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Abstract When a community or ecosystem is lost, some of its properties may remain,
leaving behind an ecological memory. The soil properties, spores, seeds, stem fragments,
mycorrhizae, species, populations and other remnants of the previous inhabitants contribute
to shaping the replacement community and building a new ecosystem. The loss of
ecological memory for the natural stability domain of a site reduces ecosystem resilience
and enables alien invasive species to become established more easily. These invasives may
eventually create a new ecosystem with its own ecological memory and resilience. These
new ecosystems are described here as novel ecosystems and are placed in the context of
adaptive cycles. Ecological restoration of urban ecosystems requires removing the
ecological legacy of invasive alien species. To be successful, invasive species control must
address both internal within patch memory of invasives and external between patch
memory. The restoration of Garry oak ecosystems (Quercus garryana), by students of the
Restoration of Natural Systems Program at the University of Victoria, British Columbia,
and a number of other examples are presented here that highlight why ecological memory is
especially important in urban ecosystems.
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Introduction

Ecological memory includes an internal component of biological legacies represented by
remnants of the original species in an area and an external component that encompasses
more mature surrounding support areas that are a potential source of immigrants or mobile
links to repopulate a site where species have been locally extirpated (Myers 1993,
Andersson 2006). Ecological memory adds to the capacity of a community to restore itself
after a disturbance. The species, interactions and structures that are part of ecological
memory make ecosystem reorganization possible (Bengtsson et al. 2003).
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Alternatively, ecological memory may prevent an urban ecosystem from reorganizing or
restoring itself. Ecological memory can include large catastrophic events such as a landslide
or major fire where the landscape has been altered on such a grand scale that it affects how
the site will be naturally revegetated or the likelihood that the site will be similarly
disturbed again in the future (Peterson 2002). A landslide may create a landscape that may
increase the likelihood of a future mass wasting event. Ecological memory may also include
legacies of alien invasive species (note that some native species can be invasive as well but
they do not have the same ecosystem impacts as alien invasives).

In cities, natural ecosystems often occur as patches of habitat connected by corridors
in a matrix of streets and buildings. The major ecological processes within a habitat
patch that determine biodiversity include competition and trophic structure and follow
assembly rules (Temperton and Hobbs 2004, Weiher and Keddy 1999, Polis et al. 1997).
Between habitat patches the major ecological processes include dispersal (immigration)
and dispersal agents such as ecological corridors that can act as dispersal filters.
Ecological memory includes the biological legacies within these habitat patches and
“mobile link” species dispersing this ecological memory along corridors from other
habitat patches (Nystrom and Folke 2001).

If a site has been disturbed, succession can occur as one community replaces another
over time in a defined sequence. The species and their interactions all contribute to a range
of responses to the disturbance and the outcomes. Each seral stage of, for example, grasses
or shrubs or trees has its own adaptive cycle that maintains that stage but also has the
potential to create conditions that favour the next seral stage in the sequence once a
threshold for change has been reached. If a higher seral stage is disturbed and the system
returns to a lower level, the system can draw on the memory from the higher levels of more
mature sites to help it “remember” how to return to the next seral stage (Holling 2001). In
urban ecosystems, invasive species have often inserted themselves into this process
resulting in dominant communities with associations that include alien invasive species,
often called novel ecosystems (Hobbs et al. 2006).

Urban ecosystems in particular are vulnerable to and affected by alien invasive species
through ecological memory. Alien invasive species can create their own ecological memory
that can preclude native ecosystems from becoming re-established. It could be that the
invasive species create a seed bank in the soil, enabling them to come back despite efforts
to eradicate them from a site. Seeds of Scotch boom (Cytisus scoparius), for example, can
persist in the ground for decades (Bossard 2000).

Invasive species can also alter the nutrient regime of the soil. Scotch broom is a
nitrogen fixer and increases the nitrogen content of soil in Garry oak (Quercus
garryana) ecosystems in British Columbia, enabling non-native orchard grass (Dactylis
glomerata), to invade the site (Garry Oak Ecosystem Recovery Team 2002). Or, the
antimicrobial action of some invasive species such as yellow lamium (Lamium
galeobdolon), can kill the mycorrhizae at a location that are needed by native species
to survive (Laggoune et al. 2008).

Urban ecosystems evolve as a result of the many and complex interactions between
socio-economic and biophysical processes (Alberti and Marzluff 2004). The loss of
ecological memory at a site through land use and management practices due to these
complex interactions makes these ecosystems more susceptible to colonization by alien
invasives.

However, conditions in urban ecosystems are not hopeless. There can still be native
species or their propagules on the site, or there can be recolonization from nearby habitat
reservoirs and refuges, or the historic ecosystem for the site can be re-established by species
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brought in through ecological restoration. Drawing on a variety of experiences presented
here I argue that restoring ecological memory, especially as it supports symbiotic
relationships, is especially important when restoring urban ecosystems. Also, it is important
that the ecological memory of invasive species not be neglected and that it is addressed in
ecological restoration.

Ecological memory and invasive species

Next to habitat loss, invasive species are considered to be the greatest threat to biodiversity
on the planet (Vitousek et al. 1997). The ecological threat from invasive species has led to
some fear-based resource management and inappropriate measures to control or eradicate
invasives (Gobster 2005). A better understanding of the role of ecological memory after a
disturbance caused by invasive species will lead to more effective restoration and
appropriate management of urban ecosystems.

Unmanaged landscapes tend to be a mosaic of patches with a variety of successional
stages. Managed landscapes tend to be spatially and temporally more homogeneous
(Bengtsson et al. 2003). In urban ecosystems these managed landscapes are often in the
form of backyards and manicured parks and they are similarly uniform without the habitat
mosaics and variety of successional stages characteristic of more natural landscapes. They
also have a high proportion of ornamental non-native species, some of which are
invasive. In contrast to this view of the urban matrix as a uniform landscape of housing,
roads, commercial properties, industry and ornamental plantings, each yard can be
considered to be its own habitat patch. Each yard is maintained independent of
surrounding properties. The combination of non-native species and small patch size
encourages invasive species.

Table 1 shows a summary of habitat patches in Metro Vancouver, British Columbia,
estimating numbers of patches based on land use in 2005. Assuming that each residential
property represents a habitat patch, there are 350,000 patches of less than one hectare in
area associated with housing. There are 515 other patches, some prime habitat with areas
greater than 1,000 ha. These larger patches are greatly influenced by what occurs in the
hundreds of thousands of small patches of “backyard habitat” in the matrix in which they
are embedded in the landscape. What happens in this matrix influences connectivity
between the larger patches of habitat typically found in parks and periurban areas (Rudd
et al. 2002). Attention to maintaining ecological memory in patches of backyard habitat is
one solution to reducing their vulnerability to alien invasive species and preventing the
spread of invasives to more intact urban ecosystems.

Ecological memory, ecosystem resilience and alien invasive species

Ecosystem resilience is defined as: “the capacity of a system to absorb disturbance and
reorganize while undergoing change so as to retain essentially the same function, structure,
identity, and feedbacks” (Walker et al. 2006). An urban ecosystem does not need to be in
balance and return to equilibrium after disturbance to be resilient (Wu and Loucks 1995).
Resilience enables an ecosystem to persist even though it may experience many changes in
space and time. A major component of ecosystem resilience is ecological memory
(Gunderson 2000). It contributes significantly to the ability of an ecosystem to persist
(Nystrom and Folke 2001, Bengtsson et al. 2003).
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Figure 1 shows the phases of an adaptive cycle as described by Holling (2001). A
resilient ecosystem is one which can maintain equilibrium within this cycle. Adaptive
cycles, such as seral stages in succession, maintain equilibrium in an ecosystem and exist
as hierarchies in nature. They can shift from one level to another once certain thresholds
are passed that prevent the reorganization of a cycle. For example, either moving a
successional sequence to a later stage or returning it to an earlier stage. That shift is called
a “revolt”. Ecological restoration contributes to remembering. Invasive species can lead
to revolt.

Novel ecosystems (Hobbs et al. 2006) mentioned in the introduction, can form their
own adaptive cycles (Fig. 2). Novel urban ecosystems are created by invasive species as
well as the environmental impacts of the complex interactions between socio-economic
and biophysical processes in cities. The adaptive cycles of urban ecosystems are

Fig. 1 The adaptive cycle that
maintains equilibrium in an
ecosystem consists of four phases:
a stage of exploitation represented
by “r”, the ecosystem analogy
to the growth rate of a logistic
population growth curve; conser-
vation represented by “k” or ,
the ecosystem analogy to the
carrying capacity of the logistic
population growth curve; “Ω”
representing the end or a destabili-
zation of the system, and; “α”
representing the beginning or
a reorganization that stabilizes the
system again. (Adapted from
Holling 2001). Ecological memory
is present in “Remember” in
the cycle and invasive species
are part of “Revolt”

Table 1 An analysis of habitat patchiness in Metro Vancouver, British Columbia. Shown here are the
numbers of habitats for patches varying in area from 0-1 ha to 1,001–10,000 ha. Housing numbers assumed
200 m2 for a single-family dwelling and adjustments for duplexes and apartments. Special places refer to golf
courses, airports, institutional properties and cemeteries. Ravine areas are underestimated because they are
based solely on the area of the ravine tops determined from orthphotos and do not include slopes

Habitat Areas (ha) Parks Housing Special Places Ravines Total Number

0-1 34 350,000 27 350,061

2–4 63 41 104

5–10 30 31 61

11–50 61 42 35 138

51–100 17 12 5 34

101–400 18 4 2 24

401–1,000 6 2 8

1,001–10,000 10 10

Total number 239 350,000 60 204 350,515

Total area 30,000 6,000 2,000 115,000
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maintained by internal patch memory from within and external patch memory from
habitat reservoirs. Invasive species create the “revolt” as described by Holling (2001) and
diminish the natural ecological memory of an ecosystem. They create an invaded
ecosystem. We use ecological restoration to return the invaded urban ecosystem to its
more natural state.

The loss of ecological memory at a site may make it more susceptible to
colonization by invasives and may make it more difficult to restore the site to its
natural state after invasives are gone. This is especially an issue in urban situations
where even the original soil is often removed and replaced with soil from somewhere
else, if it is replaced at all. Alternatively, soil brought to a site may be contaminated
with reproductive material from alien invasive species. This was my experience with
the Green Links Project, Greater Vancouver, British Columbia, where we used plantings
of native vegetation from 1996–2005 to improve habitat quality within patches of
habitat and strengthen connectivity between patches. The 75,000 plants used in the
project, typically from 1-gallon pots, were installed in city parks, riparian areas along
urban streams, in utility rights-of-way, boulevards, schoolgrounds, gravel pits and in
foundation plantings around buildings (Schaefer 1999). We frequently found ourselves
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Fig. 2 The roles of ecological memory in restoring urban ecosystems or, in the case of alien invasive
species, creating invaded urban ecosystems and novel ecosystems. The urban ecosystems, invaded urban
ecosystems and novel ecosystems presented here are viewed as forming adaptive cycles of their own and
maintaining equilibrium as described by Holling (2001)
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dealing with an invasive species problem because of contaminated soil we had brought to
the site, despite reassurances by suppliers that the soil had been sterilized. An infestation
of Canada thistle (Cirsium arvense) was especially severe in a 1 km hedgerow planting of
black cottonwoods (Populus trichocarpa) we had done in Delta, BC, in 2005.

One method in preserving internal patch memory in forests is to retain rotting tree
stumps and logs to stimulate regeneration in forest ecosystems (Turner et al. 1998). The
same would be expected in urban situations as a whole. Leaving small patches of soil and
humus undisturbed to serve as foci from which the site can regenerate can be an effective
management practice.

Restoring ecological memory to prevent invasive species outbreaks

More intact plant communities better resist invasions (Myers and Bazely 2003). The
resistance of plant communities to invasion increases with plant diversity if there are no
covarying extrinsic factors (Naeem et al. 2000). Alien invasive species benefit from
disturbed sites with poor ecological memory. If native vegetation is nearby as esternal patch
memory to provide seed stock, the area is more quickly recolonized by native species after
a disturbance. Preserving internal patch memory in the form of rotting tree stumps and logs
stimulates regeneration in forest ecosystems (Turner et al. 1998). The same would be
expected in urban situations as a whole. Similarly, leaving small patches of soil and humus
undisturbed to serve as foci for the site to regenerate can be an effective management
practice. Looking at the larger landscape, larger areas of natural habitat, in parks or in
periurban sites are sources of species to recolonize smaller patches within the city where the
species may be extirpated (Hanski 1999).

Invasive species are highly adapted to colonize disturbed sites and thrive when
removed from natural factors like the predators and diseases that normally keep their
populations in check. They tend to be either highly adaptable generalists, have short
generation times, reproduce vegetatively (rhizomes, fragmentation) or parthenogeneti-
cally (without the need for pollination), climb (twining, thorns, tendrils) or otherwise
possess characteristics that enable them to quickly out-number native species or occupy
degraded habitat. Invasive species are particularly destructive if they are ecosystem
engineers such as nitrogen fixers that radically change key features of an ecosystem
(Cuddington 2007).

Invasive species in natural ecosystems share many properties with invasive
microorganisms in the human body. Janssen (2001) suggests that there are many
similarities between the functioning of ecological economic systems and the human
immune system. As human immune systems have a capacity to protect themselves from
pathogens, so to do healthy natural ecosystems have an ability to protect themselves from
invasive species. However, if a pathogen successfully causes a disease (or if an invasive
successfully establishes itself and rapidly proliferates throughout the ecosystem), the
system moves from a preventative approach to one that requires a larger scale of response.
Once the infection in the body is gone a memory of the pathogen may remain in the form
of a memory T-cell, for example, that affords some future resistance to the disease it
causes.

An ecological memory of an alien invasive species that persists in an ecosystem
will prevent the invasive from becoming established again. This memory may be in
the form of the distribution and abundance of native species that ultimately, perhaps
over decades, successfully overcame the invasion and returned the ecosystem to its
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previous stable state. Such an ecological memory may offer some degree of immunity,
reduce the severity of an invasion and/or facilitate the recovery of an ecosystem at a
later time.

Ecological memory and ecological restoration of urban ecosystems

At the Restoration of Natural Systems Program at the University of Victoria we undertake a
wide range of restoration projects. The university is located on southern Vancouver Island
in the midst of the Garry Oak Ecosystem, one of the most endangered forest ecosystems in
Canada—less than 5% remains (Garry Oak Ecosystem Recovery Team 2004). As Greater
Victoria expands and develops within the Garry Oak Ecosystem the trees and meadows
remaining are isolated in patches that diminish over time, lose connections with other
patches and are degraded by invasive plants, pollution, road development and garbage. The
Garry Oak Ecosystem is being destroyed and may not be easily restored; it is in danger of
losing its ecological memory.

Many of our class projects seek to restore Garry oaks and Garry oak meadows in the
region. We work on public and private lands, sometimes on very small plots nestled
between residential homes. A number of our sites are in public parks in conjunction with
the Municipality of Saanich’s Garry Oak Restoration Project (GORP), which is also
mandated to meet the recreation needs of the public in addition to providing natural habitat
and nature’s services.

The first step in our restoration of the Garry oak ecosystem is usually to remove the
invasive plants. These are commonly Scotch broom, English ivy (Hedera helix), Daphne
laurel (Daphne laureola), morning glory (Ipomoea violacea) and Himalayan blackberry
(Rubus discolor). This is problematic because the infestations often have a large biomass
and it is difficult in some situations to avoid destroying the native shrubs or ground cover in
the process. Seeds of Scotch broom may also remain dormant for decades—removing the
adult plants does not erase the ecological memory on the site of the invasion. Controlling
Scotch broom requires returning to sites repeatedly to remove seedlings. Another problem
we face is that cleared areas are frequently overgrown with aggressive agronomic grasses
that out-compete the native flowers such as common camas, characteristic of the Garry oak
meadow.

The second step we often follow is to plant native vegetation characteristic of the Garry
Oak Ecosystem. In addition to the oaks themselves, there would be bulbs of common
camas, nodding onion (Allium cernuum) and other herbaceous plants and a variety of native
shrubs such as salmonberry (Rubus spectabilis). There may also be plantings of native
grasses such as blue wild rye (Elymus glaucus), with seeds harvested from local plants.

Ecological memory relies on complex symbiotic relationships that extend far beyond
macrofauna and macroflora into the unknown and complex world of mycorrhizae and
Actinobacter-Actinomycetes. In our plantings we try to include some salvaged plant stock.
The soil from salvaged plants brings with it a whole host of microscopic organisms that
serve as an innoculum to help restore the soil ecosystem.

Using salvaged plant stock is important for another reason in addition to providing
an innoculum of microorganisms. In ecological restoration it is sometimes important to
match the genetic composition of plant stock with the site being restored. Adaptations
of a species to the particular growing conditions in different parts of its range can be
very dramatic. This is the case with paper birch (Betula papyrifera), where trees planted
from different parts of its range varied dramatically in growth form even when raised side
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by side in a nursery (Clausen 1964, Benowicz et al. 2000). The representatives from the
northern edge of its range grew dwarfed and twisted, reflecting genetic differences
between the point of origin of the plants, while those from the southern regions were tall
and straight with a denser foliage. Similarly, the shore pine growth form of Pinus contorta
on the west coast of British Columbia has a dramatically different appearance from the
lodgepole pine growth form of the same species growing in the interior of BC (Kral
1993). The best genetic matches for plants to use in ecological restoration would be from
plants salvaged or transplanted from nearby sites. In our Garry oak restoration projects we
prefer to transplant bulbs from local populations, adapted to local climatic conditions.
Many commercially available camas bulbs are from Oregon where the camas grows in
wetter conditions.

The third step we use in restoring Garry oak ecosystems is fostering environmental
stewardship. Alien invasive species return annually as they work through their seed
stock in the soil and stem fragments or rhizomes left behind after previous removal
efforts. The amount of time and attention necessary to maintain our restoration sites is
beyond our resources and requires the commitment and volunteer efforts of the
community.

The final step is research. The mycorrhizal associations with the roots of Garry oaks are,
for example, poorly understood although considered to be significant.

In the broader context of research into ecological memory, we can start with better
knowledge of geographic variation in populations, how some may be uniquely adapted to
their environments and the implications for sources of plant material for ecological
restoration. Such research also helps us to discover and conserve unique at risk populations
and species before their gene pools and their ecosystem values are lost and unavailable for
future ecological restoration. It would, in addition, be helpful to determine what species are
ecosystem engineers in the Garry oak ecosystem. We could strategically choose plants that
will be most effective in restoring the site instead of being satisfied with just planting a
variety of native species that may not offer the best option long-term success (Cuddington
et al. 2007).

In another example from the Restoration of Natural Systems Program, we are currently
conducting research on the grasses of northern interior British Columbia in an attempt to
identify species or populations best suited for restoring mine sites and pipeline corridors in
that area (Huff 2010, Burton et al. 2006). These would be grasses adapted to cold dry
winters characteristic of the north compared to grasses adapted to relatively warm and wet
winters and dry summers of southern Vancouver Island. Some of these grasses occur at high
elevations in remnant populations threatened by extinction due to natural succession
processes or alien invasive grasses.

Conclusion

Ecological memory is one aspect of ecosystem health and to the degree to which a healthier
ecosystem is better able to withstand invasions, maintaining ecological memory is a
valuable approach to maintaining local biodiversity. Similarly, re-establishing ecological
memory is important in ecological restoration. There is currently a rapid loss of biodiversity
at all levels—individuals, populations, species and ecosystems. This reduces the resilience
of natural systems and makes them more vulnerable to alien invasive species. There is some
urgency for further research to document and conserve ecological memory for future
application in ecological restoration.
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