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The Role of Deer on the Decline and Recovery of maritime meadow, Savanna, and Forest Habitats 
in the Coastal Douglas-fir Ecosystem 
  
Native and exotic deer have the potential to compromise the integrity of Coastal Douglas-fir (CDF) 
ecosystems by reducing the abundance and diversity of native meadow plants, shrubs, birds, and associated 
species (McTaggart-Cowan 1945, Duer and Turner 2005, Gonzales & Arcese 2008, Martin et al. 2010, 
Arcese et al. 2014, Duwyn et al. 2015). High deer densities also appear to be threatening the persistence of 
iconic tree species such as Arbutus (Arbutus menziesii), which are now represented primarily by mature, 
senescent or standing dead trees in areas with over-abundant deer. Similar patterns in other palatable shrub 
and tree species indicate that deer will continue to drive the elimination of intermediate canopy layers in 
many areas at current densities. This pattern of ‘trophic downgrading’ is widely-reported in marine and 
terrestrial ecosystems following the elimination of large predators, increases in herbivore abundance to 
limits imposed by starvation or disease, and the simplification of plant and animal communities (a ‘trophic 
cascade’; Estes et al. 2011, Martin et al. 2010, Arcese et al. 2014, Bestcha & Ripple 2015).  

Existing concern about conservation in the CDF ecosystem was therefore amplified over the last decade by 
studies demonstrating that native meadow plants often decline to extinction under high herbivory by deer, 
particularly on islands where predators are absent and deer populations increase to the limits imposed by 
starvation or disease (e.g., Gonzalez & Arcese 2008, Martin et al. 2010, Arcese et al. 2014, Duwyn et al. 
2015). For example, native shrub species richness and cover in the San Juan and Gulf Islands declined from 
19 on islands with few or no deer, to 4 barely-palatable species (e.g., salal, Gaultheria shallon; dull Oregon 
grape, Mahonia nervosa; Scotch broom, Cytisus scoparius or others). Such reductions decimate native bird 
populations that rely on nectar, insects and fruit as food, or understory vegetation as nesting habitats (Martin 
et al. 2010, Alombert et al. 2005, Estes et al. 2011).  

Similarly, given a long and well-known history of plant and animal use by Indigenous People of the region, 
we know that high deer densities reduce or eliminate opportunities for traditional food harvest, and thus do 
not reflect baseline conditions maintained by Indigenous land stewards known to favor the production of 
native food plants (e.g., McTaggert-Cowan 1945, Turner and Peacock 2005, Gonzales and Arcese 2008, 
Arcese et al. 2014). Because conditions maintained by Indigenous People influenced the distribution and 
evolution of many of native species, we must assume that their persistence in future depends in part on our 
ability to manage representative areas for those conditions. 

Currently, we know that high deer densities will or have already led to the local extinction of meadow 
plants and shrub species on islands throughout the CDF ecosystem. If deer are not eliminated or reduced in 
abundance, Arbutus could be extinct on many islands by 2100 (cf Terborgh et al. 2001, Hambäck et al. 
2004, Arcese et al. 2014). Globally, similar processes are widely observed following the removal of large 
predators, increases in herbivores, and resulting ‘downgrading’ of native ecosystems (Estes et al. 2011). 
Given these findings, we suggest that reducing or eliminating deer populations has the potential to enhance 
the richness, diversity and integrity of CDF ecosystems in the San Juan and Gulf Islands by re-establishing 
one of the conditions needed to facilitate increases in species indicative of historic ecosystem conditions 
(Arcese and Sinclair 1997, Arcese et al. 2014). Below we introduce 4 general indicators of ecosystem state 
that have been monitored on Sidney Island for several years and discuss the likely consequences of 
eliminating fallow deer and maintaining native black-tailed deer at densities consistent with conditions 



promoted by Indigenous Peoples prior to European colonization (Elliot 1983, Arcese et al. 2014, Turner 
2014). 
 
Native and Exotic Plant Cover in maritime meadows 
The negative impacts of overabundant deer populations on native plant species in maritime meadow and 
savanna habitats of CDF ecosystems are now well-demonstrated (e.g., Gonzales & Arcese 2008, Arcese et 
al. 2014). Following the eradication of large predators, deer increase in abundance, leading to dramatic 
reductions in the cover of native plants (Estes et al. 2011, Arcese et al. 2014). Over time, browsing by deer 
can eliminate preferred plant species, such as Arbutus, Honeysuckle (Lonicera spp.) and or Ocean Spray 
(Holodiscus discolor; e.g., Terborgh et al. 2001, Hambäck et al. 2004; Arcese et al. 2014).  Exotic species 
cover is also expected to increase as the cover of native species declines and competition for space is 
reduced (Gonzales and Clements 2010) but also suppress re-colonization by native species (Huston 1994, 
MacDougall 2004, Elith and Leathwick 2009). 
  
To explore these ideas, we compared native and exotic plant cover in and outside deer of exclosures on 
Sidney Island to estimate the influence of over-browsing by exotic fallow deer and the potential to restore 
native plant cover and species diversity upon the removal of fallow deer. By excluding deer, we expected 
to observe increased native species cover and decrease in exotic species cover inside exclosures. Outside 
exclosures, we expected that native and exotic plant species cover would track deer abundance, but with 
exotic species cover being greater than native species cover. 
 
Indicators of IndigenousFood Value in maritime meadows 
Maritime meadow and savanna habitats of the CDF ecosystem were maintained historically by Indigenous 
land stewards that hunted animals and burnt meadow and savanna habitats to promote the growth of 
preferred food plants (Elliot 1983, MacDougall et al. 2004, Duer and Turner 2005, Turner 2014). Historic 
land stewards also harvested a wide variety of plant species to meet nutritional and cultural needs prior to 
the arrival of Europeans to North America (MacDougall et al. 2004, Duer and Turner 2005, Turner 2014). 
However, colonists purposefully or accidentally introduced many exotic species to BC, some of which have 
become ‘invasive’ by taking up space and resources at the expense of native species, and reducing the 
community diversity and ecosystem resilience over time (Elliot 1983, Bennett et al. 2012, Bennett and 
Arcese 2013). 
 
The cessation of burning by Indigenous People has led to dramatic declines in the extent and occurrence of 
meadow and savanna habitats (MacDougall et al. 2005). The cessation of Indigenous hunting, removal of 
large predators, and regulation of modern-day hunting has also led to high deer density and the decimation 
of many plant, bird, and pollinator communities (e.g., Alombert et al. 2005, Martin et al. 2011, Arcese et 
al. 2014). These cascading changes lead to dramatic reductions in the structural heterogeneity, species 
diversity and the production of native food plants such as Camas (Camassia species), Biscuitroot 
(Lomatium spp.), Harvest Brodiaea (Brodiaea coronaria), Fool’s onion (Brodiaea hyacinthine; Elliot 1983, 
Duer and Turner 2005, Turner 2014).  Because Brodiaea are still common in many maritime meadow 
habitats of the CDF zone, we used the cover of Brodiaea plants as an indicator of the ability of First Nation 
food plants to recover from over-browsing by deer. The ability of Brodiaea to return to harvestable densities 
after removing deer is second potential indicator of historic state given current understanding about 
Indigenous land management practices prior to European colonization. We therefore compared the size, 



density and occurrence of flowering of Brodiaea bulbs in and outside exclosures to test the hypothesis that 
eliminating deer would result in the increase of Brodiaea over time. 
 
Ocean Spray as an Indicator of Ecosystem State 
Ocean Spray is a widespread native shrub on Sidney Island 
that is visibly affected by deer. The oval architecture of 
Ocean Spray observed at low deer densities becomes 
umbrella-shaped when deer are over-abundant because new 
growth originates at the plant’s base, but never matures with 
persistent browsing by deer (Figure 1). A strong umbrella-
shape results when deer consistently remove all leaves and 
shoot below 1 m above the ground. At the highest deer 
abundances observed in the San Juan and Gulf Islands, Ocean 
Spray becomes locally extinct as old individuals die in the 
absence of new growth (Martin et al. 2011, Arcese et al. 
2014). As a consequence, the shape of Ocean Spray is an 
excellent predictor of the abundance of many native shrubs, 
birds and palatable native plant species of CDF forest 
understory, savanna and maritime meadow habitats 
(Gonzales & Arcese 2008, Martin et al. 2011, Arcese et al. 
2014). 
 
Understory and shrub cover is an excellent predictor of deer 
impact on native songbirds in Haida Gwaii (Alombert et al. 
2005), eastern North America, South America, Europe, and 
Asia (Coté et al. 2004, Estes et al. 2011). Based on current 
knowledge of global and CDF ecosystems, we expect high 
deer densities to prevent the recruitment and recovery of 
native shrub cover on Sidney Island and increase the risk that 
plants more palatable than Ocean Spray will become locally 
extinct.  The loss of species can be expected to result 
cascading declines in bird, pollinator, and other species over 
time. In contrast, eliminating or reducing deer abundance 
may allow the recovery of native species, including Ocean 
Spray, and provide substantial direct and indirect benefits to 
human residents as a consequence. 
 
Persistence of Arbutus 
Arbutus (Arbutus menziesii) is an iconic tree of maritime meadow, savanna, and CDF forests and a key 
indicator of ecosystem condition. On many islands, Arbutus are currently represented mainly as mature 
tree, indicating an historic change in regeneration rate and raising the question of whether Arbutus will 
persist in future. This is because, similar to many other herbaceous plants, shrubs and trees, Arbutus are 
highly palatable to deer and frequently eaten before they can grow to the sapling life stage (Arcese et al. 
2014, Duwyn & MacDougall 2015). In forest ecosystems, such changes are a common consequence of 

Figure 1. Impact of increasing browsing 
pressure on architecture of native shrub 
ocean spray; (A) no deer present (North 
Ballenas); (B) moderate deer density (Little 
D’Arcy); (C) high deer density (Sidney 
Island; Martin et al. 2010). 



over-abundant browsers including deer (Ripple & Bestcha 2013, Bestcha & Ripple 2015). Deer ‘over-
abundance’ in CDF ecosystems could therefore defined as the density which allows the persistence of 
Arbutus by allowing deer browsing to levels at which Arbutus seedlings can recruit to mature age-classes.  
 

Results 
Native and Exotic Plant Cover in maritime meadows 
Within 2 years of excluding deer, native plant cover increased to 23% inside exclosures and then remained 
about constant (Figure 2). In contrast, native plant cover outside exclosures remained low from 2012 to 
2016, then increased in 2018 as deer declined (Figure 2). As predicted, exotic species cover declined inside 
exclosures, from ~60% to just over 30% in 4 years inside exclosures but average just over 50% in plots 
available to deer (Figure 2). Although exotic species cover still exceeded native species cover inside 
exclosures in 2018, they have similar cover in protected meadows. As native species continue to recolonize 
protected meadows, it is evident that current excluding browsers has facilitated a rapid recovery of 
‘ecosystem’ integrity, measured as the cover and diversity of native species.  
 

 
Figure 2. Mean percentage cover of native and exotic cover inside (black circles) and outside of exclosures 
(white circles), surveyed in May 2014, 2016 and 2018.  Exclosures were erected early in spring 2012.  

Our results support many others which conclude that high deer densities threaten to the persistence of a 
wide variety of plants species, including native species in maritime meadow habitats of the CDF ecosystem. 
The observation that native species cover increased as exotic cover declined in the absence of deer suggests 
that the most palatable native species were released from suppression by deer and competed successfully 
with exotic species for space and resources inside exclosures. 
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Brodiaea as Indicators of Indigenous Food Value in maritime meadows 
We hypothesized that high herbivory by deer would reduce bulb density, bulb size, and 
number of flowering heads of Brodiaea species. We tested these predictions by 
comparing plants in and outside exclosures erected in 2012 and surveyed in 2014 and 
2018. Because bulbs were first measured in 2014, we 
assume that bulb size and abundance in all plots were 
similar to the mean value recorded outside exclosures in 
2014. 
  
The number of Brodiaea bulbs inside exclosures increased 
~6x from 2012 to 2016, then remained similar to 2018 
(Figure 2). In 2018 bulb number was ~2x higher than 
outside exclosures due to the partial recovery of Brodiaea 
numbers outside exclosures (Figure 3).  This indicates that 
bulbs increased in number quickly after the exclosures were 
established, but became limited by competition in the ~20% 
of habitat that the species occupied inside exclosures by 
2018. This is supported by the fact that bulbs became 
smaller as their density increased. However, despite those 
reductions in size, Brodiaea inside exclosures averaged 2-
6x larger than bulbs outside exclosures. Combining 
estimated bulb number and volume suggests a total biomass 
of Brodiaea inside exclosures ~3x greater than outside in 
2018 (229 vs 652 cm3/m2 where present, respectively). 
However, comparing observed volume inside exclosures in 
2018 to assumed volume in 2012 suggest an ~10x increase 
the harvestable volume of Brodiaea inside exclosures as 
compared to what can be expected given abundant deer.  
 
Brodiaea cover also increased by 3x inside exclosures by 
2018 as compared to outside (Figure 3). In addition, the 
number of flowering heads inside exclosures was 6x higher 
(4.8 ± 0.6/per 0.25m2) than outside (0.8 ± 0.2), indicating 
that seed production increased dramatically with removal of 
deer. Overall, Brodiaea appeared to respond positively and 
rapidly to reductions in deer browsing; however in the 
absence of Indigenous harvest, Brodiaea appeared to reach 
limits imposed by habitat available within 5 years of 
protection from browsing.  
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Figure 3. Number of bulbs/0.5l soil, Bulb volume 
(cm3, mean ± se), and Percent cover of Brodiaea inside 
(solid) and outside exclosures (open circles; top to 
btm). Star indicates assumed state in 2012. 



Ocean Spray as an Indicator of Ecosystem State 
Our surveys suggest that current levels of deer browsing on Sidney Island will cause Ocean Spray to 
continue to decline over time, given that most plants remain strongly umbrella-shaped, with little evidence 
of new vegetation at the base (Figure 3). We measured the ‘Ocean Spray Ratio’ (OSR) as the width of living 
vegetation at 2 versus 1m above ground (Martin et al. 2010).  Measuring a representative number of plants 
in an area provides a remarkably good tool with which to evaluate the impacts of deer on the vegetation 
available (Arcese et al. 2014). The OSR was also estimated in 2007, 2011 and 2013 on Sidney Island in 
other projects. In 2011 and 2013, Ocean Spray retained a more umbrella-like shape (higher OSR; Figure 
4). In contrast, observations in 2018 indicate initial recovery, because a small fraction of shrubs had new 
growth available to deer (≤1m above ground; Figure 4). The larger range of ratios observed in 2018 also 
suggests that some Ocean Spray are recovering a more regular growth form, consistent with many casual 
observations of Sidney Island residents that shrub growth has accelerated on the island, although most 
evident in salal.  These results indicate that a recovery has begun, but that at current deer densities Ocean 
Spray populations are likely to remain stable or decline slowly. A lower median OSR in 2007 may suggest 
that shrub cover was still in decline at that point, became severe by 2011, and has recovered modestly since 
then. 

 
Persistence of Arbutus                                                                                                       
We tested whether Arbutus seedlings are recruiting to the sapling age class on Sidney Island by surveying 
the distribution of seedlings, saplings, and mature trees in 3 characteristic savanna sites. Arbutus stands on 
Sidney Island appear to have been limited by deer browsing for several decades, given an absence of 
saplings in all stands examined (Figure 5 & 6) including several surveyed informally. In contrast, Arbutus 
saplings were common inside one maritime meadow exclosure and many informally constructed deer 
exclosures and fenced yards. Those observations confirm that browsing is the main factor preventing the 
recruitment of new Arbutus, and thus insuring the loss of the Arbutus from Sidney Island over time if deer 
are not eliminated or reduced to low levels.  

Figure 4. The Ocean Spray Ratio from 2007 to 2018. OSR varied significantly among surveys 
(Kruskal-Wallis ANOVA, H=21.67, P <0.001). Horizontal like represent the median value, shaded 
boxes include 50% of observations, vertical lines 95%. 



 
Figure 5. Three life stages of Arbutus from left to right: seedling, sapling, and mature tree. The sapling 
shown is in a meadow exclosure, where 5 have recruited since 2012. 
 
  

Figure 6. Location of Arbutus surveys and histograms displaying age class distributions. A, B, and C 
refer to seedlings with < 6, 7-13, and 14+ leaves, respectively.  



At all 3 survey sites we observed a distinct absence of Arbutus saplings despite an abundance of seedlings 
(Figure 5). The absence of saplings indicates that despite ample production, seedlings do not currently 
survive more than 2 to 3 years (Figure 6). Moreover, the size distribution of mature trees suggests that this 
has been the case for several decades.  These results are consistent with over-browsing by deer and suggest 
strongly that unless deer density is reduced further, Arbutus will eventually become extinct on Sidney 
Island. 
 
Discussion 
After excluding deer, native species cover roughly tripled inside exclosures by 2018, whereas exotic species 
cover declined by half (Figure 2).  Brodiaea, our indicator of Indigenous food production, also responded 
positively and strongly to reduced browsing, suggesting an 8-10x increase in bulb biomass inside versus 
outside of exclosures after 5 years.  Recent reductions in deer abundance on Sidney Island were also 
apparent in the early signs of recovery of Ocean Spray (Figure 4) which for the first time in a decade 
included plants with living vegetation below 1m above ground. In contrast, despite rapid recovery in 
meadow plants and modest recovery in shrubs, our 2018 surveys indicated that despite a substantial number 
of Arbutus seedlings produced annually, none were observed to have survived to the sapling stage outside 
of exclosures (Figure 5,6). 
 
Inside exclosures, native species cover appeared to reach an asymptote of about 25%, much of which can 
be attributed to increases in Brodiaea. However, as more native species re-colonize or are re-introduced to 
the meadows, native cover will increase as those species fully occupy the habitat available to them.  For 
example, 7 of 10 ramets of Sedum spathulifolum planted inside exclosures expanded rapidly inside 
exclosures, forming patches 50-80cm across. By comparison, just 3 of 10 ramets survived outside 
exclosures and remain 10-15cm across. Seablush (Plectritis congesta) introduced to the meadows 
flourished with protection from deer, but was extinct after 3 years outside exclosures. Further introductions 
of species known to occur on Sidney Island should result in high native cover over time. Given the 
reductions in exotic cover observed, we conclude that removing deer has the potential to restore martime 
meadow given natural or artificial recolonization of species assumed to have be present historically. 
 
The cover, number, size and total volume of Brodiaea bulbs increased rapidly after deer were excluded, but 
bulb size decreased slightly as bulb density increased, suggesting that competition limited growth rates 
within 2 years of protection from deer. Indigenous people of the region harvested Brodiaea along with 
much larger harvests of Camas, and many other species still present on Sidney Island but rare given a 
substantial period at moderate to very high deer density (Gonzales and Arcese 2008, Arcese et al. 2014, 
Turner 2014). We suggest Brodiaea population growth rates would may have ‘benefitted’ from Indigenous 
harvest, which was practiced to reduce competition and increase average bulb size (Elliot 1983, Turner 
2014). Re-introducing other food plants to the meadow, such as Camas, will further restore the capability 
of maritime meadow habitats to produce Indigenous foods in quantities consistent with ethnobotanical and 
indigenous knowledge (Turner 2014). 
 
The condition of understory vegetation is well-predicted by the Ocean Spray ratio, with lower values 
indicating higher shrub and bird species richness and abundance (Martin et al. 2010, Arcese et al. 2014). 
We suggest that if the currently recovery of Ocean Spray continues, shrub and bird species abundance and 
richness should follow. Birds are mobile and respond quickly to environmental change (Martin et al. 2010).  



Although shrub diversity is somewhat low on Sidney Island at present, seed sources exists and mature 
individuals of many desirable but highly palatable species are flowering.  If deer are reduced further, the 
early signs of recovery in Ocean Spray detected in 2018 may suggest trophic ‘upgrading’ is beginning on 
Sidney Island. 
 
Conversely, Arbutus on Sidney Island are still in decline. The absence of saplings in areas with deer suggest 
that intensive herbivory has been ongoing for decades, and has negatively impacted the structural diversity 
of forest and savanna stands where only seedlings and mature trees are common (Figure 5, 6). Similar top-
down limits on tree and shrub species became evident after the removal of predators from Yellowstone 
National Park in the early 1900’s. More recently, the reintroduction of wolves has released deciduous trees 
and shrubs, initiating a major restoration of the Yellowstone ecosystem (Ripple & Bestcha 2013, Bestcha 
& Ripple 2015). Within a decade of wolf reintroduction formerly rare species were recruiting to sapling 
stages and restoring structural complexity, fruit production and shrub and deciduous forest bird 
communities (Ripple & Bestcha 2013, Bestcha & Ripple 2015).  
 
Because re-introducing predators to Sidney Island is impractical, top-down control will only be achieved 
by hunting with sufficient effort to limit deer to levels low enough to permit the release of at least some 
Arbutus seedlings. However, due to their broad diet and high growth rate, it seems unlikely that those 
densities can be maintained in fallow deer.  In contrast, much experience in North America shows that mule 
deer populations are easily maintained at low density by hunting, particularly where hunters are required to 
take 1-3 antlerless animals prior to taking a buck. ‘Earn your buck’ and ‘quality deer management’ 
programs are widely practiced to provide trophy opportunities to hunters, high quality meat in antlerless 
animals, and positive outcomes for native species and aesthetic values.  
  
Recommendations 
At current densities, we expect to observe a continued modest recovery of native meadow plants, a general 
recovery of species less-preferred by deer as food, such as salal, and little or no recovery of palatable shrubs 
or Arbutus. We recommend that further reductions in deer density are required to support the substantial 
recovery of iconic native species, and to ensure the integrity of the CDF meadow, savanna and forest 
ecosystems in future. If deer densities are reduced further, and fallow deer eliminated, we recommend the 
creation of a local nursery to re-stock local bluffs and augment existing relict plant communities. Taking 
advantage of locally-adapted seed sources, including iconic natives such as Camas, could dramatically 
accelerate visual recovery of some sites. 
 
With a sufficient reduction in deer density, future surveys should show measurable increases in the number 
and survival of Arbutus saplings, further declines in the OSR, and increased natural re-generation in species 
such as camas, now blooming late April – mid-May  on Wyman Pt., and the principle source of starch 
among Indigenous people of the region. Because Arbutus, Ocean Spray and native plant cover are excellent 
indicators ecosystem condition and trend, their increase will indicate the extent of ecosystem recovery.  For 
example, as Ocean Spray recovers a more regular growth form (OSR ≤ 1), it will also increase in abundance 
and contribute positively to species at other trophic levels. More importantly, as the OSR declines palatable 
species that are now rare but highly desirable, such as Pacific Dogwood, Cascara, Saskatoon, Mock Orange, 
Salmonberry, Thimbleberry, Black Raspberry, Ninebark, Red Osier Dogwood, Indian Plum and many 
others will become more apparent, feed resident and migratory birds and people, and contribute positively 



to wildlife habitat and aesthetic values. As a model for like-minded communities in the Salish Sea, we wish 
you the very best luck. 
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