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A general result in population ecology is that species char-
acterized by long lifespan and slow reproduction have
population growth rates that are highly sensitive to changes
in adult survival (Heppell et al. 1996; Gaillard and Yoc-
coz 2003; Linares et al. 2007; Pol et al. 2010; Rotella et al.
2012; Maniscalco et al. 2015). In Meyer et al. (2015), we
analysed the demography of the endangered New Zea-
land sea lion (NZSL) Phocarctos hookeri, and concluded
that survival of breeding-age females was a main deter-
minant of population growth. Our result is in line with the
general understanding of how life history affects popula-
tion dynamics; however, it has generated a management
controversy because adult female sea lions are commonly
captured as bycatch in trawl fisheries that are of economic
importance (Chilvers 2008). Our results call into ques-
tion the current model developed for the New Zealand
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government for managing NZSL bycatch; a model that
indicates elevated adult mortality due to fishing is not a
problem for the recovery of the species (Breen et al. 2011).

Middleton and Breen (2016) commented that our data
were too limited; the modelling approach too simplistic to
reliably estimate demographic parameters; and they sug-
gested that we misinterpreted our results. Here, we show
their claims to be false and that they are based on mislead-
ing statements, obfuscating arguments, and a misinterpreta-
tion of our work. Furthermore, we arrive at the same con-
clusions as our original analysis even when one uses the
model structure and parameter values that they claim to be
superior. Below, we summarize our rebuttal of their claims
and provide more detailed analyses in the electronic sup-
plementary material.

We completely disagree with Middleton and Breen
(2016) that the mark-recapture data we used leads to esti-
mated demographic parameters that are inconsistent with
other NZSL data. First and importantly, the model predic-
tions for population growth showed excellent agreement
with the time-series of pup abundances (Meyer et al. 2015).
This is a compelling validation of the model because the
pup abundance data used for the validation are independ-
ent and at a different scale (population) than the individual-
level mark-recapture data used to parameterize the model
(Thomson et al. 2008; Arlot and Celisse 2010).

Middleton and Breen (2016) rightfully point out that a
stage-structured model implies a distribution of ages within
stages that may not agree with senescence in the adult
stage. They suggest instead that an age-structured model
of adults would be more appropriate. Such model would
require the same assumption of shared demographic rates
amongst age groups as our model, but differ in that they
truncate the age distribution. We show in Online Resource
A that such an age-structured model returns the same
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Fig.1 Age-within-stage distribution of breeding New Zealand sea
lions [stage 4 in Meyer et al. (2015)]. Top panel deterministic predic-
tion; bottom panel stochastic prediction. Given are the median (solid
line) and 95 % credible interval (grey area). Furthermore provided
are the age distribution of lactating New Zealand sea lions (pooled
for the years 1999-2001) for Sandy Bay (dotted line), Dundas Island
(dashed line) and both sub-colonies combined (dotted and dashed
line) as reported in Childerhouse et al. (2010). See Online Resource
B for methods

conclusions as our original analysis. To address other pos-
sible age-within-stage issues, we provide additional vali-
dation of our original model for the age distribution of
lactating NZSLs [stage 4 in Meyer et al. (2015)] (Online
Resource B). Figure 1 shows that both the determinis-
tic and the temporal stochastic model accurately predict
the observed age distribution of lactating NZSLs, where
the highest proportion of lactating NZSLs occurs at age 8
(95 % Crl 7-9) years. In comparison, Childerhouse et al.
(2010) found that the age distribution of lactating females
peaks at age 8 or 9 years.

Middleton and Breen (2016) have misrepresented the
applicability of integrated modelling approaches in their
criticism of our study. Abadi et al. (2010) show that inte-
grated population models (IPM) can increase the preci-
sion of demographic estimates, but this is only relevant if
data sets are small (200 individuals, simulations carried
out over 10 years; Abadi et al. 2010). In comparison, our
dataset comprised 2928 individuals marked over 14 years
(marked between 1998 and 2011; recaptured between 1999
and 2012). Another application of IPM is to estimate unde-
tected permanent or temporary emigration (Abadi et al.
2010). Middleton and Breen (2016) suggest that temporary
emigration of individuals occurs between 1 and 3 years of
age, but neither of the integrated NZSL models highlighted
by the authors attempted to explicitly deal with temporary
emigration of juvenile NZSLs. Overall, the claim that their
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IPM (i.e. Breen et al. 2011) is a superior approach sim-
ply because it is more complex is baseless; it has crucial
untested assumptions such as density dependence (Brad-
shaw et al. 2013), is sensitive to prior information, for
example for the population growth rate (Breen and Kim
2006; Breen et al. 2011), and it has been suggested that the
model attempts to estimate more information than provided
by the data (Fletcher 2004). It is now well understood that
such complex models suffer from estimation issues and can
be misleading (Brooks et al. 2000; Gimenez et al. 2009).

The authors suggest that our survival estimates are
biased. For example, they imply that adult survival might
be biased through senescence, but they omitted to mention
that estimates of survival after 14 years are highly uncer-
tain in most NZSL studies [e.g. see Fig. 25 in MacKen-
zie (2012); but see Roberts et al. (2014)]. Given that the
probability of adult recapture is high (Meyer et al. 2015)
and senescence is not likely to start before 15 years (Rob-
erts et al. 2014), we would not expect a bias of adult sur-
vival larger than 1 % (Fletcher and Efford 2009). Moreo-
ver, Middleton and Breen (2016) say that our estimated
pup survival is “much lower than was estimated in other
studies”, but ignore the effect of model structure. If we
expand our stage-structured model to age-specific juve-
nile survival (age 1-3 years) (Online Resource C), the sur-
vival at one year is not estimable as indicated by a 41 %
overlap between the marginal prior and posterior distribu-
tion (Gimenez et al. 2009). However, we show in Online
Resource C that estimated pup survival varies with model
complexity, but the population growth rate and elasticities
across the different model parameterisations were nearly
identical to those we originally reported. This is because
model complexity had no effect on the proportion of indi-
viduals surviving to adulthood (i.e. 4 years).

Middleton and Breen (2016) claim that, with a hypo-
thetical adult survival of 0.953, a simple simulation would
show that 31 % of adults would be 28 years or older, but
this claim is not supported if we use our actual estimates.
For example, the resulting age-within-stage distribution
(Online Resource B) after increasing the value for adult
survival to 0.953 (95 % Crl 0.929-0.973) shows that the
proportion of breeding adults (stage 4) older than 27 years
and older than 35 years would only be 11.83 % (95 % Crl
8.24-17.09 %) and 5.18 % (95 % Crl 3.27-8.31 %), respec-
tively. This suggests that even if some proportion of adults
becomes older than the maximum reported age of 28 years
for female NZSLs (Childerhouse et al. 2010), the impact on
the predicted population growth rate will be small. This is
further verified by our analysis of the age-structured model
that is analogous to our stage-structured model (Online
Resource A).

Middleton and Breen (2016) also use a ratio of survival
probabilities for the declining and the hypothetically stable
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population (Meyer et al. 2015) to suggest that only a 25 %
decrease of actual pup mortality is required as opposed to
a 60 % decrease in adult mortality. They implicitly con-
trast this to a percentage increase in pup survival of 110 %
as opposed to an 8 % increase in adult survival. However,
these calculations are misleading because the absolute dif-
ference between survival probabilities or mortality rates is
the appropriate metric to measure the difference between
two mutually independent probabilities (Sheps 1959; Key-
fitz and Caswell 2005). Hence, in Meyer et al. (2015),
we stated the absolute difference of survival probabilities
between the declining population and the hypothetically
stable population is 0.203 (95 % Crl 0.098-0.295) and
0.069 (95 % CrI 0.030-0.111) for pups and adults, respec-
tively. Naturally, the absolute difference between the corre-
sponding mortality is equivalent rather than grossly differ-
ent as Middleton and Breen (2016) suggest.

Finally, Middleton and Breen (2016) provide a mislead-
ing example when they calculate the annual number of
adult deaths per year. They state that with an adult survival
of 0.883 (i.e. mortality = 0.117) and a starting population
of 6000 [in fact it is 4784 (95 % Crl 4383-5277)] adult
individuals, 702 females would die per year at the Auck-
land Islands. The authors ignore that the population size
has declined since 1998 and thus so would the number of
adult deaths. Consequently, the proportion of the popula-
tion that is bycaught would increase if the bycatch per unit
effort remains constant over time. A possible increase in
the proportion of bycatch that is female indicates that this
may have occurred (Robertson and Chilvers 2011; Brad-
shaw et al. 2013). The current management policy based
on Breen et al. (2011) allows for a relatively constant fish-
ery-related mortality limit (FRML) of 68 male and female
NZSLs each year (Ministry for Primary Industries 2013).
Estimating the overlap between fishery bycatch and the
number of sea lion deaths that need to be averted to stabi-
lize the population should be a focus of future research, but
we did not pursue that estimation in our paper. Our results
indicate that estimating the efficacy of NZSL bycatch miti-
gation devices (Bradshaw et al. 2013; Robertson 2015),
and finding ways to reduce fishery interactions with adult
female NZSLs (e.g. Kahui 2012) could be helpful. Finally,
we suggest that the precautionary principle should be
applied in relation to allowable NZSL bycatch.

We acknowledge the large efforts that have gone into
IPM modelling of NZSL population dynamics and the vari-
ous working groups and meetings on the management of
NZSLs. However, to our knowledge, our work is the first
elasticity analysis of NZSL demography. Our analysis and
the more general basic life history result that population
growth of long-lived and slowly reproducing species is
highly sensitive to adult survival raises the possibility that
the IPM model of Breen et al. (2011) may be misleading

fisheries management and contributing to endangerment of
NZSLs. This should prompt a rethinking of current man-
agement and the tools used to inform it, rather than this
misleading attempt of Middleton and Breen (2016) to cast
doubt on our conclusions. Meanwhile, the NZSL continues
its decline.
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