










Fig. 13a. Sightings of basking sharks around Newfoundland and Labrador 
during DFO’s 2007 TNASS aerial surveys for marine megafauna.



Fig. 13b. Sightings of basking sharks on the Scotian Shelf and in the Gulf of St. 
Lawrence during DFO’s 2007 TNASS aerial surveys for marine megafauna.
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Fig. 14.  Estimated basking shark discards from Scotia-Fundy domestic 
fisheries.
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Fig. 15.  Estimated (domestic) and known (foreign-reported by Scotia-Fundy) 
basking shark discards from domestic and foreign fisheries from all regions.
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Fig. 16.  Distribution of basking shark catch weights by set as recorded in the 
(A) Scotia-Fundy and (B) Newfoundland observer programs.  Although the data
are aggregated by set, almost all observations are based on a single basking 
shark. There was a suggestion of a trend in basking shark weight through time 
in the Scotia-Fundy data (C).
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Figure 17. Simulation results from the base model in which r is constrained to be >0
and <0.057.  The top panel shows 10 simulated population trajectories and the 

bottom panel shows the histograms, based on 1000 population simulations, of the 
population size in 2007, the population size in 1986, r and rate of change in 
population size (positive values indicate an increasing population).
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Figure 18. Simulation results from the model with the number of removals doubled.  
The top panel shows 10 simulated population trajectories, while the bottom panel 
shows the histograms of the population size in 2007, the population size in 1986, 
r and the rate of change in population size (positive values indicate an increasing 
population).
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Appendix 1. S-Plus code used to estimate r, Fcrit, Ncrit and for the population simulations.  
 
#ajf gibson Apr. 26/08 
 
lotka.r<-function(age.mat,litter,gestation,nat.mort,juv.mult,max.age,lag)  
            { 
        #age.mat<-18 
        #litter<-3 
        #gestation<-3 
        #nat.mort<-0.068 
        #juv.mult<-2 
                #max.age<-50  #first.age=0 in this model 
                #lag<-1 #time between giving birth and becoming pregnant   
          
                gest.lag<-gestation+lag 
 
         #temp<-c(0,c(rep(0,age.mat),rep(c(rep(0,gestation-
1),litter),100))) #old doesn't work 
         temp<-c(0,c(rep(0,age.mat+gestation-
1),litter,rep(c(rep(0,gest.lag-1),litter),100)))  
                mx<-temp[1:(max.age+1)] 
          
         r.M<-c(nat.mort*juv.mult,rep(nat.mort,max.age-1)) 
          
         si<-exp(-r.M) 
         x<-0:(max.age) 
         lx<-0 
         lx[1]<-1 
         for(i in 2:(length(si)+1)) 
         {lx[i]<-lx[i-1]*si[i-1]} 
        
         lxmx<-lx*mx 
                assign(".lxmx",lxmx,frame=1)     # Store in expression frame 
                assign(".x",x,frame=1) 
                minimise<-function(start.r) 
           { 
                   rx<-exp(-start.r*.x) 
            lotka<-sum(.lxmx*rx) 
            sumsq <- sum((lotka-1)^2)  
            return(sumsq) 
                  } 
      junk<-nlminb(start = 0.03,obj = minimise, lower=-0.2,upper=0.2) 
             return(junk) 
            } 
   
 
##################################################################### 
 
basking.sim6<-function() 
{ 
 
#ajf gibson Apr. 26/08 
#assign output to "basking.sim.result" which is an object used by the 
plotting function below  
 
years<-1986:2007 
n.years<-length(years) 
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n.sims<-1000 
Pop<-matrix(rep(0,n.years*n.sims),n.sims,n.years)    #matrix(data=NA, 
nrow=<<see below>>, ncol=<<see below>>,byrow=F, dimnames=NULL)  
Pop.vec<-rep(0,n.years) 
r.vec<-rep(0,n.sims) 
F.crit.vec<-rep(0,n.sims) 
N.crit.vec<-rep(0,n.sims) 
B1.vec<-rep(0,n.sims) 
removals<-
c(71,51,138,322,741,317,331,138,161,232,161,23,54,114,66,59,197,37,185,42,4,0
) #0 is a place holder, doesn't matter  
#removals<-removals*2 
mean.removals<-mean(removals[removals>0])  #last value doesn't count in 
average 
print(mean.removals) 
sel<-2 
r.cutoff<-0.057  # 0.057 median of 21 species of sharks 
K<-20000   #upper limit on population size used (high level of d.d.)  
 
#create vectors of random pars 
 
      age.mat.vec<-sample(16:20,n.sims*2,replace=T) #18   
      litter.vec<-sample(2:4,n.sims*2,replace=T)    #6 total switched to 
females =3 
      gestation.vec<-sample(2:4,n.sims*2,replace=T) #3 
      nat.mort.vec<-runif(n.sims*2,0.058,0.078) #0.068 
      #nat.mort.vec<-runif(n.sims*2,0.081,0.101) #0.091 
      juv.mult.vec<-runif(n.sims*2,1.5,2.5) #2 
      lag.vec<-sample(0:2,n.sims*2,replace=T) #1 
      #lag.vec<-rep(0,n.sims*2) 
      max.age.vec<-sample(40:60,n.sims*2,replace=T) #50 
      N.end<-
c(sample(5000:10000,size=n.sims/2,replace=T),sample(10000:20000,size=n.sims/2
,replace=T))  
      #N.end<-
c(sample(2500:5000,size=n.sims/2,replace=T),sample(5000:10000,size=n.sims/2,r
eplace=T))  
 
   #logic here is approx. 10000 sharks. guess at range is 1/2 to double; done 
this way so that half are above and half are below 
 
 for(i in 1:(1*n.sims*2))   #2 is a patch to get n.sims values for r that are 
<r.cutoff  
     { 
     junk<-
lotka.r(age.mat.vec[i],litter.vec[i],gestation.vec[i],nat.mort.vec[i],juv.mul
t.vec[i],max.age.vec[i],lag.vec[i])   
     junk2<-
F.crit.calc(age.mat.vec[i],litter.vec[i],gestation.vec[i],nat.mort.vec[i],juv
.mult.vec[i],max.age.vec[i],lag.vec[i],sel,mean.removals) 
 
     r.vec[i]<-junk$par  
     F.crit.vec[i]<-junk2$f       
     N.crit.vec[i]<-junk2$N.crit 
     } 
     temp.r.vec<-r.vec[r.vec>0 & r.vec<r.cutoff] 
     temp.F.crit.vec<-F.crit.vec[r.vec>0 & r.vec<r.cutoff] 
     temp.N.crit.vec<-N.crit.vec[r.vec>0 & r.vec<r.cutoff] 
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     r.vec<-temp.r.vec[1:n.sims] 
     F.crit.vec<-temp.F.crit.vec[1:n.sims] 
     N.crit.vec<-temp.N.crit.vec[1:n.sims] 
 
 
 
############################################################ 
 
#then do population projections 
 
    for(i in 1:n.sims) 
      { 
      Pop.vec[n.years]<-N.end[i] 
         for(y in 1:(n.years-1)) 
           { 
           Pop.vec[n.years-y]<-(Pop.vec[n.years-y+1]+removals[n.years-
y])/exp(r.vec[i]) 
          #Pop.vec[n.years-y]<-(Pop.vec[n.years-
y+1]+mean.removals)/exp(r.vec[i]) #average value 
           } 
 
      Pop[i,]<-Pop.vec 
      B1.vec[i]<-lm(log(Pop.vec)~years)$coef[2] 
      } #end simulation 
 
     r.summary<-quantile(r.vec,c(0.05,0.5,0.95))    
     F.crit.summary<-quantile(F.crit.vec,c(0.05,0.5,0.95))    
     N.crit.summary<-quantile(N.crit.vec,c(0.05,0.5,0.95))    
     proportion.declining<-length(B1.vec[B1.vec<0])/length(B1.vec) 
      
return(mean.removals,Pop,r.vec,B1.vec,r.summary,F.crit.summary,N.crit.summary
,proportion.declining) 
 
} #end function 
############################################################### 
############################################################### 
 
 
plot.basking.sim<-function() 
{ 
graphsheet(orientation="landscape")  
pop<-basking.sim.result$Pop/1000 
 
r<-basking.sim.result$r.vec 
B1<-basking.sim.result$B1.vec 
ann.change<-basking.sim.result$ann.change 
par(mfrow=c(1,1),las=1,omi=c(1,1,0.5,0.25),mar=c(3,3,1,1))  
 
years<-1986:2007 
plot(years,pop[1,],type="l",ylim=c(0,max(pop[1:20,])),xlab=" ",ylab=" 
",lty=1) 
lines(years,pop[2,],lty=3) 
lines(years,pop[3,],lty=5) 
lines(years,pop[4,],lty=7) 
lines(years,pop[5,],lty=9) 
lines(years,pop[6,],lty=1) 
lines(years,pop[7,],lty=3) 
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lines(years,pop[8,],lty=5) 
lines(years,pop[9,],lty=7) 
lines(years,pop[10,],lty=9) 
 
mtext("Year",1,outer=T,cex=1.2) 
mtext("Abundance (1000's)",2,outer=T,cex=1.2) 
 
par(mfcol=c(2,2),las=1,omi=c(1,1,0.5,0.25),mar=c(4,4,2,2))  
  
hist(pop[,length(years)],nclass=20,probability=T,cex=0.7,xlab=" 
",plot=T,xlim=c(0,25)) 
mtext("N (2007)",1,outer=F,cex=1.2,line=3) 
 
hist(pop[,1],nclass=20,probability=T,cex=0.7,xlab=" ",plot=T,xlim=c(0,25)) 
mtext("N (1986)",1,outer=F,cex=1.2,line=3) 
 
hist(r,nclass=20,probability=T,cex=0.7,xlab=" ",plot=T) 
mtext("Probability Density",2,outer=T,cex=1.4,line=4) 
mtext("r",1,outer=F,cex=1.2,line=3) 
 
hist(B1,nclass=20,probability=T,cex=0.7,xlab=" ",plot=T) 
mtext("Probability Density",2,outer=T,cex=1.4,line=4) 
mtext("Annual Rate of Change",1,outer=F,cex=1.2,line=3) 
#mtext("Slope",1,outer=F,cex=1.2,line=3) 
 
} 
 
##################################################################### 
F.crit.calc_function(age.mat,litter,gestation,nat.mort,juv.mult,max.age,lag,s
el,removals) 
{ 
#this function finds the value of F such that the population growth rate = 1 
#this is based on an SPR calculation 
#the population growth rate =1 where SPR = 1/number of age-0 female offspring 
#fishing selectivity is knife-edge at age=sel 
#N.crit is the size the total population would have to be such that F would 
be less than F.crit  
#with removals only above the age of selectivity given recent average 
removals (161.8)  
  
 gest.lag<-gestation+lag 
 temp<-c(0,c(rep(0,age.mat+gestation-1),litter,rep(c(rep(0,gest.lag-
1),litter),100)))  
 mx<-temp[1:(max.age+1)] 
 
 M<-c(nat.mort*juv.mult,rep(nat.mort,max.age-1)) 
  
 assign(".M",M,frame=1)     # Store in expression frame 
 assign(".mx",mx,frame=1) 
 assign(".sel",sel,frame=1) 
 assign(".max.age",max.age,frame=1) 
 assign(".litter",litter,frame=1) 
 minimise<-function(f) 
   { 
   f.vec<-c(rep(0,.sel),rep(f,.max.age-.sel))         
   si<-exp(-(.M+f.vec))  
   lx<-0 
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   lx[1]<-1                     #lx is the proportion alive at the start of 
each age class 
   for(i in 2:(length(si)+1)) 
   {lx[i]<-lx[i-1]*si[i-1]} 
   spr<-sum(lx*.mx) 
  # sumsq <- (spr-(1/.litter))^2  #litter is the number of female age-0 
offspring 
   sumsq <- (spr-1)^2 
   return(sumsq) 
   } 
   
  junk<-nlminb(start = 0.1,obj = minimise, lower=0.0001,upper=4) 
 
 
  f<-junk$par 
  f.vec<-c(rep(0,.sel),rep(f,.max.age-.sel))         
  si.f<-exp(-(.M+f.vec))         #values or vectors labelled .f are at f.crit 
  lx.f<-0 
  lx.f[1]<-1 
  for(i in 2:(length(si.f)+1)) 
  {lx.f[i]<-lx.f[i-1]*si.f[i-1]} 
  spr.f<-sum(lx.f*.mx) 
   
  si.f0<-exp(-(.M))       #values or vectors labelled .f0 are in the absence 
of fishing  
  lx.f0<-0 
  lx.f0[1]<-1 
  for(i in 2:(length(si.f0)+1)) 
  {lx.f0[i]<-lx.f0[i-1]*si.f0[i-1]} 
  spr.f0<-sum(lx.f0*.mx) 
 
 
 
#N.crit 
#given f.crit and catch and C=N(1-exp(-F)) 
 N<-removals/(1-exp(-f)) # these are at or above the age of selectivity 
#add in number below the age of selectivity, calculated using lx 
 N.crit<-N*(sum(lx.f)/sum(lx.f[(sel+1):length(lx.f)])) 
 
  
  return(mx,M,f.vec,si.f,lx.f,spr.f,f,si.f0,lx.f0,spr.f0,N,N.crit) 
} 
 
 
 


