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Text S1 – Yearling estimation 
To estimate the number of Svalbard reindeer yearlings in the Adventdalen reference 

population before 1998, we fitted a generalized linear model with quasi-Poisson family, 

correcting for overdispersion, and a log-link function. The number of yearlings was expected 

to increase with total population size, calf production in the previous year (i.e. cohort effect), 

and calf production in the current year as a proxy for first-year survival. For calf production, 

we used two alternative variables: the proportion of female adults with calf and the 

proportion of calves in the total population. We also considered an interaction effect between 

population size and calf production in the previous year since the cohort effect can be 

stronger when population size is low. We performed model selection using Akaike’s 

Information Criterion for overdispersed count data and correcting for sample size (QAICc) 
using the R-package MuMIn version 1.42.1 (Barton, 20181). 

Model selection resulted in two competing models with ΔQAICc < 2 (Tables S1 & S2). Both 

models included population size, and the proportion of females with calf in the current and 

previous year as predictor variables. The second ranked model included also the interaction 

term between population size and proportion of females with calf in the previous year. Since 

model weights were very similar, we used the second ranked model with higher predictive 

power (adjusted R2 = 0.81 vs. 0.77 in the models with and without interaction effect, 

respectively) to predict the number of yearlings in the Adventdalen time series (Fig. S2). 

  

 
1 Barton, K. 2018. MuMIn: Multi-model inference. R package version 1.42.1. 
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Text S2 – R code to Bayesian models 
Data and packages 

# install.packages(c("jagsUI","tidyr","dplyr")) 

library(jagsUI) 

library(tidyr) 

library(dplyr) 

### harvest data 

# quota = license category  

# column 3:6 = number of harvested C, Y, FA, MA 

# X0 = number of unfilled licenses. 

# NA. = number of licenses with missing data  

# Q = number of licenses (Quota) 

# Qadj = Q adjusted for NA. 

data.hunt 

##    year quota  C  Y FA MA X0 NA.   Q Qadj 

## 1  1990  calf 18  2  0  1 50   2  73   71 

## 2  1991  calf 10  2  0  1 26   1  40   39 

## 3  1992  calf 31  6  0  0 43   0  80   80 

## 4  1993  calf 25  4  0  0 44   3  76   73 

## 5  1994  calf 13  1  0  0 41   4  59   55 

## 6  1995  calf  9  0  2  0 14   0  25   25 

## 7  1996  calf  5  0  2  0 11   0  18   18 

## 8  1997  calf 26  2  1  0 17   3  49   46 

## 9  1998  calf 21  2  1  0 28   3  55   52 

## 10 1999  calf 26  3  0  1 39   2  71   69 

## 11 2000  calf 18  4  0  0 30   1  53   52 

## 12 2001  calf 33  0  0  1 36   4  74   70 

## 13 2002  calf 11  2  0  0 46   0  59   59 

## 14 2003  calf 29  0  0  0 45   0  74   74 

## 15 2004  calf 35 10  0  1 38   1  85   84 

## 16 2005  calf 34  2  0  0 42   2  80   78 

## 17 2006  calf 14  2  1  0 21   2  40   38 

## 18 2007  calf 10  0  0  0 20   0  30   30 

## 19 2008  calf  7  1  0  0 19   2  29   27 

## 20 2009  calf 47  0  0  0 39   4  90   86 
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## 21 2010  calf 11  2  0  0 16   1  30   29 

## 22 2011  calf 31  2  2  0 62   1  98   97 

## 23 2012  calf  9  1  0  0 22   0  32   32 

## 24 2013  calf 14  0  0  0 38   1  53   52 

## 25 2014  calf 17  4  0  0 58   1  80   79 

## 26 2015  calf 23  2  0  0 67   0  92   92 

## 27 2016  calf 15  4  0  0 47   0  66   66 

## 28 2017  calf 21  1  0  0 70   3  95   92 

## 29 2018  calf 17  2  0  0 40   0  59   59 

## 30 2019  calf 20  1  0  0 23   1  45   44 

## 31 1990  Y/FA  1 25 14  1 32   0  73   73 

## 32 1991  Y/FA  3 20 35 13 63   0 134  134 

## 33 1992  Y/FA  3 21 30  4 40   0  98   98 

## 34 1993  Y/FA  2 25 32  7 40   2 108  106 

## 35 1994  Y/FA  4 22 26  4 53   8 117  109 

## 36 1995  Y/FA  3 18 41  1 47   0 110  110 

## 37 1996  Y/FA  4 11 38  7 49   1 110  109 

## 38 1997  Y/FA  2  6 20  3 18   1  50   49 

## 39 1998  Y/FA  5 16 26  3 34   0  84   84 

## 40 1999  Y/FA  1 25 25  3 35   2  91   89 

## 41 2000  Y/FA  2 28 36  2 37   2 107  105 

## 42 2001  Y/FA  2 17 35  4 49   2 109  107 

## 43 2002  Y/FA  4 25 37  4 47   0 117  117 

## 44 2003  Y/FA  4 17 37  2 39   0  99   99 

## 45 2004  Y/FA  4 28 35  2 38   1 108  107 

## 46 2005  Y/FA  1 23 43  3 52   0 122  122 

## 47 2006  Y/FA  2 20 41  1 55   1 120  119 

## 48 2007  Y/FA  5 12 24  8 36   0  85   85 

## 49 2008  Y/FA  5 20 47  5 43   4 124  120 

## 50 2009  Y/FA 12 12 63  6 51   4 148  144 

## 51 2010  Y/FA 10 33 37  3 80   5 168  163 

## 52 2011  Y/FA  6 25 27  4 31   6  99   93 

## 53 2012  Y/FA  6 35 28  4 56   1 130  129 

## 54 2013  Y/FA  6 29 26 12 49   5 127  122 

## 55 2014  Y/FA  3 33 15  4 40   0  95   95 

## 56 2015  Y/FA  3 33 29  7 45   0 117  117 
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## 57 2016  Y/FA 10 37 33  8 53   0 141  141 

## 58 2017  Y/FA  4 24 18 12 55   4 117  113 

## 59 2018  Y/FA  3 29 19  1 63   1 116  115 

## 60 2019  Y/FA  1 41 29  0 72   1 144  143 

## 61 1990  free  0  4 10 26 34   2  76   74 

## 62 1991  free  1 12 13 42 41   2 111  109 

## 63 1992  free  1  7 16 57 29   0 110  110 

## 64 1993  free  1  8 22 56 30   1 118  117 

## 65 1994  free  3  7 12 48 42  10 122  112 

## 66 1995  free  4 13 22 56 65   1 161  160 

## 67 1996  free  3 12 22 59 52   3 151  148 

## 68 1997  free  2  5 30 51 27   0 115  115 

## 69 1998  free  5 12 13 60 38   0 128  128 

## 70 1999  free  1 18 11 56 40   2 128  126 

## 71 2000  free  0 11 20 50 51   0 132  132 

## 72 2001  free  4  6 15 47 47   0 119  119 

## 73 2002  free  5  4  7 50 45   1 112  111 

## 74 2003  free  2  4 11 60 23   1 101  100 

## 75 2004  free  2  9 14 47 35   1 108  107 

## 76 2005  free  6 10  7 59 43   0 125  125 

## 77 2006  free  1  8 15 67 44   1 136  135 

## 78 2007  free 14 14 15 77 46   1 167  166 

## 79 2008  free  1 12 25 63 52   2 155  153 

## 80 2009  free  2  7 16 65 18   0 108  108 

## 81 2010  free  2 18 17 57 40   6 140  134 

## 82 2011  free  2 14 14 44 36   2 112  110 

## 83 2012  free  2 23 15 47 45  11 143  132 

## 84 2013  free  5 21 14 53 54   3 150  147 

## 85 2014  free  2 18 20 59 27   2 128  126 

## 86 2015  free  2 20 18 54 42  16 152  136 

## 87 2016  free  5 24 22 68 50   0 169  169 

## 88 2017  free  4 24 16 63 33  14 154  140 

## 89 2018  free  4  6 13 52 75   0 150  150 

## 90 2019  free  3  7 11 73 38   0 132  132 
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# Adventdalen population covariates 

# proportions (p) of C, Y, FA, MA and Y/(Y+FA) 

data.adv 

##              pC         py       pfa       pma        pyf 

## 1990 0.22171946 0.17797888 0.3815988 0.2187029 0.31805930 

## 1991 0.21618037 0.11936340 0.4535809 0.2108753 0.20833333 

## 1992 0.26975477 0.10762943 0.3841962 0.2384196 0.21883657 

## 1993 0.16915423 0.19734660 0.3797678 0.2537313 0.34195402 

## 1994 0.26430518 0.09264305 0.4155313 0.2275204 0.18230563 

## 1995 0.18971631 0.18617021 0.3599291 0.2641844 0.34090909 

## 1996 0.10505837 0.08754864 0.5369650 0.2704280 0.14018692 

## 1997 0.26334520 0.03558719 0.4306050 0.2704626 0.07633588 

## 1998 0.25574273 0.17304747 0.3614089 0.2098009 0.32378223 

## 1999 0.24178404 0.22300469 0.3039906 0.2312207 0.42316258 

## 2000 0.14448052 0.28084416 0.3279221 0.2467532 0.46133333 

## 2001 0.28736842 0.09789474 0.3905263 0.2242105 0.20043103 

## 2002 0.13526570 0.20933977 0.3590982 0.2962963 0.36827195 

## 2003 0.32963374 0.08879023 0.3751387 0.2064373 0.19138756 

## 2004 0.23056300 0.25290438 0.3297587 0.1867739 0.43404908 

## 2005 0.22755102 0.16938776 0.3755102 0.2275510 0.31086142 

## 2006 0.10071942 0.10503597 0.4474820 0.3467626 0.19010417 

## 2007 0.27552817 0.05545775 0.4198944 0.2491197 0.11666667 

## 2008 0.07952872 0.11929308 0.4727541 0.3284242 0.20149254 

## 2009 0.28798186 0.04535147 0.3911565 0.2755102 0.10389610 

## 2010 0.13561644 0.17397260 0.4136986 0.2767123 0.29603730 

## 2011 0.28797468 0.07172996 0.3945148 0.2457806 0.15384615 

## 2012 0.15492958 0.15375587 0.4694836 0.2218310 0.24670433 

## 2013 0.28661276 0.08355795 0.4043127 0.2255166 0.17127072 

## 2014 0.25187406 0.16566717 0.3530735 0.2293853 0.31936416 

## 2015 0.17524116 0.12620579 0.4131833 0.2853698 0.23397914 

## 2016 0.13340448 0.07790822 0.4034152 0.3852721 0.16186253 

## 2017 0.22162986 0.07692308 0.3990861 0.3023610 0.16160000 

## 2018 0.24983777 0.14276444 0.3491239 0.2582738 0.29023747 

## 2019 0.18394649 0.14214047 0.3896321 0.2842809 0.26729560 
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# organize hunting data 

years <- unique(data.hunt$year) 

quotas <- unique(data.hunt$quota) 

agecats <- c("C","Y","FA","MA","X0") 

 

## filter and select data for each license category 

# calf license 

Q1 <- data.hunt %>% filter(quota == quotas[1]) %>% 

dplyr::select(all_of(agecats), Qadj)%>% as.data.frame(.) 

# Y/FA license 

Q2 <- data.hunt %>% filter(quota == quotas[2]) %>% 

dplyr::select(all_of(agecats), Qadj)%>% as.data.frame(.) 

# free choice license 

Q3 <- data.hunt %>% filter(quota == quotas[3]) %>% 

dplyr::select(all_of(agecats), Qadj)%>% as.data.frame(.) 

rownames(Q1) <- rownames(Q2) <- rownames(Q3) <- years 

 

# proportions hunting results  

Y1 <- as.matrix(Q1[,1:5] / Q1[,6]) 

Y2 <- as.matrix(Q2[,1:5] / Q2[,6]) 

Y3 <- as.matrix(Q3[,1:5] / Q3[,6]) 

 

General Bayesian multinomial likelihood model 
With Bayesian indicator variable model selection 

• Estimate logit probabilities (mu) with linear effects (beta) of population covariates 

• include residuals based on multivariate normal distribution, estimating the precision 

(1/covariance) matrix from a Wishart distribution 

• probability of not shooting = 1 - sum(other probabilities) 

• Parameter weights “w.p.” have a Bernouli distribution and indicate the probability of the 

parameter “beta” being included in the model (See Darrah et al. (2018) Ibis 160:23-35.) 

## NOT RUN 

Full_model <- " 

model{ 

  ### LIKELIHOOD - observation process # 
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  for(t in 1:n.years){ 

    Y[t,] ~ dmulti(prob[t,], Q[t]) 

     

    ### LOGIT LINEAR REGRESSIONS 

    # Allow certain logit probs to vary with pop structure (not in 

Intercept-only model) 

     lpsi[t,1] <- mu[1] + epsilon[t,1] + w.p.c*beta.c*x.C[t] 

     lpsi[t,2] <- mu[2] + epsilon[t,2] + w.p.y*beta.y*x.Y[t] 

     lpsi[t,3] <- mu[3] + epsilon[t,3] + w.p.f*beta.f*x.F[t] 

     lpsi[t,4] <- mu[4] + epsilon[t,4] + w.p.m*beta.m*x.M[t] 

     

    ### RESIDUALS 

     epsilon[t,1:4] ~ dmnorm(c(0,0,0,0),Omega[1:4,1:4]) 

     

    ### PROBABILITY ESTIMATIONS. for all but 1 age-category 

    for(i in 1:(n.agecats-1)){  

      ### BACK-TRANSFORM PROBABILITIES 

      # Constrain probabilities such that their sum is < 1 

      prob[t,i] <- exp(lpsi[t,i])/(1+exp(lpsi[t,1])+  

                                     exp(lpsi[t,2])+  

                                     exp(lpsi[t,3])+  

                                     exp(lpsi[t,4])) 

    } # i; 1-4 

    prob[t,5] <- 1-sum(prob[t,1:4])  # i; 5 

  } # t 

   

  ### PRIORS - parameters ####  

  # Prior for total model variance 

    tau.V ~ dgamma(3.29, 7.8)  

  # number of parameters entering model (sum of inclusion variables) 

   K <- w.p.c + w.p.y + w.p.f + w.p.m  

  # total model variance 

   tau.model <- tau.V*K   

   

  # priors for covariates 

   beta.c ~ dnorm(0,tau.V)  
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   beta.y ~ dnorm(0,tau.V)  

   beta.f ~ dnorm(0,tau.V)  

   beta.m ~ dnorm(0,tau.V)  

   

  #Priors for inclusion variables 

   w.p.c ~ dbern(0.5)  

   w.p.y ~ dbern(0.5)  

   w.p.f ~ dbern(0.5)  

   w.p.m ~ dbern(0.5)  

   

  # priors for intercepts 

  for(i in 1:(n.agecats-1)){  

    mu[i] ~ dnorm(0,0.001)  

  }  

  # Priors for Precision matrix 

   Omega[1:4,1:4] ~ dwish(R[1:4,1:4], 4) 

}" 

 

# initial values 

inits <- function() {list("mu"=rnorm(4,0,10), 

                          "beta.c"= 0, "beta.y" = 0, "beta.f"= 0, "beta.m" 

= 0, 

                          "w.p.c" = 1, "w.p.y" = 1,"w.p.f" = 1, "w.p.m" = 

1)} 

# parameters monitored  

paramModSel <- 

c("mu","beta.c","beta.y","beta.f","beta.m","w.p.c","w.p.y","w.p.f","w.p.m"

) 

## MCMC settings 

# Test run: 

nb <- 50 

ni <- 300+nb 

nt <- 1 # thinning rate 

nc <- 3 

# Full run: 

#nb <- 5000 
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#ni <- 30000+nb 

#nt <- 30 # thinning rate 

#nc <- 3 

# Data with standardized covariates, using data from free choice licenses 

as an example (Q3) 

bugs.data <- list(Y=Q3[,1:5], Q=Q3[,6], n.years=length(years), 

n.agecats=length(agecats), R=diag(4)) 

bugs.data[["x.C"]] <- as.vector(scale(data.adv$pC)) 

bugs.data[["x.Y"]] <- as.vector(scale(data.adv$py)) 

bugs.data[["x.F"]] <- as.vector(scale(data.adv$pfa)) 

bugs.data[["x.M"]] <- as.vector(scale(data.adv$pma)) 

# RUN 

ModSel <- jags(bugs.data, inits, paramModSel, textConnection(Full_model), 

n.chains=nc, n.thin=nt, n.iter=ni, n.burnin=nb) 

 

Without indicator variable selection 

• To obtain estimates of selected covariates 

## NOT RUN 

Model_est <- " 

model{ 

  ### LIKELIHOOD - observation process # 

  for(t in 1:n.years){ 

    Y[t,] ~ dmulti(prob[t,], Q[t]) 

     

    ### LOGIT LINEAR REGRESSIONS 

    # Allow certain logit probs to vary with pop structure (not in 

Intercept-only model) 

     lpsi[t,1] <- mu[1] + epsilon[t,1] + beta.c*x.C[t] 

     lpsi[t,2] <- mu[2] + epsilon[t,2] + beta.y*x.Y[t] 

     lpsi[t,3] <- mu[3] + epsilon[t,3] + beta.f*x.F[t] 

     lpsi[t,4] <- mu[4] + epsilon[t,4] + beta.m*x.M[t] 

     

    ### RESIDUALS 

     epsilon[t,1:4] ~ dmnorm(c(0,0,0,0),Omega[1:4,1:4]) 
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    ### PROBABILITY ESTIMATIONS. for all but 1 age-category 

    for(i in 1:(n.agecats-1)){  

      ### BACK-TRANSFORM PROBABILITIES 

      # Constrain probabilities such that their sum is < 1 

      prob[t,i] <- exp(lpsi[t,i])/(1+exp(lpsi[t,1])+  

                                     exp(lpsi[t,2])+  

                                     exp(lpsi[t,3])+  

                                     exp(lpsi[t,4])) 

    } # i; 1-4 

    prob[t,5] <- 1-sum(prob[t,1:4])  # i; 5 

  } # t 

   

  ### PRIORS - parameters ####  

   

  # priors for covariates 

   beta.c ~ dnorm(0,0.001)  

   beta.y ~ dnorm(0,0.001)  

   beta.f ~ dnorm(0,0.001)  

   beta.m ~ dnorm(0,0.001)  

   

  # priors for intercepts 

  for(i in 1:(n.agecats-1)){  

    mu[i] ~ dnorm(0,0.001)  

  }  

  # Priors for Precision matrix 

   Omega[1:4,1:4] ~ dwish(R[1:4,1:4], 4) 

}" 

 

# initial values 

inits <- function() {list("mu"=rnorm(4,0,10),"beta.c"= 0, "beta.y" = 0, 

"beta.f"= 0, "beta.m" = 0)} 

# parameters monitored  

paramModSel <- c("mu","beta.c","beta.y","beta.f","beta.m") 

# RUN 

FullModel <- jags(bugs.data, inits, paramModSel, 

textConnection(Model_est), n.chains=nc, n.thin=nt, n.iter=ni, n.burnin=nb)  
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Supplementary Tables 
Table S1. Model selection for the estimation of Svalbard reindeer yearlings in the 

Adventdalen population. ΔQAICc = difference in quasi-Akaike’s Information criterion 

corrected for sample size (QAICc) from the model with lowest QAICc. Weight = relative 

likelihood of the model based on ΔQAICc. Y = number of yearlings, N = total population 

size, Fec = fecundity, i.e. proportion of females with calf, pC = proportion of calves in the 

population. Subscripts t and t-1 indicate current and previous year observations, respectively. 

Only the top 10 models are shown.  

Model ΔQAICc Weight 
Y ~ N + Fect + Fect-1 0.00 0.50 
Y ~ N + Fect + Fect-1 + N:Fect-1 0.32 0.43 
Y ~ N + Fect-1 4.84 0.04 
Y ~ N + Fect-1 + N:Fect-1 6.88 0.02 
Y ~ Fect + Fect-1 7.49 0.01 
Y ~ N + pCt-1 12.94 0.00 
Y ~ N + pCt + pCt-1 13.74 0.00 
Y ~ N + pCt-1 + N:pCt -1 15.85 0.00 
Y ~ N + pCt + pCt-1 + N:pCt -1 17.59 0.00 
Y ~ Fect-1 21.14 0.00 
 

Table S2. Standardized estimates of parameters from the generalized linear model of the 

number of Svalbard reindeer yearlings in the Adventdalen reference population. N = total 

population size, Fec = fecundity, i.e. proportion of female adults with calf. Subscripts t and t-
1 indicate current and previous year observations, respectively. Dispersion parameter for the 

quasi-Poisson family was taken to be 8.79.  

Parameter ! ± SE t-value P-value 
Intercept 4.43 ± 0.10 45.38 <0.001 
N 0.27 ± 0.07 3.66 0.002 
Fect 0.62 ± 0.10 5.99 <0.001 
Fect-1 0.20 ± 0.06 3.11 0.006 
N:Fect-1 -0.18 ± 0.10 -1.83 0.084 
 

Table S3. Pearson’s correlation coefficients (below diagonal) and P-values (above diagonal: 

* < 0.05, ** < 0.01, *** < 0.001) of annual population size among Svalbard reindeer 

subpopulations. ‘All hunting units’ indicates pooled data from all subpopulations except the 

unharvested Adventdalen subpopulation. 

 Advent-
dalen 

All 
hunting 
units 

Coles-
dalen 

Diabas Grøn- 
dalen 

Hollen- 
dardalen 

Rein- 
dalen 

Sassen-
dalen 

Adventdalen - *** *** *** *** * ** * 
All hunting units 0.769 - *** *** *** *** *** *** 

Colesdalen 0.799 0.902 - *** *** *** *** ** 
Diabas 0.754 0.938 0.935 - *** *** *** ** 
Grøndalen 0.715 0.924 0.889 0.876 - *** *** ** 
Hollendardalen 0.490 0.801 0.695 0.747 0.861 - 0.005 * 
Reindalen 0.689 0.893 0.714 0.792 0.765 0.593 - ** 
Sassendalen 0.544 0.773 0.588 0.654 0.571 0.532 0.615 - 
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Table S4. Pearson’s correlation coefficients (below diagonal) and P-values (above diagonal: 

* < 0.05, ** < 0.01, *** < 0.001) of annual calf production (i.e. the proportion of total calves 

in the population) among Svalbard reindeer populations. ‘All hunting units’ indicates pooled 

data from all subpopulations except the unharvested Adventdalen reference population. 

 Advent-
dalen 

All 
hunting 
units 

Coles-
dalen 

Diabas Grøn- 
dalen 

Hollen- 
dardalen 

Rein- 
dalen 

Sassen-
dalen 

Adventdalen - *** *** *** *** *** *** *** 
All hunting units 0.860 - *** *** *** *** *** *** 

Colesdalen 0.715 0.935 - *** *** ** *** *** 
Diabas 0.821 0.876 0.768 - *** ** *** *** 
Grøndalen 0.790 0.845 0.764 0.757 - *** *** * 
Hollendardalen 0.707 0.787 0.686 0.561 0.821 - *** * 
Reindalen 0.712 0.898 0.822 0.712 0.787 0.819 - ** 

Sassendalen 0.810 0.852 0.784 0.817 0.539 0.457 0.618 - 
 

Table S5. Trend estimates (±SE) in abundance of Svalbard reindeer populations and 

proportions of allocated quota in the six hunting units. Trend estimates (i.e. Year-effect) are 

number of reindeer yr–1 for abundance, whereas trend estimates for quota proportions are on 

logit scale. Time series were centered in the analysis so that intercept indicates the estimated 

abundance and quota proportion in 2005. n = number of years with data. ‘All hunting units’ 

indicates pooled data from all subpopulations except the unharvested Adventdalen reference 

population. 

 Abundance    Quota proportion 
Population Intercept Year n  Intercept Year n 
Adventdalen 977 ± 31 20 ± 2 *** 41  – – – 
All hunting units 2479 ± 189 86 ± 25 ** 21  – – – 

Diabas 111 ± 13 7 ± 2 *** 21  -2.93 ± 0.10 0.00 ± 0.01 26 
Grøndalen 228 ± 24 14 ± 3 *** 21  -2.18 ± 0.07 0.02 ± 0.01 ** 30 
Hollendardalen 347 ± 30 9 ± 4 * 21  -1.81 ± 0.07 0.01 ± 0.01 • 26 
Colesdalen 463 ± 35 27 ± 5 *** 21  -1.42 ± 0.05 0.02 ± 0.01 ** 30 
Reindalen 537 ± 70 23 ± 9 * 21  -1.54 ± 0.05 -0.01 ± 0.01 • 30 
Sassendalen 793 ± 52 7 ± 7 21  -0.62 ± 0.04 -0.04 ± 0.01 *** 30 
P-values are only indicated for trend estimates: • < 0.10, * < 0.05, ** < 0.01, *** < 0.001 

 

Table S6. Statistical test of differences in annual quota-filling performance among Svalbard 

reindeer license categories for each hunting unit. A generalized linear model was used with 

quasibinomial family and logit-link function. Estimates with standard errors (! ± SE) are 

shown on logit scale. The Y/FA license was used as the reference (intercept), whereas 

estimates for calf and free choice licenses indicate differences from the intercept. n = number 

of years. 

Hunting unit Intercept Calf Free choice n 
Diabas 0.55 ± 0.19 ** -0.89 ± 0.31 ** 0.53 ± 0.27 • 26 
Grøndalen 0.45 ± 0.14 ** -0.73 ± 0.23 ** 0.34 ± 0.19 • 30 
Hollendardalen 0.71 ± 0.13 *** -0.85 ± 0.20 *** 0.42 ± 0.18 * 26 
Colesdalen 0.67 ± 0.09 *** -0.90 ± 0.15 *** 0.53 ± 0.14 *** 30 
Reindalen 0.09 ± 0.12  -0.53 ± 0.20 * 0.27 ± 0.16 • 30 
Sassendalen 0.10 ± 0.08  -0.80 ± 0.14 *** 0.50 ± 0.11 *** 30 
P-values: • < 0.10, * < 0.05, ** < 0.01, *** < 0.001  
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Table S7. Model results for the proportion of quota allocated by hunting unit in relation to 

their annual relative population size (i.e. number of reindeer counted per hunting unit, Nsub, 

divided by the total number of reindeer in all units, Ntot). Estimates with standard errors (! ± 

SE) are shown on logit scale. Relative population size was standardized in the analysis. 

Hunting unit Intercept Nsub/Ntot 

Diabas -2.71 ± 1.21 * 0.18 ± 0.94 
Grøndalen -1.16 ± 0.24 *** 1.28 ± 0.33 ***  
Hollendardalen -1.70 ± 0.08 *** 0.15 ± 0.15 
Colesdalen -1.67 ± 0.08 *** 0.66 ± 0.13 *** 
Reindalen -1.55 ± 0.08 *** 0.00 ± 0.11 
Sassendalen -1.55 ± 0.13 *** 0.54 ± 0.08 *** 
P-values: * < 0.05, *** < 0.001 

 

Table S8. Estimated differences in the demographic structure of Svalbard reindeer between 

the reference population and harvest offtake. Estimates and standard errors (! ± SE) are given 

on logit scale. 

Animal Intercept 
(population) 

Difference (harvest) 

Calf -1.27 ± 0.05 -0.42 ± 0.13** 
Yearling -1.88 ± 0.06 0.61 ± 0.12*** 
Female adult -0.44 ± 0.04 -0.53 ± 0.10*** 
Male adult -1.07 ± 0.04 0.44 ± 0.10*** 
P-values are only indicated for differences: ** < 0.01, *** < 0.001. 
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Table S9. Estimates of trends and breakpoints in the time series of harvest proportions of yearlings (P(Y)) and female adults (P(FA)) in the total 
offtake during the study period (1990-2019) using linear regression and structural change models. The latter model indicated only one breakpoint 
in the time series for both yearlings and female adults. Trend estimates of linear regressions were standardized in the model (year.std). No 
significant trends or breakpoints were found for the harvest proportions of calves and male adults.  
Model Parameter β [95% CI] t/F-value P-value R!
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"  Chow GC (1960) Tests of Equality Between Sets of Coefficients in Two Linear Regressions. Econometrica 28:591-605 
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