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Abstract:

 Conservation thinking will benefit from the incorporation of a resilience perspective of landscapes as social-ecological systems that are continually changing due to both internal dynamics and in response to external factors such as a changing climate. The examination of two valley oak stands in Southern California provides an example of the necessity of this systems perspective where each stand is responding differently as a result of interactions with other parts of the landscape. One stand is experiencing regeneration failure similar to other stands across the state, and is exhibiting shifts in spatial pattern as a response to changing conditions. A nearby stand is regenerating well and maintaining spatial and structural patterns, likely due to the availability of imported water associated with upstream urban development. Valley oak stands have a capacity for reorganization as a response to changes in the landscape and environmental conditions. This reorganization can benefit conservation efforts; however, we must ask what limits there are to valley oak’s capacity to reorganize and still maintain its ecological function in face of increasing changes in climate and land cover. The usefulness of resilience as a concept in conservation is discussed at several scales from the stand to the landscape.
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1. Introduction

Climate change and other human-induced modifications in land use and land cover are presenting novel conditions to which ecosystems and conservationists must respond [1,2]. Recognizing the importance of spatial and temporal dynamics in landscapes is necessary as conservation responses to new conditions develop. Increasingly, conservationists recognize that restoring an idiosyncratic ecological pattern or working to maintain a system in equilibrium is problematic. Ecosystems and landscapes have functions beyond maintaining a particular pattern of composition and arrangement, and any current landscape pattern is only one manifestation of dynamic processes that can produce many possible outcomes emerging from a complex system of biophysical and social interactions [2,3,4,5].

While the notion that no patch of land, preserve, or landscape can be independently preserved and isolated from the broader environment goes back many years, perhaps to George Perkins Marsh [6], it is only in the last few decades that conservationists began to incorporate the ideas of “ecosystem management” [7,8,9] and “landscape management” [10,11,12,13] into conservation planning. Today conservationists are increasingly aware of spatial and temporal dynamics that affect local conditions and have implications for perhaps distant ecosystems connected through exchanges of biomass, energy, nutrients, and genetic material. The concept of teleconnections [14] is emerging in land change science as a means to describe these distal connections. Landscape ecology has improved our understanding of the importance of spatial phenomena including the heterogeneity, size, shape, and connectedness of landscape elements [15,16,17]. One result of this improved understanding is efforts to focus on connecting habitats across larger areas, developing regional conservation plans to allow for the continued dispersal of organisms, abiotic flows, and processes, through landscapes that are filling in with new types of habitat or land cover that might act as barriers or alter these processes (e.g., The Rim of the Valley Corridor in southern California (US National Park Service) [18]. Yet even as these ideas of landscape ecology are implemented, conservation practices within the assembled mosaic of habitats and corridors tend still to focus on facilitating or retarding particular flows, maintaining a particular composition and structure of species and populations, or to restore a historical composition and structure from a past point in time [2].

Taking the view that a landscape is a complex social-ecological system, we suggest a resilience approach to conservation applied at the landscape scale. Resilience has been defined as the capacity of a system to absorb disturbance and re-organize while undergoing change so as to still retain essentially the same function, structure, identity, and feedbacks [19]. The components and connections that comprise a landscape are continually changing to produce emergent outcomes. Human activity to arrest this process in a desired state requires high inputs of energy, matter, and information, making the ecosystem increasingly costly to maintain, and may alter the capacity of a landscape to self-organize [20]. Connections among landscape elements exist with or without planned conservation corridors to maintain connectivity. Just as an individual conservation reserve cannot be isolated from the broader environment, a regional conservation mosaic of patches and corridors cannot be isolated, and both are parts of a human-environment system. Rather than attempting to guide or control the structural and spatial outcomes of ecological processes, an approach that allows spatial and temporal patterns of composition and structure to change within identifiable thresholds, while maintaining ecological functions, may be more realistic.

A resilience approach to landscape conservation must be flexible, allowing landscape features, such as nature preserves, to adjust and respond to changing conditions in other parts of the landscape. Such an approach starts with adaptive management practices at the patch level and extends them to consider the broader functioning of the landscape system as a whole. This will require imagination, creativity, and an open mind to pragmatic plant and animal communities and habitats that may be unfamiliar, but continue to support broader ecological functions within the landscape.

We discuss the idea of landscape as a complex ecological system in the context of two nature reserve sites in the Santa Monica Mountain National Recreation Area, California, USA. Each of the sites hold stands of Quercus lobata (valley oak), an endemic California oak experiencing habitat loss and regeneration failure throughout the state. Climate change threatens valley oak as well due to potential range contraction as its climate window shifts northward. While valley oak is of concern to conservationists across California and around the world, what is of particular interest to this paper is how these two sites within 5 km of one another have experienced different spatial and temporal dynamics. We expect that differences in landscape connections and ecological flows as a result of environmental change in the surrounding landscape will lead to different outcomes for the two sites. In the context of regional drought and increasing landscape development we ask whether valley oak here shows signs of the regeneration failure seen elsewhere and how landscape patterns manifest themselves in this context. Specifically we examine the habitats within these sites where valley oak stems have established in the past, and where and if they are currently regenerating.


1.1. Resilience and Landscape

As with ecosystems generally understood, the landscape ecosystem is an open system with inputs and outputs of energy, matter, and information. Thinking of the landscape as an open system lends itself well to a general systems approach. This general systems approach is a strength of the landscape ecosystem we found expressed in Malanson’s [21] view that “general systems theory provides a rationale” for combining reductionist and holistic approaches to eliminate peripheral questions while maintaining analysis of interactions among phenomena. Stoddart [22,23] has elaborated on the applicability of a systems approach in geography and Homer-Dixon [20] applied the idea of energy input and output to explain the rise and fall of the Roman Empire in terms of energy required to develop and sustain the Empire’s material and social structure.

Landscape features interact with each other and a complex systems approach is helpful in understanding how. Features are dynamic subsystems at one scale and may change from one type to another for various reasons. At the landscape scale, the strength and route of connections change between features. As an open system, matter, energy, and information are also flowing into and out of the landscape. While the interchangeability of matter and energy are frequently discussed, the inclusion of information with these is less common, but necessary, when attempting to include all features in the landscape. We follow Stonier [24] in defining information in terms of its capacity to organize a system. While both human social rules and physical rules govern feature interaction, these rules are not static, and features self-organize to better operate in response to these rules as they change. These feedbacks cause learning that is remembered, reapplied in future scenarios, and modified through time. This notion of a dynamic, learning landscape is essentially a description of a complex system exhibiting aggregate complexity as described by Manson [25]. Further, Malanson [21] has suggested that geography is particularly well suited to contribute to complexity science because of the discipline’s focus on the creation of place through emergent outcomes dependent on location, and O’Sullivan [26] has noted the particular applicability of aggregate complexity within geography.

Manson [25] identified six key attributes of aggregate complexity: relationships, internal structure, environment, learning and memory, emergence, and change and evolution. The shift towards understanding emergent properties of social-ecological systems, such as the presence of valley oak, requires focusing on the relationships and internal structure of the system. This again reinforces the need to include all of the components of the system, both human and natural. Understanding the evolution of a system, driven both by changing internal structure and from external environmental influences, is necessary to elucidate if the social-ecological system exhibits learning and memory that may increase future resilience.

This conception of landscape as a system of features that are interacting via exchanges of matter, energy, and information fits well with the notion of aggregate complexity described above. The flows of matter, energy, and information are the relationships that tie features together and are reorganized over time in reaction to internal and external forces. Some relationships happen over fine scales, such as surface flow of water, or predation, and some relationships happen over much broader scales, such as climate effects on landform development, and vegetation. For example, Mclaughlin and Zavaleta [27] discuss different factors likely influencing valley oak recruitment differently at the site and regional scales. To address the conservation of valley oak in terms of resilience in this landscape is to ask how the system can and cannot change at the site scale while retaining the species as a functional landscape component.

Fundamental to thinking about the resilience of a landscape as a social-ecological system is the notion that these systems are constantly changing. That is change, rather than equilibrium, is the norm and may appear linear near one stable state but is frequently non-linear in far from equilibrium states [28] where thresholds between multiple stable states exist. Holling and Gunderson [29] describe this generalized cycle of change in terms of four stages: exploitation, conservation, release, and reorganization. This adaptive cycle happens at multiple scales that interact with one another such that finer scales move through the cycle more quickly and broader scales more slowly. The small, fast cycles provide constant change and the large, slow cycles provide boundaries for that change [30]. Key to the application of this maturing body of theory to conservation concerns is the clarification of “resilience of what to what?” [31].



1.2. Valley Oak

Valley oak (hereafter QULO) faces a number of conservation challenges and has been the focus of much attention due to concerns about regeneration failure [32,33,34], habitat fragmentation and modification [35], and habitat shifts associated with climate change [36,37,38,39,40]. Climate change and continued land cover change are expected to further isolate QULO, limiting it to the coolest and wettest sites while also contracting its range [36]. However, the species is established across wide gradients of precipitation, temperature, and seasonality—variables forecast to change spatially and temporally in different ways—making generalizations about the spatial response difficult [39].

Valley oak is a deciduous species that is both flood and drought tolerant. Adult QULO are typically 10–25 m tall and 50–70 cm (dbh), but can be much larger [41]. The trees are long-lived and mature stands are typically 100–200 years old [42]. Though heart-rot in older trees makes exact dating very difficult it is estimated that some trees may live 400 to 500 years [32,42]. Valley oak is the dominant species in QULO woodland and QULO riparian forest. Valley oak woodland is savanna-like with widely spaced individuals and occasional clumps of several adults amid annual grassland. The stands are usually found in valley bottoms and floodplains associated with deep, fertile soils [35].

Changing climatic variables combined with landscape development presents challenges for conservation of QULO, and ecological conservation more generally, as species respond to changing conditions [1] and reorganize themselves on the landscape. Alterations in the structure and distribution of QULO stands could affect a number of related species and processes including woodpeckers, predatory birds, pollinators, seed dispersers, arboreal and burrowing mammals, and reptiles, as well as rates of soil and landform development [35,43]. Demographic studies and inferences about the regeneration problem in QULO stands remain inconclusive when examined on the whole [37,38], although recent work has shed more light on long term demography and response to climate and disturbance [39,40,44]. While most studies have found seedlings and saplings to be absent or rare (e.g., [32,45,46]) it is difficult to generalize from these findings because of the focus on a single sites at a single point in time [38,39]. Results of demographic studies vary considerably with site-level characteristics as well, such as whether the site was grazed, the amount of precipitation in years immediately preceding the survey, and climatic conditions of the site [37]. Tyler et al. [47] noted that rates of oak recruitment have been lower in savannah than woodland settings elsewhere; they cited lower adult tree density and reduced probability of dispersal as a potential cause. Valley oak seedling growth has been positively correlated with soil moisture [48] and lower groundwater levels associated with QULO mortality [34], suggesting the importance of changes to the hydrologic regime. McLaughlin and Zavaleta have found QULO may be already shifting to cooler and wetter micro-climate refugia [40], and that recruitment has occurred to varying degrees at 70% of sites initially surveyed 20 to 40 years ago [27].

Recruitment levels found in previous studies do not seem to be associated with independent variables such as location, precipitation, or land management regimes, with the caveats that designation of a site as a nature preserve was associated with the probability of regeneration presence [38] and that research reserves were found to have lower recruitment than other management regimes [27]. We are aware of no studies of QULO stands that consider them in a systems framework.




2. Methods

The sites compared in this paper are Cheeseboro Canyon (CHE) and Paramount Ranch (PAR), both conservation areas within the Santa Monica Mountains National Recreation Area, managed by the US National Park Service (NPS) (Figure 1). The sites have complicated ownership and land use histories including livestock grazing and dry-land farming. The predominant use of the sites now is for hiking, mountain biking, and horseback riding. Paramount Ranch was intensively used for film and television production until around 1980, and it is still used for this on a limited basis as approved by the NPS. Grazing continued at CHE into the late 1980s when NPS began acquiring the land. Grazing no longer occurs at either of the sites. Valley oak planting efforts have begun at CHE to aid recruitment and the GPS coordinates of planted saplings are recorded by the NPS—these planted trees were not included in data reported here.

Figure 1. Sapling and adult stems are mapped on a 7 m contour interval map shown against a 10 m DEM. (a) Saplings at Cheeseboro Canyon (CHE) are found primarily along the stream and road corridor on the west side of the site; (b) Saplings at Paramount Ranch (PAR) are distributed similarly to adult stems; (c) The study sites are located approximately 5 km apart on the north slope of the Santa Monica Mountains National Recreation (SAMO) in southern California.
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Both sites are sub-watersheds within the Malibu Creek Watershed. The Malibu Creek Watershed was largely undeveloped until the arrival of a state water project (SWP) that brought municipal water to the area in the 1960s. CHE is at the terminus of a subwatershed drained by Cheeseboro Canyon and Palo Commado Canyon. Several streams, mostly channelized and concrete armored, drain the PAR subwatershed and flow into Madea Creek which runs through the PAR site (Madea Creek is not armored). Perhaps the most dramatic difference between the sites is the degree of land cover change experienced within the sub-watershed of each site. Home construction increased and impervious surface area with it following the arrival of the SWP (Orton pers. comm.) [49]. Currently the CHE sub-watershed is primarily open space (area enclosed by dashed line in Figure 2), with 2.1% impervious surface or urban land cover, while the PAR sub-watershed (entire area shown in Figure 2) is 25.8% urban land cover. The CHE watershed is contained within the PAR watershed. The watersheds shown in Figure 2 were calculated using the hydrologic modeling tools in ArcGIS 10.2.1 using a Digital Elevation Model (DEM) with 10 m resolution. Land cover was reclassified from the National Land Cover Dataset (USGS NLCD 2006) [50] to urban, woodland, and low vegetation. Stream gage records from Malibu Creek, downstream of both CHE and PAR, indicate increased discharge following both the SWP and increasing development in the watershed. We examine the spatial and temporal dynamics of QULO stands in the context of this upstream land cover change and increased urban runoff.

Figure 2. Land cover in the CHE and PAR subwatersheds of the Malibu Creek Watershed. Entire land cover data extent is the watershed of PAR. Area enclosed by dashed line is the watershed of CHE. The watershed of CHE is contained in the watershed of PAR.
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To assess stand structure and spatial dynamics we collected data on stem diameter (dbh), location (UTM coordinates), and topographic position. We also calculated the distance from each stem to the nearest stream. To examine regeneration and whether saplings are differing in establishment patterns from past adult establishment we distinguished between adult stems (dbh ≥ 10 cm) and sapling stems (1 ≤ dbh < 10 cm). All stems greater than 1 cm dbh were measured and mapped at both sites.

To examine associations among adult and sapling establishment sites we recorded the topographic position of each stem along a categorical gradient (floodplain, swale, hillside, or hilltop) and within slope aspect classes. Stem dbh and location were recorded using a Garmin GEOXH GPS (average accuracy 30 cm) and stored in an ArcGIS geodatabase. Stems were designated with a hillside classification if they were found on a shoulder, backslope, or footslope position. Aspect was recorded for stems found on hillside positions. A 10 m resolution USGS National Map DEM was classified into topographic and aspect categories to determine the proportion of each study site occupied by the topographic and aspect classes. Finally, a streams layer was digitized from USGS Digital Orthophotos to allow analysis of the distance between stem locations and the nearest stream channel.

Using the above data, the proportion of stems found in each topographic and aspect class was calculated to assess patterns in the distribution of QULO stems among topographic position classes. In addition, the distance of each stem to the nearest stream was calculated using the “near” command in ArcInfo 9.2 [51]. These calculations allowed us to ask two specific questions: is the proportion of stems that is found in a particular topographic class approximately equal to the proportion of the study site occupied by that class; and, is the median distance between stems and stream channels changing for smaller trees. We asked these questions for all of the stems at each site, as well as for adult stems (dbh ≥ 10 cm) and sapling stems (1 ≤ dbh < 10 cm) to assess whether patterns in stem establishment were changing. The above methods are discussed in more detail in Hayes [52].



3. Results

Examination of the dbh data revealed two very different size-class distributions at the two sites. Although saplings were the most abundant stem size at both sites, the distributions differed from there (Figure 3). Sapling stem density was much higher at PAR than at CHE and PAR had a much more even size-class distribution for stems dbh > 20 cm. Sapling to adult ratios were 0.5 at CHE and >1 at PAR. In addition, CHE had a near absence of stems in the 20 cm–40 cm dbh range, suggesting past recruitment failure or disturbance. Tree size was larger on average (median) at CHE, but also more variable, than at PAR.

Figure 3. Size class distributions (10 cm dbh increments) of QULO stems at (a) CHE and (b) PAR. CHE had fewer stems overall and fewer saplings. A conspicuous gap in the distribution at CHE indicates past regeneration failure or disturbance as saplings failed to survive into the 30 and 40 cm size classes. Sapling mortality is noticeable at PAR; however, saplings are still surviving into larger size classes and the distribution of stem size is more even at PAR with similar numbers of old and young stems.
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Mapping the stems reveals that saplings are more spatially restricted at CHE than at PAR, in addition to being fewer and lower in density (See Figure 1a,b). Saplings at CHE are exclusively found along an intermittent stream channel, roughly paralleling a paved road running past the site. Conversely, saplings at PAR appear more widely distributed across the site and in similar proportion to adult stems. These observations are supported by categorical habitat mapping of saplings and adult stems, as well as examination of distance of stems to the nearest stream.

The proportion of stems found in each topographic class was disproportionate to the area occupied by the topographic classes, with the exception of adult stems on hillsides at CHE and hilltops at PAR where the proportions were similar (Figure 4). In general, for both sites, floodplain and hillside classes had a higher proportion of stems than the proportional area of those classes, and swale and hilltop classes had lower proportions of stems than expected, given the proportion of the study sites those classes occupied. Adult stems were found in all topographic class at CHE, yet saplings were absent in all but the floodplain. The proportion of adult stems occurring in floodplain and hillside positions (combined) was over 0.80 at both sites. At PAR more than half (0.56) of all adult stems were found on hillsides and over a third at CHE (0.37). Additionally, 0.68 of saplings at PAR were found on hillsides; however, no saplings were found on hillsides at CHE. While half of all adults (0.54) were found in the floodplain at CHE, all saplings were found there. The proportional distribution of stems among aspect classes indicated similar differences between the two sites (Figure 5). Although adult stems at CHE were found on a variety of hillside aspects, no saplings were found on hillsides in any aspect class. At PAR saplings tended to occur at similar proportions as adults, with the exception of NE facing slopes where saplings had a higher proportion (0.47) than adults (0.23) and on E facing slopes where adults were more abundant (0.26) than saplings (0.16).

Figure 4. Comparison of proportional area of each site occupied by four topographic classes and proportion of adult and sapling stems found in the topographic classes. At CHE the proportion of adult stems in the floodplain and hillside classes was similar to the proportional area of those classes. Saplings at CHE were unevenly distributed with all sapling stems occurring only in the floodplain class. Adult and sapling stems at PAR tended to be unevenly distributed among the topographic classes; comparatively few stems were found in swales, while a relatively high proportion of stems were found on hillsides. The proportion of stems found on hilltops at PAR was similar to the proportional area of that habitat.
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Figure 5. Comparison of proportional area of each site occupied by eight aspect classes and proportion of adult and sapling stems found in the aspect classes. No saplings were found on hillsides at CHE and therefore the proportion of saplings is zero for all classes. Adult stems at CHE were disproportionately found on west and northwest facing hillsides, while at PAR both adults and saplings were primarily found on north, northeast, and east facing aspects.
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Distance to streams was more variable for adults at CHE than at PAR where stems tended to be closer to stream channels. The distance to streams for saplings was <100 m for all saplings at CHE, while the saplings at PAR were more variable in distance to streams and the maximum distance approached 200 m (Figure 6). This difference was reflected in a higher median distance for saplings at PAR. Wilcoxon rank-sum tests indicated that median sapling distance differed between CHE and PAR (p < 0.01), but that there was no statistical difference between the sites’ median distance of adult stems from streams.

Figure 6. Distribution of distance to streams for adults and saplings at CHE (top) and PAR (bottom). At CHE adult stems were much more widely distributed with distance from streams whereas saplings were all found within 100 m from a stream. At PAR adults and saplings were similarly distributed with distance from streams though saplings had a greater maximum distance and the median was slightly higher.
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4. Discussion

The QULO stand at CHE is experiencing a population decline and demographic shift toward a small, young stand as well as a spatial shift from a widely dispersed, savannah-like stand, to a riparian woodland. This pattern can be understood as a decrease in resilience of QULO in this location due to factors such as a warming, drying climate that led to reduced water availability and could continue until no more micro-climate refugia exist. Other historical land uses, such as grazing, mowing, or use of the land in film production can be understood as connections between landscape elements that introduced energy, matter, or information to effectively reduce the resilience of QULO in this location by directly or indirectly retarding regeneration. Evidence of mowing in different portions of the sites is visible in historical aerial photography and could have drastically influenced regeneration patterns but no reliable record is available. Until the point where QULO refugia have been entirely removed from the landscape, regeneration could occur if the climate somehow cooled and more water became available. At the point where QULO have been removed from the landscape, a threshold exists such that repopulation cannot occur without some new process to reintroduce the species. In terms of the adaptive cycle mentioned above, QULO at CHE are in the “backloop” of release and reorganization. Whether QULO will continue to exist at this site or other species will establish in the former QULO habitat remains to be seen. An example of this process may have occurred at Rancho Sierra Vista (RSV), a former QULO stand in the Santa Monica Mountains. Valley oak at RSV were surveyed as part of a QULO assessment in the 1980s [46]; however, in 2009 only two stems in poor condition could be observed there (Hayes, pers. observation).

The stand at PAR has a much more evenly distributed size-class structure, is regenerating well, and shows little sign of spatial shifts in habitat as compared with adult establishment sites. While PAR is exposed to the same landscape-level climate conditions as CHE, increased streamflow and greater availability of suitable micro-climate habitat have enhanced the conservation stage at this site. In spite of current regeneration and stand demographics, a decrease in imported water from upstream development would likely lead to a contraction of the stand to the Medea Creek channel—like the contraction of regeneration at CHE to the riparian corridor. Eventually, a similar size-class histogram as that seen at CHE would develop. Other site-specific factors are likely impacting the regeneration of QULO at the two sites including browsing and seed predation, competition from non-native species, and soil compaction from grazing and agriculture.

Both sites are near features where humans have heavily modified the landscape and are experiencing the same regional-scale cycles of precipitation; however, the watersheds of the two sites have very different upstream land cover characteristics. Of particular interest is urban land cover and its associated impervious surface area, which increases direct runoff to stream channels and stream discharge. Urban land cover is also associated with “imported water”, or municipal water brought from outside the region to supplement precipitation. Stream gauge data from Malibu Creek, downstream from both CHE and PAR, show that stream discharge increased and stabilized at higher levels following increased residential development and the arrival of imported water [49]. The result of increased urban impervious surface combined with imported water availability, for residential and commercial use, is greater runoff and stream discharge than the watershed would have experienced before development. Comparison of historical landscape photographs reveals that in spite of drier climate conditions, Madea Creek, which runs along the eastern edge of PAR has become a riparian woodland zone, whereas in the 1950s it was free of woody trees and shrubs, flowing intermittently through QULO savanna. Cheeseboro Canyon is still an intermittent stream today, though it too supports riparian species, only a few QULO saplings are found along this stream channel. Most of the saplings found at CHE are below the convergence of Cheeseboro Canyon and Palo Commado Canyon, which has some low-density residential development extending up the canyon from the CHE site.

In terms of a landscape system, QULO is resilient in the sense that it remains viable in combination with the increased availability of water that has come with urbanization. Without the imported water, however, QULO is not resilient to changing conditions as evidenced by regeneration failure at CHE. In this way, the resilience of QULO can best be understood as the emergent property of landscape features linked in a particular way. The longer term resilience of QULO in this landscape system, however, seems dubious in that the possibility of importing water into this arid landscape will become more difficult over time such that a landscape scale reorganization my not include QULO stands. To answer the question of “resilience of what to what” in the current organization of this system, the presence of QULO is resilient to climate change. In terms of sustainability, however, the likely link between QULO and imported water is not a sustainable one.



5. Conclusions

A resilience approach to landscape conservation requires flexibility and is more challenging than traditional conservation approaches because it requires an openness to a range of possibilities rather than a familiar or desired state. A landscape managed with resilience as a guiding principle rather than enumerated diversity and structural measures will look different over the years and may even look “unhealthy” in terms of past experience, but will maintain ecological functions and environmental services. To manage a resilient landscape will require understanding the ecological functions and environmental services that need to be maintained, and what the thresholds on biophysical variables are to maintain them. In addition to community composition and structure, managers will have to understand landscape composition, structure, and function to plan for potential spatial interactions and teleconnections across the landscape. Regional trends toward a drier and warmer climate are expected to force QULO regeneration and recruitment into microclimate refugia—the cooler, wetter sites—within landscapes [40]. As long as QULO remains present with population structure, function, and spatial pattern within the thresholds necessary for maintaining environmental services to the landscape ecosystem it can be thought of as resilient even as the landscape changes. As is demonstrated in this paper, other changes in the landscape may enhance or degrade the resilience of QULO at the scale of the stand. This sort of systems approach to understanding and maintaining resilience requires an interdisciplinary approach including both physical and social science perspectives.

Other questions remain about the future of QULO in Southern California and elsewhere in the state. As QULO responds to changes in the surrounding landscape and climate, it faces new ecological conditions and new community interactions and dynamics. How will QULO be able to compete with riparian vegetation and with CSS species on hillsides under changing climatic conditions and increasing urban development? The lack of general conclusions that can be drawn from previous research on individual sites suggests that both site-level factors and scale of analysis must be important and future work needs to account for differences among sites and the effect that the chosen scale of analysis has on the results. Here we compared two sites within one watershed and discussed how water availability at multiple scales can enhance the understanding of QULO patterns at these two sites. Examining and considering site and scale-dependent effects may complicate analysis, but could prove beneficial to conservation strategies for QULO communities which are likely affected by processes operating across sites at multiple scales.
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