryana is an immediate threat. Action must be taken as quickly as possible to save large diameter Q. garryana—a defining ecological attribute of the system—so that a holistic restoration of the mixed Quercus–Pseudotsuga woodlands, including reintroduction of fire, is possible in the future. If fire is eventually to be reintroduced in Bitte Baer Quercus–Pseudotsuga woodlands, additional fuels reduction may be necessary prior to its reintroduction. For strategies relating to fuel reduction beyond that achieved by this individual tree management strategy, refer to the section on restoration thinning and fuels reduction in Bitte Baer Pseudotsuga menziesii woodlands. Individual Tree Management Prescription Within the project area (Figure 24) fell all encroaching P. menziesii < 50 cm dbh within one tree height of each subject Quercus garryana tree. Subject Q. garryana are defined as stems > 15 cm dbh. One tree height is defined as the height of the individual subject Q. garryana tree; the release radius will vary depending on the height of the individual subject tree. Do not remove any old-growth P. menziesii, including any < 50 cm dbh. Old-growth P. menziesii can be identified by fire scars and charred bark, thick furrowed bark, and complex crown architecture with large individual branches (> 10 cm at branch collar). The contract administrator will decide in situations where it is unclear if a P. menziesii is old-growth or not. P. menziesii stems may be felled by hand, with ground-based mechanized equipment, or a combination of the two. If sufficient stewardship funds are not available to treat every Quercus garryana stem > 15 cm dbh within the project area, priority for release should be assigned according to the following triage scheme. Release moderate vigor Q. garryana trees with the highest priority. Release high vigor trees with the next highest priority. Treat low vigor trees with the lowest priority. Vigor is assigned based on multiple tree crown form criteria (Appendix B). Within each vigor class, treat larger diameter Q. garryana with a higher priority relative to other trees in the same vigor class.
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If a choice must be made between two stems of equal priority, treat the stem that has neighboring non-targeted Q. garryana that may benefit from the subject tree’s release. Damage to Quercus garryana and old-growth Pseudotsuga menziesii is to be avoided at all costs. Damage is defined as breakage of a limb > 7.5 cm diameter at the branch collar, or damage to an area of cambium > 100 cm2 on the bole or on a limb > 7.5 cm diameter at the branch collar. Injury to encroaching P. menziesii (not old-growth) stems will not be included in estimates of damage. The operator will be penalized for damage at a rate to be determined by TNC managers and TNC legal counsel and stated in the contract. Situations where removing an encroaching tree is likely to result in substantial damage to residual Q. garryana or old-growth P. menziesii trees are to be brought to the attention of the contract administrator, who will determine whether or not to remove the encroaching tree. The operator will not be held liable for damage to residual trees incurred under the direction of the contract administrator. All slash and boles of felled P. menziesii stems must be removed from the site in order to limit fuels and reduce the risk of unmanaged, high-severity fire. Fine fuels (limbs, branches, tops and small boles) may be piled and burned on the site or processed using a chipper and removed from the site. Large diameter boles (> 15 cm small end diameter) must be removed from the site. In order to minimize ground disturbance, yarding systems where logs are in contact with the ground may not be used. Logs must be transported off the site with ground based or cable yarding systems capable of full suspension, or with a helicopter. In the event that helicopter yarding is used, the helicopter landing and log deck may not be located anywhere on the Bitte Baer Preserve due to the large area required for helicopter yarding landings. Locations of forwarder or cable yarding corridors must be flagged in advance and approved by the contract administrator. In the unlikely event that a full-suspension cable yarding system is used, Q. garryana and oldgrowth P. menziesii trees may not be used as intermediate supports or tail-hold trees. While there are no logging contractors on Waldron Island with the equipment necessary to meet the criteria of the approved yarding systems, other portions of the prescription can be implemented by a local labor force (e.g., hand felling, slash disposal). Local labor should be used for as much of the work as possible. Different elements of the silvicultural prescription (i.e., felling, yarding, slash disposal) may be offered and awarded as separate contracts, at the discretion of TNC, in order to maximize the use of local contractors. It is very difficult to estimate the cost of this project without cruise data in hand. A rough estimate places service costs between $3,000.00 and $5,000.00 per hectare (excluding planning and layout). However, this estimate is nothing more than a guess without supporting cruise data. Action Plan for Individual Tree Management of Quercus garryana All or part of the action plan identified below may be carried out by either Nature Conservancy staff or a qualified forest management/restoration consultant. The action plan is included in the strategies implementation timeline (Appendix A). 1. Delineate the project area (roughly outlined in Figure 25) in the field and GPS the boundaries of the project area.
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2. Cruise the project area to determine the size and number of stems to be cut and volume of material to be removed. (See Monitoring Plan for additional details.) 3. Complete an inventory of roads/existing skid trails that can be used to access the project area, GPS their locations, and determine the nature and estimated cost of any necessary improvements. This inventory should also identify an appropriate location for landing(s) and log deck. 4. Prepare a map of the project area, access roads, existing skid trails and proposed landings. 5. Submit Forest Practices Application to Washington DNR, Forest Practices Division. Secure permit before implementing project. 6. Work with TNC legal counsel to translate the silvicultural prescription into a contract. 7. Prepare contract and bid information package containing silvicultural prescription and maps of project areas. 8. Solicit bids. 9. Implement project. Monitoring Plan for Individual Tree Management of Quercus garryana The monitoring plan for the individual tree management prescription in the mixed woodlands has two parts. The first part of the monitoring plan focuses on the primary objective—stopping suppression mortality and improving vigor of Quercus garryana trees > 15 cm dbh. The second element of the monitoring plan focuses on invasion of the site by exotic plant species. In order to measure the success of this strategy in terms of achieving the stated objective, the survival, vigor, and growth of a random, 50% sample of all Q. garryana > 15 cm dbh in the project area will be monitored. All trees will be visited during the cruise (Action Item # 2). Trees to be monitored will be selected during the cruise with a coin toss; monitoring of selected trees will begin at that time. In the event that insufficient funds are available to treat all Q. garryana > 15 cm dbh in the project area, and this in known at the time of the cruise, a random, 50% sample of released trees will be selected for monitoring from the pool of released trees following treatment. Trees will be tagged at breast height (1.37 m) on the uphill side of the tree and identified with a unique number scribed on the tag. If the terrain is flat tags will be located on the north side of the tree. Tree locations should be recorded with a GPS or referenced with a distance and azimuth to a permanent monument so that tagged trees can be relocated. On each tree growth will be assessed by measuring stem diameter directly above the tag, total height, and 5 year radial increment. Diameter and height will be measured every year; radial increment will be measured every 5 years. Vigor will be assessed once per year with a system that combines crown form, crown density, and live crown ratio (details on vigor classification provided in Appendix B). Damage (as defined in prescription above) or mortality and apparent cause will be recorded at each measurement period.
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The second part of this monitoring program is less formal but equally important. To detect and control invasion of the disturbance site by exotic plant species, line transects oriented on a due north azimuth and spaced 50 meters apart will be walked thru the project area once a year. This in not a line-intercept sample—the goal is to identify and control any new exotic plant invasion sites within the project area, not estimate the abundance of exotic species cover. Record the species and invasion scope (e.g., number of plants, area invaded) for each occurrence detected and immediately treat with appropriate control measures. The locations of newly established exotic plants will be recorded with a GPS so they can be revisited the following year to assess control success. The monitoring program will continue for 5 years post treatment. After 5 years this monitoring program will be evaluated by TNC staff and a decision to continue or terminate the program will be made.



Conservation Strategy: Restoration Thinning and Fuels Reduction Conservation Target: Bitte Baer Pseudotsuga menziesii woodlands Stress: Increased stem density and altered tree size frequency distribution due to P. menziesii encroachment Source of Stress: Altered fire regime; Historical logging (secondary) Strategy Overview In order to restore the Bitte Baer Pseudotsuga menziesii woodlands fire will ultimately need to be reintroduced to the ecosystem. However, fire cannot be returned to Pt. Disney without first preparing the site by reducing the total amount, and altering the arrangement of fuels. A silvicultural intervention of restoration thinning is the only means to reduce fuel loads and begin to restore overstory structure in Bitte Baer Pseudotsuga menziesii woodlands prior to the reintroduction of fire. The primary objectives of the strategy presented here is to reduce fuel loads and to begin to restore overstory structure to historic conditions. Implementation of this strategy will not result in fully restored P. menziesii woodlands; it is only the first step in the process of reintroducing fire to the Bitte Baer site. Dry, fire maintained Pseudotsuga menziesii woodlands are extremely rare west of the Cascade crest (Peterson and Hammer 2001, Washington DNR 2003). To our knowledge there is no previous example of ecological restoration in this type of forest ecosystem. Thus, efforts to manage and restore this conservation target must first overcome the hurdle posed by information needs. A critical first step in addressing Bitte Baer P. menziesii woodland information needs—a fire history reconstruction—has been initiated. However, silvicultural prescriptions to reduce fuels and restore overstory structure prior to the reintroduction of fire will require site specific information on historical forest structure, including tree densities, size distributions and spatial patterns (Harrod, et al. 1999), as well as information on current conditions. The spatial pattern of historical trees is of particular interest. Many fire-maintained forest types in western North America (i.e., forests with low/moderate severity fire regimes, Agee 1993) are
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characterized by clumped spatial patterns (Agee 1993 and references therein, Harrod, et al. 1999, North, et al. 2004). However, most of these forests are dominated by Pinus species, moisture limited, and generally characterized by more extreme climate regimes than the San Juan Islands. Conversely, in forests west of the Cascade crest locations of P. menziesii stems are usually characterized by spatial regularity (Stewart 1986, Van Pelt and Franklin 2000, Harris 2004, North, et al. 2004, Zenner, et al. 2004). However, these forests are light limited (as opposed to water limited) and are usually have high severity fire regimes (Agee 1993). Given that fire burned fairly frequently in Bitte Baer woodlands (C. Sprenger, unpublished data), and that the site is located west of the Cascade crest, two competing hypotheses are appropriate: (1) Historic P. menziesii stems were clumped, and (2) Historic P. menziesii stems were regularly spaced. As the structures represented by these two hypotheses are quite different, and would require different silvicultural prescriptions to reproduce, tree spatial patterns should be included in a reconstruction of Bitte Baer Pseudotsuga menziesii woodland structure. With respect to historical forest structure, the following questions should be answered before writing and implementing restoration and fuel reduction prescriptions. 1. 2. 3. 4.



At what densities did Pseudotsuga menziesii historically occur on the site? What was diameter distribution of historical P. menziesii stems? How did historical tree densities and diameter distributions vary across the site? What was the spatial pattern of historic P. menziesii trees?



Methods to Meet the Information Needs for Restoration Thinning and Fuels Reduction in Bitte Baer Pseudotsuga menziesii Woodlands The purpose of this section is to outline sampling strategies and methods for reconstructing historical forest structure and measuring current forest structure in Bitte Baer Pseudotsuga menziesii woodlands. In order to assess the feasibility of reconstructing historical overstory structure a pilot reconstruction study was undertaken in May 2005. The objective of the study was to determine if enough legacy structures (i.e., old-growth live trees, snags, down logs, and stumps) were present on the site to reconstruct historic overstory conditions, and to obtain a preliminary estimate of historic overstory stem densities. It was concluded that sufficient legacy structures remain on the site to reconstruct historical conditions, including spatial patterns, for stems with a basal diameter > 60 cm, and to estimate with a lesser degree of certainty historic structural conditions for stems with a basal diameter < 60 cm. The pilot study resulted in a preliminary mean historical overstory P. menziesii density of 83 trees ha-1 across the site (n = 5 sample plots; Table 2). It is emphasized that this is a preliminary estimate of historical density. A larger sample size will be needed in order to characterize historical structure and the range of variation in structural conditions across the site with any confidence. A network of systematically located, geo-referenced, permanent sample plots will be used as the sampling framework for a reconstruction of historic tree density and size distribution, and for characterizing current conditions. By installing these sample plots as permanent plots, they can be used for long term monitoring at the site following fuels reduction and reintroduction of fire. A systematic sample of georeferenced plots will provide full, spatially explicit coverage of the project area, which is necessary to understand how historic tree density and size distribution
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varied across the site. We recommend a sample intensity of 1 plot for every 2 ha, or a minimum of 25 sample plots. For the purposes of characterizing current conditions (i.e., an initial cruise), it may be necessary to densify the sample grid with temporary sample plots in order to achieve the precision necessary to reasonably estimate project costs. The basic sampling unit for historic and current structural conditions will be nested (i.e., concentric) circular plots. We recommend a minimum plot size of 2500 m2 (28.22 m radius) for sampling historic structures. Features to be sampled in these plots and methods for sampling are defined in a following section. Current conditions should be sampled with two smaller nested circular plots. Overstory structures (trees and snags) not sampled in the larger reconstruction plot and > 15 cm dbh should be sampled with circular 500 m2 plots (12.62 m radius). Trees > 1.37 m tall and < 15 cm dbh should be sampled with 100 m2 plots (5.64 m radius). Historic structures to be sampled in 2500 m2 plots include all old-growth live trees, snags, down logs and stumps. Old-growth P. menziesii can be identified by fire scars and charred bark, thick furrowed bark, and complex crown architecture with large individual branches (> 10 cm at branch collar). In general live and dead old-growth structures are > 60 cm dbh, but not always. In addition to residual live trees that are clearly characterized as old-growth according to the criteria above, there is a younger cohort of P. menziesii that exhibit morphological differences relative to most of the young P. menziesii stems that dominate current forest structure. For convenience we term this cohort of trees as the “pioneer fire exclusion cohort”. This cohort of trees posses features more characteristic of older and/or open grown trees—large diameter branches (> 5 cm diameter at the branch collar), abundant epicormic branches, relatively thick and furrowed bark, and diameters at breast height generally > 50 cm; these trees lack fire scars and charred bark. Epicormic branches on P. menziesii can be distinguished by a number of morphological characteristics (Ishii and Wilson 2001). A pilot study estimated the mean density of this cohort at 23 ha-1 (data not shown). It is desirable to know if these trees were present prior to fire exclusion and, if so, what their approximate size distribution was. Additionally, because they are the most suitable trees for retention in a thinning treatment, it is also desirable to know their current density and distribution across the site with greater precision than provided by the pilot study. Given the low density at which these trees occur, they will be sampled in the 2500 m2 plots. Live and standing dead Q. garryana will also be sampled in the 2500 m2 plots. For each structure sampled in a 2500 m2 plot note the structure type (e.g., live old-growth tree, pioneer fire exclusion tree, old-growth snag, etc.) and record the diameter at breast height (estimate former breast height location for down logs). Record basal diameters for old-growth stumps and then convert basal diameters to breast height diameters with a conversion factor developed from residual live old-growth trees. Record the diameter of all trees determined to belong to the pioneer fire exclusion cohort. Mark these trees temporarily so that they are not included in the sample of current conditions and double counted. Additionally, collect an increment core from pioneer fire exclusion trees at breast height for later determination of age at which breast height was reached, and to reconstruct diameter at breast height at the time of fire exclusion (1909). Record the status and diameter at breast height for live and standing dead Q. garryana > 15 cm dbh occurring in the plot. For live Q. garryana also record total height, height to live crown base, and vigor class (Appendix B).
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In 500 m2 plots, record the species and diameter at breast height for trees > 15 cm dbh and not sampled in the concentric 2500 m2 plot. On each plot, measure total height and height to live crown on a subsample of three P. menziesii stems. Trees selected for height measurement should span the range of diameters present on the plot. In the 100 m2 plots record the number of stems, by species, in the following three size classes: < 5 cm dbh, 5.1 cm dbh - 10 cm dbh, and 10.1 cm dbh - 15 cm dbh. On each 100 m2 plot record breast height diameter, total height, and height to live crown for a representative P. menziesii in each size class. Height measurements will be used to estimate the volume of fuel to be removed from the site and the type of equipment needed to remove the material. Height to live crown measurements will be used in fire risk and effects modeling. Any additional data necessary to select/calibrate fuels models for standard fire behavior and effects models (Edmonds, et al. 2000) should be identified and included in the sampling protocol. Fire effects modeling of pre and post-fuel reduction is an important tool for demonstrating the benefits of fuels reduction, and for selecting appropriate thinning prescriptions. Sampling for historic tree spatial patterns will require a different approach. Standard methods for characterizing tree spatial patterns include stem maps and analysis with distance-based point pattern statistics (Moeur 1993, Diggle 2003). Based on the low historic stem density at Bitte Baer (Table 2) and a sample size power analysis for the G and K spatial statistics (A. Larson, unpublished data), a relatively large plot size will need to be used. We recommend a minimum plot size of 2 ha. At least one-2 ha plot should be installed in a representative area of Pseudotsuga menziesii woodland at Bitte Baer. More plots can be installed if resources permit. However, if available resources allow installing more than one sample plot, consideration should be given to sampling spatial patterns in other dry, fire-maintained P. menziesii woodlands that have not been subject to past logging as a reference site. In each spatial pattern sample plot, map the locations, and record structure type and dbh for all historic old-growth structures and pioneer fire exclusion trees, as defined previously. Collect an increment core from pioneer fire exclusion trees at breast height for determination of age at which breast height was reached and to subsequently determine if the stem should be included in the analysis of spatial pattern. Preliminary Silvicultural Prescription for Fuel Reduction and Restoration Thinning in Pseudotsuga menziesii Woodlands This section presents operational guidelines that should be followed in any future silvicultural interventions in Bitte Baer Pseudotsuga menziesii woodlands. Actual fuels reduction and restoration thinning prescriptions cannot be developed without data characterizing current and historical structural conditions. Therefore we do not present any quantitative silvicultural prescriptions. Because of the large number of stems that would be removed from the site in a fuel reduction and restoration thinning treatment, trees to be felled should not be painted or otherwise marked. Instead, all trees that are to be retained following the thinning entry should be painted with yellow paint. If painting is not acceptable due to aesthetic concerns, a temporary marking system
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such as flagging and stapled placards may be used. Stems designated for removal may be felled by hand, with ground-based mechanized equipment, or a combination of the two. All slash and boles of felled stems must be removed from the site in order to limit fuels and reduce the risk of unmanaged, high-severity fire. Fine fuels (limbs, branches, tops and small boles) may be piled and burned on the site. Large diameter boles (> 15 cm small end diameter) must be removed from the site. Logs may be transported off the site with ground based, cable, or helicopter yarding systems, or a combination of these systems. Ground based yarding systems that drag logs on the ground will not be permitted; log forwarders that load logs onto an elevated bunk are the only approved ground based yarding system. In order to minimize ground disturbance, any cable yarding system used must be capable of suspending at least one end of the yarded logs; full suspension is preferred. In order to improve the efficiency of removing fine fuels from the site (i.e., limbs and branches) whole tree yarding may be used with cable and helicopter systems. In the event that helicopter yarding is used, the helicopter landing and log deck may not be located anywhere on the Bitte Baer Preserve due to the large area required for helicopter yarding landings. Locations of forwarder or cable yarding corridors must be flagged in advance and approved by the contract administrator. Q. garryana and old-growth P. menziesii trees may not be used as intermediate supports or tail-hold trees for cable yarding systems. Damage to Quercus garryana and old-growth Pseudotsuga menziesii is to be avoided at all costs. Damage is defined as breakage of a limb > 7.5 cm diameter at the branch collar, or damage to an area of cambium > 100 cm2 on the bole or on a limb > 7.5 cm diameter at the branch collar. The operator will be penalized for damage to these trees at a rate to be determined by TNC managers and the TNC Legal Department and stated in the contract. Situations where removing a tree which is designated to be felled is likely to result in substantial damage to residual Q. garryana or old-growth P. menziesii trees are to be brought to the attention of the contract administrator, who will determine whether or not to remove the tree. The operator will not be held liable for damage to residual trees incurred under the direction of the contract administrator. Local labor should be used for as much of the work as possible. While there are no logging contractors on Waldron Island with the equipment necessary to meet the criteria of the approved yarding systems, other portions of the prescription can be implemented by a local labor force (e.g. hand felling, slash disposal). Different elements of the silvicultural prescription (i.e., felling, yarding, slash disposal) may be offered and awarded as separate contracts, at the discretion of TNC, in order to maximize the use of local contractors. It is impossible to estimate project costs without cruise data and a quantitative silvicultural prescription. Any ecologically meaningful fuels reduction treatment will generate a substantial amount of merchantable material. Sale of this excess material can offset project costs. However, at this time we do not expect sale of excess material from a fuel reduction and restoration thinning intervention to generate a net income.
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Action Plan for Fuel Reduction and Restoration Thinning in Pseudotsuga menziesii Woodlands All or part of the action plan identified below may be carried out by either Nature Conservancy staff or a qualified forest management/restoration consultant. Action items 2 and 3 may be implemented as graduate student research. The action plan is included in the strategies implementation timeline (Appendix A). 1. Delineate the inventory and reconstruction project area in the field and GPS the boundaries of the project area. 2. Initiate studies to reconstruct historic structural conditions and tree spatial patterns. 3. Cruise the project area in order to determine current conditions. 4. Delineate fuel reduction and restoration thinning project area(s) (if different from inventory and reconstruction project area). 5. Write silvicultural prescriptions based on historical reconstruction, desired future conditions, and fire behavior model outputs. 6. Estimate the size and number of stems to be cut, the volume of material to be removed from the site, and project costs. 7. Complete an inventory of roads/existing skid trails that can be used to access the project area, GPS their locations, and determine the nature and estimated cost of any necessary improvements. This inventory should also identify an appropriate location for landings and log decks. 8. Prepare a map of the project area, access roads, existing skid trails and proposed landings. 9. Submit Forest Practices Application to Washington DNR, Forest Practices Division. Secure permit before implementing project. 10. Work with the Nature Conservancy Legal Department to translate the silvicultural prescription into a contract. 11. Prepare contract and bid information package containing silvicultural prescription and maps of project areas. 12. Solicit bids. 13. Implement project. Post-Thinning Monitoring Plan for Pseudotsuga menziesii Woodlands The inventory and reconstruction sample design was designed so that it could be easily adapted to a long-term monitoring program. Because the primary objective of this strategy is to reduce fuel loads and restore overstory conditions, we present a monitoring plan specific to these objectives. We anticipate other responses to a silvicultural intervention, for example, a response in the understory plant community. However, understory plant community management is not an explicit objective of a fuel reduction and thinning treatment. Manipulating understory plant community composition and coverage would be a primary objective for a strategy that included
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reintroduction of fire. Since the plot network for monitoring fuel and overstory conditions will already be in place when fire in reintroduced to the site, we recommend attaching any future understory monitoring to the monitoring protocol sampling framework described in this section. Following completion of a fuels reduction and restoration thinning project, sample plots within the project area will be revisited within one year. At this time, all residual live trees > 15 cm dbh in the 2500 m2 plot will be tagged. Trees will be tagged at breast height (1.37 m) on the uphill side of the tree and identified with a unique number scribed on the tag. If the terrain is flat tags will be located on the north side of the tree. Trees should not be tagged prior to the thinning intervention. For all tagged trees, record the species, diameter at breast height, total height and height to base of live crown. Measure the diameter at breast height of tagged trees just above the tag. For live Q. garryana also record tree vigor class (Appendix B). Record the diameter, species, estimated height and decay class of all standing dead trees on the 2500 m2 plot. Do not tag snags. Count the number of stems in a concentric 100 m2 plot, by species, in the following three size classes: < 5 cm dbh, 5.1 cm dbh - 10 cm dbh, and 10.1 cm dbh - 15 cm dbh. Measure the breast height diameter, total height, and height to live crown for a representative P. menziesii in each size class. Plots should be remeasured for tree growth and survival every 5 years, for at least 10 years after a fuel reduction and restoration thinning entry (initial installation and measurement plus two subsequent re-measurements). Ingrowth trees (i.e., trees growing into the > 15 cm dbh size class) should be tagged during remeasurement. In order to detect and control invasion of the site by exotic plant species following a fuels reduction and restoration thinning treatment, line transects oriented on a due north azimuth and spaced 50 meters apart will be walked thru the project area once a year. This in not a lineintercept sample—the goal is to identify and control any new exotic plant invasion sites within the project area, not estimate the abundance of exotic species cover. Record the species and approximate size of invasion site (e.g. number of plants or area invaded) for each occurrence detected and immediately treat with appropriate control measures. The locations of newly established exotic plants will be recorded with a GPS so they can be revisited the following year to assess control success. Monitoring of newly established exotic plant species should be continued for 5 years following treatment. After 5 years this portion of the monitoring program will be evaluated by TNC staff and a decision to continue or terminate the program will be made.



Conservation Strategy: Reduce size and extent of current non-native invasive species populations; prevent new invasions. Conservation Target: All Targets Stress: Competition from introduced non-native species. Source of Stress: Past, current, and future introductions and subsequent invasion of sites by nonnative species. Strategy Overview Several non-native species, including both flora and fauna, exist on the two Waldron preserves. These numerous species differ greatly in environmental controls and response to treatments;
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therefore, any control strategy must be varied and adaptive in nature. Each species may require a different treatment and monitoring program. In this plan, we have highlighted the main species of concern though have not created a complete invasive species plan. A complete invasive species management plan should follow the Weed Management Plan template provided by the Nature Conservancy’s Invasive Species Initiative (Tu 2001). It should also include strategies acceptable to the island community for decreasing populations of rats, rabbits, and cats on the preserves. Following is a list of the main plant species of concern: 1. Urgent priority species to target o Cytisus scoparius (Scots broom) o Phalaris arundinacea (Reed canary grass) o Rubus discolor (Blackberry; on BB preserve where outbreaks are relatively small) o Ilex aquifolium (English holly) o Hedera helix (English ivy) 2. Moderate priority species to target o Blackberry (CB where extent is quite large) o Pasture grasses (see respective target descriptions and threats, above) Action Plan for Invasive Species Reduction To designate a strategy for each invasive species listed above is beyond the scope of this report. It is assumed that a plan to control invasive species will change over time; incorporating core principals of adaptive management. However, we will outline initial steps for mapping and for dealing with two of the most tenacious weeds, C. scoparius and H. helix, primarily on the Bitte Baer Preserve. For several years the current caretaker has led an ongoing effort to keep the C. scoparius in check by mechanically cutting and pulling the plants. This has slowed down the spread of C. scoparius, but has not eradicated it. In order to lessen the threat of this species it is important to deal with the large patches of C. scoparius not only on TNC property but also on adjacent parcels. Careful applications of herbicide may be necessary to eradicate this invasive plant from the preserve. We recommend the following action: 1. Inventory and map the occurrences of non-native invasives on the preserves. Special focus should be given to C. scoparius and H. helix. This should be conducted in the late spring or early summer when C. scoparius is blooming so that it is easily detected and seeds are not yet mature. This should occur during 2005 or 2006. 2. Once the areas of high priority species are located, both mechanical measures and specific herbicide applications should be used. For the C. scoparius, plants with a diameter of less than 2 cm should be pulled, while those greater than 2 cm should be cut at the base and painted with herbicide. It is not necessary to measure each stem: the diameter will be a judgment call on behalf of the ground crew lead. It could also be thought of as a literal “rule of thumb”: any stem smaller than the width of the thumb is
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pulled, while larger stems are cut and painted. All plant material should be removed from the site. ** Note: Any application of herbicide will follow the guidelines set forth in Disney Wilderness Preserve: Standard Operation for Herbicide Use, written and revised by TNC staff (Campbell 2001). ** 3. Mechanically remove H. helix including roots. All plant material that is pulled should be removed from the site. 4. Address sources of incoming seed, particularly from adjacent properties. Work in conjunction with the SJPT to decrease the occurrence of C. scoparius on Point Disney. Control strategies should include community education and involvement. Information should be shared with the residents of the island regarding the prevention and detection of invasive species, highlighting key vectors such as potted plant material, barged vehicles, dogs on the preserves, feral cats, and hay imported as animal feed. Although both the R. discolor found in large quantities at Cowlitz Bay Preserve and the pasture grasses which dominate all remaining grasslands could be targeted, they are so ubiquitous that urgency is low. These can be addressed in conjunction with restoration efforts that could include prescribed fire and reintroduction of native species. Monitoring Ongoing monitoring will be made easier by the mapping and inventory of invasive species; adopt monitoring program described above for fuels reduction and restoration silviculture (see section Monitoring Plan for Individual Tree Management of Quercus garryana). Monitoring will be especially critical where areas have been thinned and/or burned.



Conservation Strategy: Investigate extent of meadow-like soil in the southwestern portion of the preserve. Research hydrology of site. Conservation Target: Cowlitz Bay Grasslands Stress: Competition from invasive species (both native and non-native.) Source of Stress: Introduction of non-native grasses for livestock grazing, historical legacy effects (fire exclusion, grazing, altered hydrology). Strategy Overview A strategic approach for actions designed at improving the viability of the Cowlitz Bay grasslands is based more on what we don’t know than on what we do know. A frequently asked question during this planning process has been, “Prior to Euro-American settlement, were there significant occurrences of grassland in the non-forested areas of what is now the Cowlitz Bay
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Preserve?” Without knowing the historical landscape (species composition, communities, ecological processes) and thereby degree of change and degradation, it becomes very difficult to develop clear directives for restoration or management. A management plan designed to restore native grass species to this preserve must be wellconceived yet modified over time according to the paradigm of adaptive management, in which experimental approaches and ongoing research inform future strategies. One area of the preserve which warrants further investigation is the apparent meadow-derived soil identified recently (S. Martin, unpublished data). A finer-scaled approach to the mapping of this soils type would be valuable to determine appropriate sites for meadow or wet meadow restoration efforts. However, a first step is to understand Cowlitz Bay hydrology and how it has been altered. Although we cannot provide definite restoration guidelines given our limited understanding of the wetland complex and grass- and shrub-lands, we have identified a number of key questions regarding the historical vegetation composition of the preserve. 1. What was the historical flow of water before ditching and road building occurred? How has it been altered? What modifications can be engineered to restore the system to presettlement conditions? 2. What was the extent of native grass communities and where did they occur? What processes maintained them? What is the extent of the meadow-like soil? Is it an anomaly or is it pervasive in certain areas? 3. Could the study of phytoliths help to recreate a picture of historical plant composition? 4. Is it feasible to restore native grasslands? 5. What is the relationship between fire and the distribution of native grasslands versus R. nutkana shrublands? 6. If the restoration of fire is deemed integral to maintaining the full biodiversity of Cowlitz Bay plant and animal communities, would the Waldron community support it? Action Plan for Grassland Restoration 1. Conduct a hydrological assessment of the preserve. (See description of Cowlitz Bay Wetland Complex above). Determine if water potentially diverted by ditches associated with county road should be returned to the site and how this might affect future restoration efforts. 2. Continue soil studies which aim to map the extent of the meadow-like soil. This would provide appropriate siting for initial meadow (or wet meadow) restoration. Explore the role that phytoliths could play in describing the historical vegetation structure of the site.
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3. Following results of both hydrological and soils studies, determine if this is a viable site for restoring. If it is deemed so, develop a research plan that provides an experimental approach to restoring native grassland species. This may include a combination of strategies such as fire, mowing, herbicide, spreading seed, or planting plugs.



Conservation Strategy: Limit human activity during mating/breeding season and provide nesting habitat (nest boxes) Conservation Target: Rare avian species, Progne subis (purple martin), Falco peregrinus (peregrine falcon), Haliaeetus leucocephalus (bald eagle). Stress: Nest site disturbance, lack of nesting habitat, competition for nesting sites. Source of Stress: Human activity, historical logging and snag removal, introduced aggressive birds (European starling) Strategy Overview The strategies recommended for improving the viability of rare avian species are designed to directly abate the stresses. Nest site disturbance due to human presence on the preserves is primarily a concern for the pair of F. peregrinus that resides on Bitte Baer Preserve. Historically, good communication between island residents and the local caretaker has resulted in very little human activity in the vicinity of the peregrine’s scrape during breeding and nesting times. Communication—directing people to stay a certain distance away from the nesting site between mid February and the first of July—usually takes place either in the form of announcements made at the monthly community meetings, postings on the community bulletin board, or small signs placed near the falcon’s scrape. Most island residents are well informed of these seasonal restrictions, yet these preserves also receive human visitors from elsewhere and these guests may or may not be informed. The best repository of past and current issues relating to human activity and preserve access is the current caretaker, T. Scruton; management actions regarding to rare avian species should be not undertaken without his advice. Proposed restoration activities for Bitte Baer Preserve must take into account sensitive avian populations. Falcon Research Group (FRG) has recommended that human activity and noise should be restricted from February through mid July. Details about what level of activity constitutes disturbance were not provided with this recommendation, so specifics should be determined by consultation with FRG, TNC biologists, and the preserve caretaker. Strategies that prescribe major structural alterations in forests and woodlands, such as tree felling and removal of stems (individual tree management for Quercus garryana, etc.) specify leaving standing dead trees. Snags located near openings (meadows, marshes, or estuaries) were preferred nesting sites for the secondary cavity nesting P. subis. Alternatively, providing wellplaced nesting boxes has been an effective means of reestablishing breeding colonies of P. subis in the Pacific Northwest (Fraser et al. 1997, Van Der Ford 2001). Efforts to restore a nesting population of P. subis on Waldron Island have been underway since 2004 (T. Scruton, pers. comm.), when a small number (6-10) of nesting boxes were installed on private land. The boxes in use were designed to attract only members of P. subis and not the more aggressive Sturnus
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vulgaris (European starling). Nesting boxes used should meet the standards published by local and national avian conservation associations. When placing boxes further consultation should be taken so that optimal distance from tress and openings is adopted. Furthermore, reintroduction efforts in the neighboring Canadian Gulf Islands have shown that P. subis have a strong preference for nesting boxes placed very near open water (Fraser, et al. 1997). Action Plan for Rare Avian Species 1. Maintain communication with community regarding sensitive avian nesting areas and particular times when restrictions on access may apply. 2. Acquire 20 P. subis nesting boxes, along with appropriate mounting equipment, by late winter 2006. 3. Survey lower marsh in Cowlitz Bay and Quercus garryana savanna for attractive sites for nest box installation. 4. In consultation with avian biologists and caretaker, delineate nest box locations. 5. By April 2006, install 10 boxes near the lower marsh in Cowlitz Bay Preserve. 6. By April 2006, install 10 boxes in an open area within Quercus garryana savanna on Bitte Baer Preserve. 7. Monitor nest boxes annually, repair or remount as necessary. Monitoring Plan for Rare Avian Species Monitoring of the single pair of Falco peregrinus (peregrine falcon) residing on Bitte Baer Preserve is currently being conducted by FRG. Each scrape is visited at least once during late spring just before fledging. Information collected includes location, current use (signs of nesting), evidence that eggs were laid, and, if eggs were laid, hatching success. FRG monitors when nesting activity has taken place but there are clear signs of nesting failure (dead or missing chicks, unhatched eggs), along with causes of failure. Cool, rainy weather during the months of March and April is one of the leading causes for nesting failure among the F. peregrinus population in the San Juan Islands (B. Anderson, pers. comm.). Comments from FRG regarding the 2004 nesting failure on Bitte Baer included possible nest predation by fox. Continued monitoring of the F. peregrinus pair by FRG should be encouraged and supported by TNC by assisting with logistics as requested. Communication between TNC and FRG should occur regularly, preferably just before and after FRG visits the Waldron site. Monitoring of Waldron’s Haliaeetus leucocephalus (bald eagle) population has been conducted by Washington Department of Fish and Wildlife (WDFW) since 1974. Aerial based surveys are flown on a five year basis. Known nest locations are checked for activity and occupation in addition to documenting any new locations of nest sites. Again, TNC staff or Waldron’s preserve caretaker should engage in frequent communication with WDFW regarding the status of Waldron’s H. leucocephalus population, including any management actions that need to take place to ensure the population’s viability.
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Monitoring of newly placed nesting boxes should be done annually. Notes should be recorded as to what species, if any, are using the boxes. A five-year maintenance schedule should be followed in order to maintain clean and functional nesting boxes.



Conservation Strategy: Increase native species cover and richness by reintroducing native forbs and grass species. Conservation Target: Bitte Baer bald grasslands Stress: Decreased native species cover and richness. Source of stress: Altered fire regime, introduced exotic species, past grazing. Strategy Overview Although format constraints of a conservation plan requires addressing conservation targets separately, they are ecologically—and at times operationally—connected. This is the case with the grassland community, Q. garryana savannah, and the mixed Quercus–Pseudotsuga woodland communities on the Bitte Baer Preserve. A short term strategy of individual tree management has been defined to ensure survival of Q. garryana; however, an integrated, long term strategy requires the reintroduction of native herb species to the savannas and grasslands of Pt. Disney. These plant associations share a dynamic border and should be treated as one large, interacting system. It has been widely speculated that the prairies of the Puget Sound Region, now greatly reduced in size, persisted in areas of gravelly, fast draining soils which had seasonal periods of low rainfall. Contributing to their persistence was the occurrence of fire, both natural and anthropogenic (Franklin and Dyrness 1988). The slopes of Point Disney may provide good conditions for native prairie restoration due to shallow, rocky soils, the southeastern exposure, and low precipitation typical of the San Juan Islands rainshadow. The soil is mapped as “Rock land, steep”, characterized as having fast draining soil (Schlotz 1962). Projects aimed at the restoration of grasslands on this preserve should begin on a small scale and employ aspects of experimental design. Lessons learned from similar locations, such as Yellow Island, should be employed. The G1S1-ranked red fescue community on the steep rocky slopes of Pt. Disney could be used as a seed source for restoration efforts, supplemented by planting plugs. Ongoing maintenance and long-term viability of native grasslands will almost certainly require prescribed burns. Key ecological questions to address: 1. Would Festuca rubra, Festuca idahoensis, or both species be appropriate for seeding and out planting on the eastern slopes of Point Disney? 2. Would a Festuca-dominated community be able to out-compete existing non-native grasses which are well established? 3. What other native forbs and grasses should be re-introduced?
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Action Plan Outline for Bitte Baer Grasslands: 1. Conduct further research on the grassland areas. Set up vegetation plots. Conduct current vegetation sampling of BB to determine what native forbs are present. 2. Identify suitable areas for implementation of experiment. Use updated soil survey info (now in process) to guide restoration efforts. 3. Design a restoration plan based on further research and other restoration projects that have occurred in the region (i.e., Yellow Island, San Juan Island). Develop an experimental approach to test the different methods/tools for reducing non-native cover. The following is a list of possible experimental techniques for research: o o o o o o o



Herbicide treatment (e.g., Poast, Roundup, etc.) Burn treatment Plant and seed natives Herbicide + burn Herbicide + plant Herbicide + burn + plant Perhaps include a mechanical treatment (i.e. weeding or mowing)



4. Gather Festuca rubra seed from the western slope of Point Disney for direct seeding or propagation. 5. Reintroduce fire: ongoing maintenance of grasslands by relatively frequent, low intensity prescribed burns (based on fire history data) 6. Monitor response.



Summary of Additional Strategies and Research Needs Investigate impacted hydrology across whole Cowlitz Bay Preserve • Define drainage basin and map major flow pathways • Quantify inputs, determine degree of alteration • Investigate stability/longevity of upper marsh dam Investigate lower marsh for evidence of estuarine elements • Sampling and analysis of sediment, 2 scenarios (appendix). Better characterization of wetland plant communities • Thorough wetland plant survey on both marshes
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Prevent recreational and other human disturbance to key avian species • No noise disturbance around falcon scrape and eagle nesting trees from Feb 1st – July 15th o Post notice on community bulletin board o Modest signage displayed in vicinity of nest sites o No dogs Enhance habitat and nesting sites for purple martin • Provide clusters of nesting boxes in key areas on both preserves • If necessary, broadcast martin calls during spring to attract 1st year returning martins Community involvement / Transparency of management plan • Attend community meetings to keep Island informed • Organize a limited number of volunteer activity days • Circulate contracts locally • Hire local labor • Conduct special presentations regarding proposed management actions
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Appendix A Table 5. Timeline for implementation of highest priority conservation strategies. Strategy



2005 Sp



Su



2006 F



W



Sp



Su



2007 F



W



Sp



Su



2008



2009



2010



2015



2020



F



Complete Conservation Area Plan Stop loss of large, low vigor Q. garryana in savanna, woodland and forest areas. Develop Q. garryana vigor classification system Inventory Q. garryana at Bitte Baer site—vigor and location Inventory existing roads and former skid roads Develop oak release prescriptions, including road locations Implement oak release prescription Monitor tree response to release with vigor classification system Reverse encroachment by P. menziesii into prairie and savanna area to stop decline/loss of Q. garryana and native understory species. Identify and delineate areas for mechanical treatment Implement prairie and savanna reclamation, including slash removal Silvicultural intervention of Cowlitz Bay forest Identify and delineate areas for mechanical treatment Implement prescriptions as described in Conservation Area Plan Control current invasive exotic species and prevent new invasions—both sites. Annual invasive species inventory and eradication—target highly invasive woody species Make contact with other landowners re. invasive species control on non-TNC property Design and implement experimental methods of reducing nonnative herb cover in Bitte Baer prairies (e.g., fire, herbicide, etc.)
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2025



Strategy



2005 Sp



Su



2006 F



W



Sp



Su



2007 F



W



Sp



Su



2008



2009



2010



2015



2020



F



Site selection for experimental treatments Pre-treatment characterization Initiate experimental treatments—coincides with fire strategies Monitor response Reintroduce fire to Bitte Baer ecosystem Select targets and pilot areas for prescribed fire Feasibility study—logistics, protection resources, etc. Develop Fire Management Plan Fuels reduction on areas selected for prescribed fire Begin reintroduction of fire to prairie and savanna at small experimental scale Conserve key avian species Install nest boxes for purple martin Post notices discouraging human and dog traffic near critical peregrine falcon nesting habitat (as needed)
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Appendix B. Oak Vigor Assessment Catalog [Attached via electronic file; to be incorporated into hardcopy.]
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Appendix C Named Plant Associations and Descriptions For original data, refer to Washington Natural Heritage Program Reference Desk. [Online at: http://www.dnr.wa.gov/nhp/refdesk/communities.html]
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FESTUCA RUBRA – GRINDELIA STRICTA – (CAMASSIA LEICHTLINII) Common Name: Red fescue – Oregon gumweed – (great camas) Abbreviated Name: FERU-GRST-(CALE) Synonym: Festuca rubra – Grindelia integrifolia var. macrophylla – (Camassia leichtlinii) Sample size = 18 plots DISTRIBUTION: This association occurs in San Juan County, on western Whidbey Island (Island Co.), and islands of western Skagit and western Whatcom counties. It probably occurred historically, and could still occur rarely, in northeastern Clallam and northeastern Jefferson counties. It also occurs in the adjacent Georgia Basin of British Columbia. GLOBAL/STATE STATUS: G1S1. There are nine known occurrences in Washington of fair to good integrity. It was probably more extensive historically. Threats include invasion and increase of non-native species, invasion of trees and shrubs with lack of fire, development, and recreational impacts. ID TIPS: Dominated or co-dominated by native varieties of red fescue. Roemer’s fescue absent or rare. Located on bluffs or shallow soils near saltwater. Oregon gumweed or great camas present. Indian’s dream absent. ENVIRONMENT: These sites are very dry. Found only near saltwater shorelines on shallow soils over bedrock or on steep glacial bluffs. Soils on the glacial bluffs are very sandy and/or gravelly in texture. Slopes can be nearly flat to very steep. Aspect is most often south to west but is variable. Found in only relatively dry climatic areas (Olympic Mountains rainshadow). Precipitation: 21-33 inches Elevation: sea level to 100 feet Aspect/slope: variable, mostly S to W/ 3-92% (mean 35%) Slope position: short, lower, plain, mid, ridgetop Soil series: rock land, rock outcrop, rough broken land, San Juan Special: near saltwater (saltspray) DISTURBANCE/SUCCESSION: Historically, some of the balds where this association occurs (and probably this association also) were more extensive than currently due to indigenous human burning. Other sites may not be much different in size than in the past. Many sites where this association currently exists appear to be marginal for Douglas-fir establishment and growth to maturity due to extreme summer drought conditions, except at edges or moist microsites. The shrubs common snowberry and Nootka rose can occur and sometimes increase over time in the absence of fire. Overall there is considerable likelihood that, in the absence of fire, some of these sites will eventually convert to shrublands, coniferous woodlands or forest. VEGETATION: This is a grassland or mixed grass-forb community. It is dominated or co-dominated by native varieties of red fescue. The forb great camas is often present and can be prominent to codominant. Other frequent herbaceous species include Oregon gumweed, field chickweed, yarrow, Hooker’s onion, and wood-rush. Frequent non-native species include hairy cat’s-ear, soft brome, common velvetgrass, silver hairgrass, early hairgrass, rip-gut brome, sheep sorrel, and English plantain. CLASSIFICATION NOTES: This association has not been described in the literature. It is called FERU(CALE-GRST) by NatureServe (2004) and includes what is herein referred to as FERO-CALE. MANAGEMENT NOTES: Monitoring and control of Douglas-fir, Nootka rose, and common snowberry encroachment is recommended in order to prevent loss of the association through successional processes. Scot’s broom (Cytisus scoparius), a nitrogen fixing non-native shrub, is a potential severe threat that should be monitored and controlled. Native species composition is threatened by increase and expansion of non-native grasses. Recreational projects should avoid high-quality examples of this association because of the potential for spread of non-native species and other impacts.
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BIODIVERSITY NOTES: Golden paintbrush (Castilleja levisecta), federal threatened/state endangered, occurs in this plant association. Many probably declining plant species are found in this plant association. Vegetation Composition Table (selected species): Con = constancy, the percent of plots within which each species was found; Cov = cover, the mean crown cover of the species in plots where it was found.



FERU-GRST-(CALE) (N=18) Trees Douglas-fir



Kartesz 2004 Name Pseudotsuga menziesii var menziesii



Con Cov 33 1



Shrubs, Subshrubs, Woody Vines Nootka rose Rosa nutkana Graminoids



56



2



red fescue soft brome



Festuca rubra Bromus hordeaceus



100 78



37 5



silver hairgrass common velvet grass early hairgrass



Aira caryophyllea Holcus lanatus Aira praecox



67 61 61



2 6 3



wood-rush rip-gut brome Kentucky bluegrass



Luzula (comosa, multiflora ssp multiflora) Bromus rigidus Poa pratensis



56 50 44



1 8 6



barren fescue rat-tail fescue



Vulpia bromoides Vulpia myuros



39 39



6 2



blue wildrye Forbs and Ferns field chickweed



Elymus glaucus



33



7



Cerastium arvense ssp strictum



89



4



hairy cat's-ear yarrow Oregon gumweed



Hypochaeris radicata Achillea millefolium var occidentalis Grindelia stricta var stricta



89 83 83



3 4 4



sheep sorrel English plantain



Rumex acetosella Plantago lanceolata



67 61



3 5



great camas Hooker's onion American vetch



Camassia leichtlinii ssp suksdorfii Allium acuminatum Vicia americana ssp americana



56 56 39



11 2 6



tomcat clover bare-stem lomatium Wallace's selaginella



Trifolium willdenowii Lomatium nudicaule Selaginella wallacei



39 33 33



1 9 3



meadow death camas



Zigadenus venenosus var venenosus



33



1
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Appendix D. Preliminary proposal for investigation of lower marsh History of “Closed Lagoon” or lower marsh, western Cowlitz Bay Preserve The content of upper sediments from this shallow pond should indicate whether the basin was open to the Puget Sound within the recent past. Specifically, if the basin was connected to the Sound in the early 20th century, there should be a transition from saltwater to fresh water indicators within the top meter of sediment. The nature of the transition will depend on the degree of openness to the sound. Scenario 1: If the connection was large, the corresponding sediments should be sandy, low in organics, and may contain shell fragments. In this case, simple visual and textural analysis will indicate previous connection to the Sound. Scenario 2: If the connection was small (e.g., the width of a boat), the transition will be subtle and possibly evident only in diatom assemblages. Diatom species are sensitive to salinity, and the composition of diatom communities has been widely used to reveal marine-freshwater transitions. In this case, sediment cores would require chemical treatment and microscopic analysis. Determining the date of the transition will be problematic in either scenario. Costs Fieldwork (both Scenarios): 2 person, 1 day Field equipment: available through CFR paleo lab Analysis: Scenario 1: 1 day core description in lab: 1 person hourly Scenario 2: 1 month (?) for lab work (including chemicals) plus analysis (~$5,000)
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