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ABSTRACT: Andreotti et al. (2016; Mar Ecol Prog Ser 552:241−253) estimate an abundance (N) of
438 white sharks Carcharodon carcharias and a contemporary effective population size (CNe) of
333 individuals along the South African coast. N was estimated by using a mark-recapture analysis of photographic identification records from a single aggregation site (Gansbaai). CNe was calculated based on the levels of pairwise linkage disequilibrium of genetic material collected from
4 aggregation sites across approximately 965 km of South African coastline. However, due to the
complex stock structure of white sharks and the model assumptions made by Andreotti et al.
(2016), the conclusions drawn cannot be supported by their methods and data.
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Results of a mark-recapture study and a genetic
analysis are reported by Andreotti et al. (2016a) to
support claims that the South African population
of white sharks Carcharodon carcharias has experi-

enced a recent drastic decline over the last few generations and could face a difficult future. The use of a
combination of techniques to estimate abundance
(N) has been previously suggested for improved
monitoring of white shark populations (Burgess et al.
2014, Dewar et al. 2013). In contrast to the title of the
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article however, the methods used by Andreotti et al.
(2016a) do not reflect a truly integrated and independent approach in which separate datasets would
be combined into a joint likelihood. The authors estimate N based on a photographic identification dataset and then seek out a link between their estimate of
N and effective population size estimates (CNe) from
a genetic dataset. Few caveats are provided to
explain discrepancies between the 2 datasets, except
when to refute higher estimates. Several sources of
uncertainty may explain the discrepancy between
datasets, but are omitted in favour of a precautionarily low population estimate. This type of approach,
termed the ‘precautionary principle’, has widely
been accepted amongst policy makers for management of resources in the face of uncertain information (Cooney 2004). The principle, however, serves to
guide policy makers in erring on the side of caution
when facing uncertain risks, not as a means to draw
conclusions from uncertain results (Kriebel et al.
2001).

MARK-RECAPTURE ANALYSIS
A primary source of uncertainty in the interpretation of mark-recapture results often stems from
the need to identify the most parsimonious data
representation — achieving an acceptable balance of
structure and precision. This process is generally
achieved through model selection, where the fully
parametrised model can be compared to those in
which nuisance parameters are constrained or
grouped, allowing the researcher to account for
uncertainty using an information-theoretic approach
such as Akaike’s Information Criterion (AIC) (Lebreton et al. 1992, Barker & White 2004). Paramount to
the success of this method is the a priori identification
of a set of candidate models that are biologically relevant (Mundry 2011). For instance, Jolly-Seber (JS)
mark-recapture models (as implemented in the open
population model POPAN in MARK; White & Burnham 1999), where the parameter representing probability of entry (β) is held constant (as in Andreotti et
al. 2016a), rarely have any biological interpretation
and are therefore usually modelled with a timedependent parametrisation (e.g. Vasconcellos & Colli
2009, C. J. Schwarz pers. comm.). The use of a constant parametrisation for β in Andreotti et al. (2016a)
without any biological explanation raises concerns
about the authors’ use of the methods employed
there, and the associated underlying assumptions
(Anderson & Burnham 2002).

Among the key requirements of JS studies is the
assumption of homogeneous capture probability between marked and unmarked individuals at each
sampling occasion; this assumption allows for the
estimation of N (Seber 1982). Similarly important is
the assumption of homogeneous probability of survival between marked and unmarked individuals
and sampling occasions (Seber 1982). Andreotti et al.
(2016a) provide the combined results of Test 2 and
Test 3 from the goodness of fit tests within the programme RELEASE (available in MARK), which tests
the null hypotheses that capture and survival probabilities are homogeneous, citing a test statistic of χ2 =
251.9 and p < 0.005. The test statistic is highly significant and the null hypotheses should be rejected,
which indicates that either capture or survival probability is heterogeneous (Burnham et al. 1987). The
model assumptions have not been met, in contrast to
how Andreotti et al. (2016a) have interpreted their
data. Any estimate of N in this case is unreliable and
therefore not a suitable measure for determining
management decisions (Fletcher et al. 2012).
For South African white sharks, heterogeneous capture probability has been identified at Seal Island and
False Bay (Hewitt 2014), and heterogeneous capture
and survival probabilities have been identified in
Mossel Bay (Ryklief 2012), yet neither study is cited in
Andreotti et al. (2016a). Heterogeneous survival probability was also reported by Towner et al. (2013b) in a
previous estimate of white shark abundance at Gansbaai. Estimates of population size can be negatively
biased when the capture probability is heterogeneous
because the proportion of marked individuals in the
sample is overestimated (Pollock et al. 1990). In practice the assumption of heterogeneous capture probability can be violated e.g. if (1) individuals that show a
‘trap’ response to the capture events are more or less
likely to return for recapture (Laroche et al. 2007); or
(2) behavioural differences between cohorts or individuals make certain members of the population more
likely to be recaptured than others, such as the sexand size-based segregation observed in white sharks
along the South African coastline (Dicken & Booth
2013, Dicken et al. 2013, Kock et al. 2013, Towner et
al. 2013a, Ryklief et al. 2014, Findlay et al. 2016). In
each of the previous POPAN estimates for False Bay,
Mossel Bay, and Gansbaai, a variance inflation factor
was used to update parameter confidence limits and
AICs, resulting in estimates of N = 723 (95% CI:
466−980; Hewitt 2014), N = 389 (95% CI: 351−428;
Ryklief 2012) and N = 908 (95% CI: 808−1008; Towner
et al. 2013b), respectively. More flexible model structures allowing for capture heterogeneity between co-
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horts or seasons were used by Hewitt (2014) and Ryklief (2012). Hewitt (2014) additionally highlighted that
due to model violations his estimate was likely biased
low. Since Andreotti et al. (2016a) neither incorporated
a variance inflation factor to account for overdispersion in the model nor structured the model to allow for
flexibility in the recapture parameter, heterogeneous
capture probability remains an unresolved issue in
their study.
The presence of temporary emigration will also
bias estimates of abundance in JS models by reducing recapture probabilities when individuals are
temporarily outside of the sampling area (Burnham
1993, Kendall et al. 1997). Andreotti et al. (2016a)
account for this issue by incorporating a time-dependent probability of recapture. However, while some
individuals do move between aggregation sites (Bonfil et al. 2005, Kock et al. 2013) — a fact used by
Andreotti et al. (2016a) to support their assertion that
their sample is representative of the entire South
African population — many do not. For example, satellite telemetry data available online (www.ocearch.
org, accessed 22 July 2016) and acoustic tagging data
from large-scale receiver arrays (SAIAB Acoustic
Tracking Array Platform unpubl. data) show longdistance coastal and offshore movements in the
region, yet very little movement between Gansbaai
and False Bay, another well-known white shark
aggregation site (Kock et al. 2013). This finding is
further supported by a white shark population assessment of Seal Island, False Bay, which showed
that only ~20% of white sharks identified at Seal
Island also appeared in photo-identification records
from Gansbaai during the same time period (Hewitt
2014). A lack of homogeneous mixing between aggregations suggests that some individuals show site
fidelity to the False Bay region, and would be unavailable for sampling in a study based on a single site in
Gansbaai, especially over only a 2.5 yr period. Site
fidelity is not unique to False Bay and is likely also
true for other aggregation sites in South Africa (Dewar
et al. 2013, Burgess et al. 2014, Chapple et al. 2016).
Unpublished telemetry data from the South African
region (www.ocearch.org, accessed 22 July 2016)
show transmissions that occur along approximately
5212 km of coastline; this observation, coupled with
the aforementioned observations from False Bay, suggests that individuals migrate amongst aggregation
sites with varying frequencies. Therefore, an estimate of N for a single aggregation site should not be
extrapolated to represent the entire South African
population, as highlighted in Hewitt (2014), Ryklief
(2012), and Towner et al. (2013b). Future population

253

estimates should incorporate photo identification and
other sources of data from as many aggregation
areas as possible to overcome these shortcomings.

GENETIC ABUNDANCE ESTIMATES
Andreotti et al. (2016a) also conduct an estimation
of effective population size using genetic material
collected from individuals at 5 aggregation sites
along the South African coastline and arrive at a
value of CNe = 333 (95% CI: 247−487). This estimate
is similar to O’Leary et al.’s (2015) estimate of 364.6
(95% CI: 188.0−1998.3). However, O’Leary et al.
(2015) highlight that because their sampling period
(7 to 8 yr, i.e. triple that of Andreotti et al. 2016a) did
not span an entire shark generation, it was not
random and therefore their estimate of Ne was more
representative of a cohort than of the entire population. Andreotti et al. (2016a) do not reference the
findings of O’Leary et al. (2015).
Like mark-recapture studies, the estimation of effective population size also makes some assumptions
about the population in question, such as the random
sampling mentioned above. Other assumptions are
that the population is at equilibrium, unstructured,
and panmictic (Waples & Do 2010). Andreotti et al.
(2016a) assert that the sampled population satisfies
assumptions of panmixia. This statement is based on
findings in Andreotti et al. (2016b), which suggested a
lack of population subdivision in South Africa. However, the assertion of a lack of genetic structure in Andreotti et al. (2016b) is debatable (cf. O’Leary et al. 2015)
because statistical rejection of significant population
genetic subdivision does not confirm demographic
dependence (Palsbøll et al. 2006). Determination of
demographic dependence remains a controversial issue in population genetics, and it is appropriate to
draw on ecological and life history data to assess
whether apparent genetic panmixia may be consistent
with demographic dependence (White et al. 2009).
The assumption that a lack of significant population
structure is indicative of random mating and unbroken
population connectivity throughout the South African
region is incautious (cf. Palsbøll et al. 2006 for an illustration of the effect of statistical power on acceptance
or rejection of panmixia when the level of dispersal is
not considered). Population heterogeneity may be reflected in estimates of inbreeding coefficients across
the South African region. These measures indicate
that sharks from Gansbaai are more inbred than those
at other aggregation sites in South Africa (Andreotti et
al. 2016b). The presence of regional inbreeding vio-

254

Mar Ecol Prog Ser 577: 251–255, 2017

lates a major assumption of the bias-corrected singlesample molecular method based on linkage disequilibrium, a violation likely to introduce downward bias
into estimates of Ne (Luikert et al. 2010). From a
theoretical and applied perspective, defining marine
‘populations’ along the isolation-panmixia continuum
is challenging, and estimates of their size and connectivity based on necessarily restricted sampling should
be interpreted cautiously.
Further, Andreotti et al. (2016a) mention 2 problematic loci showing a heterozygote deficit that was
deemed insignificant and retained them in the analysis. It is unclear if this heterozygote deficit is due to
the presence of null alleles. The presence of null alleles can bias estimates of CNe based on the single
point linkage disequilibrium approach (Sved 2013),
and it would have been informative to quantify the
effect of excluding these loci in Andreotti et al. (2016a).
There is a lack of clear justification for the manner
in which the CNe estimate is linked with the results of
the mark-recapture study in Andreotti et al. (2016a).
The authors suggest that point estimates of N and
CNe reveal a ‘gloomy picture for the future’ of the
species unless current management measures are
improved (Andreotti et al. 2016a, p. 251). This revelation is drawn from the conclusion that discordance
between CNe and the number of observed mature
adults in the study is suggestive of a recent drastic
decline in numbers, ignoring the possibility that the
South African region was insufficiently sampled for
the mark-recapture study in Andreotti et al. (2016a).
Interestingly, no note is made of recent population
trends from the authors’ own data during the time
period of the mark-recapture study as in Hewitt (2014)
or Ryklief (2012). The discussion instead makes reference to anthropogenic mortality in the form of catch
statistics from a popular literature article (Peschak
2009), omitting scholarly data such as those of Dudley & Simpfendorfer (2006). Apparent survival (ϕ), a
parameter estimated by the JS models used in
Andreotti et al. (2016a), would elucidate the current
health status of this subpopulation, revealing information about mortality and the population’s immediate ability to recover or remain stable, but this
parameter and others estimated by the most parsimonious model (probability of capture p, and probability
of entry β) are not reported by the authors.
To conclude, failure to meet model assumptions,
the unlikely representation of the entire South African white shark population, selective citations, and
highly debatable and subjective interpretations of
the results shed doubt on the validity of the conclusions presented by Andreotti et al. (2016a).
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