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White shark population estimates   

The WA Department of Fisheries has assessed the removal of up to 25 white sharks over a 

three year period is “highly unlikely to make any material effect” on the SWA population of 

white sharks. This is based principally on: 

1. an estimated population size of a “few to several thousand” (3400-5400); 

2. an assessment that “the current (2012) population levels….are at least 70% or 

above their pre-exploitation levels” and 

3. an estimated current catch of around 100 sharks per year from the population. 

The Environmental Protection Authority has noted your comments on the Department’s 

assessment. 

As well as the CSIRO, a number of submitters have referred to the paper by Blower at al. 
(2012) which estimated the effective population size for the southwest population to be 
approximately 700 breeding individuals. The paper recognises the estimate has wide 
confidence intervals and is preliminary due to low numbers of genetic markers and samples. 

Putting aside the policy question of whether the removal of white sharks alters public safety, 
having regard for the paper by Blower et al, can you provide a professional, expert view on 
the likelihood of the removal of up to 25 white sharks over three years having a material 
effect on the SWA population? 

Further, if you consider that the taking of up to 25 white sharks might reasonably have a 
material effect, can you provide a professional, expert view on a take limit for the three years 
that would be unlikely to have a material effect on the population? 

 

CSIRO response 
 
It is important to understand the uncertainty in the modelling results that The WA 
Department of Fisheries (DoF) have provided. We reiterate our statement from the ‘Peer 
Review Report’. 
 
“The proponent has arbitrarily defined a range of initial population sizes, arbitrarily defined 
a ‘starting point’ equating to a time of virgin biomass, modelled various trajectories based 
on assumed historical catch scenarios - the basis for which are not defined in Appendix 9, 
selectively culled trajectories and used the resulting model output to estimate population 
sizes relative to their assumed virgin biomass. These choices provide the basis for useful 
exploratory analyses. However, very few of the key parameters used have robust empirical 
measures and this is the challenge for interpreting such model outputs. Although it is possible 
that the actual population and even the trajectory of the current population may fall within 
the boundaries of the proponent’s model outputs, without empirically derived estimates it is 
impossible to adjudicate their veracity” 
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The most significant uncertainties are the initial population size and the cumulative annual 
mortality [total anthropomorphic catch + natural mortality (= total mortality)] applied to the 
modelled population. The PER document states that the current total annual catch of white 
sharks across the south-western population is 92 (71-115, 95% CI) [PER Appendix 9 - page 
8]. The PER document does not articulate how that figure was obtained, only citing an 
unpublished (and as yet unavailable) report. Captures of white sharks are poorly and 
unreliably recorded in commercial fishery logbooks; efforts to validate catch history are 
fraught with difficulty and white shark bycatch/fishing effort relationships are not necessarily 
comparable between regions or over time due to regional differences in abundance and 
catchability of sharks, variations in the configuration of gear, management changes impacting 
fishing behaviour and variability in the motivation to report captures over time. A previous 
study by Malcolm et al. (2001) identified that the capture of white sharks was not well 
correlated with effort in the SESSF (the fishery responsible for the highest capture of white 
sharks in the southwest population) and thus estimating catch from effort was likely to 
underestimate the true fishing mortality.  
 
Blower et al. (2012) paper 
The Blower et al. (2012) paper refers to ‘effective’ population size. The effective size of a 
population (Ne) is the size of an ideal or theoretical population experiencing the same rate of 
random genetic change over time as the real population under consideration. In real 
populations, Ne generally is usually considerably smaller than the total, or census, population 
size (referred to as N or Nc) and can be so by up to orders of magnitude. There are many life 
history and population circumstances that impact Ne and result in Ne being smaller than the 
true size of a population. Ne is also not strictly a measure of the number of breeding 
individuals (Nb) – these two values can also be very different in a population. Although 
generalised conversion factors between Ne and Nc are available – in practice the relationship 
between these parameters varies between species, between populations and can vary between 
time periods for the same population – particularly if there has been an historical change in 
population abundance. Quite simply Ne and Nc are not the same and the relationship between 
them is often unclear. Ne is a measure of the genetic and adaptive health of a population and 
is not a measure of total population size. Thus the Ne figure of ‘approximately 700’ sharks for 
the southwest population cannot be used in the context of assessing the removal of ‘up to 25 
sharks’. 
 
How many can be taken? 
There is no reliable way of determining this given the current uncertainty in population 
parameters. There are real dangers in providing ‘back-of-the-envelope’ calculations regarding 
sustainability when empirical data are poor or lacking. However, such calculations can 
provide a useful first-cut guide provided that the caveat of uncertainty is not overlooked. 
There are no reliable estimates of existing or previous population size in white sharks. 
Providing empirical estimates of population size is the subject of a current program of 
research led by CSIRO.  
 
As indicated above, there are significant (and understandable) uncertainties in the DoF model 
used to inform the risk assessment for white sharks. These uncertainties present a significant 
challenge in any attempts at modelling populations of this species as the data fall well below 
that which would be acceptable for a routine fisheries-style stock assessment and alternative 
model structures have not been tested. Yet the outputs from this model are required to 
appropriately inform the level of risk posed to the population. The DoF model has yet to be 
published or peer-reviewed and was not available for this review. Alternative model/data 
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assumptions and/or model structure may provide very different results. Given these 
circumstances it would be prudent to be more risk averse when considering possible 
population impacts on white sharks. 
 
Despite these shortcomings, if we assume that the WA Fisheries model output is near the 
ball-park, then taking a commonly accepted conservative estimate of sustainable harvest rate: 
 
Has = r/2*N 
 
Where Has = the assumed annual sustainable harvest rate; r = the maximum rate of population 
increase and N = current population size (= Nc in above discussion).  
 
Table 1 provides assumed sustainable harvest rates based on the above equation and using a 
range of published ‘r’ values for white sharks1. Note that sustainable harvest in this context 
refers to total non-natural mortality for the population which includes all fishing and other 
anthropomorphic mortality. Values of N include the upper and lower CI bounds estimates 
provided by DoF and the values of 700 and 2000, the latter for completeness, which are 
figures that have previously appeared in published Australian population studies (including 
Blower et al. 2012) for comparison [Noting the point above regarding Ne vs Nc]. The dark 
border indicates DoF estimated population bounds. It is important to note that demographic 
models commonly track and estimate the number of females as opposed to the total number 
of animals (males + females) in the population. This is because the reproductive output (and 
hence replenishment rate) is a function of the number of females in the population. Although 
not specifically stated in the PER document, we assume that the population outputs from the 
DoF model refer to females only. The figures in the Table 1 below thus refer to the number of 
females caught. 
 
Table 1: Assumed sustainable harvest rates for white sharks based on published ranges of 
maximum intrinsic growth rate (r). Note that 0.07 is the current value for r used by CSIRO. 
Est. population 
size (N) 

Assumed annual sustainable harvest rate (r/2*N) [number of sharks] 
r = 0.04 r = 0.056 r = 0.07 r = 0.08 

700 14 20 25 28 
2000 40 56 70 80 
3400 68 95 119 136 
5400 108 151 189 216 
 
If we assume that the population is within the bounds of that estimated by the DoF, then the 
annual take of 110 white sharks (100 from fishery bycatch + 10 per annum estimated from 
drum line) exceeds a conservative sustainable harvest rate in three of the DoF population 
scenarios (red highlight – i.e. a harvest rate of 110 per year would result in population 
decrease). It is within an (arbitrary) buffer of 30% in two (yellow highlight) and is below the 
rate in two (green highlight – i.e. a harvest rate of 110 per year would not result in a 
population decrease). The interpretation of these figures is conservative as they refer to 
catches of females. In reality, commercial fisheries catch both males and females as no doubt 
the drum-line operations would also. However, sex bias in the capture of sharks is common. 
A case in point is that the trial drumline program caught a significantly higher number of 
female tiger sharks than males. 
 
1There are various definitions of intrinsic growth rate and various ways to calculate it. We don’t propose to define or discuss 
the merits of each here. 
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The veracity of these calculations is limited by their underlying assumptions. In particular, 
the life history composition of the catch (juveniles or adults or both) will have a bearing on 
the sustainability of the catch. All such estimates have a degree of uncertainty that only 
empirical data can reduce. Current estimates of catch across the range of the population are 
poor, unreliable and likely to vary from year to year and by region. Under the scenarios 
above, relatively minor errors in catch estimation (either fisheries bycatch or drum-line catch) 
could result in total catches exceeding that which is sustainable. Without empirical data, 
discussions on estimating what is sustainable, and what is not, cannot be further progressed. 
 
The DoF contend that an upper catch limit of 10 white sharks per year is sustainable (both 
MMAs and the rapid response program combined). We can neither confirm nor refute this 
given available data and modelling, noting again that the DoF population model is currently 
unpublished, it has not been reviewed by the wider scientific community and its detail were 
unavailable for us to review. And we also reiterate that alternative model/data assumptions 
and/or model structure may provide very different results to that calculated by DoF. 
Sustainability is dependent on the cumulative harvest from the population across its footprint 
(including other State and Commonwealth waters) not the take by the drum-line program 
alone. We reiterate that, if the program proceeds, an upper limit in catch be applied to the 
main species taken (tiger and white sharks). In the absence of more robust data, the upper 
limit for white sharks should be no more than 10 per annum across all components of the 
program combined, but if this is implemented it should be subject to sufficient monitoring 
and sampling of not only the drum-line caught sharks but also those from commercial fishery 
bycatch so as to improve estimates of total harvest. 
 
Notwithstanding the policy question of whether the removal of white sharks alters public 
safety, the proponent is faced with a trade-off between what level of removal of sharks will 
reduce the risk of shark attack (the implicit objective) and what level of removal will not 
place the population of sharks at risk. In the absence of more robust guiding information on 
these issues, we reiterate that if the drum-line program continues, it should include effective 
monitoring, clear trigger points and decision rules and agreed actions in response to these 
trigger points – all linked to defined program management objectives.  
 
Tagged white sharks in particular may offer a means of quantifying risk of encounter and 
defining the efficacy of the drumline program in reducing that risk. The ratio of capture of 
tagged vs untagged sharks combined with the number of tagged sharks detected by acoustic 
receivers in the MMA areas, particularly off Perth where acoustic receiver coverage is 
highest, may provide some data on the numbers of white sharks entering the MMA areas and 
the extent to which the drumline program is successful in their removal. This may provide the 
proponent with a means of ascertaining the level of encounter-risk mitigation (i.e. 
effectiveness) provided by the program and the impact on shark numbers within these areas. 
Although, as stated in our review, the relationship between encounter risk and risk of attack is 
not easily defined. However, such monitoring would help assess the efficacy of the drum-line 
program, thus improving the context in which to assess the risk of the program to the shark 
population given the high uncertainty over its population-level effect. 
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Loss of apex predators  

The EPA has noted your comments in the report that an upper defined catch limit for tiger 
sharks would reduce the risk of adverse ecosystem impacts associated with the proposal as 
the potential take of tiger sharks could constitute a measurable change in tiger shark 
populations.  

The proponent has provided some information and undertaken a risk assessment for 
broader ecosystem impacts through Community Structure (pp 62-64 of the PER). It is a 
requirement of the ESD that the PER address the impacts due to the removal of apex 
predators (ESD - work and output required 1d). The proponent has formed the view that the 
proposal poses a negligible risk to functioning of the community structure of the marine 
ecosystem.  

Having regard to the work required in the ESD and the potential impacts of removing apex 

predators, can you provide a professional, expert view on the proponent’s assessment that it 

could be a negligible risk to ecosystem function?  

 

CSIRO response 
A full understanding of the potential impacts of the removal of up to 300 tiger sharks per 
annum would require a full ecosystem model populated with empirical data on trophic 
relationships between sharks and their prey as well as relevant linkages to other species in the 
region. These data are not available (and may never be available).  
 
Tiger sharks are likely to have a seasonal abundance signal in the MMA areas and be more 
commonly encountered during the warmer months of the year, with their substantive range 
extending northwards from these regions. Despite this coinciding with the period of drum-
line operations, the total catch of sharks (current commercial fisheries + drum line catches) is 
anticipated by the proponent to still be considerably less than historical fishing levels. We do 
not contest the proponent’s assessment that risk to community structure is likely to be 
negligible. However, given the uncertainty in likely catch totals and the possible impact on 
tiger shark populations we maintain that an upper limit be determined for the catch of this 
species in order to minimise the risk of adverse effects at both species and ecosystem levels. 
We re-emphasize the need for effective monitoring, clear trigger points and decision rules 
and agreed actions in response to the trigger points – all linked to defined program 
management objectives. This may also provide a mechanism to reassess the risk to the tiger 
shark population and the broader system if the catch of tiger sharks is much higher than 
expected.  
 


