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Appendix 2 
Deer abundance estimation by capture–mark–recapture methods 

Method 
Experimental design 

We estimated deer abundance on East Limestone and Kunga Islands via a capture–mark–recapture 

(CMR) method using camera trap data. This survey used motion sensor cameras located along deer 

trails and set up to acquire a picture per second during 25 s each time an animal triggered the 

motion sensor. On each picture individuals were aged, sexed and identified when possible. To 

avoid misidentification biases, we used only pictures with clearly identified unmarked or marked 

individuals as suggested by Chandler and Royle (2013) (i.e. 91% of deer visits; Table A2.1). 

 We used Chandler and Royle‘s (2013) spatially-explicit CMR models to assess the local 

deer abundance. This method was selected because it allowed including marked and unmarked 

individuals. It involved both capture–recapture data (i.e. the total number of captures at each site 

on each capture occasion, the number of captures at each sites on each capture occasion for each 

marked individual) and spatial data (i.e. the camera location, the surface of the area surveyed, and 

deer activity center). We present here only the specificities of our experimental design, as well as 

the parameters used in Chandler and Royle’s model. For a detailed presentation of the computation 

code, see the supplementary materials published with Chandler and Royle’s study. 

 We defined a capture as a sequence of pictures starting with the arrival of an individual in 

the camera’s field and finishing when the animal left the camera’s field. We defined an 'occasion' 

as a day of active camera. We defined a 'site' as the location where a camera was set. We defined 

the 'surveyed area' as the area used by individuals with a probability >0 to be detected at least at 

one site. We estimated deer annual home ranges for 15 does equipped with GPS collars on East 

Limestone and Kunga Islands between April 2011 and June 2012 to range from 15 to 130 ha 



(unpubl.). This supported Bunnel’s (1990 in Engelstoft 2007) results who reported an annual home 

range of 140 ha for resident black tailed deer on Vancouver Island (BC, Canada). As a 

consequence, we defined the surveyed area as the intersection between a 650-m buffer area around 

the sites (i.e. a 133-ha buffer around each site) and the island area. Spatial computations were 

conducted with GIS systems using Gowgaia spatial data basis for island outlines (The Gowgaia 

Institute). We defined deer activity center for marked individuals as the barycenter of the sites 

where the individual was detected weighted by the number of visits spaced by more than one h at a 

given site.  

 On East Limestone Island we surveyed six sites during 40 days with a surveyed area 

covering the whole island (Table A1.1.1). On Kunga Island, given the limited amount of cameras 

available and the large area to cover (395 ha), we conducted four sessions (i.e. sequences of 

consecutive days with the area surveyed kept constant) of four to six days spent surveying 

simultaneously six to nine sites that covered between 40 and 61% of the island. The total area 

surveyed during the four sessions covered the whole island (Table A2.1).  

 

Table A2.1. Experimental design used to collect capture–mark–recapture data 

 
East 

Limestone 
Kunga-

session 1 
Kunga-

session 2 
Kunga-

session 3 
Kunga-

session 4 
No. of sites 6 9 7 6 7 
No. of occasions 40 4 6 4 4 
Area covered (ha) 41 214 309 348 301 
Total no. of marked 
individuals 

17 18 18 18 18 

No. of marked individuals 
detected on pictures 

13 3 1 1 1 

Total no. of visits 218 19 29 12 43 
Total no. of visits by 
marked individuals 

110 5 1 1 3 

 

Model parameters 

To estimate deer abundances for East Limestone Island and for each session surveyed on Kunga 

Island, we used Markov chain Monte Carlo (MCMC) simulations, more specifically three chains 

each consisting of 30 000 iterations. The model parameters used as priors are summarized in Table 

A2.2, with M being the maximum abundance value accepted in the model, σ a scale parameter 

determining the rate of decay in encounter probability, λ0 the encounter rate for a null distance 

between an activity center and a camera site and φ the parameter of data augmentation (see 



Chandler and Royle 2013 for further details). We checked that acceptance rate of the MCMC 

algorithm lied between 40 and 60%. We confined σ between 80 and 300 meters (Royle et al. 

2011). We fixed the maximum abundance on East Limestone Island to 100 individuals and to 400 

individuals for each session on Kunga Island. 

 

Table A2.2. Prior values used to estimate deer abundance on East Limestone and Kunga Islands 

 M σ λ0 φ 
Tune for 

σ 

Tune for 

λ0 
Tune for S 

ELI 100 [80–300] [0.05–1] [0–1 ] 30 0.1 150 

Kunga 400 [80–300] [0.05–1] [0–1 ] 30 0.1 500 

 

Abundance estimation 

We discarded the initial 5000 draws (burn-in period) and pooled the three simulated 25 000 last 

draws to estimate the 95% confidence interval on the deer abundance of the surveyed area and 

used the posterior mean of abundance in the deer model. 

 For Kunga Island, we had planned to estimate deer abundance by considering that the four 

sessions were temporally independent but slightly overlapping spatially. Thus, for each session we 

could estimate the density of the surveyed area and computed the deer abundance on the island as 

the union of the abundance estimated over the four sessions. That is to say, if we considered two 

sessions that surveyed two areas A and B and overlapped in a section AΛB (Fig. A2.1) and noted 

dA and dB the density estimated in A and B and d the average density between dA and dB, then 

A.dA is the abundance in the area A, B.dB is the abundance in the area B and the abundance of the 

union between A and B is A.dA + B.dB – AΛB (dA+dB) + AΛB.d. The initial idea was to use this 

formula generalized for the union between four elements. 



Figure A2.1. Method to estimate the abundance on Kunga Island: example of the computation 

when two sessions are considered. 

 

 

However the model did not converge for three sessions on Kunga Island due to a sampling effort 

which was too low in relation to the deer visit frequency and the proportion of marked individuals. 

This generated a large range of possible parameter sets that hence did not converge (Fig. A2.2 

C,D,E). As a consequence we assumed that deer density was homogeneous over the island and 

estimated the island deer density as the deer density of the unique session for which the model 

converged (Fig. A2.2 B). 

 

Results and discussion 
We estimated deer abundance on East Limestone Island to range between 30 and 44 deer with an 

average of 36 deer (i.e. 88 deer km-2 with a 95% confidence interval between 73 and 107 deer km-

2). This result may be surprising given that deer abundance was estimated to 16 deer in May 1996 

on East Limestone during a survey that counted all individuals detected by a line of 10 observers 

walking across the island (Daufresne and Martin 1997). However, this survey did not account for 

fawn number (estimated at 15% of deer population) and direct observations and capture sessions 

conducted in 2011 and 2012 enabled to identify a minimum number of 29 deer (including fawns). 

 On Kunga Island, for the unique session with a converging model (Fig. A2.2B) we 

estimated the deer abundance to be on average equivalent to 91 deer with a 95% confidence 

interval between 23 and 290 deer, say a density of 43 deer km-2 with a 95% confidence interval of 

11 and 136 deer km-2. This broad confidence interval results from a long distribution tail towards 

large values and echoes Chandler and Royle’s study which suggested that estimate accuracy 



decreases when the proportion of marked individuals in the population decreases (i.e. here only 

three marked deer detected on the pictures).  

 

Conclusion 

In a nutshell, deer abundance could be estimated on both islands. Confidence intervals highlighted 

important levels of variability in these population estimates, particularly for Kunga Island. 

Therefore we explored the effect of such variability on the energy model outputs. Despite 

uncertainties, the confidence interval of deer abundance obtained on Kunga encompassed the one 

obtained for East Limestone, in agreement with previous plant survey data suggesting that both 

islands had been subject to comparable browsing pressure (Chollet 2012). Moreover, based on 

previous knowledge on deer abundance on East Limestone Island, we suspect that abundance 

estimates slightly overestimated the actual deer abundance on these islands. Such an 

overestimation would lead to overestimating the energy requirements of deer populations and 

hence ensure conservative results in the associated study. 



Figure A2.2 Distribution of deer abundance estimated on East Limestone (A), and Kunga Island 
for the four sessions considered (B,C,D,E).The number of iterations considered in the analysis (i.e. 
the last 25 000 iterations among the 30 000 simulated) (y-axis) was represented in relation to their 
abundance values (x-axis). We identified the posterior mean of abundance (doted and dashed black 
lines) and the 95% confidence intervals (dashed grey lines).  

 



Appendix 3 
Parameter variability and simulations 

Method 
To control for the variability in the three main parameters estimated in the field (i.e. available dry 

biomass, deer population abundance and deer body mass) we conducted 5000 simulations with 

randomly selected values for these parameters as follow: 1) for the resource model, for each 

species in each resource we chose at random the annual dry biomass value within a normal 

distribution calibrated with the mean and standard deviation equaled to those observed in the field. 

Negative biomasses were counted as null. We computed for each set of simulated dry biomasses 

the energy available for each resource and the overall energy available on each island and each 

season; 2) for the deer model, for each simulation we chose at random the deer population 

abundance and deer body mass within normal distributions calibrated with the means and standard 

deviations equaled to those estimated by the CMR model for deer abundance and equaled to those 

measured in the field, respectively. For body mass, we used a single standard deviation estimate 

per age class on each island, estimated as the maximum value of standard deviations assessed for 

the given age class between both sexes and seasons. This ensured conservative results. Abundance 

and body mass estimates were checked to be equal or superior to the 2.5% quantile of the deer 

abundance distribution of the given island, and to the minimum body mass measured in the field 

for the given sex and age class, respectively (Table A3.1). When the estimates fell below these 

thresholds they were counted equal to these thresholds. 

 For both models (i.e. resource and deer models) we calculated for each season (i.e. summer 

and winter) the average and the 95% confidence interval of the energy available to and required 

without or with reproduction by the deer populations. To compare these levels of energy we 

proceeded as in the main text: we computed for each season the proportion of deer maintenance 

energy requirements (including thermoregulation costs) met by each resource as well as the total 

energy available for each season and for each habitat scenario (i.e. in the absence or presence of 

windfall). To compare the energy requirements including reproductive costs with the energy 

resources available, we assessed the proportion of energy required by the deer model including 

reproductive costs as a function of the energy required as estimated by the model including 

maintenance costs only and compared it with the proportions calculated for the energy resources.  

 In the following analysis, minimum, maximum and average levels of energy refer 

respectively to the 2.5% quantile, 97.5% quantile and average values of the energy available to or 

required by the deer populations. To test the robustness of our models, we proceeded in three 

steps: 1) we focused on the energy balance between the average levels of energy available and 



required; 2) we focused on the energy balance between the minimum levels of energy available 

and the average levels of energy required by deer populations; 3) we focused on the energy 

balance between the average levels of energy available and the maximum levels of energy 

required. This approach aimed to focus on simulation combinations that would make sense 

biologically. In particular, it excluded extreme approaches such as the least (i.e. maximum energy 

available vs. minimum energy required) and the most conservative approaches (i.e. minimum 

energy available vs. maximum energy required) that informed on the limits of our models but had 

little biological relevance to identify overall energy patterns.  

 As we observed similar patterns for both scenarios (i.e. in the absence or presence of 

windfall, Fig. A3.1, A3.2) the present analysis focused on the scenario in the absence of windfall 

and numerical values cited below referred to this scenario. However results described here were 

also relevant for the scenario in the presence of windfall as well and the main points discussed 

concerned both scenarios.  

 

Table A3.1. Parameter ranges used to compute 5000 simulations of deer energy requirements 

 East Limestone Kunga 

Deer abundance (mean ± SD, minimum value) 

 36 ± 4, min =30 168 ±123, min = 42 

Body mass (mean ± SD, minimum value in kg) 

Sex-age class Summer Winter Summer Winter 

female adult 34 ± 12, min=31 33 ± 12, min=28 32 ± 10, min=24 29 ± 10, min=27 

male adult 43 ± 12, min=33 36 ± 12, min=32 42 ± 10, min=30 38 ± 10, min=35 

female subadult 28 ± 6, min=21 23 ± 6, min=21 24 ± 5, min=18 21 ± 5, min=18 

male subadult 24 ± 6, min=20 24 ± 6, min=20 26 ± 5, min=22 25 ± 5, min=22 

fawn  18 ± 3, min=15  14 ± 3, min=12 

 

 

Results and discussion 
Energy balance: average levels of energy available vs. average levels of energy required 

In summer, the average levels of energy available to deer covered > 230% of the average level of 

energy required by the reproductive deer populations on both islands (Fig. A3.1 A,C). In winter, 

however the energy available covered only 44 and 87% of the energy required by East Limestone 



and Kunga deer populations, respectively (Fig. A3.1 B,D). This reflected the overall pattern 

described in the main text. 

 

Energy balance: minimum levels of energy available vs average levels of energy required 

During the summer, the minimum levels of energy available to deer covered only 52 and 104 % of 

the maintenance requirements of the East Limestone and Kunga deer populations and only 43 and 

90 % of the energy requirements of the reproductive deer populations on East Limestone and 

Kunga Islands, respectively (Fig. A3.1 A,C). In winter, the energy available covered only 6 and 11 

% of the energy required by East Limestone and Kunga deer populations, respectively (Fig. A3.1 

B,D). 

 In this case, energy deficits were present for both seasons (i.e. summer and winter). Such 

pattern (i.e. the energy available in summer did not meet the average energy requirements for the 

reproductive deer populations) concerned 16 and 3% of the simulations conducted on East 

Limestone and Kunga Islands, respectively. Thus, at a threshold of 16%, the global pattern 

described in the main text (i.e. energy deficit in winter and energy excess in summer) was 

supported by the simulations. 

 

Energy balance: average levels of energy available vs maximum levels of energy required 

In summer, the average energy available covered > 175% of the maximum energy requirements of 

the reproductive deer populations on both islands (Fig. A3.1 A,C). In winter, the energy available 

covered only 34 and 38% of the energy required by the reproductive deer populations on East 

Limestone and Kunga Island, respectively (Fig. A3.1 B,D). In this case, the global overall pattern 

described in the main text was confirmed. 



Figure A3.1. Energy balances on East Limestone (A ,B) and Kunga Islands (C, D) under the 
scenario in the absence of windfall areas. Percentages (mean ± 95% confidence interval) of energy 
resources available from the understory, the understory fluxes and the canopy subsidies in relation 
to the deer maintenance requirements are presented. The black lines mark 100% of the average 
maintenance energy requirements of the local deer populations. The grey lines mark the average 
energy requirements with reproductive costs. 95% confidence interval of maintenance energy 
requirements (dark grey zones) and of energy requirement with reproduction costs (light grey 
zones) are delimited by dark and grey dashed lines respectively for energy requirements without 
and with reproduction costs. 



Figure A3.2. Energy balances on East Limestone (A ,B) and Kunga Islands (C, D) under the 
scenario in the absence of windfall areas. Percentages (mean ± 95% confidence interval) of energy 
resources from the understory, the understory fluxes and from the canopy subsidies in intact forest 
areas and from the understory and from the understory fluxes in windfall areas in relation to the 
deer maintenance requirements are presented. The black lines mark 100% of the average 
maintenance energy requirements of the local deer populations. The grey lines mark the average 
energy requirements with reproductive costs. 95% confidence interval of maintenance energy 
requirements (dark grey zones) and of energy requirement with reproduction costs (light grey 
zones) are delimited by dark and grey dashed lines respectively for energy requirements without 
and with reproduction costs. 

 

 



Conclusions 

The main pattern observed over these simulations was an overall energy deficit in winter ranging 

from 30 to 60% of the energy requirements of reproductive populations and an overall large 

amount of energy available in summer exceeding the energy requirements of deer populations by 

almost 200%. This pattern was observed for the majority of the simulations: in >70% and >90% of 

simulations conducted on East Limestone and Kunga Island, respectively, the energy available 

covered >146% of the energy requirements of the reproductive deer populations in summer (with 

146% the energy levels estimated with the average values measured in the field). This pattern was 

especially observed for the complete 95% confidence interval on deer abundance, considered as a 

major source of variability in the model including very high deer density (i.e. 105 deer km-2). 

Therefore we were confident on the overall robustness of the pattern presented in the main text. 
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