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It has recently come to our attention that we made a coding error while imple-
menting the hierarchical mixed-models describing chick condition and chick
survival (equations (2.1) and (2.2), respectively) in ‘Bayesian inference reveals
positive but subtle effects of experimental fishery closures on marine predator
demographics’ [1]. This error meant that the nested random effect described in
equation (2.1) and the hierarchical shared frailty term described in equation
(2.2) were not implemented correctly in the original analysis. This resulted in
our reporting the model parameter estimates with higher precision than should
have been the case (table 1 and figure 1). Here we present corrected results
(table 1 and figure 1) based on correctly specified models in JAGS [2] applied
to the datasets used in ouroriginal analysis. Our error,which pertained to the spe-
cification of the structure of the priors for the nested randomeffects (see electronic
supplementary material), influenced the derived parameter estimates of the
mean chick condition or chick survival during closed and open years (figure 1)
more (standard deviations are between 29% and 285% larger in the corrected
results) than the estimates for the regression coefficients representing the island
effect (–0.8 to 9%), closure effect (4–8%) or their interaction (6–8%). These changes
do not alter the predicted influence of the fisheries closures on the population
dynamics of endangered African penguins Spheniscus demersus.

In our original analysis, we used vague uniform prior distributions,
Uniform(0, 100), to assign the standard deviations for the variance components
of the random effects and residual error. In the updated analysis this choice
led to poor mixing of the Markov chain Monte Carlo (MCMC) chains for
the regression parameters in all models. The choice of vague priors for the var-
iance terms associated with the hierarchical random effects can affect model
convergence and inference [3,4]. However, Gelman [3] recommends using a
half-Cauchy distribution with scale = 25 as a vague prior for the variance
terms associated with the hierarchical random effects (and any reasonable
vague prior distribution for the residual standard deviation). The probability
density function for the half-Cauchy distribution with scale = 25 has its maxi-
mum value at x = 0, but remains high over values x < 50, falling off gradually
beyond this point (electronic supplementary material, figure S1). Here, half-
Cauchy(25) for the variance terms associated with the hierarchical random
effects and Uniform(0, 10) for the residual standard deviation led to good con-
vergence for our datasets. For the chick condition models we ran three MCMC
chains of 100 000 samples, discarded the first 50 000 as burn-in and drew infer-
ence from the rest of the chains with no thinning. To account for the additional

http://crossmark.crossref.org/dialog/?doi=10.1098/rspb.2021.2129&domain=pdf&date_stamp=2021-11-17
https://doi.org/10.6084/m9.figshare.c.5847124
https://doi.org/10.6084/m9.figshare.c.5847124
http://orcid.org/
http://orcid.org/0000-0001-7367-9315
http://orcid.org/0000-0002-1795-0753
http://orcid.org/0000-0002-0976-0167
http://dx.doi.org/doi:10.1098/rspb.2017.2443
http://dx.doi.org/doi:10.1098/rspb.2017.2443
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


Ta
bl
e
1.
Re
sp
on
se
s
of
Af
ric
an

pe
ng
ui
ns

to
pu
rse
-se
in
e
fi
sh
in
g
clo
su
re
s
ar
ou
nd

fo
ur
stu
dy

sit
es
ba
se
d
on

th
e
in
co
rre
ctl
y
sp
ec
ifi
ed

m
od
els

in
ou
r
or
ig
in
al
an
aly
sis

[1
]
(o
rig
in
al
re
su
lts
)
an
d
ba
se
d
on

m
od
els

w
ith

th
e
co
rre
cte
d
ra
nd
om
-

ef
fe
cts

str
uc
tu
re
s
(co
rre
cte
d
re
su
lts
).
Un
les
s
ot
he
rw
ise

sp
ec
ifi
ed
,t
he

po
ste
rio
rm

ea
n
an
d
95
%
cre
di
bl
e
in
te
rv
als

ar
e
sh
ow
n.
No
te
s:
DI
,D
as
se
n
Isl
an
d;
RI
,R
ob
be
n
Isl
an
d;
BI
,B
ird

Isl
an
d;
SI,

St
Cr
oix

Isl
an
d;
*,
th
e
clo
su
re
ef
fe
ct
siz
e
is
in
lo
g-

sp
ac
e
w
he
re
th
e
in
te
rce
pt

(lo
g(
da
ily

m
or
ta
lit
y
rat
e)
)=

–5
.5
03
,
th
us

th
e
clo
su
re
ef
fe
ct
re
pr
es
en
ts
a
ch
an
ge

in
th
e
da
ily

m
or
ta
lit
y
rat
e
fro
m

0.
00
41

in
op
en

ye
ar
s
to

0.
00
27

in
clo
se
d
ye
ar
s;
ϕ c
=
ch
ick

su
rv
iva
l;
ϕ j
=
ju
ve
ni
le
su
rv
iva
l

(m
od
ifi
ed

by
th
e
clo
su
re
ef
fe
ct
on

ch
ick

co
nd
iti
on
);
λ
=
th
e
po
pu
lat
ion

gr
ow
th
rat
e.
Clo
se
d
=
20

km
ra
di
us
ar
ou
nd

th
e
isl
an
d
wa
s
clo
se
d
to
pu
rse
-se
in
e
fi
sh
in
g,
O
=
fi
sh
in
g
wa
s
pe
rm
itt
ed

w
ith
in
th
e
20

km
ra
di
us
.P
op
.=

po
pu
lat
ion

siz
e

(in
nu
m
be
rs
of
br
ee
di
ng

pa
irs
).

W
es
te
rn

ca
pe

ch
ick

co
nd
iti
on

clo
su
re
ef
fe
ct

DI
op
en

DI
clo
se
d

%
ch
an
ge

in
te
ra
ct
io
n
ef
fe
ct

m
ea
n
di
ffe
re
nc
e
at
RI

RI
op
en

RI
clo
se
d

%
ch
an
ge

or
ig
in
al
re
su
lts

−
0.
02
6
(−
0.
07
6
to
0.
02
3)

0.
28
4
(0
.2
42
–0
.3
25
)

0.
25
7
(0
.2
12
–0
.3
02
)

−
9%

(−
25

to
9%

)
0.
14
6
(0
.0
52
–0
.2
41
)

0.
12
0
(0
.0
68
–0
.1
72
)

0.
26
4
(0
.2
22
–0
.3
05
)

0.
38
3
(0
.3
36
–0
.4
30
)

45
%
(2
3–
73
%
)

co
rre
cte
d
re
su
lts

−
0.
03
2
(−
0.
08
6–
0.
02
0)

0.
28
7
(0
.2
32
–0
.3
46
)

0.
25
5
(0
.1
94
–0
.3
12
)

−
11
%
(−
28
–8
%
)

0.
15
7
(0
.0
57
–0
.2
60
)

0.
12
5
(0
.0
70
–0
.1
80
)

0.
26
2
(0
.2
03
–0
.3
17
)

0.
38
7
(0
.3
27
–0
.4
50
)

48
%
(2
4–
81
%
)

Ea
st
er
n
ca
pe

ch
ick

co
nd
iti
on

clo
su
re
ef
fe
ct

BI
op
en

BI
clo
se
d

%
ch
an
ge

in
te
ra
ct
io
n
ef
fe
ct

m
ea
n
di
ffe
re
nc
e
at
SI

SI
op
en

SI
clo
se
d

%
ch
an
ge

or
ig
in
al
re
su
lts

0.
08
4
(0
.0
04
–0
.1
64
)

0.
22
4
(0
.1
64
–0
.2
83
)

0.
30
8
(0
.2
34
–0
.3
83
)

38
%
(2
–8
9%

)
−
0.
16
8
(−
0.
30
9
to
−
0.
02
7)

−
0.
08
4
(−
0.
16
2
to
−
0.
00
7)

0.
36
1
(0
.2
98
–0
.4
26
)

0.
27
7
(0
.2
10
–0
.3
45
)

−
23
%
(−
42

to
−
2%

)

co
rre
cte
d
re
su
lts

0.
09
1
(0
.0
06
–0
.1
77
)

0.
22
3
(0
.1
33
–0
.3
13
)

0.
31
4
(0
.2
15
–0
.4
20
)

41
%
(2
–1
08
%
)

−
0.
17
9
(−
0.
33
1
to
−
0.
02
4)

−
0.
08
7
(−
0.
17
0
to
−
0.
00
4)

0.
36
5
(0
.2
74
–0
.4
61
)

0.
27
7
(0
.1
83
–0
.3
73
)

−
24
%
(−
44

to
−
1%

)

W
es
te
rn

ca
pe

ch
ick

su
rv
iv
al

clo
su
re
ef
fe
ct
*

di
op
en

DI
clo
se
d

%
ch
an
ge

in
te
ra
ct
io
n
ef
fe
ct

m
ea
n
di
ffe
re
nc
e
at
RI

RI
op
en

RI
clo
se
d

%
ch
an
ge

or
ig
in
al
re
su
lts

−
0.
40
2
(−
0.
54
8
to
−
0.
25
6)

0.
73
8
(0
.7
01
–0
.7
73
)

0.
81
6
(0
.7
87
–0
.8
43
)

11
%
(6
–1
5%

)
n.
a.

n.
a.

0.
73
3
(0
.7
04
–0
.7
62
)

0.
81
2
(0
.7
84
–0
.8
38
)

11
%
(7
–1
5%

)

co
rre
cte
d
re
su
lts

−
0.
38
3
(−
0.
53
6
to
−
0.
23
1)

0.
74
0
(0
.6
15
–0
.8
36
)

0.
81
4
(0
.7
17
–0
.8
86
)

10
%
(5
–1
9%

)
n.
a.

n.
a.

0.
73
1
(0
.6
04
–0
.8
29
)

0.
80
7
(0
.7
07
–0
.8
81
)

10
%
(5
–1
9%

)

po
pu
la
tio
n
pr
oj
ec
tio
n
m
od
el
s

ba
se
lin
e
m
od
el
(λ
)

DI
ϕ c

in
cr
ea
se

(λ
)

RI
ϕ c

an
d
ϕ j
in
cr
ea
se

(λ
)

RI
ϕ c

in
cr
ea
se

(λ
)

RI
ϕ j
in
cr
ea
se

(λ
)

Po
p.
20
25

op
en

Po
p.
20
25

clo
se
d

Po
p.
20
35

op
en

Po
p.
20
35

clo
se
d

or
ig
in
al
re
su
lts

0.
80
5
(0
.7
54
–0
.8
64
)

0.
81
0
(0
.7
55
–0
.8
73
)

0.
81
7
(0
.7
66
–0
.8
77
)

0.
81
0
(0
.7
55
–0
.8
72
)

0.
81
2
(0
.7
64
–0
.8
68
)

38
5

42
2

44
53

co
rre
cte
d
re
su
lts

0.
80
5
(0
.7
54
–0
.8
65
)

0.
81
0
(0
.7
55
–0
.8
73
)

0.
81
7
(0
.7
66
–0
.8
77
)

0.
81
0
(0
.7
55
–0
.8
72
)

0.
81
2
(0
.7
64
–0
.8
69
)

38
5

42
1

44
53

royalsocietypublishing.org/journal/rspb
Proc.R.Soc.B

288:20212129

2



0.15

0.20

0.25

0.30

0.35

0.40

0.45

O C O C

Dassen Robben

island−closure

ch
ic

k 
bo

dy
 c

on
di

tio
n

0.1

0.2

0.3

0.4

0.5

O C O C

St Croix Bird

island−closure

ch
ic

k 
bo

dy
 c

on
di

tio
n

0.60

0.65

0.70

0.75

0.80

0.85

0.90

O C O C

Dassen Robben

island−closure

ch
ic

k 
su

rv
iv

al

0.65

0.70

0.75

0.80

0.85

0.90

0.95

O C O C C(C) C(J)
island−closure

po
pu

la
tio

n 
gr

ow
th

 r
at

e

Dassen Robben

(b)(a)

(c) (d )

Figure 1. African penguin Spheniscus demersus chick body condition (a and b), chick survival (c) and population growth rate (λ) (d ) at four penguin breeding
colonies when a 20 km radius around the respective island was open to purse-seine fishing (O, open) or was closed to purse-seine fishing (C, closed). ‘Open’ results
are shown in black, ‘closed’ are in orange for Dassen Island, purple for Robben Island, blue for St Croix Island, and green for Bird Island. In (a–c) circles and dashed
lines show the published mean (calculated at mean prey biomass) and 95% credible intervals (CRI) presented in the original published paper [1], which were based
on models where the hierarchical random effect ( frailty term in (c)) was incorrectly implemented in JAGS [2], while squares and solid lines show the mean and 95%
CRI based on the models with the correctly specified hierarchical random effect (month nested in year for condition, nest identity nested in year for survival)
implemented in JAGS. In (d ) black horizontal lines denote the posterior mean, grey horizontal lines the 95% CRI and the light grey extremes of each bar
show the range of the posterior distribution. The dashed black lines show a 1% change in baseline population growth rate, ‘C(C)’ indicates a model run for
Robben Island where only chick survival (ϕc) was improved, ‘C(J)’ where only juvenile survival (ϕj) was improved. These population projection models are
based on the updated results (squares and solid lines) in (a) and (c): they show essentially unchanged results from the models published in the original
paper [1] (table 1). (Online version in colour.)
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complexity of the chick survival model, we ran three chains
of 200 000 samples, discarding the first 100 000 as burn-in,
and thinned the chain to every second iteration. All models
unambiguously converged (all R̂ values≤ 1.01, smallest effec-
tive sample size in any model = 721). All other methods were
as described in our original analysis [1]. Unless otherwise
specified, all results are posterior means ± 95% credible inter-
vals (CRI).

The corrected results (table 1 and figure 1) yield very simi-
lar point estimates to the results published in the original
paper, but with wider 95% CRI (figure 1a–c). In the original
paper, we reported that chick condition at Robben Island
improved significantly and unambiguously by 45% in the
absence of fishing, and that the fisheries closures improved
chick survival by approximately 11% at both Dassen Island
and Robben Island (table 1), with essentially no uncertainty
in the differences between the means for either island (non-
overlapping 95% CRI). Both of these closure effects remain
credibly different from zero at the 95% level in the corrected
results and the effect sizes remain similar (48% and 10% for
condition and survival, respectively; table 1). By contrast,
the 95% CRI for the derived estimates of chick survival in
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years that were ‘open’ to fishing and ‘closed’ to fishing now
overlap at both Dassen Island and Robben Island (figure 1c),
meaning that there is more uncertainty in this case than we
originally reported. This is probably because unmodelled
sources of random effect variance often have little effect on
the parameter estimates for the fixed effects (e.g. the closure
effect) but manifest as additional residual variance [5] (i.e.
the ‘missing’ uncertainty was in the residual error rather
than the random intercepts).

Incorporating the corrected results into the population
projection models used in the original paper did not
change (apart from some MCMC rounding, table 1) the pre-
dicted population level effects (figure 1d here, fig. 2c in the
original paper). This probably reflects the similarities
between the point estimates and effect sizes on which the clo-
sure effects are based (shown in figure 1a,c) in the corrected
and original analyses (table 1), and because the majority of
the uncertainty in the population projection models already
came from parameter uncertainty in mean juvenile survival
(from fledging to age one) due to high variation in that
trait over time [6]. Accordingly, our original conclusions
that fisheries closures could provide subtle improvements
in the population trend of a forage-fish-dependent predator
are still supported by the corrected results.

Data accessibility. The data used in both this correction and the original
analyses are available from the Dryad Digital Repository: https://
datadryad.org/stash/dataset/doi:10.5061/dryad.d4977 [7]. The cor-
rected code is provided in electronic supplementary material, S2.
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