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EXECUTIVE SUMMARY

e  The population of African penguins breeding in South Africa has been declining rapidly (approximately 8% per annum since 2005) and is
consequently at a high risk of extinction in the wild in the coming decades. It is essential to understand and mitigate the primary factors
leading to this decline.

e  Considerable effort has been made by the fishing and conservation sectors in collaboration with government to understand the causes of
the decline and how they might be mitigated. The Panel commends South Africa on its world-leading efforts to underpin challenging
utilisation-conservation policy decisions with sound science.

e  Implementation of closures managed within the Island Closure Experiment (ICE) aimed to understand whether reducing fishing around
islands with penguin breeding colonies would help to reduce the current rate of decline. This internationally-recognised experiment involved
implementing an alternating pattern of closures around four island breeding colonies on the South African west and south coasts. It is now
complete and, notwithstanding the difficulties implementing the experiment, has been successful in demonstrating for the west colonies
of Dassen and Robben islands (those more intensively studied within the ICE), that excluding fishing around island breeding colonies is
likely to reduce the rate of decline in the population to a small extent, mediated through improvements in reproductive success. Excluding
purse-seine fishing around island breeding colonies is also likely to have other positive benefits for penguin conservation, such as facilitating
higher adult survival, but the ICE was not designed to estimate such effects.

e  The Panel recognises that closure of purse-seine fisheries around penguin colonies will provide only a part of the measures required to
slow or reverse the population decline of African penguins.

e  There is a trade-off amongst maximising benefits to penguins, minimising the costs to the fishing industry, and having a reliable basis to
quantify the effects of closures (including no closures) on the penguin recovery rate. The trade-off among closure options is a policy decision
related to conservation, economic and social goals and objectives for South Africa. This report outlines some aspects that could form part
of a decision-making framework to identify the closure options that will provide the best outcomes for penguins given some level of cost to
the fishing industry.

e  The effects of alternative fishery closure designs differ amongst the island breeding colonies, in terms of reducing the rate of decline, costs
to the fishing industry, and social impacts. Hence, advice related to the effects of possible closure options is presented by island breed-
ing colony, and not simply at the regional or national level; decisions on closures should also be made by colony, taking account of the
unique aspects of the fishery and threats at each colony.

e  The impacts to the fishing industry can be evaluated using an “opportunity-based model” (OBM) that predicts the proportion of the catch
of pelagic fish in closure areas that cannot be “replaced” by fishing outside these areas, together with a Social Accounting Matrix (SAM)
model that converts “lost catch” into economic impacts (loss of GDP and jobs) on the fishery, suppliers of goods and services to the fishing
industry, and the broader economy. The OBM and SAM model can be used to rank closure options in terms of economic effects but the OBM
likely overestimates the potential lost opportunities outside the closed area on a given day. The Panel remains concerned about: (i) the lack
of information on how the closures impact fishing costs and fishing behaviour; (ii) the ability of the SAM model to adequately attribute
impacts at the scale of fishing communities; and (iii) that there are social impacts that are not estimated using the SAM, but are important to
consider in any trade-off analysis.

e  Evidence suggests that catches from within closure areas will be more difficult to replace around Dyer Island and St Croix Island than
around the other remaining five colonies with important breeding populations. Evidence also suggests that levels of lost catch can be
reduced, if closures around penguin preferred habitats are well designed.

e  The Panel identified (in this report) recommendations related to future monitoring of penguin colonies and research to understand the
effects of closures on the change in penguin numbers and costs to the fishing industry and local communities.

e  Further attempts were made to identify consensus closure options among the fishing and conservation sectors during the Panel meeting
and ongoing efforts to identify such options are encouraged, particularly as closures may need to be adjusted given the results of
future monitoring.

e  The Panel strongly encouraged continued communication, and collaboration, with transparency of research data and analyses, as a

means to build trust and strengthen these discussions. Working collaboratively will further enhance the effectiveness and social
acceptability of management measures and decisions aimed at mitigating the decline of the African penguin.
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1. BACKGROUND

1.1 Historical decline of African penguins

The African penguin, Spheniscus demersus, breeds only in
Namibia and South Africa, where it is restricted to coastal
waters, except over the Agulhas Bank where its preferred
prey may occur further offshore. Their usual non-breeding
habitat is also highly coastal, spanning ~3 200 km of coast-
al Namibia and South Africa, but with the occasional indi-
vidual recorded as far north as Gabon, in the west, and
Mozambique, in the east (Crawford et al., 2013).

In the 1920s, the African penguin may have had an
estimated breeding population as large as between ~500
000 and ~1 000 000 pairs. The population subsequently
decreased so that almost a century later less than ~20 000
pairs remained, of which ~25% were in Namibia and ~75%
in South Africa (Coetzee et al., 2021a). As a consequence
of the marked population declines across both these range
states, the species was classified in 2010 as Endangered
on the Red List of the International Union for Conservation
of Nature (IUCN, 2018). The IUCN has not made regional
assessments, but these would almost certainly show the
species to be of even greater conservation concern in
some parts of its range.

As recently as 2004, ~52 000 pairs of African penguins
could be found at 19 breeding localities in South Africa, but
by 2019 the population had fallen to ~13 200 pairs, with
five colonies becoming extinct (Coetzee et al., 2021a; see
Figure 1.1 for a map of the breeding colonies referred to in
this report). The latest counts from 2022 show the decline
continuing, with an estimated breeding population of ~10
000 pairs (Masotla et al., 2023). Further, the small size of
the remaining colonies means that all now face a substan-
tial probability of extinction; indeed, it is anticipated that a
further seven colonies will become extinct in the near future
(Coetzee et al., 2021a). Coetzee et al. (2021a) also note

that stemming the population decline at the larger remain-
ing colonies therefore represents the best means of main-
taining the species in the wild, and that if current popula-
tion trajectories continue, the species could be functionally
extinct by 2035.

The latest population surveys in 2022 reported that
seven colonies collectively held more than 95% of the re-
maining population in South Africa (Masotla et al., 2023):
Dassen Island (2 513 pairs [25.1%]), Robben Island (991
[9.9%]), Boulders Beach (891 [8.9%]), Stony Point (1 565
[15.6%]), Dyer Island (1 026 [10.25]), St Croix Island (1 262
[12.6%]) and Bird Island (1 437 [14.4%)]).

Against this background, it is important to recognise that
a decline in the numbers of African penguins is not inevi-
table. Between 1987 and 2004, the number of adult Afri-
can penguins at west coast sites in South Africa increased
from 7 500 to 33 000 (Sherley et al., 2020; Figure 1.2). It
is evident that numbers can increase during periods when
conditions are favourable, but that this has rarely been the
case in recent decades.

1.2 Summary of basic penguin population and feeding
ecology

African penguins generally commence breeding aged
around 5 to 6, but unsuccessful breeding attempts at ear-
lier ages are also known. They can continue breeding past
age 20, although this is probably uncommon (Crawford et
al., 2013). Adult survival, breeding propensity and repro-
ductive output are all highly variable, with reported links to
food availability (Crawford et al., 2013). Juvenile survival,
as with many seabirds, is lower in the first year after fledg-
ing (Crawford et al., 2013).
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Figure 1.1: Map (courtesy of J Coetzee) of southern Africa showing the location of the breeding colonies for African penguins off
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Figure 1.2: Total number of pairs of African penguins at all known
west coast sites between 1984 and 2019 (data from Sherley et
al., 2020)

Access to energy-dense prey (small pelagic fish) is criti-
cal to African penguins at multiple different times of year.
Two periods are particularly demanding: moult and breed-
ing. Adult penguins must build up their body reserves prior
to moult, as they cannot enter the water to obtain prey with-
in this 21-day fasting period, during which time they replace
their entire plumage (Crawford et al., 2013). Moult tends to
be synchronized at most individual localities, although the
timing varies among localities. At Dassen Island, the peak
moult is August—November; at Robben Island and Boul-
ders Beach, most birds moult from November; at Dyer and
St. Croix islands, peak moult is October—-December; while
a large proportion of birds at Bird Island start moult in Sep-
tember (Crawford et al., 2013). At all localities, most imma-
ture birds moult in October—March (Crawford et al., 2013).

Adequate prey is also important prior to and during
breeding. Females must accumulate the resources neces-
sary for egg production, whilst both parents must accumu-
late sufficient reserves to ensure they can repeatedly stay
ashore whilst incubating, brooding or guarding their off-
spring. Incubation lasts 38—41 days and is shared equally
by both sexes; chicks are brooded by adults until about
10 days after hatching; from 26—30 days, chicks are often
left unguarded and may form créches of up to 25 chicks;
chicks fledge when between 55-130 days old (Crawford
et al.,, 2013). During breeding, adults can sacrifice their
own body condition to a certain extent, but generally not to
the point beyond which their own survival is compromised
(c.f. Southwell et al., 2015). Therefore, during breeding,
and immediately post breeding, adequate resources are
necessary to ensure adult maintenance, chick growth, and
eventually to ensure independent chicks can forage suc-
cessfully whilst still naive, and adults can recover lost con-
dition. African penguin breeding can occur throughout the
year, with a second clutch possible, or with adults relaying
if their first clutch is lost (Crawford et al., 2013). At Dassen
Island, eggs are mostly laid in December—June, with most
chicks during January—August; at Robben lIsland, eggs
are laid in January—August, with chicks abundant in April—
September; and at St. Croix Island, egg laying peaks in
January (Crawford et al., 2013). Thus, as with moult, peak
breeding time differs between sites.

When foraging, African penguins feed alone or in small
groups and sometimes in conjunction with other seabirds.

They are visual hunters but may use other cues to locate
prey. Most dives are shallower than 30 m deep, although
some may reach 85 m, lasting up to 2.5 minutes (Crawford
et al., 2013). Almost all dives occur during daylight with vir-
tually none at night. Adults provisioning young chicks gen-
erally forage within 40 km of their colony, but may travel
up to 120 km, swimming at speeds of just under 2 m s, or
up to 5 m s in short bursts (Crawford et al., 2013). Local
forage fish abundance based on hydro-acoustic surveys
has been shown to explain around 60% of the variation in
time spent diving for penguins foraging within two days of
the survey (Campbell et al., 2019). Penguin foraging ef-
fort (time spent diving, number of wiggles per trip, num-
ber of foraging dives and the maximum distance travelled)
increased as forage fish abundance declined; in addition,
quantile regression revealed that variation in foraging effort
increased as prey abundance around the colony declined
(Campbell et al., 2019).

Locating prey at sea is complex. Physical ocean fea-
tures, such as thermoclines, are often used as foraging
cues by marine predators, as these concentrate and hence
increase the likelihood of locating prey. This is also true for
African penguins, which have been shown to forage at and
below the thermocline even though its depth and gradient
may shift over time; indeed, penguins dive deeper in search
of prey when there is no thermocline (van Eeden et al.,
2016). Such physical cues are therefore important. How-
ever, olfactory cues have also been shown to be important.
Dimethyl sulphide (DMS), an organo-sulphur compound
released when phytoplankton are grazed, is known to at-
tract seabirds (Nevitt et al., 2004), including African pen-
guins (Wright et al., 2011). DMS-scented oil slicks attracted
2-3 times more penguins than control slicks, whereas pen-
guins showed no response to slicks containing cod liver
oil. The number of penguins attracted to DMS increased
for at least 30 min, suggesting penguins could travel up to
2 km to reach scent cues. Such results also support the
hypothesis that African penguins use DMS as an olfactory
cue to locate prey patches at sea from a distance, which is
particularly important given their slow commuting speed,
relative to that of flying seabirds (Wright et al., 2011).

African penguins are known to hunt either independent-
ly or cooperatively, pursuing both solitary as well as school-
ing pelagic fish (Mclnnes et al., 2017). The most profitable
foraging involves herding of fish, compressing schools up-
wards during the ascent phase of a dive where most prey

Pelagic fish (photo credit Carl van der Lingen)
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captures then constitute isolated fish, separated from the
main school (Mclnnes et al., 2017). Catch-per-unit-effort for
penguins is significantly improved when targeting schools
rather than solitary fish, especially when penguins forage
in groups. It appears that African penguins have evolved
specialist hunting strategies closely linked to their primary
reliance on schooling pelagic fish (Mclnnes et al., 2017).
As penguins drive prey to the surface, it is also likely to
enhance the foraging efficiency of flying seabird species
(Mclnnes and Pistorius, 2019). As such, penguins may be
integral to important processes that influence the structure
and integrity of marine communities. Importantly, if group
foraging confers an advantage to African penguins, then
dwindling populations may suffer from an Allee effect as
colonies become too small to support sufficient densities of
birds for foraging groups to form (Ryan et al., 2012).

Predicting how populations respond to their environ-
ment requires detailed knowledge of demographic traits,
such as survival and reproduction. However, translating
foraging efficiency into demographic responses remains
challenging for most marine predators, including African
penguins. However, for macaroni penguins, Horswill et al.
(2017) have shown that when prey availability is low, forag-
ing trips are significantly longer and extend overnight; birds
forage farther from the colony, potentially to reach more-
distant foraging grounds, and allow for increased search
times. These extended foraging trips are also linked to a
marked decrease in fledgling weight, most likely associat-
ed with reduced rates of provisioning (Horswill et al., 2017).
Further, work on the same macaroni penguin population
suggests that lowered first-year survival rates are, at least
partially, associated with lower fledgling masses (Horswill
et al., 2014).

Declines in African penguin numbers might be caused
by low survival rates of penguins or by low breeding suc-
cess, or a combination of these. Survival rates of adult Afri-
can penguins can be estimated by analysis of re-sightings
(either visual or electronic) of individually-marked birds.
Survival of adult African penguins has in many recent years
been considerably lower than is typical for seabird species,
suggesting that factors reducing adult survival are likely
to contribute to the observed population decline. Although
monitored survival rates do not appear to indicate any corre-
lation with anchovy, Engraulis encrasicolus, stock biomass,
a strong correlation between adult survival and sardine,
Sardinops sagax, stock biomass has been reported by
Robinson et al. (2015) and by Crawford et al. (2022). Both
studies found little relationship between adult survival and
sardine stock biomass in years when stock biomass was
average, or above average, but found very low adult surviv-
al in most years of particularly low sardine stock biomass.

1.3 Hypotheses related to how fisheries can impact
penguin populations

1.3.1 Fishery related hypotheses

There is a considerable literature related to the effects of
marine capture fisheries on seabird population processes
(e.g., Montevecchi, 2002; Cury et al., 2011; Sydeman et al.,
2017). However, for some processes relatively few stud-
ies have access to data appropriately matched to predator

Photo credit SAPFIA — South African Pelagic Fishing Industry
Association

needs in both space and time (see Trathan et al., 2022).
Nevertheless, it remains axiomatic that fisheries have the
potential to disrupt seabird population processes. The pri-
mary impacts on predators can be characterized as either
negative (e.g., bycatch, resource competition), or positive
(e.g., discard provisioning), whilst converse impacts of sea-
birds on fisheries also exist (e.g., bait stealing); see Mon-
tevecchi (2002) for a more detailed summary. However,
in terms of purse seiners targeting small pelagic fish and
interactions with African penguins, the most important in-
teractions are likely to be related to bycatch and resource
competition, or possibly to disturbance of group foraging
by penguins. African penguins have not been recorded
as bycatch in South Africa, which may be due to a com-
bination of spatio-temporal separation of foraging (during
the day) and fishing (mostly at night) and net avoidance
behaviour. In contrast, resource competition is perceived
to be a major cause of African penguin decline by some
authors (e.g., Sydeman et al., 2021, and cited references
therein), although this is contested (Butterworth and Ross-
Gillespie, 2022, and cited references therein). Disturbance
of group foraging, unrelated to any prey depletion effects,
could possibly occur if groups of penguins were disturbed
or displaced by fishing vessels, or if their group coordina-
tion and communication while hunting was affected be-
cause of noise.

Resource competition plausibly could happen through
reductions in local prey biomass, or disruption of the prey
field so that preferred foraging opportunities are dimin-
ished. For example, removal of parts or even whole shoals
of schooling fish would diminish local prey biomass and
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specifically the prey aggregation states thought to be most
attractive to penguins. However, key to the realized impact
on penguins will be the rates by which local prey are re-
placed via regional advection or directional movement of
prey and diurnal prey migrations. This means that a key as-
pect of management must be to consider the relative rates
of various ecological processes related to prey availability.

Information documenting advection or directional move-
ment of small pelagic fish is sparse. However, along the
coast of South Africa, headlands and embayments interact
with the oceanographic flow of the coastal countercurrent
and shelf-edge jet currents, leading to areas of retention
(Hutchings et al., 2002; Kirkman et al., 2016). Such com-
plexities are key to understanding the local movements
of fish as they come within the foraging ambit of a given
penguin colony, replenishing the prey field depleted by
penguins, other predators, or fisheries. Moreover, the
African penguin, in common with other penguins, under-
goes periods of positive and negative energy balance as
they accumulate, or lose, body weight during reproduction
(e.g., Southwell et al., 2015). Consequently, depletion of
prey, whether due to natural predation or through resource
interactions with fisheries, is likely to have variable con-
sequences depending upon the exact timing in relation to
breeding, or seasonal prey movement.

Thus, identification of how fisheries impact African
penguin populations, particularly foraging, is complex, re-
sulting from interactions between the timing and stage of
moult, or breeding, at a given colony (e.g., Crawford et al.,
2013; Southwell et al., 2015), the availability of prey locally
(e.g., Campbell et al., 2019), advection and transport (e.g.,
Hutchings et al., 2002; Kirkman et al., 2016), as well as
penguin foraging efficiency (e.g., Mclnnes et al., 2017).

1.3.2 Other hypotheses
1.3.2.1 Forage fish abundance

Butterworth et al. (2015), based on counts of moulting
penguins and re-sightings of tagged penguins at Robben
Island (Robinson et al., 2015), found that the primary rea-
son for the post-2003 penguin decline was an increase in
adult mortality, which they attributed to reduced abundance
of sardine off the South African west coast. Analysis of
African penguin annual mortality rate at Robben Island in
relation to 1+ sardine stock biomass scaled to the maxi-
mum November survey estimate of 1 343 000 t in 2003
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Figure 1.3: The estimated relationship between the 1+ sardine
biomass index and penguin adult mortality (from Robinson et al.,
2015).
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Figure 1.4: Estimated total stock biomass (TSB) of western sar-
dine from 1984 to 2019 (data from de Moor, 2021 and Coetzee et
al., 2022).

(Figure 1.4) showed no change in penguin mortality when
sardine biomass exceeded about 25 to 30% of the maxi-
mum biomass (penguin annual mortality varied among
years around a mean of about 15% per annum but with no
trend in relation to sardine abundance). However, penguin
mortality increased rapidly as sardine biomass fell below
25 to 30% of maximum biomass. Penguin annual mortal-
ity was estimated by Robinson et al. (2015) to be about
27% at a sardine biomass index of 20%, and about 55%
at a sardine biomass index of 10% (Figure 1.3). Observed
(and predicted) mortality exceeding 50% in years with sar-
dine biomass below 10% of maximum represents a very
unusual situation for any seabird species, as seabirds are
normally long-lived, with adult survival rates typically
around 0.8 or more.

Crawford et al. (2022) found that penguin survival was
around 0.8 when sardine stock biomass was average or
above average but declined strongly with sardine stand-
ardised stock biomasses below 40% of maximum biomass,
results similar to those previously shown by Robinson et al.
(2015) but based on more years of data and from two colo-
nies (Dassen and Robben islands). Perhaps surprisingly,
there seems to be no clear correlation between African
penguin survival and anchovy stock biomass, suggesting
that sardine may be the key forage fish determining pen-
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Figure 1.5: Change in numbers of pairs of African penguins
between successive years (y-axis) off the South African west coast
in relation to sardine total spawning biomass averaged over the
year and previous year (x-axis, tonnes of total stock biomass).
The dotted line is the best fit logarithmic regression. Penguin data
from Sherley et al. (2020), sardine data from de Moor (2021) and
Coetzee et al. (2022).
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guin survival (possibly due to its higher energetic content;
Balmelli and Wickens 1994).

The changes in numbers of African penguins (Figure
1.2) show a close similarity to changes in western sardine
total stock biomass (Figure 1.4).

Figures 1.2 and 1.4 suggest that breeding numbers of
African penguins may be strongly influenced by western
sardine total spawning biomass, although this is correla-
tional evidence so inferring a causal relationship is hazard-
ous. Plotting the change in penguin numbers from one year
to the next in relation to western sardine spawning biomass
averaged over the year and previous year (Figure 1.5) and
fitting a regression line to these data, indicates that breed-
ing numbers of penguins increased in almost all years when
sardine spawning biomass averaged more than about
350 000 t but decreased in most years when spawning
biomass was below about 350 000 t. As inferred by But-
terworth et al. (2015), these data also suggest that western
sardine spawning biomass may have been one of the most
important drivers of change in west coast African penguin
numbers (but noting considerable noise in the data in
Figure 1.5).

In relation to sardine stock dynamics, de Moor and But-
terworth (2015) concluded “Importantly, however, average
recruitment for the west stock declines for spawning stock
biomasses below about 800 000 t”. Similar strong relation-
ships where recruitment reduces rapidly at low spawning
stock biomass exist for other sardines (e.g., Japanese
sardine, Bai et al. 2022; Pacific sardine, McClatchie et al.,
2010).

In order to ensure long-term sustainability of the western
South African sardine stock, it is important to avoid deplet-
ing stock biomass below 800 000 t because recruitment
from significantly smaller stock biomasses will be likely to
be greatly reduced, resulting in prolonged depletion of the
stock with limited potential for recovery. In that context, it is
noteworthy that, rather than reducing fishing mortality con-
tinuously as stock biomass falls to low levels, the harvest
control rule (HCR) for this stock allows increasing fishing
mortality to be imposed as the stock biomass falls from
524 000 t to 300 000 t (Coetzee et al., 2022). A conse-
quence of this HCR is that the exploitation rate peaked at
>70% of estimated stock biomass in 2016 (de Moor, 2021)
despite stock biomass being below 200 000 t and there-
fore already at risk of depressed recruitment. This deple-
tion by the fishery is likely to have reduced the prospects
for stock recovery by reducing future recruitment (see, for
example, Essington et al., 2015). The implication of that
is not only that the available stock biomass for fishing has
had limited potential for recovery to allow greater Total
Allowable Catches (TACs) because of impaired recruit-
ment, but also that the reduced sardine stock biomass will
have impacted African penguin adult survival (Robinson
et al., 2015), contributing to the severe decline in breed-
ing numbers of African penguins. Based on the available
evidence (de Moor and Butterworth, 2015; Robinson et al.,
2015; de Moor, 2021) lower survival and low sardine bio-
mass appears to have been likely to have been one of, and
possibly the single, most powerful driver of African penguin
population dynamics in recent years, at least at Robben
Island.

Further, prey capture, adult survival, the amount de-

livered to chicks, reproductive success, and other vital
rates, all depend upon another set of important ecological
interactions, including parental age and experience (e.g.,
Ainley, 2002). In a declining population, such as for Afri-
can penguins, juvenile recruitment is vital; indeed, within
a given year, penguins fledging with heavier body masses
are likely to show higher survival rates than birds fledging
lighter (Horswill et al., 2014). Thus, the individual quality of
parents and juveniles becomes important, where individual
quality is linked to different performance levels consistent
throughout life (Lescroél et al., 2009). Seabirds respond
to environmental changes by adjusting their breeding and
foraging strategies (Cohen et al., 2014), and relationships
exist between adult survival and quality, such that popula-
tion demographic patterns affected by factors at the indi-
viduals’ level (e.g., individual quality) may be obscured at
the population-scale level (Lescroél et al., 2009). Also, for a
given population, life-history trade-offs that connect differ-
ent aspects of a population’s demography may be impor-
tant (Horswill et al., 2021).

Life-history theory suggests that long-lived animals
(which include seabird species) should buffer their adult
survival by abandoning breeding efforts if conditions are
likely to have an adverse effect on adult survival, but sev-
eral studies show empirical evidence of adult survival as
well as breeding success of seabirds being reduced by low
abundance of their preferred prey (e.g., Oro and Furness,
2002; Frederiksen et al., 2004; Davis et al., 2005). In an
analogous manner, fisheries should respond to ecosystem
conditions, especially for small pelagic fishes such as an-
chovy and sardine, which are typified by ‘boom and bust’
population dynamics that arise from inherent variability
in their recruitment strength and short life-spans. For ex-
ample, from the mid-1980s until the early-2020s, sardine
biomass on both the west coast and south coast of South
Africa was at low historical levels, apart from during a short
period from the late-1990s, until the early-2000s (Coetzee
et al., 2021a). Subsequently, fishery catches increased, as
did the exploitation rate (Coetzee et al., 2021a).

1.3.2.2 Egg collecting and guano harvests

Egg collecting was a pressure but is no longer an issue.
Loss of nesting habitat as a result of guano harvesting
has reduced the suitability of available nest sites over
many decades of guano removal. Guano harvests ended
decades ago, but the legacy is that African penguins now
breed in sites where they are more exposed to predators,
nest flooding or overheating.

1.3.2.3 Predation

Predation by avian predators (especially kelp gulls) and
by introduced alien mammal predators (such as feral cats,
rats, dogs) occurs at some colonies, mainly affecting sur-
vival of eggs and chicks. Predation also occurs at sea, with
penguins in some areas vulnerable to predation by Cape
fur seals. Predation on adult penguins by Cape fur seals
has been particularly frequent at Dyer Island. During 2004
and in 2006-2007 Cape fur seals were estimated to Kkill
about 7% of adult African penguins, mostly when penguins
were returning to the colony in the evening to feed chicks

Report of the International Review Panel regarding fishing closures adjacent to South Africa’s

African Penguin Breeding colonies and declines in the Penguin population



(Makhado et al., 2013). Previous estimates of this mortal-
ity were 9% in 1994-1996 and 2 to 2.5% in 1999-2001
(Makhado et al., 2013). The predation is thought to be
mainly by a small number of immature male Cape fur seals.
It is considered to be a learned behaviour, and Makhado et
al. (2009) suggest that the removal of these ‘problem’ seals
may be an appropriate management response. That would
appear to have the potential to reduce adult mortality by a
significant amount at Dyer Island, but possibly would have
relatively little benefit at most other colonies.

1.3.2.4. Noise

African penguins are known to be sensitive to underwater
noise (Pichegru et al., 2017) and use acoustic communica-
tion to increase group feeding efficiency (Mclnnes et al.,
2020). This raises the possibility that African penguin for-
aging success may be influenced by levels of underwater
noise that could compromise group feeding efficiency and
consequently result in a form of habitat loss or degradation
for foraging penguins. Such impacts could arise from pres-
ence of fishing vessels in penguin foraging areas or from
the presence of vessel traffic such as tankers and cargo
vessels. It has been suggested that increased shipping
activity in Algoa Bay may have contributed to the decline
in African penguin numbers at St Croix Island, and that
increased shipping noise may represent an increas-
ing threat to African penguins in South African waters in
general (Pichegru et al., 2022).

1.3.2.5 Nest boxes

African penguins are adapted to nest where they are safe
from mammalian predators, historically only on offshore is-
lands. On these islands they nest alongside large numbers
of other seabirds. As cold-adapted birds they are vulner-
able to overheating on land. They dig burrows in guano in
which they nest so that they have a buffered microclimate
with high relative humidity, protected from solar heating and
safe from avian predators (Frost et al., 1976). Harvesting of
guano resources from islands off southern Africa removed
most of this preferred nesting habitat decades ago, forcing
most penguins to nest on the surface, which exposes them
to predators, rain, wind, and especially to solar heating.
Solar heating can result in temporary nest desertion by
adults forced to go into the sea to cool down, which leaves
eggs exposed to predation and overheating, reducing their
breeding success (Frost et al., 1976; Randall, 1995; Lei et
al., 2014; Welman and Pichegru, 2023). Similar effects also
occur in the closely-related Magellanic penguin in South
America (Yorio and Boersma, 1994). One solution to this
problem is to provide nest boxes that protect penguins from
these pressures (see additional details in Appendix C).

1.3.2.6 Other

African penguins are vulnerable to impacts on their sur-
vival, ability to achieve breeding condition, and breeding
success, of low abundance of their key forage fish (sardine,
anchovy), and changes in the geographical distribution of
forage fish stocks relative to the locations of penguin colo-

African Penguin in a nest incubating an egg (photo BM Dyer)

nies and moulting sites. Climate change is widely consid-
ered likely to be a main factor influencing abundance and
distribution of these key prey. Oil pollution has been a long-
term pressure on African penguins and continues to be a
pressure. Disturbance at colonies by people, and distur-
bance at sea by ship traffic are ongoing concerns.

1.4 Background to the establishment of the Expert
Panel.

An African Penguin Biodiversity Management Plan (BMP-
AP; Shaw et al., 2011; Anon, 2010) was developed that
aimed to halt the decline of the African penguin population
in South Africa within two years of its implementation and
after that achieve a population growth that would result in
a down-listing of the species in terms of its IUCN Red List
status. These objectives were not achieved but the plan did
lead to: (i) improved cooperative management; (ii) popula-
tion reinforcement; (iii) improved breeding-habitat manage-
ment; and (iv) improved management of the captive popu-
lation (Table 1 of DFFE, 2021).

Modelling studies suggest that adult mortality is high-
er when sardine biomass is below a critical threshold
(Figure 1.3; Robinson etal., 2015) and low adult survival is a
strong driver of the reduction in the population size of African
penguins since around 2003. However, projections based
on the-then Operational Management Procedure (OMP)
for sardine by Robinson et al. 2015; see Figure 1.4)
suggested that changing the OMP was unlikely to have
a marked impact on penguin growth rate relative to clos-
ing the fishery entirely (Figure 1.6). Thus, the focus for
potential management actions in recent years has
focused on fishing near breeding sites.

Penguins may be especially sensitive to changes in pe-
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Figure 1.6: Comparison of median projected penguin numbers under Interim OMP-13, and without fishing for future sardine distributions
similar to those observed in (a) 1984—1998 and (b) 1998-2012. The 80% probability intervals are indicated for the projections under In-

terim OMP-13. Projections commence in 2012

lagic fish abundance and distribution as a consequence of
their land-based breeding sites and their limited foraging
range during breeding (e.g., Sherley et al. 2013; Crawford
et al. 2019). For this reason, a study to assess the effects
of closure to purse-seine fishing around penguin breed-
ing colonies was initiated in 2008. This study comprised
two parts: (i) a feasibility study (2008—-2012) during which
purse-seine fishing was prohibited around some island
breeding colonies and data on penguins and small pelagic
fish were collected to determine whether an experiment
would have adequate statistical power, within a reason-
able time-period, to detect a statistically significant effect of
closure, if such existed; and (i) an lIsland Closure
Experiment (ICE; 2014+), during which data were to be col-
lected to enable a scientific evaluation of whether closures
within a distance of 20 km are beneficial to penguin breed-
ing success. In order to maximise contrast for more precise
estimation, the study involved a three-year alternation of
opening and closing to fishing around islands’.

Two groups of scientists conducted analyses of the
data from the ICE. The analyses were subject to review by
the International Fisheries Stock Assessment Workshops
(IFSAWSs), and over time the differences in terms of meth-
ods, data used and results regarding the effects of island
closures on penguin reproductive parameters between the
two groups declined. However, the two groups of scientists
could not reach agreement on some aspects of the analy-
ses and its implications for penguin conservation (see a
detailed summary in CAF [2022] and Section 2). This was
despite the Minister of Forestry, Fisheries and the Environ-
ment tasking the Consultative Advisory Forum (CAF) for
Marine Living Resources to develop agreed recommen-
dations on the limiting of small pelagic fishing activities
adjacent to penguin colonies. This group considered many
documents and held over 50 hours of virtual meetings and
several one-on-one meetings in attempts to broker consen-
sus, but this could not be reached and as a last resort they
recommended an average of 50% closed and 50% open of
the marine Important Bird Areas (mIBA) (CAF, 2022).

The most recent estimates of the effects of closures
on penguin reproductive parameters are documented in
Sherley et al., (2018, 2021) and Butterworth and Ross-
Gillespie (2021a), although these were updated for this
report using data up to 2019 and a series of models
proposed by the Panel. Models were developed to
estimate the implications of changes to each reproduc-
tive parameter individually on population growth rate (But-
terworth and Ross-Gillespie, 2021b; Sherley et al., 2018,
2021) and attempts were made to infer changes in popula-
tion growth given the effects of island closures, accounting
for the effects on each reproductive parameter (Butterworth
and Ross-Gillespie, 2021b; Sydeman et al., 2022).

Options for area closures more aligned with the feeding
behaviour of penguins or with the needs of the fishery were
developed by a variety of stakeholder groups (e.g., Coet-
zee et al., 2021a; CAF, 2022). The benefits to penguins
were quantified by estimates in the change to the popula-
tion growth rate and the difference in numbers of penguins
expected to be added to the population given the size of
the closures (e.g., Butterworth and Ross-Gillespie, 2021b;
Sherley et al., 2018, 2021; Bergh, 2022) while costs to the
fishery were quantified in terms of catches in areas pro-
posed to be closed, the amount of that catch that would be
“lost”, and the resulting reduction in jobs in the fishing sec-
tor and the general economy (e.g. Coetzee et al., 2021b;
Bergh, 2022). Butterworth (2021) outlines a decision table
approach to compare the costs and benefits of addressing
potential drivers of the dynamics of African penguin. How-
ever, there was no agreement amongst the stakeholders
on a closure option owing to differences regarding whether
the benefits to penguins were meaningful given the predict-
ed change in growth rate (including relative to other poten-
tial causes for the decline in abundance), as well as costs
to the fishing industry, and all proposals for closures were
rejected. However, the stakeholders agreed that an expert
panel could help to resolve the technical issues regarding
the interpretation of the ICE.

"This time-period was not well-matched to the biology of African penguins, which usually do not breed until aged 4-6 years, so the experiment was designed
not to provide information on changes in population size, only on changes in parameters related to reproduction.
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1.5 Panel process

A call was made on 28 October 2022 for nominations of
qualified individuals to be members of an Expert Panel
(henceforth “Panel”), and the Minister selected five sci-
entists with expertise in seabird and penguin ecology,
population ecology and ecosystem modeling, and applied
statistics (Prof. Robert Furness, Dr. Ana Parma, Dr. Eva
Plaganyi. Prof. André Punt [Chair], and Prof. Philip Trathan)
in December 2022. Recognizing the need for expertise in
economics considerations, Prof. James Sanchirico was ap-
pointed to the Panel in March 2022. Appendix A lists short
biographies for the expert Panel. The Terms of Reference
for the Panel are summarized in Appendix B.

The Panel was provided with a list of background docu-
ments after a meeting with the Minister of Forestry, Fisher-
ies and the Environment and departmental staff, which was
supplemented by documents identified by the stakeholders.
The Panel held an online meeting (March 21-23, 2023) at
which stakeholders provided input to the Panel in the form
of oral presentations and written submissions, after which
the Panel met to discuss the implications of the material
presented and the necessary next steps. The meeting led
to a request for additional information on catches that were
reported to have occurred in the closed areas.

A meeting of South African scientists and stakeholders
took place on 15 May 2023 during which updated results
related to the ICE, the impact of closures on catches and
the fishery, as well as how penguin foraging areas could be
specified were discussed; one Panel member acted as an
observer at the May meeting.

The material from the May and March meetings, along
with brief comments by meeting participants, were made
available to the Panel, which then met from 5-9 June 2023.
The June meeting of the Panel involved a two-day “open”
session at which stakeholder groups were provided the
opportunity to make presentations to the Panel, followed
by a three-day “closed” session during which the Panel
reviewed the available evidence, debated conclusions and
identified advice and recommendations.

1]

1.6 Current management arrangements

The Department of Forestry, Fisheries and the Environ-
ment (DFFE) implemented the following interim closures
in September 2022 (Figure 1.7):

1. An L-shaped closure around Dassen Island stretch-
ing about 12.5 nm offshore from Yzerfontein and
21.5 nm offshore of Bokpunt, with an extension
southward in the offshore area so that the maximum
North/South extent is about 20 nm.

2. No additional closure around the Robben Island
colony, with only the MPA purse-seine fishery con-
trol zone of the Robben Island MPA being closed
to fishing.

3. A small closure stretching eastward from Cape
Hangklip on the eastern side of False Bay for about
9 miles along the coast and about 3 nm offshore.
This includes the small Betty’s Bay MPA and the
Stony Point penguin colony.

4. A rectangular area around Dyer Island between
Danger Point and Quoin Pt, extending offshore for
about 18 nm from Dyer Island and southwards for
about 12 nm from the island. This rectangular area
is further divided into an inshore area that is closed
to all purse seiners and a larger offshore area where
only vessels with a total length of less than 26 m
may fish.

5. A rectangular area about 20 nm south of St Croix
Island in Algoa Bay, with a maximum alongshore
extent of about 20 nm, but with fishing allowed
around the Riy Banks.

6. A square closure extending about 12 miles south
of the Addo MPA in the vicinity of Bird Island with
a maximum west/east extent of around 29 nm.

Other restricted areas include the 16-mile beach MPA in-
shore along the west coast, north of Dassen Island, the
entire False Bay, the inshore area in Walker Bay between
Stony Point and Dyer Island and the Sardinia Bay MPA,
just west of Algoa Bay and the inshore parts of the Addo
MPA between the interim closures of St Croix and Bird
islands.

1
]

. Prusae seare Fahong prohded
B e vl COFu RO |

- asien Hland

20 ki recluE Shoaang SOy

() wmteren cioaio Araa

C Robben liland
LY

Stony Point

"_ Dyer lsland

¥

s L

5t Croi Island

Bird Island

n -

Figure 1.7: Interim closures to fishing (red polygons) as currently implemented. These closures have been implemented since September
2022. Vessels <26 m in length are allowed to fish in the offshore area (outside the red dotted line) of Dyer Island.
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2. BENEFITS OF ISLAND CLOSURES TO PENGUINS

2.1 Aims and design of the ICE, and reproductive
parameters monitored

The Island Closure Experiment (ICE) was established in
2007 to provide a scientific basis to assess whether clo-
sures to pelagic fishing in the neighbourhood of penguin
breeding islands might provide a meaningful improvement
to penguin reproductive success. The design of the ICE
therefore had a basic aim to detect differential reproductive
success under open and closed situations during periods
when other conditions were unlikely to confound results
through having changed themselves.

The ICE comprised two parts: (i) a feasibility study dur-
ing which purse-seine fishing was prohibited around two
pairs of penguin breeding islands: Dassen and Robben
islands on the West Coast and St Croix and Bird islands
in the Eastern Cape (Figure 1.1); and (ii) an experimental
phase (2015-2021) where a series of three-year alternat-
ing island closures around the four breeding islands were
implemented (Table 2.1). Figure 2.1 summarises the time-
line of the ICE and the associated reviews of the analyses
conducted.

The three-year alternation of opening and closing to
fishing around islands was selected to maximise contrast
for more precise estimation of closure effects (CAF, 2022).
The duration of three years was selected according to
DFFE (2021) to balance conflicting objectives of: (i) rapid
alternation to maximise contrast in the data to enable more
precise estimation; (ii) a slower alternation to take account
of possible autocorrelation in the penguin indices being
monitored; and (iii) the desirability to integrate the feasibil-
ity study into a possible future experiment to lead to earlier
answers.

The feasibility study was originally planned to last two
years (2008 and 2009), but that proved to be insufficient
time to allow experimental power to be estimated for all
the penguin parameters monitored, and analyses of the
impacts of purse-seine fishing in the vicinities of breeding
islands failed to produce clear-cut results. It was therefore
agreed that the feasibility study was to be extended for an
additional four years (until the end of 2014).

The penguin parameters that were intended to be meas-
ured during the experiment were: chick condition, survival
and growth, fledgling success and as measures of foraging
behaviour: maximum distance, path length and trip dura-
tion (see Campbell et al. [2019] for detailed specifications
for how each of these variables are defined and calculated
based on monitoring data). Not all response variables could
be measured in all colonies; the west colonies (Dassen and
Robben islands) were the most intensively monitored while
only data on chick condition and foraging-related variables
were collected at St Croix and Bird islands (see Table 2.2
for details regarding data availability).

Small-scale acoustic surveys using an inflatable vessel
were conducted to provide direct estimates of the biomass
of small pelagic fish available to penguins around some of
the islands. Those surveys were initially around Robben
Island (six surveys were conducted in 2009) but in later
years the surveys were extended to around Dassen, St
Croix and Bird islands (Coetzee et al., 2016). Fine-scale
surveys were also conducted by non-governmental re-
searchers around St Croix and Bird islands from 2014 to
2018 (Mclnnes et al., 2017). The small-scale surveys were
subsequently abandoned at the end of 2018 given their
relatively low precision, staff shortages and lack of funding
(DFFE, 2021).

2.2 Methods used to estimate effects of closures
(catches) on penguin population growth rate

2.2.1. Rationale for models

The impacts of fishing closures on the response variables
monitored were quantified using generalised linear mixed-
effects models (GLMM). Various model variants were ap-
plied since the first analyses of the ICE data were conduct-
ed during the initial feasibility period, including an analysis
to evaluate the power to detect biologically meaningful
impacts caused by the fishery as data accumulated. The
power analyses completed in 2016 indicated that meaning-
ful results could be obtained within 20 years of the onset
of the experiment (Ross-Gillespie and Butterworth, 2016a).

Table 2.1: Schedule of closures around the four penguin breeding colonies during the ICE. Crosses indicate years in which a 20 km radius

area around the island was closed to fishing.

Island 2008 | 2009 | 2010 | 2011 | 2012 | 2013

2014

2015 2016 2017 | 2018 2019 2020 | 2021

Dassen X X X
Island

X X X X

Robben X X X
Island

X X X X2

St Croix X X X
Island

Bird X X X
Island

X X X

'Closed from 15" January to 315 March and from 15t October to 31t December, and open from 15t April to 30" September.

2Closed from 15" January to 31% December.

3Closed from 15t April to 30" September, and open from 15" January to 315t March as well as from 1%t October to 31t December.
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Table 2.2: Reproductive parameters monitored at the four breed-
ing colonies that were part of the Island Closure Experiment.

Response variable Island Year range
Chick condition Dassen 2004-2019
Robben 2004-2019
Bird 2008-2019
St Croix 2008-2019
Chick Survival Dassen 2008-2019
Robben 2008-2019
Bird -
St Croix -
Fledging success Dassen 1995-2015
Robben 1989-2015
Bird -
St Croix -
Chick growth Dassen 1989-2014
Robben 2004-2014
Bird -
St Croix -
Max distance Dassen 2008-2018
Robben 2008-2018
Bird 2008-2018
St Croix 2008-2018
Path length Dassen 2003-2018
Robben 2003-2018
Bird 2007-2018
St Croix 2008-2018
Trip duration Dassen 2003-2018
Robben 2003-2018
Bird 2007-2018
St Croix 2008-2018

The main features that distinguish the various model vari-
ants utilised are summarised in this section. Mathematical
specifications and further details are provided in Appendix
D and cited documents.

Two main classes of models were considered. These
differ in the choice of independent variable used to repre-
sent the effect of fishing. In one class, fishing is included
as a binary variable having a value of 1 when the island is
open to fishing and O when it is closed. Predictions from
this class of models are referred to as “closure-based es-
timates” of the impact of fishing. In the alternative class of
models, the effect of the actual catches taken within the
20-km areas around the colonies are evaluated as covari-
ates. In this case, the predicted “catch-based estimates”
of the impact of fishing within a given closure is calculated
using the average catch taken from that closure when the
island was open to fishing during the ICE. A concern with
the catch-based estimators is that the true impact of fish-
ing may be underestimated if catches tend to be higher
when fish biomass is higher due to the confounded effects
of fishing and food availability on penguin breeding suc-
cess. The preference for using the closure-based models
as the base for inference regarding the impacts of island
closures was supported by the finding of positive correla-

tions between the time-series of catches taken within the
20-km areas (when open) and regional survey estimates
of biomasses of anchovy in the west and sardines in the
east (Ross-Gillespie and Butterworth, 2023a). In the final
set of results presented in Ross-Gillespie and Butterworth
(2023a), catch-based models were also examined but they
were used only as sensitivity runs requested by the Panel
to evaluate the impact of some non-negligible catches ap-
parently taken within the area closed around St Croix Is-
land mainly in 2017 (see section 2.4).

In all cases, separate analyses were conducted for the
two pairs of colonies (Dassen and Robben islands on the
west coast, and St Croix and Bird islands on the east),
assuming that nearby colonies experienced rather simi-
lar conditions affecting breeding success, except for the
experimental treatment. Separate island-specific effects
of the closure were however estimated considering that
several factors not controlled by the experimental design
may lead to different responses to the closure between the
paired islands. The significance of those differences was
evaluated by Sherley (2023), and the model with a com-
mon effect was selected based on standard model-selec-
tion criteria by Sherley (2023). Concerns were expressed
that the estimation of a common effect would tend to be bi-
ased towards the island with the higher sample size and/or
lower variance (Bergh, 2023) and that alternative weights
(e.g., size of the colony) could be used to average island-
specific estimates. While this is a valid point, the differenc-
es between the results were not large and the integrated
estimate of a regional impact would not be largely affected.

An important difference between the approaches fa-
voured by different analysts was a preference to analyse
the data aggregated as annual means (Ross-Gillespie and
Butterworth, 2023a) versus using individual-records-based
disaggregated data (Sherley et al., 2018; Sydeman et al.,
2021). The relative merits of aggregated and disaggregated
data models were the subject of substantial debate (e.g.,
Butterworth and Ross-Gillespie, 2022; Sydeman et al.,
2022). The individual-based approach has the advantage
of analysing the data at the level they are collected, but
the model needs to appropriately capture the factors and
sources of variability (observed or unobserved) impacting
the observations, other than closure alone (Haddon et al.,
2020). If the model is incorrectly specified and there are
unaccounted common random effects that affect all obser-
vations from a given stratum (e.g., all observations from a
given month, year and colony), individual observations are
not independent. This so-called “pseudo-replication” may
lead to underestimation of the standard errors of important
model outputs. Aggregated models, on the other hand,
have the advantage of not requiring assumptions about
within-stratum correlation, but are vulnerable to assigning
inappropriate weights by stratum (Haddon et al., 2020). Be-
cause the two approaches would be statistically equivalent
provided that a correct model structure is assumed in the
estimation (Butterworth and Ross-Gillespie; 2022, Haddon
et al., 2020), the debate centred on the choice of a hierar-
chical random structure for the disaggregated models that
would be able to account for the pseudo-replication.

The choice of random model structure to be used in
each of the two approaches was discussed during an in-
ternational review conducted in 2020 where a recommen-
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Figure 2.1: Timeline describing major events, decisions etc., during the feasibility study and experiment (Figure 9 of DFFE, 2021). SWG-
PEL = small pelagic scientific working group; IRP = International Review Panel; B: O&C = Branch: Oceans and Coasts; AEWA = Agree-
ment on the Conservation of African-Eurasian Migratory Waterbirds; BCC = Benguela Current Commission; SANParks = South African
National Parks; TPSWG = Top Predator Scientific Working Group; OMP = operational management procedure; GLMM = generalised

linear mixed-effects model.
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dation was made to use standard model selection criteria
combined with knowledge of the sampling design (Haddon
et al., 2020). In both cases, a random Year effect, com-
mon to the paired islands, was incorporated to account for
year-to-year changes in food availability and other unspeci-
fied factors affecting annual breeding success at a regional
scale. Monthly differences in chick condition were found
to be important and therefore aggregated data were first
standardised for the month effect as explained in Ross-
Gillespie and Butterworth (2021a), while a random Month
effect, nested within Year, was incorporated in the data-dis-
aggregated models (Sydeman et al., 2021). The remain-
ing question, therefore, was which further random effects,
if any, would need to be nested within Year (or Year/Month)
to account for possible correlation between the individual
observations in the disaggregated data models. Sydeman
et al. (2021) found that accounting for the identity of the
penguin nest (NestID) in the chick survival analysis was
significant given that the survival of chicks from the same
nest are expected to be correlated. However, their pre-
ferred model with random effects Year + Year/NestID did
not include Island (nested within Year) and therefore could
still be affected by pseudo-replication, as discussed by But-
terworth and Ross-Gillespie (2022). The final set of analy-
ses presented by Sherley (2023) used hierarchical model
structures suggested by the Panel in the light of previous
results presented at its March 2023 meeting. The suggest-
ed model structures attempted to address the pseudo-rep-
lication by including Island in the random effects in a way
that differed depending on the response variable. For the
analysis of individual chick condition data, the hierarchical
random effects involved Year + Year/Month + Year/Month/
Island, i.e., it included the effect of Island nested within the
Year x Month interaction. Likewise, the inclusion of Island
was suggested for the analysis of chick survival data as
Year + Year/Island + Year/Island/NestID, which follows the
natural nesting of the data collection program given that
different nests are monitored in different years.

The suggested random model structures were preferred
based on model selection criteria (Sherley, 2023). In the
analysis of chick condition data, the inclusion of the Island
random effect nested within Year + Year/Month resulted
in wider confidence intervals for the predicted impacts on
penguin population growth rate due to a higher standard er-
ror of the estimated fixed closure effects (compare models
3 and 3.1 respectively with models 5 and 5.1 in Sherley’s
Figure 2), as anticipated if observations within year-month-
island strata were not independent. Furthermore, the clo-
sure effects estimated using these preferred models had
very similar precision to those produced using aggregated
data (model 8 in Sherley’s Figure 2). A difficulty to partition
the variance and to estimate the variance attributed to the
Year factor was observed so a simpler random structure
that excluded the Year factor was selected with no impact
on the closure-effect estimates.

For the chick survival data, the inclusion of Island in the
nested random structure also decreased the precision of
the estimated closure effects (compare models 4 versus 8
and 5 versus 9 in Sherley’s Figure 4). In this case, however,
the standard errors estimated with the selected data-dis-
aggregated model were larger than those estimated using
aggregated data for models containing the equivalent fixed
effects. This may be related to the shared frailty (i.e., linked

probability of dying) for chicks in the same nest, which was
estimated through the NestID random effect in the data-dis-
aggregated models while it was either ignored when gener-
ating the annual aggregated survival times series (the A(B)
models in Sherley’s Figure 4) or it was accounted for prior
to evaluating the closure effects in a separate parametric
model (the A(S) models).

In conclusion, the Panel agreed that the debate about
the relative merits of analyses based on aggregated versus
disaggregated data was essentially closed based on the
final set of results presented at the June 2023 meeting. Al-
though differences in preferences between the analysts re-
mained, the Panel agreed that the two approaches would
provide similar results (as expected) when appropriately
configured (especially to account for pseudo-replication),
all other things related to data pre-processing being equal.

2.2.2 Converting impacts on reproductive parameters to
changes in penguin population growth rate

Fishing effects on reproductive parameters estimated
from the models need to be linked to impacts on penguin
population growth rates. A method based on a demo-
graphic model described in Ross-Gillespie and Butterworth
(2021b) was used by all analysts as a basis to convert
changes in chick condition, fledging success and chick
survival into absolute effects on annual population growth
rate. In the case of chick condition, a relationship between
mass at fledging and first-year survival estimated for the
macaroni penguin (Horswill et al.,, 2014) was used to
translate changes in chick condition to changes in popu-
lation growth rate (Sherley et al., 2018). For the other
response variables (chick growth, trip duration, maximum
distance and path length), whose impact on demography
are not straightforward, it was assumed that the estimat-
ed relative change in the response variable due to fishing
resulted in the same relative change in juvenile survival
(Robinson et al., 2014; Butterworth and Ross-Gillespie,
2021a, Table A1). This assumption is not supported by
evidence available for other species, which indicates that
the relationship between, for example, foraging trip dura-
tion or distance travelled with chick survival is nonlinear
and involves thresholds. Aside from these nonlinearities,
the assumption that the relative impacts on, say, trip dura-
tion and chick survival have the same magnitude is highly
questionable. The Panel agreed to interpret the impacts
of fishing in foraging-related parameters only qualitatively,
and to not integrate them into the overall impacts on pen-
guin population growth rates.

2.2.3. Integrating fishing impacts predicted from separate
analyses into overall fishing impacts on penguin growth
rate

The results of the ICE provide estimates of how closing a
penguin breeding island will impact the value of a param-
eter related to penguin reproductive success, and models
were developed that related the change in the value of one
parameter to a change in population growth rate. Ultimately,
it is necessary to ‘integrate’ the effects for each reproduc-
tive parameter to derive an ‘overall’ estimate of the change
in population growth rate due to closing a breeding island.
This calculation is complicated because of several factors:
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e There are factors that will determine population
growth rate other than changes in reproductive rate
such as immigration/emigration and changes in
survival for post-fledgling animals. Thus, reported
changes in population growth rate are those related
only to changes in reproductive success, essentially
assuming that the survival rate for animals after the
first year of life is not impacted by closures to breed-
ing islands and that immigration and emigration bal-
ance out.

e Only a subset of the parameters were monitored on
all breeding islands and some parameters were not
monitored for all years (Table 2.2).

e Some of the parameters (e.g., chick survival and
chick condition/growth) are not independent.

e There is a need to infer the effect of closures for
breeding islands that were not part of the ICE.

e The estimates of changes in population growth rate
derived from the ICE results pertain to a status quo
of no closure, so changes in population growth rate
of half those estimates are pertinent to the recent
situation of closures half of the time.

Butterworth and Ross-Gillespie (2021b) provide a “qualita-
tive” scheme for conducting the integration based on the
following assumptions/algorithm:

e The three foraging metrics were assumed not to
be independent nor were chick condition and chick
growth, and measures of uncertainty (standard er-
rors for the estimates of population change by re-
productive parameter) were calculated based on
dividing the 95% interval for the population growth
rate by 4.

e Fledgling success, chick condition, and chick sur-
vival are more ‘reliable’ as there is a demographic
model relating changes in these variables to chang-
es in population growth rate. Thus, for example,
when information about chick condition and chick
growth were integrated for Dassen Island, values
of 0.06% and 1.74% were averaged qualitatively to
get 0.5% and the standard deviation of this value
was set to that corresponding to the 0.06% estimate
(i.e., 0.42%).

e Of the foraging metrics, maximum distance was
considered to be less reliable than path length and
trip duration, given there is more uncertainty associ-
ated with a maximum than an integrated measure.
Thus, inferences regarding changes in foraging dis-
tance on population growth rate involved a “qualita-
tive average” of the effects of primarily path length
and trip duration, with the standard error set to aver-
ages of the standard errors of the change percent-
ages by island.

e No attempt was made to infer changes on chick
growth, chick survival and fledgling success for St
Croix and Bird islands from the results for Dassen
and Robben islands, but estimates of population
growth were determined from changes in chick con-
dition/growth and foraging alone.

In their presentation to the Panel, Butterworth and Ross-
Gillespie (2023) outlined two alternatives for combining the
predicted changes in population growth rate derived from

changes in chick condition and chick survival, one in which
the effects were averaged and a second in which the ef-
fects were added. As explained in section 2.2.2, the rela-
tionship between chick condition and juvenile survival used
to translate changes in chick condition to changes in popu-
lation growth rate corresponds to a relationship between
mass at fledging and first-year survival (estimated for the
macaroni penguin). Therefore, the Panel agreed that it is
more appropriate to treat those effects as additive when
calculating the overall impacts on population growth rates.

2.3 Predicted effects of fishery closures (catches) on
penguin population growth rate

2.3.1 Summary of outcomes among analyses

A broad summary of the results in terms of the impacts
of fishing around breeding colonies on penguin popula-
tion growth rates obtained for the west and east colo-
nies included in the ICE is given below. A negative value
corresponds to a predicted positive effect of closing the
20-km areas on population growth rate because the report-
ed values correspond to fishing impacts.

Results for three different closure-based estimators are
shown for the analyses of chick condition and chick sur-
vival in Figures 2.2 and 2.3. The first two estimators involve
models fitted to disaggregated data (D) and the third is
based on the analysis of aggregated data (A). These es-
timators correspond to the preferred choices made by the
analysts, and use the random-effects hierarchical structure
that was recommended by the Panel for the case of models
fitted to disaggregated data.

2.3.1.1 Dassen and Robben islands

The two alternative estimates shown in Figure 2.2 obtained
using disaggregated data differ with respect to whether
the effect of fishing was assumed to be the same on both
islands (models W1 and W4) or was allowed to differ be-
tween them (models W2 and W5), while separate effects
for the two islands were estimated by models W3 and W6,
which were fitted to aggregated data. A slight preference
for the models that assume the same effect size in both
islands was found when the models based on disaggre-
gated data were compared (Sherley, 2023). While some
analysts argued that separate effects should be preferred
independently of the results of the tests (Butterworth and
Ross-Gillespie, 2023a), they acknowledged that the inte-
grated estimates for the western Cape colonies would not
be much affected.

The resulting estimates for the three selected alterna-
tive models are similar although confidence bounds were
narrower when the effects were forced to be the same for
both islands, as expected. The exceptions are the results
for chick survival for Robben Island, which indicate a larger
negative impact of fishing on population growth rate when
the analysis is based on disaggregated data than when ag-
gregated data are used. Part of the reason for this differ-
ence may be the way the individual data were aggregated
to construct the time-series of chick survival.

Larger negative impacts of fishing, close to the -1%
value used as a reference, were estimated for Dassen and
Robben islands based on chick survival data except for the
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Figure 2.2: Estimates of change in population growth rate for Dassen and Robben islands as a result of fishing (expressed as a percent-
age per annum) resulting from the analysis of various response variables measured at those colonies: chick condition, chick survival,
fledging success, chick growth, and three variables related to foraging behaviour: maximum foraging distance (MD), path length (PL) and
trip duration (TD). W1-W11 = model numbers. Model specifications are detailed in Appendix D.

smaller effect estimated for Robben Island using aggregat-
ed data. Most estimated effects based on chick condition
were negative but somewhat smaller, ranging from 0.04%
to -0.67%.

The results based on analyses of chick growth and
foraging-related parameters give little indication of a bio-
logically meaningful impact of the closures. A reduction in
chick growth rate during years when an island was open to
fishing was expected but the opposite was estimated (mod-
el W8). Results are not consistent with the generally neg-
ative fishing impacts estimated from chick condition and
survival, the response variables that are more directly
related to population trends.

2.3.1.2 St Croix and Bird islands

The fishing impacts estimated for St Croix and Bird is-
lands based on chick condition data were positive except
that for Bird Island based on aggregated data (model E3),
which was negative and very small (—0.24%) (Figure 2.3). A
negative impact was estimated for some of the foraging
variables in some of the island-method combinations, but
the estimated impact was positive for other cases. The
reliability of foraging metrics as indicators of the impact of

fishing on the breeding success of penguins is therefore
questionable, particularly given opposite signs of fishing
impacts estimated for St Croix Island.

Overall, the Panel did not consider the results for the
east colonies to be reliable, given the very little fishing that
took place around Bird Island when the area was open
except in the early years (Figure 2.4). Also, the first two
model results based on disaggregated data included data
for the year 2017 when some sizeable catches were taken
from within the St Croix Island closure when the area was
supposed to be closed. Some sensitivity runs conducted in
response to a request by the Panel using the aggregated
data (Ross-Gillespie and Butterworth, 2023b) indicate that
these catches did not impact the broad results from the ICE
for St Croix Island. In particular, the analyses still resulted
in positive estimates of fishing impacts for St Croix Island
when year 2017 was excluded from the data. This result
was not substantially altered in other sensitivity runs re-
ported by Butterworth and Ross-Gillespie (2023a, results
not shown here). The only run that resulted in a negative,
albeit small, impact (-0.39 in units of % population growth)
was when data for 2008—-2010 were excluded, Bird Island
was treated as closed during all years, and St Croix Island
was treated as open in 2017.
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The alternative catch-based estimator, which uses ac-
tual catches taken within the 20-km areas instead of the
open/closed treatment, led to negative but still very small
fishing impacts (-0.28 in units of % population growth) at
St Croix Island for the chick condition data (Ross-Gillespie
and Butterworth, 2023a, results not shown). The results
based on foraging-related variables, on the other hand,
tended to show smaller negative impacts for St Croix Island
than when the open/closed treatment was used.

The existence of other confounding factors not con-
trolled by the ICE add to the difficulties in interpreting the
results for the eastern colonies. In particular, the increased
number of bunkering operations in Algoa Bay since 2016
may have impacted the penguin population at St Croix
Island (Pichegru et al., 2022). A sensitivity run that only
included years up to 2015 (Model S5 in Ross-Gillespie
and Butterworth, 2023a) failed to identify any impact of the
closures on chick condition, and led to lower impacts based
on foraging trip parameters.

In summary, the Panel concluded that the ICE results
for the east colonies were more uncertain and difficult to
interpret given that the paired islands did not provide the
anticipated contrast, and given the few response variables
that could be monitored at those colonies. Notwithstanding
these limitations, the Panel concluded that the available
results only provide indirect evidence of negative impacts
of fishing around St Croix Island through increased for-
aging distances of breeding penguins during years when
the colony was open. However, these changes in foraging
behaviour were not reflected in estimated poorer chick
condition.

2.3.2. Integrated estimates of the overall impact of closures
on penguin population growth rate

As discussed in Section 2.2.3, the Panel considered it more
appropriate to treat effects estimated from impacts on chick
condition and chick survival as additive when calculating
the predicted overall impact on population growth rates
(Table 2.3). Only the predictions for Dassen and Robben
islands are shown given the concerns regarding the use
of foraging-related variables (see section 2.2.1) and that
fact that, for St Croix and Bird islands, only estimates

based on chick condition are available.

Overall, the Panel concluded that the results of the
ICE for Dassen and Robben islands indicate that fish-
ing closures around the breeding colonies are likely to
have a positive impact on population growth rates, but
that the impacts may be small, in the range 0.71-1.51%
(expressed in units of annual population growth rate).
These impacts are small relative to the estimated relative
reductions in penguin abundance for these two colonies
overthe period 2005-2022, which were estimated by the
Panel at -13% for Dassen Island and -10% for Robben
Island, using abundance data provided to the Panel.

The ICE in its current form (to estimate the effects of
fishing closures on reproductive success) is completed.
Future closures of forage-fish fishing around penguin
colonies would be likely to benefit penguin conservation,
but should be part of a larger package of conservation
measures as such closures alone would be unlikely to
reverse the current decline in penguin population numbers.

2.4 Caveats associated with the ICE and the associated
analyses

The commitment by the South African government to im-
plementing an experimental management scheme (the
ICE) to understand whether fishing near breeding colonies
negatively affects African penguin populations should be
recognised, notwithstanding the caveats in this section be-
cause without the ICE, management decisions would have
to be based on analogy and expert opinion. The experi-
ment aimed to collect data that could allow the effects of
fishing closures on the reproductive parameters of African
penguins to be estimated. It implemented several best
practices, including paired controls and treatments, moni-
toring of key reproductive parameters, and an initial period
to assess how long it would take for there to be sufficient
statistical power to detect a potentially meaningful effect of
fishing closures, if one existed. In addition, the data from
the experiment were analysed using multiple modelling ap-
proaches and the analyses were regularly peer-reviewed
within the domestic process as well as by the International
Fisheries Stock Assessment Review Workshops (e.g.,
Haddon et al. 2020), likely increasing the robustness of the

Table 2.3: Overall integrated fishing impacts on penguin population annual growth rates estimated from the data collected during the ICE
for the Dassen Island and Robben Island breeding colonies. Three estimates are provided for each island to illustrate the range of results
produced by the selection of model runs shown in Figure 2.2. Note that the values provided refer to the predicted effects of fishing around
the colonies, so a negative value implies a positive change in population growth rate if the areas were closed relative to if they were kept

open to fishing.

Dassen Island Chick condition Chick survival Added fishing Models Modelling of
impacts on population closure effect
growth rate
—0.43 —0.86 -1.29 W1 & W4 I+C
-0.24 —-0.86 -1.10 W2 & W5 IxC
0.04 —1.04 -1.00 W3 & W6 IxC
Robben Island Chick condition Chick survival Added fishing Models Modelling of
impacts on population closure effect
growth rate
—0.43 -0.91 -1.34 W1 & W4 I+C
-0.67 -0.84 -1.51 W2 & W5 IxC
-0.59 -0.12 -0.71 W3 & W6 IxC
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Figure 2.3: Estimates of change in population growth rate for St Croix and Bird islands as a result of fishing (expressed as a percentage
per annum) resulting from the analysis of chick condition and three variables related to foraging behaviour measured in those colonies:
maximum foraging distance (MD), path length (PL) and trip duration (TD). E1-E11 = model numbers. Model specifications are detailed in

Appendix D.

results. The ICE was highlighted by Sydeman et al. (2017)
in their review of best practices for assessing forage fish
fisheries — seabird resource competition, noting that field
experiments are the “holy grail” of seabird-fisheries com-
petition studies because of the potential to detect causal
effects. In fact, it is the only case where an experiment has
been designed with the aim of detecting fishing effects on
reproductive parameters of seabirds. However, Sydeman
et al. (2017) note that field experiments can be difficult to
design and implement, and the ICE is no exception in this
regard.

Notwithstanding that the experiment was designed
following best practices, there are several weaknesses of
the design and implementation that need to be recognised
and their consequences accounted for when interpreting
the results in section 2.3 of this report.

e The experiment aimed to estimate the effects of
fishing closures on penguin reproductive param-
eters, meaning that it was necessary to develop
models to predict changes in the population growth
rate given expected changes in reproductive pa-
rameters (see section 2.2.3). While it would have
been ideal to relate fishing closures to changes in
population sizes directly, it was recognised when
the experiment was proposed that the time to detect
changes in population size attributable to an island

closure would potentially involve a much longer
experiment than that needed to detect changes
in reproductive parameters. This was due, for ex-
ample, to the time that penguins take to recruit to
the adult population, and that the results in terms
of population size might be confounded by the
effects of, for example, movement amongst breed-
ing colonies.

The experiment involved temporal blocks of 3 open
and 3 closed periods (Table 2.1). This design was
a compromise between longer blocks, which might
permit detection of changes in population size and
shorter blocks, given the focus on reproductive
parameters. The design was implemented nearly
as anticipated — the exception was 2021, the data
for which are not used in the analyses.

The closures pertained to 20 km around breeding
colonies. However, analyses subsequent to the
start of the experiment (e.g., Annexure 1 of CAF,
2022) show that penguin foraging can extend well
beyond 20 km (especially for St Croix Island) so
while the results of the experiment allow the effect
of 20 km closures to be quantified, potentially larger
effects may have been observed with closures that
more closely reflected foraging areas. The ability
to infer changes in reproductive parameters (and
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hence population growth rates) for closures that dif-
fer from 20 km around islands requires an extra step
of interpretation that is necessarily primarily qualita-
tive.

The experiment relates to four of six major breed-
ing colonies. Closures have been proposed for Dyer
Island and Stony Point. Inference of the effect of
closures for these colonies requires extrapolation
of the effects of the closures for the islands in the
experiment, and are consequently more uncertain.
The experiment manipulated the ability to fish with-
in 20 km of the four islands. It did not specify that
catches had to occur when an island was “open”.
One consequence of this is that catches might be
low during open years. This was the case for Bird
Island where catches were low irrespective of
whether this island was open or closed to fishing
due to operational issues. Moreover, analyses pro-
vided by Janet Coetzee (DFFE) showed that some
catches had occurred inside the closure areas in
years when they were supposed to be fully closed
to pelagic fishing (in particular, off St Croix Island in
2017; Coetzee, 2023; Figure 2.4). In addition, some
recorded catches occurred close to the 20 km clo-
sure boundaries. Whether some of these catches
actually occurred within 20 km of the islands was
not checked given the time available but some
of these catches may have occurred inside the
closures.

A primary aim of having two colonies in each region
was to enable the effects of factors other than fish-
ery closures on reproductive parameters to be ac-
counted for in the analyses. Given that the ICE is a
natural experiment and even though the two islands
on each coast are relatively close, there were still
differences in distribution of pelagic fish between is-
lands (Coetzee, 2023) that cannot be accounted for
in the analyses based on results of the ICE.

It was not possible to monitor all variables that
could affect reproductive success owing to
logistical constraints and the possibility that moni-
toring could have a negative effect on reproductive
success of an endangered seabird. Several key
parameters, including chick survival and fledg-
ing success, were not monitored at the eastern
colonies, which reduced the potential to detect the
effect of fishing near colonies on reproduction. The
choice of parameters to monitor reflected monitor-
ing that was ongoing at the time the experiment
was designed. In retrospect (and subject to the
constraints of available resources), monitoring of
additional variables would have been desirable
(see section 5).

The modelling accounts for the effects of factors
other than island, closure, and month of sampling
using a year effect. In principle, a key determinant of
year-to-variation in reproductive success relates to
the biomass of prey species. Acoustic surveys of lo-
cal biomass were undertaken, but it was found that
there is considerable variation over the breeding
season and high sampling error (DFFE, 2021) so

this variable could not be included in the analyses.
Another factor that may have impacted reproduc-
tion on St Croix Island is the effect of bunkering near
Ggeberha since 2016 (Pichegru et al., 2022).

2.5 Potential but not studied benefits to adult and im-
mature African penguins from the ICE

The ICE measured variables that were considered to be
direct measures or proxies for African penguin breeding
success or post-fledging survival, but did not measure im-
pacts of island closures on African penguin adult survival or
immature survival. Evidence (outlined below) indicates that
increases in prey abundance/availability would be likely to
result in some gains in adult survival and immature sur-
vival.

Seabirds tend to have high adult survival and low fe-
cundity (breeding success). Life history theory predicts that
seabird adult survival is likely to be more strongly buffered
than breeding success by behavioural responses because
seabird population dynamics is driven more strongly by
adult survival than by breeding success (Cairns, 1992).
The prediction is that long-lived birds will tend to protect
their survival by abandoning breeding when times are bad,
so low breeding success is likely to be a more conspicuous
consequence of low food availability around colonies than
is low adult survival. Testing whether there is a relation-
ship between forage-fish stock biomass and adult survival
of forage-fish dependent seabirds is made difficult because
few studies have collected long-term data on adult survival
rates of seabirds in locations where there are matching
time-series of forage fish stock biomass data. Neverthe-
less, several studies have found that adult survival rates
are influenced by food availability. While none of the stud-
ies listed below are directly comparable to the African pen-
guin situation, they provide an a priori basis to raise the
expectation that there are fishery-related impacts on adult
and immature survival.

e Black-legged kittiwake adult survival is correlated
with prey density in the non-breeding area in winter
(Reiertsen et al., 2014) as well as in the breeding
area in summer (Oro and Furness, 2002; SSERe-
newables, 2022).

e Black-legged kittiwake adult survival and breeding
success at Shetland (north Scotland) were both
strongly affected by Shetland sandeel stock bio-
mass (Oro and Furness, 2002).

e Black-legged kittiwake adult survival and breeding
success at the Isle of May (east Scotland) were both
reduced in years when sandeel fishing occurred on
the ICES Sandeel Area 4 stock compared to years
when there was no sandeel fishery (Frederiksen et
al., 2004).

e Return rates (a proxy for survival) of black-legged
kittiwake, Atlantic puffin, common guillemot and ra-
zorbill at the Isle of May all show strong asymptotic
relationships with ICES Sandeel Area 4 sandeel
stock biomass (SSERenewables, 2022).

e Return rate of adult Arctic skuas (parasitic jaegers)
at Shetland as well as their breeding success was
increased by supplementary feeding of broods, im-
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Figure 2.4: Catches of sardine and anchovy taken inside the 20-km closures during the duration of the ICE. Letters above each bar denote
years when the areas were open (O) or closed (C). Figure credit to J Coetzee (DFFE, pers. comm.).

plying that low sandeel abundance was likely re-
sponsible for low adult survival in that species as a
result of the increased costs of breeding when food
was scarce (Davis et al., 2005).

e Low food availability reduced adult little auk body
condition and reduced adult survival (Harding et al.,
2011).

e Increased parental effort by breeding common
guillemots (common murres) when foraging con-
ditions deteriorated resulted in reduced adult sur-
vival rate and only partly compensated for low prey
availability so also resulted in reduced breeding
success (Wanless et al., 2023).

Measuring survival of immature seabirds is much more

difficult than measuring survival of adults. There is evi-
dence that survival rates of immature seabirds tend to be

lower than those of adults (Horswill and Robinson, 2015),
presumably because immature animals are less experi-
enced and therefore less competitive. That suggests that
low food availability would be likely to impact immature
animals more strongly than adults. Therefore, gains from
improved prey availability may benefit immature survival
more than adult survival. Few studies report examples
of change in immature survival rates, but immature survival
of crested terns was strongly reduced when forage fish
prey biomass was depleted (McLeay et al., 2008).
Evidence from other studies therefore suggests that
the ICE is likely to have led to some unquantified improve-
ment to adult and immature African penguins in addition
to the quantified gain seen in breeding success for the
western breeding colonies. It is impossible to determine the
magnitude of any unquantified gain, but it is likely to have
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3. BASIS FOR EVALUATING FISHING IMPACTS OF CLOSURES

3.1 Background

The literature investigating the impacts of fishery area clo-
sures on commercial fishing fleets and coastal communi-
ties highlights the importance of considering the short-run,
long-run, and heterogenous effects across communities
and fishers (e.g., large- vs small-scale). The short-run
impacts on the harvesting sector include the displacement
of the vessels from the closed areas that in turn could re-
sult in lower (or lost) catches, greater fishing costs, and
lower revenues, everything else being equal. The short-run
changes to the harvesting sector can also result in changes
in throughput into processing facilities, which could lead
to fewer shore-side jobs and less product. The long-run
impacts include potential changes in shore-based infra-
structure (e.g., processing capacity, fueling stations, bait
stores, and ice availability), and the number of vessels
operating in the fishery.

Both the magnitude and importance of the short- and
long-run impacts are unlikely to be uniformly distributed
across fishery participants and coastal communities. The
placement and size of a closure could, for example, raise
the cost of fishing for smaller vessels by increasing their
steaming time to the open fishing grounds in a way that re-
sults in the exit of these vessels from the fishery over time.
Vessel exit can have knock-on effects to the communities
in terms of economic activity, shore-side infrastructure, em-
ployment, and social wellbeing. Implementing closures, in-
cluding those to protect ecological processes, in South Afri-
ca will impact the fishing industry and local communities to
some extent, but accurately quantifying this is challenging.

Economic methods to measure the changes due to a
closure differ for the most part on according to whether the
focus is on predicting the impacts before the intervention is
implemented (ex-ante analysis) or measuring the impacts
after the intervention is in place (ex-post analysis).

Section 3 is organised as follows. Section 3.1 is divided
between a summary of the random utility class of model that
is generally used to predict the impacts of proposed fishery
closures and program evaluation methods that measure
the causal impact of a fishery closure on the harvesting
sector. Section 3.2 reviews the opportunity-based model
(OBM) and section 3.3 reviews the social accounting ma-
trix (SAM) modelling. Section 3.4 assesses the integration
of the results from OBM and SAM modelling by highlighting
how lost catches on the water are mapped back to coastal
communities and regional economies.

3.1.1 Ex-ante analysis of the harvesting sector

The literature on the ex-ante analysis of the impacts of pro-
posed fishery closures is dominated by random utility mod-
els (RUMs), which are statistical models of fleet behaviour
(RUMs are a class of discrete choice models (DCMs)).

While a RUM can take several forms, often researchers
model the decision on whether to go fishing and where
to go fishing conditional on taking a trip (see Figure 3.1).
Vessels/fishers choose to go on a trip when the economic
returns to taking a fishing trip are greater than the outside
opportunity cost of not fishing, and fishers choose to fish in
site i when their expected net returns from fishing in site i
are larger than the other sites." The expected net returns
of a site i consist of the vessel's expected catch and price,
travel distance to the site from their current location (port or
another fishing site), fuel prices, and other variable costs.
RUMs have been applied to a range of fisheries from
those for sedentary species (Smith, 2002; 2005; Marcoul
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Figure 3.1: Basis of random utility models: Panel A is a stylised
decision tree of a commercial fisher (vessel) in any given decision
period (Source: Smith et al., 2010). Panel B is an example of the
spatial choice of sites available for fishers in the Bering Sea of
Alaska (Source: Abbott and Wilen, 2011)

'Extensions of the basic RUMs include variables such as variance of the expected net returns (Dupont, 1993; Mistiaen and Strand, 2000; Hutniczak and
Miinch, 2018), preference heterogeneity (Smith, 2005), state dependence (your past experience affects future choice) (Holland and Sutinen, 2000; Smith,
2005), evolving information and information sharing (Curtis and McConnell, 2004; Abbott and Wilen, 2011), spatial correlation and learning (Marcoul and
Weninger, 2008; Hutniczak and Minch, 2018), bycatch avoidance (Haynie and Layton, 2010; Abbott and Wilen, 2011), and multiple fleets and fisheries

(Depalle et al., 2020).

Report of the International Review Panel regarding fishing closures adjacent to South Africa’s

African Penguin Breeding colonies and declines in the Penguin population



Photo credit SAPFIA — South African Pelagic Fishing Industry
Association

and Weninger, 2008) to those for pelagic species (Curtis
and Hicks, 2000; Mistiaen and Strand, 2000; Curtis and
McConnell, 2004). For nearshore sedentary species, of-
ten vessels fish single-day trips choosing a few fishing
grounds to visit (Eales and Wilen, 1986; Smith, 2005;
Marcoul and Weninger, 2008). For finfish species such as
groundfishes or tunas, vessels make multi-day trips (Cur-
tis and Hicks, 2000; Curtis and McConnell, 2004; Hicks
and Schnier, 2008; Abbott and Wilen, 2011; Hutniczak and
Munch, 2018). When developing RUMs for multi-day trips
(e.g., purse-seine tuna fisheries), it is common to treat the
choice of the first location separately, and then conditional
on that choice, model the subsequent site choices (Sun et
al., 2016).

Two interrelated challenges to RUMs are the spatial
(definition of a site or fishing ground) and temporal unit
(e.g., daily, weekly), and the estimation of a vessel’s ex-
pected catch at the set of fishing sites when the vessel is
on a trip (Smith, 2000; Dépalle et al., 2021). Studies have
employed various methods to calculate expected catches
that depend on the assumptions about the set of informa-
tion available to the vessel at a particular time (Abbott and
Wilen, 2009 ; Dépalle et al., 2021), including the ephemeral
nature of that information (e.g., fish stocks might only stay
in a particular location for a short period of time or the dis-
tribution of the fish stock in a particular location might be
more stable from month to month and across years). For
example, it is possible to use only vessel level information
(e.g., catches at a particular site within the last week/month
and/or the same week/month in the previous year). How-
ever, it is also possible to assume that vessels share infor-
mation by including fleet level information (e.g., catches of
similar vessels at a site within the last week/month and/or
fleet catches in the same window of time in the prior year).
If no vessels have visited a site in the relevant window of
time, then expected catches can be assumed to be zero.
The formation of expected catches will lack necessary
observations if the definition of a fishing site is so small
that there are few past observations that fall within it or the
window of time is too short (Dépalle et al., 2021). Given
that there is no theory on how fishers form expectations of
catches at different sites, most analyses carry out robust-
ness checks with different weighted combinations of own

and fleet information across different site definitions and
time windows (Dépalle et al., 2021).

The estimated RUM can be applied removing from the
choice set the sites that are included in the closure area to
assess the short-run impact of a proposed closure (e.g.,
Smith and Wilen, 2003). Conditional on the closure, the
RUM predicts the number and timing of trips, the displace-
ment of the fleet due to the closure (the model statistically
reallocates the trips to different sites based on the empiri-
cal model of fleet behaviour), increases in travel costs, and
changes in the catch composition (including different target
species).

3.1.2 Ex-post analysis on harvesting sector

While RUMs dominate the literature predicting the ex-
ante impacts of fishery closures, more recently research-
ers are utilising program evaluation methods that quantify
the ex-post impacts of closures by estimating the coun-
terfactual (Ferraro et al., 2019). For example, Smith et al.
(2006) develop an empirical model to isolate the effects of
marine reserves that accounts for multiple gear production
technologies, heterogeneity in vessel captain skill, spatial
heterogeneity of fish stocks, seasonal patterns in abun-
dance, the effects of coexisting management policies, and
the possibility that the harvesting sector anticipates reserve
establishment.

Reimer and Haynie (2018) quantified the short-run im-
pact of large-scale closures on the net revenue of the com-
mercial Atka mackerel fishery in the North Pacific using
difference in difference (DiD), propensity score matching,
and synthetic control methods. DiD measures the counter-
factual (what would have happened in the absence of the
closure) using the trend over time in a control group (ves-
sels that do not fish in the closure). The assumption is that
any differences between the treated group (vessels that
fish in the closure area) and the control group are invariant
over time and by using their parallel trends before the inter-
vention, these differences will net out leaving the impact of
the closure on the treated vessels. Favoretto et al. (2023)
employed DiD methods to evaluate the impact of Mexico’s
Revillagigedo National Park on industrial fisheries.

While DiD assumes that all the control vessels contrib-
ute equally to the comparison group, propensity score and
synthetic control methods develop a more refined measure
of the control unit for each treated unit. Propensity score
methods, for example, estimate for each vessel the prob-
ability of being in the treated group as a function of pre-
treatment observable characteristics, such as vessel size,
gear technologies, home ports, boat fixed effects, net rev-
enue, etc. Various criteria (e.g., five nearest neighbours)
are then used to match treated and control units based on
similar propensity scores, which are estimated predicted
probabilities of fishing in the closed area. The assumption
is that treatment and control vessels with similar propensity
scores are statistically identical except that the treated ves-
sels were impacted by the closure.

Any method of evaluation will need to address the chal-
lenges associated with accounting for exogenous time-
varying factors, such as stock abundance trends, prices,
costs, local and regional labour markets, global market
forces (exchange rates), and endogenous time-varying
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factors such as behavioural responses to the closures that
impact the ability to measure the counterfactual. An exam-
ple of the latter is when impacted vessels are displaced to
the fishing grounds occupied by the comparison set of ves-
sels resulting in congestion on the grounds and lower catch
rates for the control fleet than otherwise would have oc-
curred had the closure not happened. Ferraro et al. (2019)
discuss these challenges along with other biological and
market mechanisms that can lead to contamination or bi-
ased estimates of the counterfactual.

3.2 Opportunity-Based Model (OBM) estimates of lost
catch.

The OBM was used to estimate the impact of closures on
catches by the South African pelagic fisheries targeting an-
chovy and sardine. Because the number of vessels, shore-
side infrastructure, and behaviour of the fleet are held fixed
over time, the impacts estimated are short-run even though
they are calculated over ten years to develop an average
loss. The OBM quantifies the impacts of closures under the
assumption that catches that occurred in the closed area
when it was open are a measure of the catches that would
have occurred if the closed area was not closed.

Unlike the early literature on the impacts of marine re-
serves on catches, which assumed that all catches would
be lost when an area is closed, the OBM introduces a set of
rules to capture potential behavioural responses of the fleet
to the closures. These rules were informed by interviews
with fishery operators and include how to replace catches
taken within closures with alternative catch opportunities
observed across areas and species within a narrow win-
dow of time (generally same day and year) considering
estimated boat factors (vessel fixed effects from GLMM es-
timation), boat caps, and potential spillover from other clo-
sures. Opportunity catches are also adjusted up or down
based on an auxiliary analysis used to evaluate possible
biases in predicted aggregate catch in any given year de-
pending on the specific rules used by the OBM.

Using these rules, the OBM develops a measure of the
average irreplaceable catch stemming from the proposed
closures using catches in the closed areas over ten years
and the average catch that could be replaced (opportunity
catch) for each species at the island closure level (see Ap-
pendix E for further details together with figures and sum-
mary tables of the results).

The two key modelling assumptions of the OBM are:
(a) the observed catches taken in a given day outside a
proposed closure provide a complete set of potential al-
ternative fishing opportunities for replacing the catches
taken that day within the proposed closure; and (b) there
is a maximum number of times each alternative fishing op-
portunity could be used to replace those catches (referred
to as “Reuse”). The former relates to the information set
the fishers have at any point in time where the OBM im-
plicitly assumes all vessels fishing on the same day have
the same set of information and there were no additional
potential opportunities where and when fishing did not
take place. The latter is questionable considering that ad-
ditional fishing opportunities, beyond those used when the
areas were opened, could be searched for and identified in
response to the implementation of a closure. The search
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Figure 3.2: Percentage of Irreplaceable Sets in the mIBA
(h =7 km) run of the OBM model (Panel A) and in the mIBA ARS
run of the OBM model (Panel B) across a set of model sensitivities.
In Panel B, a blank corresponds to scenarios that were not run for
the mIBAARS case

for alternative fishing opportunities would be more effec-
tive if the fleet shared the information about fishing loca-
tions, as was reported to happen during the June Panel
meeting. It also implicitly assumes the lack of seasonal-
ity of fishable aggregations from one year to the next and
full information decay of fishable aggregations in a loca-
tion within a day. These assumptions combine to lead to
a low of 40% (Reuse = infinity for sardine bycatch) and
a high of 90% (Reuse = 1 for direct sardine) of the sets
within a closed area (when it is open) being classified as
irreplaceable in the marine Important Bird Area (mIBA)
(h =7 km) run (Figure 3.2 Panel A). The fraction of irre-
placeable sets is lower in the mIBA Area Restricted Search
(ARS) run but still ranges from a high over 60% to a low
around 20% depending on the scenario (Figure 3.2 Panel
B). More detailed calculation of catch losses for different
closure proposals and OBM assumptions, summarized in
Appendix E (Figure E.3), indicate that the great majority
of the estimated catch losses are due to the high fraction
of sets classified as irreplaceable under the OBM rules
while only a very small fraction of the catch loss was due
to lower average catch rates of replacement sets (“oppor-
tunity losses”). In common with RUMs, if no vessels have
fished at a site in a window of time, the expected catch of
a vessel going to that site would be zero. In forming an
expectation of catches for use in RUM, analysts consider
a wider window of time (fishing within the last month, same
month last year, etc.) while allowing for some weighted av-
erage of private information (catch rates of the vessel in the
sites) and fleet-wide information (perhaps due to sharing
of information at sea, observing landings, observing activ-
ity at sea) to calculate the expected catches in any site
i in period t. The Panel agreed that the current window of
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same day (or same day plus one) is likely too constrain-
ing and recommends further statistical analysis should be
undertaken to better understand the seasonal nature of
anchovy and sardine sets/catches across the fishing sites,
especially along the west coast.

Whether to sample alternative opportunities with or with-
out replacement is an important issue in the OBM analysis.
The Panel agreed that the OBM would likely underesti-
mate the potential opportunities outside the closed area on
a given day (conditional on all the other assumptions be-
ing appropriate) if, for example, 100 catches (sets) within
a closed area are matched to just a single catch (set). Cur-
rently, the results are presented for the case of allowing
only one replacement (Reuse = 1 corresponding to sam-
pling without replacement), only five times (sampling with
replacement but only five times), and an infinite number of
times (sampling with replacement). The Panel agreed that
the random matching of catches is an improvement over
the percentile method but recommended that all results
should be presented for the Reuse = 1, 5, and infinity cas-
es (see section 6 for additional suggestions on statistical
methods to match sets).

The OBM is not able to quantify important potential
changes to the net revenue of the fleet due to closures.
Net revenue is the total revenue (ex-vessel price*catch)
less the variable costs of fishing that include fuel costs (fuel
price*fuel used), labour costs, supplies, etc. The fuel costs
capture steaming time to and from the grounds, searching
efforts, and fuel spent while fishing. Closures can increase
fuel costs due to greater travel distances and can also
reduce the quality of the catch at the time of landing, lead-
ing to lower ex-vessel prices and total revenues (e.g.,
greater spoilage, lower quality)?>. The impacts on net rev-
enues are likely not uniform, as smaller vessels might
have less ability to travel further due to the riskiness of
being out to sea for longer and a more limited fuel capacity.
The Panel agreed that understanding the impact of clo-
sures on the net revenue as well as changes in catches
is important for understanding both the short-run impacts
and the potential long-run impacts due to changes to the
fleet composition, shore-side infrastructure, and coastal
community dynamics.

3.3 Social Accounting Matrix (SAM) analysis

Quantifying community economic impacts of fishery policy
changes requires understanding about how changes in
production on the water translate into changes in the pro-
duction of goods and services shore-side either directly
or indirectly. Economists use several methods to carry
out such analysis, such as input-output (I0) models, so-
cial accounting matrix (SAM) models, and computable
general equilibrium (CGE) models (Seung and Waters,
2006)%. Across the methods, the data requirements of the
models are extensive, including industrial output, employ-
ment, value-added, final demands, and imports. CGE mod-

els, which are the most expensive to develop but are the
gold standard for quantifying community impacts, allow
for changes in relative prices, substitutions across inputs
(labour, capital), and compute the welfare implications of
the economic shocks (e.g., welfare impacts of job losses
rather than just quantifying the number of jobs lost) (Seung
and Waters, 2006). SAMs improve on simple 10 models by
quantifying impacts on the distribution of income, but un-
like the CGE framework hold prices fixed and do not allow
for substitutions (Seung and Waters, 2006). SAM results,
therefore, should be viewed as a very short-run measure
of the impact (snapshot) whereas a CGE model can cap-
ture more dynamic short-run and medium-run responses of
the economy (Seung and Waters, 2006). Because SAMs
are designed to analyse demand-driven impacts in the lo-
cal economy (e.g., change in consumer spending), these
models tend to overestimate the impacts of supply-side
shocks, such as a reduction of catch (Seung and Waters,
2013; Seung, 2014).

UrbanEcon developed a SAM model that models a
shock to the regional economy from a reduction in catches
due to the closures as calculated by the OBM (irreplace-
able catch). The SAM model traces the shock through
the economy by modelling a set of linear relationships
that capture the direct, indirect, and induced changes
(Figure 3.3). Characterising the value chain of the pelag-
ic fishing industry is a way to decompose the direct and
indirect impacts of a change in the total catch of sardine,
anchovy, or redeye (Figure 3.4). Vessel owners, captains,
and crew experience direct income effects from a reduction
in the catch, where the crew are paid on a share system
based on the fishmeal price and catches rather than a fixed
hourly wage. The lower catch results in less throughput into
the shore-side processing facilities, which can be substi-
tuted in some situations with import quantities though of-
ten for higher prices (depending on exchange rates, and
transportation costs). The higher costs of processing fish
can result in a reduction in labour demanded by processing
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Figure 3.3: Social Accounting Matrix Framework for mapping
changes in regional aggregate catches (economic shock) to
changes in employment, regional gross domestic product, and
regional income. (Source: UrbanEcon June 2023c)

2Bergh (2016) states that fuel costs will increase approximately 23% around Dassen and Robben islands when considering the location of the replaceable
sets, which depends on the priority ranking of substitute locations and the assumption regarding the feasible sets from which to search for a replacement.
3While the use of 10, SAM, and CGE models dominate the literature in terms of quantifying the impacts of the fishing sector on local communities, a recent
paper by (Watson et al., 2021) takes an econometric approach to measuring the impacts using data from Alaska. They find “that a 10% increase in a commu-
nity’s annual resident fishery earnings leads to a corresponding 0.7% increase in resident income. This translates to an increase of 1.54 dollars in total income
for each dollar increase in fisheries earnings” where fishery earnings are defined as total revenues of fishing for local permit owners.
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Figure 3.4: Value chain of the pelagic fishing industry, highlighting
the pathways for loss in regional catches to the direct impacts in
the SAM modelling (Source: UrbanEcon, 2023b).

facilities and lower overall economic performance of the in-
dustries. Sales locally or exported might also be impacted
if the final output of fishmeal, canned, or bait products is
lower due to the lower catches. Lost wages reduce income
and purchasing power in the economy, lowering consumer
expenditures. Lower expenditures, along with changes in
sales, reduce economic output that can have further im-
pacts on employment levels in sectors not directly related
to fishing (induced effects in Figure 3.3).

An important impact of the proposed closures is the
potential job losses both directly on the fishing industry
and the knock-on losses due to lower GDP and income.
UrbanEcon (2023a) predicts in the preferred scenario, for
example, “full-time employment is expected to decrease
substantially, with a reduction of 655 jobs” where the direct
impact to harvesters is a loss of 35 with indirect losses of
93, and in the processing sector, the direct losses are 181
out of a total of 527 losses. Using the regional distribution
of labour in Table 5.1 of UrbanEcon (2023b) and the direct
job losses in Table 5.2 of UrbanEcon (2023b), the direct job
losses regionally to the harvesting sector are 11.5 west of
Cape Point, 8 between Cape Point and Cape Agulhas, 7 in
Mossel Bay, and 5.6 in the east.

How to interpret the significance of job losses on re-
gional economies and welfare depends on the quality of
the local labour markets, whether the losses are seasonal
workers, and whether the losses are permanent or tem-
porary (Holland et al., 2012). If local labour markets are
fluid with low unemployment, then a job loss in one sector
could be negated by an increase in another sector, which
makes interpretation of the economic costs associated with
job losses more difficult. On the other hand, if losses oc-
cur in remote locales with incomplete labour markets with
high unemployment (as is the case for several of the towns
where fishers and processors are based), then these loss-
es contribute directly to the economic costs due to closure
rather than being a transfer from one sector to another.
In addition, if the job losses are from seasonal workers
or temporary layoffs, then the impacts are likely transient
and fleeting as opposed to the case where the job losses
are due to the closure of the shore-side processing facility
(Watson et al., 2021). The latter will have long-run impacts
on the local fishing vessels, employment, and incomes, as

may be the case for several of the affected local towns.
The Panel agreed that while the SAM is a useful tool for
creating snapshots of the impacts on regional economies
it recommended that further work needs to be done on
the long-run socioeconomic impacts to local communities
due to the prospective closures. Moreover, it notes that the
predicted effects of closures depend on the reliability of
the estimates of lost catch from the OBM, which the Panel
agreed is likely to provide overestimates given its restric-
tive assumptions related to the set of opportunities that
are available to replace catches in closures (Appendix E).
These overestimates are of uncertain magnitude but may
be large.

The heterogeneous impacts on fishing operations (e.g.,
small vs large vessels) are another important factor in un-
derstanding the relative significance of the changes to re-
gional economies. In the preferred scenario, UrbanEcon
(2023a) shows “that smaller vessels (less than 20 metres)
will be the most highly impacted ... the largest vessels
(above 25 metres) will be the least impacted... meaning
that the viability of maintaining operations is variable de-
pendent on boat size, and the larger the boat, the higher
level of security it has in its operations.” These impacts,
however, are not evenly distributed across communities
and closures, as some ports will be more dominated by
larger vessels (and vertically integrated companies). The
Panel agreed that while the SAM model provides a meas-
ure of the distributional impacts across vessel size it recom-
mends that further work should be done to understand the
impacts on local communities more dependent on smaller
vessels, such as those operating in the St. Croix area.

Given the complexity of the regional economy, any
model (10, SAM, and CGE) will involve many parameters
and relationships, some of which are supported empirically
and some of which must be assumed. The UrbanEcon
SAM model is not unique in this respect, and the use of
interviews with the fishing industry is a best practice to fill
in missing data. However, some important questions re-
main regarding the interpretation of the SAM results. Are
the “losses” out of the SAM due to the proposed closures
within the standard fluctuations of the local economy due
to other kinds of economic shocks, such as fuel prices,
exchange rate fluctuations, etc.? Fuel price increases, for
example, would be expected to result in less fishing due to
higher travel costs, less processing due to higher import
costs of products, lower sales, lower consumer expendi-
tures, etc. Are the short-run job losses from a fuel price
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Figure 3.5: Sensitivity on the loss to the industry from the range of
fishmeal prices (UrbanEcon, 2023c)
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increase greater than the predicted job losses from the
preferred scenario? How important for the loss estimates
are the assumptions regarding the relative wages of the
processing and harvesting sector, especially since most of
the job losses occur in the processing sector? How do the
results change if the conversion of total employment FTEs
is based on a different rate of fishing days per year (cur-
rently, 175 fishing days per annum is assumed)? The Panel
agreed that additional sensitivity analysis of the SAM re-
sults should be carried out to have a better understanding
of the range of possible regional outcomes from the pro-
spective closures.

In response to queries by the Panel, UrbanEcon car-
ried out additional sensitivity analysis on the range of ag-
gregate outcomes by varying expected catch loss, and
fishmeal price. Variations in the global fishmeal price imply
that a loss of catch in one year might not have the same
economic value as a loss in another year (Figure 3.5).
Specifically, UrbanEcon found that “the fishmeal industry
performs at its best when international prices are highest —
and therefore the largest industry loss will be experienced
whereby the island closures negatively affect the level of
raw input (anchovies, red-eye, and sardine off-cuts and
bycatch) and international prices are highest” (UrbanEcon,
2023c). These results are not surprising, but also highlight
the limitations of the SAM modelling assumptions. With the
crew paid in proportion to the fishmeal price, as the fish-
meal prices increase, the income of the crew increases, but
because some crew also lose their job due to the catch re-
ductions, there are then fewer crew members earning more
money in a year with higher fishmeal prices. How much
the increase in wages to the remaining crew offsets the
losses due to fewer workers is an empirical question that

cannot be addressed given the linearity and fixed prices
(output, input, and wages) assumptions embedded in the
SAM framework.

3.4 Downscaling lost catches at sea to regional econo-
mies

The critical piece in quantifying the regional impacts of the
proposed closures is the mapping of irreplaceable catches
that occur at sea to the ports/local communities. Based on
responses to a query of the Panel, there appears to be
a discrepancy between the regional catch loss totals pro-
vided by the OBM based on where the catch is caught,
the regional economic impact measurements determined
by employment shares in the SAM modelling for 2022,
and the breakdown of the lost catch based on shares of
regional processing (Table 3.1). The later breakdown is not
currently utilised in the SAM analysis and is imputed based
on the average lost catch between 2011 and 2019 for an-
chovy, bycatch sardine, directed sardine, and redeye con-
sidering differences in the location of industrial and sardine
processing facilities and landings. While the share of catch
processed in any facility and port can change from one
year to the next, which is the argument UrbanEcon em-
ploys when justifying the use of employment shares (Letter
from UrbanEcon to Panel dated June 9", 2023), Table 3.1
highlights the potential for different measures of regional
impacts based on the method employed and/or the catch
years used in the analysis. The Panel agreed that given
little empirical justification for one method, each allocation
method should be used, and the results compared across
the different cases, to better inform discussions on which
communities are likely to be most impacted.

Table 3.1: Mapping lost catches to regional economies. Column 1 shows the percentage of lost catch based on the current method for
how OLSPS allocates irreplaceable catches in closure areas to regions, Column 2 shows the percentages that UrbanEcon uses based
on employment in the fishing sector (harvesting and processing), and Column 3 shows a new set of percentages that OLSPS calculated
based on the share of the catch that is processed shore-side by region (Source: Data provided to the Panel by OLSPS on June 9, 2023)

UrbanEcon

employment shares Regional processing

Region OLSPS lost catch
Western Cape 17%

Cape Point to Cape Agulhas 60%

Mossel Bay 0%

East 23%

33.0% 49.4%
27.1% 27.0%
23.5% 12.3%
16.5% 11.3%

Penguins at Boulders (photo BM Dyer)
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4. CRITERIA AND APPROACHES FOR EVALUATING TRADE-OFFS BETWEEN
BENEFITS TO PENGUINS AND COSTS TO FISHERY

4.1 Introduction

There are various aspects involved in any decision regard-
ing the locations and duration of island closures intended to
conserve African penguins. These include the location and
size of the closures, their seasonal duration, and whether
and when any closures will be reviewed. The technical re-
view of these aspects is given in sections 2 and 3. There
are three primary trade-off axes to consider when selecting
closures (see Figure 4.1 for options considered during the
Panel discussions):

e The benefit to penguins of the closure.

e The cost (economic and social) to the fishing indus-
try and the communities, especially where fishing
and processing operations are based.

e The ability to evaluate the effectiveness of the clo-
sures.

The choice of the location and size of closures, and their
duration depends on the relative weights placed on the dif-
ferent anticipated outcomes by the decision-makers. Guid-
ance on these weights may be informed by legislation,
existing policy frameworks and international agreements.
Recommendation of a specific outcome lies outside the
scope of the Panel.

The Panel recommended that, if designated, closed
areas to protect penguins during breeding, should be year-
round, unless reasons demonstrate otherwise, primarily be-
cause egg laying and chick provisioning occur year-round,
and these areas may be important during critical pre- and
post-moult periods. The Panel further recommended that,
if designated, closed areas to protect penguins should be
reviewed at a time when results are available to investigate
life-history processes such as juvenile recruitment, adult
survival and hence population growth rates. This may be
at a time between 6 and 10 years after designation. Other
reasons to review such closed areas might include major
socioeconomic changes in the fishery and processing,
or stock abundance, or similar consequences of prey re-
source change.

4.2 Evaluating effectiveness

The “effectiveness” of a set of closures may be evaluated
using a closure program that involves opening and closing
areas to fishing in an experimental manner to test hypoth-
eses and quantify changes in the demographic parameters
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Figure 4.1: Comparison of alternative closure options including the 20-km ICE closures, the inclusive foraging areas defined as the 90%
utilisation distribution—UD, (green open polygons), the UD50 and UD75 aggregated kernel density distributions, as well as two mIBA
core area versions calculated using a smoothing factor of 7 km (mIBA (h = 7 km)) or the ARS scale value calculated for each colony
(mIBA(ARS)) using tracking data of African penguins tagged at (a) Dassen Island, (b) Robben Island, (c) Stony Point, (d) Dyer Island,
(e) St Croix Island and (f) Bird Island. From Mclnnes et al. (2023)

Report of the International Review Panel regarding fishing closures adjacent to South Africa’s

African Penguin Breeding colonies and declines in the Penguin population




of penguins, and hence their population growth rate. How-
ever, closure programs are not usually structured in this
way, with most such programs involving long-term closures
and monitoring of the impacted populations. The Panel
strongly recommended that monitoring should take place
irrespective of whether there is an experimental (alternat-
ing open and closed) component to the closure program.
Section 5 identifies several ways in which monitoring can
be changed to more precisely capture changes in penguin
demographics and behaviour and hence the effects of any
closures on the penguin population. Section 6 outlines im-
provements to data collection and analysis to facilitate an
evaluation of the effect of any closures on the fishery and
associated communities.

The Panel does not consider it essential that there is an
ongoing experimental approach (as opposed to monitoring
for conservation purposes). However, the Panel provides
the following recommendations should there be an experi-
mental component to any future closure program:

e The aim of the experimental structure should be to
not only estimate parameters related to reproduc-
tive success, but also additional parameters, in par-
ticular juvenile recruitment, adult survival and hence
population growth rate. This is because there is little
value in conducting future experimental manipula-
tions if the aim is simply to estimate the effect of
closures on reproductive parameters given this is
already adequately informed by the ICE (see sec-
tion 2).

e There is little benefit in trying to use an experimen-
tal framework in regions (e.g., the eastern Cape)
where it is (currently) not possible to monitor impor-
tant parameters such as adult and chick survival.
Based on the data already available, and the ability
to undertake regular monitoring, the western and
southern Cape regions should be the focus of any
future experimental closure program.

e Given the necessary focus on adult survival and
population growth rate, it is desirable that a power
analysis be conducted to identify an appropriate
sequence of (possibly alternating open and closed)
closures. The existing MPAs around some islands
impose some constraints on the experimental use
of closures and this should be taken into account in
any power analysis.

e Conservation planning software tools, such as
Marxan (e.g., Ball et al., 2009; Watts et al., 2017),
provide a way to select areas given constraints on
either the desired amount of closure by island or the
cost to industry.

4.3 Quantify at-sea habitat area

The purpose of closing areas around penguin colonies is to
protect penguin foraging habitat. Relatively little was known
about the foraging behaviour of African penguins, espe-
cially about their preferred foraging habitats at the start of
the ICE. The ICE had therefore been set up using a fixed
20 km radius as the open-closed management option
(Figure 1.1). With recently available telemetry data, clo-
sures may be designed to achieve a more effective protec-
tion of the penguins’ foraging area.

The at-sea habitat used by seabirds whilst foraging var-
ies throughout the year. Although different seabird species
have very different characteristic scales of habitat use, all
species show variability in relation to their life-history con-
straints. Seabirds are most constrained during breeding
when they need to return to land to provision their offspring.
In general, seabirds, including penguins, forage across
spatial scales that differ between incubation, early chick
rearing (the brood stage), late chick rearing (the créche
stage) and post breeding (e.g., Warwick-Evans et al.,
2018). For African penguins, due to their disturbance sen-
sitivities, most information about foraging is only available
during the early chick rearing phase when foraging scales
are likely to be most constrained. During this period adults
can only travel short distances given their need to return to
their chick at short temporal intervals. Thus, resource avail-
ability during early chick-rearing is critical, given parents
are less flexible. Consequently, all estimates of preferred
foraging habitat based on tracking data from early chick-
rearing are likely to be conservative.

The marine habitat available to penguins varies spatially
and temporally, with some areas being preferred, given the
availability of prey. Determining such preferred areas is im-
portant, especially if resource competition with fisheries is
a concern. Estimating areas of preferred foraging habitat
can be achieved through numerical spatial analysis of te-
lemetry (tracking) data. Different analytical approaches are
available, but in recent years robust methods that identify
marine Important Bird Areas (mIBA) have become widely
accepted (Lascelles et al., 2016; Dias et al., 2018), includ-
ing for the identification of Key Biodiversity Areas (e.g.,
Handley et al., 2020).

Kernel density analysis calculates the density of loca-
tions by fitting a bivariate normal function with a pre-defined
radius (smoothing parameter, h) around each location and
summing up the values to create a smooth density surface.
The kernel utilisation distribution (UD) is the isopleth that
contains a certain percentage of the density distribution. To
obtain core usage areas for foraging seabirds the 50% UD
has often been selected (Lascelles et al., 2016). To align
the smoothing parameter (h-value) to the scale at which
birds use their marine habitat, behavioural characteristics
evident within the telemetry data can be used. For exam-
ple, periods of Area Restricted Search (ARS) when birds
are actually feeding, can be identified through First Pas-
sage Time (FPT, Fauchald and Tveraa, 2003). Such meth-
ods are now commonly used (e.g., Trathan et al., 2008;
Scheffer et al., 2010) in the analysis of penguin telemetry
data.

The Panel recommended that analyses delineating
mIBAs using ARS methods represent the best scientific
basis for delineating the preferred foraging habitats during
breeding. In the future, additional analyses would further
improve understanding, especially with respect to how the
spatial scale of any given mIBA might vary by year. The
Panel concluded that such between-year variation is likely
to be important, as the years of the ICE, during which most
telemetry data have been collected, have been years of
relatively low prey resource abundance.

Further, evidence related to the prolonged African pen-
guin breeding season (e.g., Crawford et al., 2013), also
highlights the need to ensure adequate resource availabil-
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ity is maintained within a given mIBA around the year, as
the demand is not simply seasonal.

The Panel recommended that further validation of
mIBAs should occur, in particular using dive data that pro-
vide objective identification of foraging locations, rather
than commuting (or travelling) locations (see also section
5.9). Such analyses could be included in species distribu-
tion models (e.g., Warwick-Evans et al., 2018) that could
be used to identify areas of key importance. However,
important uncertainties remain, particularly if mIBAs are
determined (as they have been) using telemetry data pre-
dominantly limited to early chick rearing when breeding
adults are most constrained; further, that mIBAs may differ
in the future, should prey resource abundance increase.

The life history processes of all species do not com-
pletely compartmentalise into distinct time periods or
physiological mechanisms. Life-history events are often
mediated through carryover effects, with events or activi-
ties occurring in one season, habitat, or life-history stage,
affecting important processes in subsequent life-history
stages (Crossin et al., 2010). Thus, seabirds arriving at a
colony to breed must have already initiated certain physi-
ological transitions, including with any associated resource
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accumulation (Crossin et al., 2010).

For African penguins, such carryover effects almost cer-
tainly occur, requiring adults to accumulate resources prior
to breeding and prior to moult. This means that adequate
prey resources are needed throughout different times of
the annual cycle, such that delineating where birds forage
and accumulate resources requires spatial information
across the complete annual cycle. Outside the breeding
season, reductions in resource competition that potentially
facilitate reductions in foraging effort may benefit penguins
prior to moult and post-moult, especially as these periods
are energetically demanding.

Accumulating evidence shows that African penguins un-
dergo predictable movements outside the breeding period
(Sherley et al., 2017; Carpenter-Kling et al., 2022), sug-
gesting that preferred habitats are also important at other
times of the year. Importantly, it is now apparent that the
mIBAs delineated using telemetry data from early chick
rearing, are sometimes also important during pre- and
post-moult foraging trips (Figure 4.2), even though they
may only represent a part of important habitat during these
other periods.
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Figure 4.2: The distributional range (90% utilisation distribution—UD, open polygons) and core range (54% UD, shaded areas) of African
penguins tagged at (a) Dassen Island, (b) Stony Point, and (c) Bird Island during their pre- (green) and post-(blue) moult foraging trips to
the 200, 500 and 1 000 m isobaths (grey lines). Figure from Carpenter-Kling et al. (2022)
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4.4 Trade-off space

One way to explore the trade-off between expected bene-
fits to penguins and impacts on fishing is via trade-off plots
(see, Hilborn et al. (2021) and Halpern et al. (2013) for ex-
amples of trade-off analyses). A trade-off curve (e.g., Fig-
ure 4.3) could demonstrate, for example, that the benefits
to penguins (as quantified by the proportion of the foraging
area that is protected) likely increases rapidly when small
areas most used for foraging are closed, with the relative
benefits to penguins declining as an increasing proportion
of the foraging area is closed to fishing. Because not all
closures of the same size are likely to have the same ben-
efit, points A and B in Figure 4.3 demonstrate how a given
(hypothetical) 40 km closure (point B) compares with the
outcomes of another (hypothetical) closure with the same
area but which more closely resembles areas of preferred
penguin foraging habitat (point A). Based on the ICE ex-
periment, it is not possible to assign quantitative estimates
of the change in population growth rate associated with
closed areas that differ from 20 km around colonies, but the
qualitative changes in benefits to penguins with increasing
closure areas are likely robust (increasing at a decreasing
rate). Furthermore, for a given total closure area, closures
that more adequately reflect preferred foraging areas will
have greater benefits than those that simply close less
valuable foraging areas. We also expect that lost fishing
catches increase faster when the area closed increases in
size, because as demonstrated in the OBM analysis, larger
closures lead to more displaced fishing sets and a smaller
area available for fishing (and hence fewer fishing oppor-
tunities). Based on the OBM results calculated for different
alternative closure areas, we developed Figures 4.4 and
4.5, which provide a comparison of closure options across
area closed and percent loss in regional catch. Figures 4.4
and 4.5 highlight how not all closures are equal in terms of
the predicted lost catch and show that there are potential
opportunities to reduce the impact on the fleet while at the
same time increasing the amount of area closed (e.g., in
Figure 4.4 compare the triangle and square on the blue line
for Dyer Island and anchovy).

The Panel provides the following conclusions and rec-
ommendations regarding selecting closures given its re-
view of the work identifying foraging areas and lost catch.

e |t is desirable to identify a solution that minimizes
societal costs and maximizes benefits to penguins;
however, an optimal solution (or acceptable “bal-
ance”) between competing objectives is not simply
obtained by closing 50 percent of any given area.

e Conservation actions should be spread through-
out the range of the species given each region is
subject to different biophysical and anthropocentric
threats.

e One approach (if curves such as those in Figure
4.6 can be created) is to find the point at which the
change in penguin benefits (by increasing closures)
matches the change in costs to society.

e The trade-offs between costs to the fishery and ben-
efits to penguins in terms of the proportion of the
foraging area closed will differ among islands and
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Figure 4.3: lllustrative relationships between benefits to penguins
for optimally selected and simple closures given the amount of
area closed (upper panel) and between area closed and fishing
costs (lower panel). See text for explanations of curves A and B.

among sectors within the fishery. Consequently, the
benefits to penguins and costs to industry should be
considered by island (or region) and not simply at
the national level (see below). In addition, given the
heterogeneity within the industry, expressing costs
and job losses by sector (e.g., for small scale opera-
tors) would also seem appropriate.

e Theeconomicanalysis (e.g. Urban-Econ, 2023a,b,c)
provides estimates of several types of economic im-
pacts (to the fishery as a direct consequence of the
reduction in revenue [direct impacts], that occur due
to suppliers of goods and services to the industry
[indirect impacts], as well as due to shifts in spend-
ing on goods and services due to directly and indi-
rectly impacted parties [induced impacts]), as well
as lost jobs. However, the estimates of economic
effects to the fishing industry may be more robust
than estimates for the rest of the economy and for
jobs (see section 3.3).

e Given that the OBM analysis likely provides an
overestimate of uncertain magnitude of the loss in
catch (see section 3.2) and these losses are then
used in the SAM analysis, the results on economic
costs (lower GDP, jobs) and lost catches should be
considered in a relative sense and hence used for
ranking closure options within a region. The relative
ranking of the closure may, however, be sensitive
to how catches are allocated to local communities
(see section 3.4 for additional details). The eco-
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nomic analyses are only able to quantify the social
effects of closures in terms of job losses. Future
work should consider broader social consequences
of reduced catches and job losses on community
well-being.

e It is necessary to map catch losses back into re-
gional communities to evaluate how vulnerable
these communities are because the SAM could be
obscuring important local socioeconomic effects.

e The competition among the fishery and penguins
would be expected to be greater in years of low
prey abundance. An adaptive closure framework
that changes closures among years in response to
prey abundance could reduce cost to the fishery in
years of high prey abundance, as closures in such
years would have little or no benefit to penguins.

4.5 Colony-specific considerations

Based on the information provided to the Panel and the
results from Figures 4.4 and 4.5, the Panel highlighted the
different dimensions of the trade-offs in summary bullets.
Across all of the regions, the various penguin foraging
areas are important for the small pelagic purse seine fish-

ery.

Dassen Island

e Regionally important for anchovy fishers and red-
eye fishers.

e Historically important penguin breeding habitat
with sufficient habitat for growth; largest remaining
breeding population.

e Relatively more susceptible because African pen-
guins are already affected by an overall reduction in
regional sardine abundance that, if persistent, may
limit their capacity to reverse the declining trend.

Robben Island
e Regionally important for anchovy fishers and red-
eye fishers.

e Important penguin breeding population.

e Relatively more susceptible because African pen-
guins are already affected by an overall reduction in
regional sardine abundance that, if persistent, may
limit their capacity to reverse the declining trend.

e Eradication of feral cats should be part of a local
conservation management plan.

e Major hub for ecotourism.

Dyer Island

e Regionally important for anchovy fishers, sardine
fishers and redeye fishers.

e Important penguin breeding population.

e Relatively important fur seal interactions (predation
and/or resource competition) with penguins.

e Figure 4.4 indicates that anchovy catches from
within a closure are difficult to replace.

Stony Point

e Regionally important for anchovy fishers, sardine
fishers and redeye fishers.

e Important mainland penguin breeding population
with logistical access to enhance conservation
management.

e Population has increased by 15% pa since 2005.

e Major hub for ecotourism.

St Croix Island

e Fishers rely on sardine due to virtual absence of
redeye and anchovy.

e Important penguin breeding population.

e Largest rate of decline since 2016 among the extant
penguin colonies.

e Evidence that noise disturbance from bunkering
facility is disturbing penguin foraging.

e Figure 4.4 indicates that sardine catches from
within a closure are difficult to replace.

Bird Island
e \ery little small pelagic fishing.
e Important penguin breeding population but limited
scope for major increases.

Boulders Beach

e Fully protected from commercial fishing.

e Important mainland penguin breeding population
with logistical access to enhance conservation
management.

e Population is healthy and stable (891 breeding pairs
in 2022).

e Major hub for ecotourism.
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5. FUTURE MONITORING TO EVALUATE EFFECTIVENESS

The Panel makes the following recommendations in
relation to potential scientific research questions related
to the African penguin population decline, including associ-
ated monitoring techniques:

1. Continue to conduct counts of breeding numbers of
African penguins at as many colonies as possible in
as many years as possible.

2. Monitor adult survival of African penguins using
techniques such as passive integrated transpond-
er (PIT) tags and readers at colonies where this is
practical to minimise disturbance to colonies. Acom-
parison of time-series of adult survival at different
colonies would help resolve which drivers are hav-
ing the strongest influence on population change.
Use of linear ground antennae is feasible when
extensive areas of beach need to be monitored for
PIT tags; elsewhere antennae can be incorporated
into weighbridges where these are in use.

3. Continue monitoring of breeding success where
it can be done without disturbance; however, the
Panel considers that metrics such as chick weight/
body condition/growth rate represent weak proxies
of breeding success and may not be cost-effective.

4. Use automatic weighbridges to monitor weights of
adult penguins at the start and end of breeding, as
this should provide a direct measure of the costs of
breeding in terms of the impact on penguin body
condition.

5. Use automatic weighbridges to monitor weights of
PIT-tagged adult penguins; departure body mass
prior to foraging and return body mass subsequent
to foraging should provide quantification of foraging
efficiency, and potentially meal mass for offspring.
Such work will be valuable in itself, but would be es-
pecially valuable if complemented by GPS tracking
of some individuals.

6. Assess behavioural responses of foraging adult
penguins using GPS tracking studies; these will
likely remain limited to the period when adults have
relatively small chicks. However, deployment of
time-depth-recorder tags on these adults (together
with GPS units) will provide much improved data
on the foraging locations along the path of tracked
birds.

7. Conduct foraging studies using telemetry methods,
to further determine the impacts of vessel noise (in-
cluding from bunkering) on foraging behaviour.

5.1 Population counts
African penguins are not easy to count. Breeding birds

may be in burrows underground, or in nest boxes, or
under bushes, although at most colonies many are vis-

Penguins nesting (photo BM Dyer)

ible in the open. Not all pairs breed at the same time, so
synoptic counts on any particular date underestimate total
breeding numbers. For large colonies, counts have gener-
ally been undertaken by teams of people walking through
the colony counting occupied nest sites, mostly between
February and September, but counts at other times of year
are used when they are the only data available (Crawford
et al., 2011; Sherley et al., 2020). Because breeding is not
fully synchronous, potential sites (apparently not active but
showing signs of use) may be included in counts, whilst
numbers of unguarded chicks in groups (créches) are di-
vided by two to estimate the (minimum) number of nest
sites those birds represent (Sherley et al., 2020). These
counts provide relatively low accuracy population esti-
mates but are adequate to demonstrate large changes in
population size over time.

Some birds choose not to breed, and so numbers of
nests counted at colonies may underestimate the total
population, by missing nonbreeding adults, especially
when seabirds are under severe pressure (e.g., resource
constraints, adverse weather conditions, disturbance). In
addition, seabirds tend to become more vulnerable to im-
pacts of human disturbance when already under stress
from adverse environmental conditions (Diaz et al., 2021).
African penguins are particularly susceptible to human dis-
turbance (Hockey and Hallinan, 1981). Seabirds that would
tolerate human activity at a colony when conditions are
good may abandon their breeding attempt as a result of a
similar level of human disturbance when they are stressed.
It is therefore highly desirable to avoid human disturbance
at penguin colonies, but especially at those that are in de-
cline and subject to adverse environmental pressures. Use
of a drone (unoccupied aerial vehicle; UAV) to overfly a
colony and record digital video (or frequent static images
that can be mosaiced together) of the breeding sites may
allow counts without associated human disturbance, as
breeding seabirds show little or no response to an over-
flying drone providing it is well above the colony’. Using
drones to count breeding penguins of various species

'Rimmler et al. (2021) found no behavioural reactions of penguin adults or chicks to drones flown more than 70 m above the colony. Recognising that moni-
toring numbers and breeding success of Sandwich terns Sterna sandvicensis by visiting colonies tends to cause excessive disturbance, Spaans et al. (2018)
tested the use of a drone, flown 15-—20 m above nesting Sandwich terns at appropriate dates through the breeding season at colonies in the Netherlands,
to count breeding numbers and breeding success from photographs. They found that the drone caused “hardly any visible disturbance to the birds” but gave
highly accurate data on breeding numbers and breeding success, so was considered much better than using human observations at Sandwich tern colonies.
The same conclusion was reached by Valle and Scarton (2021) in Italy. Geldart et al. (2022) showed that drones flying over nesting eider ducks Somateria

mollissima did not lead to any increase in heart rate of the incubating birds.
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has been shown to be highly effective, for some penguin
species and in some cases more accurate than human
counts, as well as reducing human disturbance (Hayes
et al., 2021; Krause et al., 2021; Mattern et al., 2021;
Qian et al., 2023).

Because some African penguins nest in locations where
they cannot easily be seen or detected from above ground,
a complementary approach to census African penguins
may be to use drone counts of créeched chicks, or moulting
penguin numbers. These are easier to count than breed-
ing birds, as they tend to moult relatively synchronously
and in the open, although sometimes these may include
small numbers of birds breeding elsewhere. For African
penguins, preliminary studies could help determine the
efficacy of such techniques.

5.2 Breeding success

Breeding success is an important metric to monitor be-
cause it is likely to have a clear influence on population
trend and is hence usually a high priority in any seabird
monitoring programme. However, this is less straightfor-
ward with seabirds that prefer to nest in burrows but may
also use open nest sites on the surface. There are likely to
be differences in breeding success between nests of differ-
ent types in different habitats, and this needs to be consid-
ered when setting up a monitoring programme. It would be
ideal to monitor samples of nests of each type so that an-
nual breeding success can be representative of the colony
rather than of just one nest type. Breeding success can be
monitored remotely using equipment such as nest cameras
or acoustic monitoring, which has the potential to minimise
disturbance impacts from people having to visit nests to
monitor breeding. Examples of time time-lapse photogra-
phy are now increasingly common in penguin behavioural
studies (e.g., Jones et al., 2018).

5.3 Adult survival

There is evidence that survival of adult African penguins
is strongly affected by sardine stock biomass (Robinson
et al., 2015; Crawford et al., 2022; Leith et al., 2022),
but apparently not to anchovy stock biomass, at least for
Robben Island. There is therefore a strong case for
increased monitoring of African penguin adult survival, as
this is likely to be a major factor determining population
trend. Marking of some penguins species with external
tags (e.g., flipper bands) has been shown to have adverse
effects, so future monitoring of penguin survival should fo-
cus on the use of PIT tags and deployment of tag read-
ers at colonies to allow monitoring of adult survival with
minimal human disturbance and with tags that do not affect
penguin fitness. PIT tag deployments have already been
made for African penguins at Robben Island and at Stony
Point (Leith et al., 2022). The presence of tagged birds
at nests can be determined using a hand-held tag reader
carried from nest to nest, but this risks impacts from hu-
man disturbance. An alternative is to deploy tag readers
at strategic locations within the colony to identify birds as
they pass within range of the reader. Both approaches risk
missing tagged individuals if readers are not close to par-
ticular birds, so provide incomplete assessments of adult
survival. In addition, mobile robotic tag readers have also
been developed, as well as linear beach antennae, both of

which may be feasible to use with African penguins (Tra-
than and Emmerson, 2014). Experimentation with different
approaches will help determine approaches appropriate to
African penguins.

5.4 Weigh bridge and PIT tags

It has been possible to set up a narrow “entrance” to the
nesting area at some penguin colonies so that when adults
approach nests it is possible to monitor each individual’s
arrival and departure. This can be achieved with (PIT) tags
and Radio Frequency ldentification (RFID) tag readers at
the entrance to colonies (Kerry et al., 1993; Denhard et
al., 2013). Tag deployments can potentially be combined
with a weigh bridges used to weigh birds as they arrive and
depart (Lescroél et al., 2021) providing data on changes
in the weight of known individuals before and after each
foraging trip. However, there can be problems associated
with such automatic monitoring stations, where, for exam-
ple, individual penguins use different routes to enter and
exit the colony. In such cases, care will be needed to en-
sure sample sizes are adequate to address key research
objectives. Further. there remains the possibility that con-
strained access to the nesting area could have impacts on
the breeding birds, but careful design should be able to
avoid such problems.

5.5 Arrival weights of adults

Weights of individual penguins departing from and return-
ing to the colony passing over a weigh bridge can provide
data giving evidence on foraging efficiency during individu-
al foraging trips (Lescroél et al., 2021) that could be related
to food abundance/availability and other factors (such as
noise, vessel traffic, weather conditions, fishing activity).
Monitoring of foraging efficiency could be highly informa-
tive if such sites can be established.

5.6 Pre-moult weights

Penguins are unusual among birds in having an intense
pre-moult fattening period to store resources (energy, pro-
tein and perhaps especially sulphur amino acids) to support
the process of moult. Unlike most birds that moult slowly
while continuing normal daily activities, penguins remain
on land through a short period of starvation while a com-
plete moult occurs. During this process they are unable

Moulting penguin chick (photo BM Dyer)
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Penguin créche (photo BM Dyer)

to return to sea because their waterproofing is compro-
mised by the moult process until it has been completed.
These birds therefore need a minimum stored amount
of resource to successfully complete moult. Weights of
penguins at the start of moult may indicate whether en-
vironmental conditions have allowed birds to achieve that
minimum. Increased adult mortality may in part reflect
an inability to achieve the key body reserves needed for
moult.

5.7 Chick growth, chick body condition, and chick
fledging weights

Chick metrics may provide some indication of how good
environmental conditions are for penguin breeding, but
they are much less useful than data on breeding success.
Chick fledging weights in some seabird species are cor-
related with post-fledging survival, but that is not the case
in all seabirds or in all populations, so fledging weight may
not always link to demography. Seabird chicks can show
catch-up growth where undernourished chicks end up at
a similar fledgling weight because they put on weight at a
later developmental stage where other chicks have
reached a plateau weight. Chick condition indices may also
show rather little correlation with demography, and may be
affected by selective mortality of starving chicks at some
colonies and during some years. However, these indices
may show little relationship with demography if the main
determinant of chick survival is predation rather than star-
vation. Further, even poor quality adults may fledge chicks
in years with good environmental conditions, whereas only
high quality parents may succeed in poor environmental
conditions. The potential therefore exists for inverse rela-
tionships where more poor quality chicks fledge in years of
abundant resources.

5.8 Recruitment of juveniles

Use of PIT tags in penguin chicks and deployment of tag
readers at breeding or moulting sites may provide data
on immature survival and seasonal movements of im-
matures. Relatively little is known about the ecology of
immature seabirds as they are much more difficult to study
than breeding adults. However, because immatures are
less experienced they tend to have lower foraging effi-
ciency than breeding adults and so periods of increased
competition (such as during periods of food shortage) are

likely to disproportionately affectimmature birds. Studies of
recruitment of PIT-tagged individual juvenile penguins may
therefore help to shed light on population processes driving
population growth or decline.

5.9 Studies with TDRs

Time-depth-recorders (TDRs) can provide data on the for-
aging activity of diving seabirds. For example, deployment
of TDRs in combination with PIT tags on penguins that then
cross a weigh bridge as they leave the colony and again as
they return from a foraging trip can give information on the
amount of food obtained in relation to the number of dives
made while foraging (Lescroél et al., 2021). This allows
foraging efficiency and effort to be related to local environ-
mental variables. The Panel identifies this as a high priority
for future research, including for further validation of any
mIBA closures designated.

5.10 GPS tracking of breeding adults and video-cam
studies

GPS tracking of seabirds is normally limited to short pe-
riods during breeding, as GPS tag attachment is usually
temporary and devices are removed from the tagged bird
after a few days or weeks. Depending on tag design (and
therefore cost and battery life) GPS tags can either be de-
signed to store data for download from the tag on recapture
of the same bird, or can transmit data to a base station
or to the cellphone network or to a satellite. GPS tracking
can provide important data on where individuals choose to
search for food in relation to local environmental conditions
(Sutton et al., 2020). There is also the potential to deploy
video-cameras on adult penguins to record foraging behav-
iour and interactions with forage fish. Such deployments
could provide useful understanding of penguin group forag-
ing behaviour. In general, the weight and induced drag of
devices (especially if more than one device is deployed on
a bird) must be considered, as they could potentially affect
the behaviour that is being studied.

5.11 Tracking of nonbreeding season movements of
adults

It is possible to use GPS tags to track African penguins
before and after the moult period (Carpenter-Kling et al.,
2022). Tags remain on the birds for a matter of days or
weeks during the breeding season limiting the duration
of such studies. Tags would need to be attached more
permanently to birds to track movements throughout the
nonbreeding period. That is sometimes possible by using
a harness, but harnesses are not suitable for most highly
marine seabirds, especially those that dive to chase prey.
Permanent attachment can be achieved by implanting tags
within the bird’s body cavity, but such surgical procedures
risk injury and increased mortality, so may be better avoid-
ed. Long-term overwinter studies on penguins have been
undertaken using light-sensing geolocators (e.g., Ballard
et al., 2010; Dunn et al., 2011; Thiebot et al., 2011), but
care needs to be taken in deployment, not to constrict legs
(which engorge with blood) during moult. The Panel recog-
nises that such research would be useful, but also that the
concerns about potential tag effects on birds would need to
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6. FUTURE RESEARCH OTHER THAN MONITORING

6.1 Refining the estimation of effects of closures on
catches, GDP, and jobs

e Further statistical analysis should be undertaken to
better understand the seasonal nature of anchovy
and sardine sets/catches across the fishing sites,
especially along the west coast.

e OBM results for the random case should be pre-
sented for the 1, 5, and infinity cases.

e The impact of closures on net revenue as well as
changes in catches should be explored because it
is important for understanding both the short-run
impacts and the potential long-run impacts due to
changes to the fleet composition, shore-side infra-
structure, and coastal community dynamics.

e Further work needs to be done on the long-run
socioeconomic impacts to local communities due
to the prospective closures. A key part of this re-
search would be data collection at the scale of local
communities to better understand how the fishing
sector (onshore and offshore) and penguin tourism
contribute to the local economy, jobs, and well-be-
ing. Examples of community profiles and analysis
that could be used as a guide for such an effort are
Colburn et al. (2016), Himes-Cornell et al (2013),
and Pollnac et al. (2006).

e Some important questions remain regarding the
interpretation of the SAM results:

¢ Are the estimated “losses” due to the
proposed closures within the standard
fluctuations of the local economy due to oth-
er kinds of economic shocks, such as fuel
prices, exchange rate fluctuations, fluctua-
tions in total stock biomass etc.?

¢ Are the short-run job losses from a hypo-
thetical fuel price increase (best to consider
a range of increases from 5 to 25%) greater
than the predicted job losses from the pre-
ferred scenario?

¢ How important for the loss estimates are the
assumptions regarding the relative wages of
the processing and harvesting sector, espe-
cially since most of the job losses occur in
the processing sector?

¢ How do the results change if the conversion
of total full-time equivalent employment is
based on a different rate of fishing days per
year (currently, 175 fishing days per annum
is assumed)? Additional sensitivity analysis
of the SAM results should be carried out to
have a better understanding of the range of
possible regional outcomes from the pro-
spective closures.

e Given little empirical justification for one method, al-
ternative methods for allocating catches to regions
should be used, and the results compared across
the different cases, to better inform discussions on
which communities are likely to be most impacted.

e Given that SAM results should be viewed as a very

'See Appendix F for details

short-run measure of impacts, a Computable Gen-
eral Equilibrium model (Seung and Waters, 2006)
should be developed to capture more dynamic
short-run and medium-run responses of the econ-
omy.

6.2 Supporting evaluation of trade-offs, including
refining estimates of foraging areas

e Further validation of mIBAs should occur, in particu-
lar using dive data that provide objective identifica-
tion of foraging locations, rather than commuting (or
travelling) locations.

e Between-year variation in mIBA should be explored.

6.3 Understanding and mitigating reasons for the
decline in African penguins due to factors other than
fishing near breeding colonies

There is broad agreement that the recent observed decline
in African penguin numbers both locally and regionally may
be due to a number of factors. The ICE was designed to
quantify the impact of sardine and anchovy fishing in the
vicinity of penguin breeding islands, and the body of evi-
dence presented to the Panel suggests that this is a con-
tributing factor, but the magnitude of the impacts appears
small and could only explain a small part of the recent de-
clines in penguin numbers. Plausible drivers impacting the
penguin populations are likely to vary across islands and
spatial scales, plus there are variable data available to in-
form on different impacts, as well as the likely cumulative
impacts of different drivers. Future research is needed to
address each of the possible drivers. The effects of sev-
eral drivers could be explored by developing an integrated
ecosystem model, such as a MICE (Model of Intermediate
Complexity for Ecosystem assessments) (Plaganyi et al.,
2014; Collie et al., 2016), or so-called MRMs (Minimum Re-
alistic Models — Punt and Butterworth, 1995)".

6.3.1 Forage fish abundance

Section 1.3.2.1 summarises information related to the po-
tential for changes in the biomass of prey species to affect
population parameters, in particular the effect of sardine
biomass on penguin adult survival. Further evaluation of
such relationships could involve (a) the development of a
new MICE that addresses all of the major penguin colonies
off South Africa, and (b) exploration of the consequences of
using the current OMP to set catch limits for anchovy, sar-
dine and round herring. The latter exploration may lead to
different results than those found by Robinson et al. (2015),
given the current (more depleted) status of the sardine pop-
ulation and an OMP that leads to constant catch limits over
ranges of low sardine biomass, and spatial constraints.
The Panel notes that the current OMP should be tested to
evaluate whether it is adequately precautionary in relation
to protecting future recruitment prospects of sardine, as it
currently allows high exploitation rates when sardine stock
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falls to levels where future recruitment may be impaired.
This suggests that further consideration should be given
to the role of fishing pressure on sardine stock dynamics.

6.3.2 Guano harvests

Past guano harvesting is recognised as an important pos-
sible contributory cause to the penguin decline because of
its impact on optimal breeding habitat (see section 1.3.2.2).
The impact of reductions in guano as nesting habitat is
confounded to some extent with other changes in the sys-
tem, but could be incorporated in a MICE, expanding on
local efforts currently underway.

6.3.3. Resource competition with Cape fur seals

The decline of the penguin population may be related to
competition with predators that depend upon small pe-
lagic fish. For example, Cape fur seal populations have
increased substantially over the previous century and
have expanded into areas used by penguins (see section
1.3.2.3). This is an impact that could usefully be investi-
gated using a MICE both in terms of direct and indirect pre-
dation effects, but also to compare the responses of other
predators in the system to changes in pelagic fish abun-
dance. Though known to occur, the incidence of predation
of penguins by Cape fur seals, is unlikely to have led to the
penguin population changes observed. Data on seal diet
and changes in regional seal abundance would be particu-
larly informative as inputs to models to quantify the relative
contribution of seal predation (and possibly competition) to
penguin mortality.

6.3.4 Noise in the marine environment

Disturbance of penguin group foraging, unrelated to any
prey depletion effects, could possibly occur if groups of
penguins are disturbed or displaced by fishing vessels,
or noise associated with bunkering near St Croix Island
(Pichegru et al., 2022), especially if their group coordina-
tion and communication while hunting is affected by the
noise. Continued investigation of the effects of marine
noise could involve, for example, using tracking and de-
ployment of TDR tags to understand the changes in for-
aging behaviour and distribution in response to bunkering
noise. Currently, including such investigations in a MICE
would not be feasible.

6.3.5 Nest boxes

Although there is evidence that African penguin breeding
success can be increased by providing nest boxes (sec-
tion 1.3.2.5), the ideal design for such nest boxes has not
been agreed by all those involved. Nevertheless, wide-
spread gains in penguin productivity might be possible in
some areas if a better design were to be found and nest
boxes deployed in large numbers at the main colony sites.
If deployed at such scales, the cost (including annual main-
tenance) of individual nest boxes would be an important

consideration. Currently, including such investigations in a
MICE would not be feasible.

6.3.6 Climate change

Climate change is recognised as a factor impacting sea-
birds in South Africa (Crawford et al., 2015), including
penguins, both directly, such as impacts due to extreme
events (Welman and Pichegru, 2022) and indirectly, given
potential influence on the recruitment patterns and spatial
distribution of anchovy and sardine in the vicinity of pen-
guin colonies (see van der Lingen, 2023 for details). Sea
surface temperature (SST) predictions of future increases
(or decreases in localised areas) will variably influence dif-
ferent regions and hence penguin colonies. As such, the
Panel highlights the need for penguin management strat-
egies (and monitoring) that encompass multiple spatial
regions to increase resilience to climate change and fish
distribution changes (Mclnnes et al. 2023).

Given recognition of the impact on African penguins of
a continued eastward shift (i.e., from the west to the south
coast) in the distribution of anchovy and especially sardine
(van der Lingen, 2023), this is an important factor to in-
clude in a MICE. Although it may not be possible to pre-
cisely model the exact rates of fish movement, available
fishery and survey data and/or stock assessment outputs
could be used to reasonably represent a restricted number
of alternative scenarios to explore the impact on penguin
colonies. In particular, attention needs to be paid to the
potentially highly influential relationship between adult sur-
vival and sardine availability (Robinson et al., 2015; Leith et
al., 2022). A MICE should ideally use and fit to all available
penguin survival data. By explicitly representing the ages
of tagged penguins as well as other confounding sources
of mortality, such as due to oiling events and predation, an
integrated MICE could assist in separating the alternative
sources of mortality. This then provides an objective inte-
grated framework for quantifying and correctly attributing
the relative role of different drivers in causing the decline
of the penguins. Given an improved understanding — vali-
dated to the extent possible - of the relative contributions of
each driver to the penguin decline, a MICE is then a use-
ful tool for testing the efficacy of alternative management
strategies through forward projecting the effect of future
mitigation measures, either on their own or in combination.

The available penguin and fishery data suggest that a
pragmatic starting point is to model regional changes in
penguin population dynamics due to changes in prey com-
position and availability. The next step could be to add to
the model available environmental and climate data (such
as SST, frequency of extreme events), preferably aligned
with penguin monitoring data, to explore to what extent
spatio-temporal changes in the environment may be con-
tributing to the decline in penguins. Given differences in
habitat and climate resilience across colonies, a spatial
model structure would be informative in trying to distinguish
a reliable signal from the data.
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7. SUMMARY AND CONCLUSIONS AND RECOMMENDATIONS

The following sections summarise the key conclusions and
recommendations. Table 7.1 provides a prioritised sum-
mary of research and other tasks.

7.1 Design, implementation and interpretation of
the ICE

e The ICE has been identified as an example of a best
practice for assessing forage fish fisheries — seabird
resource competition, but the weaknesses of the
design and implementation need to be recognised
and their consequences accounted for when inter-
preting the results (section 2.4).

e The debate about the relative merits of analyses
based on aggregated versus disaggregated data
was essentially closed based on the final set of re-
sults presented at the June 2023 meeting. Although
differences in preferences between the analysts
remain, the two approaches provide similar results
when appropriately configured (section 2.2.1).

e The response variables monitored as part of the ICE
were considered to be direct measures or proxies
for African penguin breeding success or post-fledg-
ing survival, but did not measure impacts of island
closures on African penguin adult survival or imma-
ture survival. The Panel interpreted the estimated
impacts of fishing on foraging-related parameters
only qualitatively and did not integrate them into
the inferences regarding overall impacts on pen-
guin population growth rates (section 2.2.2). Only
the predictions for Dassen and Robben islands are
discussed in detail given the concerns regarding the
use of foraging-related variables (see section 2.2.1)
and the fact that only estimates based on chick
condition are available for St Croix and Bird islands
(section 2.3.2).

e Overall, the results of the ICE for Dassen and Rob-
ben islands indicate that fishing closures around
the breeding colonies are likely to have a positive
impact on population growth rates, but that the im-
pacts may be small, in the range 0.71—1.51 % (ex-
pressed in units of annual population growth rate).
These impacts are small relative to the estimated
rates of reduction in penguin abundance for these
two colonies over recent years (section 2.3.2).

e The change in population growth rate estimated in
Section 2.3 did not include impacts of island clo-
sures on African penguin adult survival or immature
survival, which are likely to exist based on evidence
for other situations, but cannot be quantified for
African penguins (section 2.4).

e The ICE is completed. Future closures of forage-
fish fishing around penguin colonies would be likely
to benefit penguin conservation, but will need to be
part of a larger package of conservation measures
as such closures alone would be unlikely to reverse
the current decline in penguin population numbers
(section 2.3.2).

Photo credit SAPFIA — South African Pelagic Fishing Industry
Association

7.2 Calculating the costs to the fishery associated with

closures

Implementing closures will impact the fishing indus-
try and local communities to some extent, but ac-
curately quantifying this is challenging (section 3.1).
The OBM and SAM are appropriate methods for es-
timating costs to the fishery but their results should
be considered primarily in a relative sense (section
4.4) and as measures of short-run impacts.

The OBM quantifies the impacts of closures under
the assumption that catches that occurred in the
closed area when it was open are a measure of the
catches that would have occurred if the closed area
was not closed (section 3.2).

The OBM likely overestimates the loss in catches
due to closures, to an unquantified extent, given its
assumptions related to the set of opportunities that
are available to replace catches in closures, particu-
larly those considered “irreplaceable” because all of
the catch on a given day occurred inside a closure
(section 3.2; Appendix E).

Understanding the impact of closures on the net
revenue as well as changes in catches is important
for understanding both the short-run impacts and
the potential long-run impacts due to changes to
the fleet composition, shore-side infrastructure, and
coastal community dynamics (section 3.2).

The predicted impacts of closures depend on the re-
liability of the estimates of lost catch from the OBM,
which the Panel agreed is likely to provide overesti-
mates (section 3.3).

Because SAMs are designed to analyse demand-
driven impacts in the local economy (e.g., change in
consumer spending), these models tend to overes-
timate the impacts of supply-side shocks, such as a
reduction of catch (section 3.3).
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7.3 Issues pertinent to evaluating trade-offs

There are three primary trade-off axes to consider
when selecting closures: (a) the benefit to penguins
of the closure; (b) the cost (economic and social)
to the fishing industry and the communities where
fishing and processing operations are based; and
(c) the ability to evaluate the effectiveness of the
closures (section 4.1).

Closed areas to protect penguins during breeding
should be year-round, unless reasons demonstrate
otherwise (section 4.1).

If designated, closed areas to protect penguins
should be reviewed at a time when results are avail-
able to investigate life-history processes such as
juvenile recruitment, and adult survival, and hence
population growth rates. This may be at a time
between 6 and 10 years after designation. Other
reasons to review such closed areas might include
major socioeconomic changes in the fishery and
processing, or stock abundance, or similar conse-
quences of prey resource change (section 4.1).
Analyses needed to determine juvenile recruitment,
and survival, and adult survival, will require closures
of between 6 and 10 years after closure designa-
tion, if adequate responses are to be determined
(section 4.1).

Monitoring should take place irrespective of wheth-
er there is an experimental (alternating open and
closed) component to the closure program (section
4.2).

If an experimental component is to be part of any
closure regime: (a) it should be focused on param-
eters such as juvenile recruitment and survival, and
adult survival in addition to those related to breeding
success monitored during the ICE; (b) the western
and southern Cape regions should be the focus of
any future experimental closure program given data
availability and the ability to undertake regular mon-
itoring; and (c) it is desirable that a power analysis
be conducted to identify an appropriate sequence
of (possibly alternating open and closed) closures
(section 4.2).

Penguin foraging areas should be quantified for
trade-off analyses delineating mIBAs using ARS
methods (section 4.3).

Conservation actions should be spread throughout
the range of the species given that each region is
subject to different biophysical and anthropocentric
threats (section 4.4).
The following considerations are relevant to de-
signing a framework to help decision makers select
closed areas (if any):
¢ An optimal solution (or acceptable “balance”)
between competing objectives is not simply
obtained by closing 50 percent of any given
area.
¢ One approach is to find the point at which
the change in benefits to penguins (by in-
creasing closures) matches the change in
costs.
¢ The trade-offs between costs to the fishery
and benefits to penguins in terms of the
size of an area closed will differ among is-
lands and among sectors within the fishery.
Consequently, the benefits to penguins and
costs to industry should be considered by
island (or region) and not simply at the na-
tional level (see section 4.5 for aspects of
each major breeding colony that are relevant
for decision making). In addition, given the
heterogeneity within the industry, expressing
costs and job losses by sector (e.g., for small
scale operators) would also seem appropri-
ate.
¢ Care should be taken when interpreting the
estimated impacts to the fishing industry
given the OBM likely provides an overesti-
mate of uncertain magnitude of the loss in
catch (see Section 3.2) so the results of the
OBM and hence the SAM model should be
considered primarily in a relative sense and
hence used for ranking closure options. The
relative ranking of a closure may, however,
be sensitive to how catches are allocated to
local communities.
¢ The economic analyses are only able to
quantify the social effects of closures in
terms of job losses, and future work should
consider broader social consequences of
reduced catches, such as measures of com-
munity well-being.
The OBM indicates that the ability to replace catch-
es currently taken in penguin foraging areas, and in
turn the impacts of closures on the fishing industry,
differs among colonies (most difficult for Dyer Island
and St Croix Island) (Figures 4.4 and 4.5).
The likely effectiveness of closures for mitigating the
decline in penguin abundance also differs among
colonies given their variable rates of declines (larg-
est declines in St Croix Island) and the presence
of other factors unrelated to fishing contributing to
those declines (e.g., bunkering close to St Croix
Island) (section 4.5).
It is possible to design closures within the overall
foraging area to minimise lost catch for any given
choice of percentage of penguin foraging area to be
protected (Figures 4.4 and 4.5).
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7.4 Monitoring and research to determine causes for
the primary reasons for the decline

Section 5 provides details on potential scientific research
questions related to the African penguin population decline,
including associated monitoring techniques. Key tasks are:

1. Continue to conduct counts of breeding numbers of
African penguins at as many colonies as possible in
as many years as possible.

2. Monitor adult survival of African penguins. A com-
parison of time-series of adult survival at different
colonies would help resolve which drivers are hav-
ing the strongest influence on population change.
In order to minimise disturbance to colonies; moni-
toring should use techniques such as PIT tags and
readers at colonies where this is practical. Use of
linear ground antennae are feasible when exten-
sive areas of beach need to be monitored for PIT
tags; elsewhere antennae can be incorporated into
weighbridges where these are in use.

3. Continue monitoring of breeding success where
it can be done without disturbance; however, the
Panel considers that metrics such as chick weight/
body condition/growth rate represent weak proxies
of breeding success and may not be cost-effective.

4. Use automatic weighbridges to monitor weights of
adult penguins at the start and end of breeding, as
this should provide a direct measure of the costs of
breeding in terms of the impact on penguin body
condition.

5. Use automatic weighbridges to monitor weights of
PIT-tagged adult penguins; departure body mass
prior to foraging and return body mass subsequent
to foraging should provide quantification of foraging
efficiency, and potentially meal mass for offspring.
Such work will be valuable in itself, but would be es-
pecially valuable if complemented by GPS tracking
of some individuals.

6. Assess behavioural responses of foraging adult
penguins using GPS tracking studies; these will
likely remain limited to the period when adults have
relatively small chicks. However, deployment of
TDR tags on these adults (together with GPS units)
would provide much improved data on the foraging
locations along the path of tracked birds.

7. Conduct foraging studies using telemetry methods,
to further determine the impacts of vessel noise (in-
cluding from bunkering) on foraging behaviour.

7.5 Future research

Sections 1, 4 and 6 summarise hypotheses related to as-
pects other than fishing near island breeding colonies lead-
ing to resource competition, that could explain past and
ongoing declines in African penguin populations. Section 6
identifies data sources and analysis methods (including the
use of Models of Intermediate Complexity for Ecosystem

Assessment — MICE) that could assist in understanding the
effect of these aspects and how they can be mitigated.

Section 6.3.1 offers further information related to the po-
tential for changes in the biomass of prey species to affect
African penguin population parameters, in particular explo-
ration of the consequences of using the current OMP to set
catch limits for anchovy, sardine and round herring. The
latter exploration may lead to different results than those
found by Robinson et al. (2015), given the current (more
depleted) status of the sardine population and an OMP that
leads to constant catch limits over ranges of low sardine
biomass, and spatial constraints.

7.6. Other

If designated, closed areas to protect penguins should be
reviewed at a time when results are available to investi-
gate life-history processes such as juvenile recruitment,
and adult survival, and hence population growth rates. This
may be at a time between 6 and 10 years after designation.
Other reasons to review such closed areas might include
major socioeconomic changes in the fishery and process-
ing, or stock abundance, or changes in estimates of core
foraging areas, for example, due to mIBAs being based on
where foraging occurs and not entire tracks, or similar con-
sequences of prey resource change (section 4.1).

7.7 Communication and collaboration

Continued communication, collaboration, and transparen-
cy of research data and analyses, are strongly encouraged
to build trust and strengthen progress towards seeking
acceptable solutions. Working collaboratively will further
enhance the effectiveness and social acceptability of man-
agement measures and decisions aimed at mitigating the
decline of the African penguin.

Clear, fair and objective communication around this
controversial issue is important to ensure the best possible
outcomes for penguins whilst respecting that conservation
decisions may impact to varying extents on livelihoods and
community well-being.

Penguin colony, Bird Island, Algoa Bay (photo BM Dyer)
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APPENDIX B

EXTRACTS FROM THE TERMS OF REFERENCE

1. BACKGROUND

In the mid-2000s, a substantial decrease in the numbers
of adult African Penguins was observed off western South
Africa. In response to this observed decrease from 2006
and the potential impact of food competition between
penguins and fishers in the vicinity of breeding islands, a
study to assess the effects of closure to purse-seine fishing
around penguin breeding colonies was initiated in 2008.
Since the study required income sacrifice from the indus-
try, this study, the Island Closure Experiment (ICE), com-
prised two parts: (i) a feasibility study (2008— 2014) during
which purse-seine fishing was prohibited in an alternating
pattern around two pairs of nearby colonies and data on
penguins (as well as on small pelagic fish from the rou-
tine pelagic fish management process) were collected to
determine whether an experiment would have adequate
statistical power to detect a significant effect of closure if
such existed; and (ii) an experimental phase (2015-2019)
where these alternating island closures were continued
with the associated continuation of the monitoring during
the feasibility study. The results, however, led to a lengthy
debate with dichotomous views. The plans for and results
of the ICE were regularly reviewed by DFFE’s Small Pe-
lagic Scientific Working Group, informed by the advice pro-
vided from an annual review, i.e., a DFFE review meeting
of world-leading quantitative marine resource scientists
on ten occasions since 2006. Most recently, the scientific
results have been debated in the peer-reviewed literature
(Sydeman et al. 2021, Butterworth and Ross-Gillespie
2022, Sydeman et al. 2022).

A Governance Forum (GF), comprising researchers and
managers from the Branches: Oceans and Coasts and
Fisheries Management as well as SANParks (South African
National Parks), was established in 2021. The aim was to
prepare a comprehensive Synthesis Report on the current
state of knowledge relating to African Penguins, island clo-
sures, fisheries management relevant to African Penguins
and the socioeconomics of island closures and penguin-
related tourism. The Governance Forum compiled a report
titled “A Synthesis of Current Scientific Information Relating
to the Decline in the African Penguin Population, the Small
Pelagic Fishery and Island Closures” (DFFE 2021) which
collated science over the last decade on penguins, small
pelagic fisheries and their interactions including the Island
Closure Experiments. The Synthesis Report was further
scrutinized by two independent reviewers who provided
extensive comments; the Governance Forum’s Extended
Task Team (which added fishing industry and conservation
NGO representation to the Governance Forum) and then
the Minister’s Consultative Advisory Forum for Marine Liv-
ing Resources (CAFMLR). Comments on that Synthesis
Report and recommendations produced by these groups
remain contested.

The Department now seeks to establish an international
Panel of Experts to—
a) review the interpretation of the ICE
b) explore the value of island closures in providing
meaningful benefits to penguins

c) review the processes and outcomes completed
through the GF and the CAFMLR process

d) make recommendations on the implementation of
island closures, including spatial delineation, time
frames and

e) advise on further science and monitoring methods.

2. OBJECTIVES

The International Review Panel will—

a) Review the quantitative scientific analyses of the
Island Closure Experiment (ICE) and subsequent
publications to evaluate whether the scientific evi-
dence from ICE indicates that limiting small pe-
lagic fishing around colonies provides a meaning-
ful improvement to penguin parameters that have
a known scientific link to population demography in
the context of the present rate of population decline.
Assess the cost-benefit trade-off of 1) costs to fish-
eries, versus 2) the proportion of penguin foraging
range protected during the breeding season, for
different fisheries exclusion scenarios. The losses
to the fishery should be fleshed out using available
economic information, such as was used in the GF
and CAF processes. The panel may also comment
on the limitations of available information and meth-
ods (data collection) to improve the assessment of
positive penguin outcomes as well as fishery im-
pact. Costs to fisheries must include an assessment
of replacement costs accrued during periods closed
to fishing during the ICE.

b) Within the context of an urgent need to implement
timeous conservation actions for the African Pen-
guin and considering the information and rationale
of the various scientific reviews and associated doc-
uments of the Island Closure Experiment evaluate
the evidence supporting the benefits of fishery re-
strictions around African Penguin colonies to adopt
precautionary measures by implementing long-term
fishery restrictions.

c) If closures or fishing limitations are viewed to con-
tribute positively to the support of the African Pen-
guin population, recommend a trade-off mechanism
as a basis for setting fishing limitations and map-
ping. This mechanism must consider a potential
positive return to penguins and the impact on fish-
eries. (As a basis for discussion the Governance
Forum Approach and the CAF approach can be
considered.) Consideration must also be given to
the current state of observations, data and analyses
(Penguin, Environmental and Fisheries Economic
data). Recommendations on these can be included
under future science considerations.

a. Delineation of fishery no-take areas around six
African Penguin colonies (Dassen Island, Robben
Island, Dyer Island, Stony Point, St Croix Island
and Bird Island) and the duration of the closures,
considering life history traits, e.g., age when most
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birds start breeding, and associated duration re-
quired to signal potential population benefits.
Recommendations on the scientific work that is
required to evaluate the effectiveness of such no-
take areas.

Recommendations about what scientific work is ap-
propriate in the short term to determine the domi-
nant causes of the rapid and concerning rate of
decline of the penguin population, including rec-
ommendations about the use of ecosystem model
approaches such as MICE (models of intermediate
complexity for ecosystem assessments).

3. PANEL PROCESS AND PROCEDURES

a)

f)

The panel should attempt to reach a consensus but
if not achieved, names supporting each of the alter-
native views should be noted. There should be no
voting.

Virtual and physical meetings are not prescribed at
this stage. One option is to have one or two brief
virtual meetings to familiarise the panel with the key
issues, followed by a week-long physical meeting
in Cape Town to wrap it up. Travel expenses will
be covered by DFFE. [Panel members may opt to
join the weekly session virtually if travelling is not
preferred.]

Members of the Panel of Experts will be remunerat-
ed in accordance with the Republic’s Public Finance
Management Act, 1999 (Act No.1 of 1999) and the
associated Treasury Regulations, and in particular,
according to the remunerative structure for non-of-
ficial members of Commissions and Committees of
Inquiry in consultation with the Minister of Finance
for this panel’s proposed work.

Meetings may include closed meetings, meetings
with protagonists separately and together.

DFFE will appoint the Chair of the Panel and the
Chair will report directly to the Minister.

DFFE will provide secretarial services.

4. TASKS

The following tasks are required from the panel (administra-
tive and secretarial functions will be supported by DFFE):

Panel Members must agree to being available and
accepting these Terms of Reference and constitute
themselves as a Panel with the Chair.

Notification of stakeholders about deadlines for
their submissions.

Drawing up of a list of attendees at plenary meet-
ings where submissions are heard, indicating who
are key participants and who are observers (Sec-
tors will be asked to submit names of observers to
be invited).

The appointed Panel Members to meet with DFFE
Senior Managers to clarify their tasks and outputs.
Review documents and information pertaining to
proposed island closures for penguin population
recovery support. While these will initially be com-
posed of an agreed selection (by local scientists
and stakeholders) from the extensive number of
documents produced over the last 1.5 years, panel
members may request any additional documents

9)
h)

such as scientific working group documents. Docu-

ments to be categorised into (a) those relevant to

the interpretation of the ICE results, (b) documents

that propose island closures including stakeholder

reports submitted during the ETT and CAFMLR

processes and (c) other related documents. This

is required to facilitate the panel dividing its focus

between

i an initial assessment of whether the
analysis of ICE supports the view that
island closures will benefit penguins, and
i. if (i) suggests that island closures will

benefit penguins, what closures should be
implemented, or what are the trade-offs
involved for such closures.

Meet with conservation and fisheries sector scien-

tists and where each will be allowed to present their

arguments/interpretation of information. (At panel

discretion, other scientists, and experts may be

invited to make presentations.)

Respond to objectives (a) to (e) above.

Prepare report on outcomes.

5. OUTCOMES AND RECOMMENDATIONS

a)

b)

c)

d)

e)

9)

Recommend whether, based on the results from
ICE and other evidence-based information, island
closures are likely to benefit penguins.

Describe the scientific and evidence-based ration-
ale for recommending implementing/not implement-
ing fishing limitations around penguin colonies
Make recommendations about whether a percent-
age (%) of penguin foraging range and other biolog-
ical criteria (such as regional representation, popu-
lation recovery potential, monitoring and evaluation
potential) provide a basis for determining benefits
from closures for penguins and assess the merits of
different proposed methods to delineate important
penguin foraging habitat.

Make specific recommendations on trade-off mech-
anisms for island closures in the event that the pan-
el finds that the results of ICE and other evidence
demonstrate that island closures are likely to benefit
penguins, including specific areas and durations. In
addition to recommendations on trade-off mecha-
nisms, the panel must preferably advise on biologi-
cally meaningful penguin habitat extents for fishery
limitations per island, recommendations must be
spatially and temporally explicit, and provided on a
map. [DFFE will provide mapping capacity.]
Provide advice and recommendations on best esti-
mates and uncertainties of the ratio between pen-
guins gained and losses sustained by the industry
as a result of island closures for future suggested
closure options.

Provide advice on a well-structured analyses frame-
work to monitor the impact of island closures, in-
cluding what penguin and fish data needs to be
collected; how benefits to penguins are to be deter-
mined; and how these will be analysed.

To recommend scientific analyses, including but not
limited to MICE, to determine the reasons for the
decline in the penguin population.
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APPENDIX C

DEPLOYMENT OF NEST BOXES FOR AFRICAN PENGUINS

At Bird Island in the 2000s, only about 1% of African pen-
guins bred in natural burrows in the remaining patches of
guano, so the majority of nests appear to be in suboptimal
nesting habitat (Lei et al., 2014). In an effort to mitigate the
impacts of guano removal, artificial nest sites (nest boxes)
of a variety of designs and materials have been construct-
ed for African penguins at a number of colonies, including
Marcus Island (Saldanha Bay), Halifax Island (Namibia),
Dyer Island, Boulders Beach, and Robben Island (Western
Cape), Stony Point (Betty’s Bay), and Bird Island (Algoa
Bay) (Sherley et al., 2012; Espinaze et al., 2020). These
were first developed in the 1980s by Wilson and Wilson
(1989) at Marcus Island and had some success in improv-
ing African penguin breeding success. Penguin nest boxes
have also been used successfully to increase breeding suc-
cess of little penguins in New Zealand and Australia (Perri-
man and Steen, 2000; Sutherland et al., 2014). Sutherland
et al. (2014) concluded that 92% of nest boxes installed
for more than 6 years for little penguins at Phillip Island,
Australia, were occupied, and that nest boxes increased
survival of eggs to hatching by 8%, increased survival of
chicks to fledging by 9%, and increased fledging weights
of chicks (which is likely to increase post-fledging survival)
by 11%, leading to a significant local increase in breeding
numbers.

At Robben Island, penguin nest boxes were installed
(22 triangular plywood boxes in 2001 and a further 37 in
2005 and 10 in 2010, plus 70 fibreglass curved boxes in
2007) and the breeding success of penguins in nest boxes
and in other nest sites was monitored each year (Sherley
et al. 2012). There was no difference in hatching or fledg-
ing success between wooden and fibre-glass nest boxes.
Relative to pairs in nests under vegetation, birds nesting in
the open had significantly lower egg survival during incuba-
tion, but egg survival was no different between birds under
vegetation and birds in nest boxes. However, the chicks of
birds occupying nest boxes and nests in abandoned build-
ings had higher survival than chicks in nests under vegeta-
tion, with about 10% more chicks fledging per egg laid from
nests in nest boxes (Sherley et al., 2012). Chick survival
was also higher in nest boxes than in surface nests and
nests under shrubs during the chick-guarding stage on Hal-
ifax Island (Sherley et al., 2012). Sherley et al. (2012) con-
cluded that “provision of artificial nests can improve breed-
ing productivity for penguins nesting in temperate climes
and could help stem the decline of the African penguin”.

At Bird Island, some nest box designs provide protection
from predators but trap heat and have adverse effects on
penguin breeding success (Welman and Pichegru, 2023)
and in some cases have now been removed and replaced
with new designs intended to perform better. A double-lay-
ered ceramic nest chamber installed at Bird Island since
2018 appears to perform better than exposed surface
nests, cement nest boxes, or natural nests, by overheat-
ing less and by maintaining higher humidity (Welman and
Pichegru, 2023). However, penguin breeding success has
not yet been compared between ceramic nests and other

nests, so the gain in breeding output from such nests is
uncertain.

At Stony Point, African penguin adults and chicks were
on average heavierin artificial nest boxes than in open nests
but for the sample nesting in nest boxes were less heavy
in nest boxes with highest soil temperature (Espinaze et
al., 2020). There is evidence that ectoparasite abundance
can be higher in penguin nest boxes that are warmer and
drier than other penguin nests (Espinaze et al., 2020).
Fibreglass and cement-fibore nest boxes established at
Stony Point in the 2010s had higher soil temperatures and
lower relative humidity than did penguin nests under bush-
es, and held larger numbers of ticks and fleas (Espinaze
et al. 2020) and so design of penguin nest boxes needs to
consider not only the breeding success achieved by pen-
guins in boxes compared to those in other nest types, but
also how penguins might be affected by ectoparasites and
stress in boxes that tend to overheat and dry out. Espi-
naze et al. (2020) suggest that glassfibre, concrete, and
other non-porous material nest boxes for African penguins
should be re-evaluated and that it may be better to con-
struct nest boxes from much more porous material and with
better ventilation designed into the structure.

Ceramic nest boxes, Boulders (photo BM Dyer)
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APPENDIX D
TECHNICAL SPECIFICATIONS OF MODELS USED TO ANALYSE THE ICE DATA

1. Mixed-effect models used to estimate fishing impacts on penguin reproductive success
Two main classes of mixed-effect models were used, referred to as closure-based and catch-based. Technical specifica-
tions are provided below:

1.1 Closure-based models:

The model equation for the closure-based estimator applied to the aggregated data was:

ﬂFy,i) =, + ¢ [+ o, Xi,y+ o, IIX,-,y’f Yy+ £, (1)

where Fy is the average response variable for year y and island 1, possibly log-transformed depending on the data source,
1=1,2is the Island, y = 2008,...,2019 is the Year, Xy is a binary for the treatment (open = 0, closed = 1) applied at island
I during year ), I is a binary for the colony (Dassen = 0, Robben = 1 or Bird = 0, St Croix = 1), X, X, X, &, are fixed ef-
fects (X is an |sland effect, X, is a fishing effect applied when the area around the colony is open and oc3 is the treatment
x |sland interaction), Yy is a year random effect, and €. i is the residual error.

Details about how the various response variables were pre-processed are provided in Ross-Gillespie and Butterworth
(2021a) and Butterworth and Ross-Gillespie (2022).

Models applied to disaggregated data included the same fixed effects, but the random effects varied depending on the
response variable.

For chick condition, the random structure requested by the Panel included a Year effect plus Month nested within Year,
plus the Island nested within Month and Year.

Yiykl=p+Bx, +Bz+B X, 2z +b+b +b ,

ykl]

where yi,y,k,l is the condition of individual chick [ in year y, island I and month k, i = 1,2 is the Island, y = 2008,..., 2019
is the Year, k = 1,...,K is the Month, X is a binary for the closure treatment (open = 0, closed = 1) applied at island i
during year Y, z, is a binary for the colony (Dassen = 0, Robben = 1) chick I belongs to, [)’0, ,81, ,32, ﬁ are fixed effects and
b b b ,are random effects, b ~Normal(0, 62), by, ~Normal(0, 62), by, i ~Normal(0, ¢2), and €, il ~Normal(0, 02) is
the reS|duaI error.

In R Imer syntax:
Condition ~ Island/Closure+(1|Year)+(1|Year:Month) +(1|Year:Month:Island)

The significance of the Island x Closure interaction was evaluated by comparing the full model with
one where ﬁ3= 0 using maximum likelihood (Sherley, 2023).

For chick survival, equation 2 in Shirley (2023) gives the mean hazard function as:

=B+ ﬁx + B,z +[§x Z+w,+w, +w

ym[ yin

where n is nest ID, [)’0, Bl, ﬁz, ﬁ3 are fixed effect parameters, and w, ~Normal(0, ¢?), W, ~Normal(0, 62) and
. ~Normal(0, Gé) are random effects for Year, Year x Island and Year x Island x NestID, respectively.

1.2 Catch-based models:

The model equation for the catch-based estimator applied to the aggregated data was:
ﬂFy,i) = ﬁ0+ ﬁlli + ﬁZCi,y+ B3 Ii Ci,y + Yy+ gi,y (2)

where Cy is the catch (of anchovy and/or sardine) taken within the 20-km area around island i during year y and other
variables are as defined for equation (1). Parameters ﬁo, ,81, ﬁz, ﬁ are fixed effects, the last corresponding to the Catch x
Island interaction. A simpler model with a common catch effect for the two paired islands (ﬁ 0) was suggested for the east
colonies given the observed negligible catches around Bird Island except during the early years. For such a model, catches
need to be either in absolute values (as in equation (2)), or normalised using a common average catch for the island pair.

Once the parameters are estimated, the effect of fishing around colony i on the response variable (to be translated into
the effect of keeping island i open on the island’s penguin population growth rate) is predicted using:
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dy.= B, C+B,IC, 3)

where Cl. is the average catch taken around island i during years when fishing around that island was allowed. Using as
predictor the average catch over open years would afford consistency with the closure-based estimator.

The formulation above differs from the catch-based estimators used in the past (e.g., Ross-Gillespie and Butterworth,
2016b) where catches used as covariates were normalised with respect to the average catch taken within each island
closure during the years when the island was open.

The effect predicted from equation (3) would be equivalent to the 7(1. effect estimated in those previous catch-based
analyses that used normalised catches only when a catch x Island interaction is included (i.e., B, # 0).

2. Subset of models selected to provide final estimates of fishing impacts on penguin population growth rate

Figures 2.2 and 2.3 show results for a subset of the models presented by Sherley (2023) and Ross-Gillespie and Butter-
worth (2023b). Tables D.1 and D2 provide a summary of the characteristics of those selected models. Further details about
the data preprocessing and the estimation procedures are described in Sherley (2023) and Ross-Gillespie and Butterworth
(2023b).

Table D.1: Details of the models applied to the ICE data from Dassen and Robben islands whose results are reported in Figure 2.2.

Model Response Data Fixed effects Random effects Reference
variable aggregation
W1 Chick condition Disaggregated Island+Closure Year + Year:Month + M6 in Sherley (2023)
Year:Month:Island
w2 Chick condition Disaggregated IslandxClosure Year + Year:Month M5.1 in Sherley (2023)
+ Year:Month:Island
W3 Chick condition Aggregated IslandxClosure Year S1 in Ross-Gillespie &
Butterworth (2023b)
w4 Chick survival Disaggregated Island+Closure Year + Year:Island M9 in Sherley (2023)
+ Year:Island:Nest
W5 Chick survival Disaggregated IslandxClosure Year + Year:Island M8 in Sherley (2023)
+ Year:Island:Nest
W6 Chick survival Aggregated IslandxClosure Year S1 in Ross-Gillespie &
Butterworth (2023b)
w7 Fledging success Aggregated IslandxClosure Year S1 in Ross-Gillespie &
Butterworth (2023b)
w8 Chick growth Aggregated IslandxClosure Year S1 in Ross-Gillespie &
Butterworth (2023b)
W9 Maximum Aggregated IslandxClosure Year S1 in Ross-Gillespie &
foraging Butterworth (2023b)
distance
W10 Path length Aggregated IslandxClosure Year S1 in Ross-Gillespie &

Butterworth (2023b)

W11 Trip duration Aggregated IslandxClosure Year S1 in Ross-Gillespie &
Butterworth (2023b)
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Table D.2: Details of the models applied to the ICE data from St Croix and Bird islands whose results are reported in Figure 2.3.

Model Response Data Fixed effects Random effects Reference
variable aggregation
E1 Chick condition Disaggregated Closure Year + Year:Month M7E in Sherley (2023)
+ Year:Month:Island
E2 Chick condition Disaggregated Island + Closure Year + Year:Month MG6E in Sherley (2023)
+ Year:Month:Island
E3 Chick condition Aggregated Island x Closure Year S1 in Ross-Gillespie &
Butterworth (2023b)
E9 Maximum Aggregated Island x Closure Year S1 in Ross-Gillespie &
foraging Butterworth (2023b)
distance
E10 Path length Aggregated Island x Closure Year S1 in Ross-Gillespie &
Butterworth (2023b)
E11 Trip duration Aggregated Island x Closure Year S1 in Ross-Gillespie &

Butterworth (2023b)

Penguin nest, Dassen Island (photo BM Dyer)

Report of the International Review Panel regarding fishing closures adjacent to South Africa’s

African Penguin Breeding colonies and declines in the Penguin population




APPENDIX E

ADDITIONAL DETAILS ON THE OBM AND WHY ITS RESULTS ARE LIKELY
OVERESTIMATES

The Panel concluded that the OBM likely overestimates
the effects of closures on lost catches given the algorithms
used to decide whether a catch in a proposed closure area
can be replaced or not. The Panel was less concerned with
the method used to replace a catch when it is replaceable
(and endorsed the “random” approach).

For each set made in a closure area when the area was
open the algorithm involves searching the areas within
which it can replace the “lost set”. If there were no sets
outside the closure area made on the same day (and in
the area considered to be where a replacement set can
occur) the set is considered to be irreplaceable. An exam-
ple of this case is given in Figure E.1. Note that the catches
off Dassen lIsland in Figure E.1 might not be considered
irreplaceable if a longer window of time was available (see,
e.g., the discussion on the development of expected catch-
es in the RUM subsection in Section 3), and sensitivity is
shown in some OBM analyses to a 2-day window rather
than only allowing sets on the same day to replace sets in
a closure area. A second cause of irreplaceable catches
arises when considering how to match the outside sets with
the inside sets (with or without replacement). Specifically,
even when there are sets outside of the closed area that
could be matched with an inside set, it is possible that the
inside set is irreplaceable because there is a limit (base
case 5) on how often a set outside a closure can replace a
set inside a closure area. An example of this case is given
in Figure E.2.

Directed Anchovy Catches

3228 1

326S 1

33.08 4

3348 1

3388 1

3428 1

3468S 4

35.0S 1 F

174E 178E 182E 186E 19.0E 194E

Figure E.1: A (hypothetical) example of catches off Dassen Island
on a given day that would be “lost” owing to there being no sets
outside the closure on that day.

The effects in Figures E.1 and E.2 would not be a con-
cern if the proportion of the catch lost due to the set being
irreplaceable (i.e., “irreplaceable catch”) was small relative
to the catch lost due to catch rates being lower in the alter-
native sets (i.e., “opportunity loss”), but this is not the case,
particularly when the closure area is large (e.g., closures
based on mIBA (7 km)). Figure E.3 and Table E.1 illustrate
this for a selected set of OBM scenarios and closure pro-
posals. Results correspond to estimated catch losses for
anchovy and for directed sardine, summed over the six
islands included in the analysis. Several features of the re-
sults in Table E.1 are pertinent to note:

e The catch in the closure area (“inside catch”) varies
substantially among the closure options (largest for
mIBA (7 km) and least for “industry”).

e The catch that is lost due to being unreplaceable
ranges from 8.7% to 91.8% of the total lost catch
among OBM scenarios and the closure size, and
is larger than 50% for some of the closure options
(mIBA (7km), mIBA (ARS), and DFFE).

e There is considerable sensitivity of the unreplace-
able catch (particularly for the larger closure areas)
depending on whether a set can be reused as many
times as needed, 10 times. 5 times or only once.

e The irreplaceability percentage is lower when
catches on one day can be replaced by catches on
the next day (scenario “Plus1day” in Figure E.3),
but the effect is smaller than the effect of the reuse
value.

Directed Anchovy Catches

3228 A

326 S A

33.08 +

3348 A

33.8S A

3428 A

346 S

35.08 o F
| BN N S D S SR B R B | B

174E 178E 182E 186E 19.0E 194E

Figure E.2: A (hypothetical) example of catches off Dassen Island
on a given day, some of which would be “lost” owing to there being
sets outside the closure on that day, but the value of the “reuse”
parameter does not allow all of the catches in the closure area to
be replaced.
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Figure E.3: Catch losses for anchovy and directed sardine estimated by the OBM for four closure proposals (mIBA (h =7 km), mIBA-ARS,
DFFE and CAF) using five model assumptions, four based on the median selection of alternative opportunities and one based on random
selection, for Reuse = 1, 5, 10 and Inf (sampling with replacement) specifying the maximum number of times each alternative opportunity
can be used as a replacement; the label “Plus1day” refers to the OBM scenario where a 2-day window is used instead of the same day to
define the set of alternative fishing opportunities. The height of each stacked bar corresponds to the total annual catch taken inside each
closure proposal (“inside catch” in Table E.1), a fraction of which (blue) is estimated to be unreplaceable, a small fraction (light blue) is lost
due to lower average catch rates of the replacement sets, and the rest is replaceable (grey). Missing bars indicate the results concerned
are not available.
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APPENDIX F

OUTLINE OF MICE AND THEIR USE TO ASSESS DRIVERS OF THE DECLINE
OF AFRICAN PENGUINS

F.1. Introduction

MICE (Models of Intermediate Complexity for Ecosystem
assessments) are recognised as an appropriate tool to ad-
dress complex science and management issues such as
assessing the status of both fisheries and other non-target-
ed species, including those of high conservation concern,
and evaluating the trade-offs among management plans
aimed at addressing conflicting objectives (e.g., Tulloch
et al.,, 2019; Goethel et al., 2022). MICE draw on the
rigorous quantitative and statistical methodology of stock
assessment approaches and extend this to representa-
tion of multiple co-existing species and stressors in an
ecosystem. MICE have a tactical focus, are context- and
question-driven and limit complexity by restricting the focus
to those components of the ecosystem needed to address
the main effects of the management question under con-
sideration (Plaganyi et al., 2014). Stakeholder participation
and dialogue is an integral part of this process. MICE esti-
mate parameters by fitting to data, use statistical diagnos-
tic tools to evaluate model performance and account for a
broad range of uncertainties. MICE aim to be based on the
most appropriate balance between variance and complex-
ity (Collie et al., 2014). These models therefore address
many of the impediments to greater use of ecosystem mod-
els in strategic and particularly tactical decision-making for
marine resource management and conservation.

F.2. A possible structure of an African penguin-centric
MICE

The MICE should ideally include a regional sub-structure
(i.e., separate western, eastern and southern regions) and
be designed based on the data availability and being cog-
nisant that a penguin-centric rather than fishery-centric
approach is needed. If focused on a single region, based
on data availability, the western region would be an ideal
starting point with explicit representation of Dassen and
Robben islands. Including paired islands would allow as-
sumptions that some parameters are constant across
islands thereby reducing confounding estimation of island-
specific effects. Having smaller scale islands embedded
in a larger scale model may also be helpful in analysing
regional versus local impacts of changes in penguin prey
availability, as well as the ability to explicitly model pen-
guin inter-island movements. The key species that will
need to be represented in the model include African pen-
guins (age-structure formulation is needed — see Robinson
et al. [2015] as an example), sardine, anchovy and Cape
fur seals. Other species may be considered based on pre-
agreed conceptual models describing plausible hypoth-
eses as to their role as a competitor or predator. In general,
it is recommended that MICE and similar ecosystem mod-
els be developed in a step-wise manner (Figure F.1) to
ensure they remain tractable and only incorporate as much
complexity as is needed to explain the available data.

Key processes to be investigated should similarly first

be clearly identified via hypotheses and/or conceptual
models of the system functioning. Using a structured, step-
wise approach enables objective evaluation of the extent
to which alternative hypotheses are consistent with, and
able to explain, the available data. The model should be
fitted to all available data to allow for consistency in as-
sumptions whilst accounting for the uncertainty associat-
ed with different data sources and propagating this to the
final outputs, as per accepted methods used in integrated
analysis (Maunder and Punt, 2013).

In some cases, based on the overall system concep-
tual model, it may be helpful to develop complementary
mechanistic models for more in-depth exploration of sys-
tem functioning. The outputs of such a model can then be
used to inform the functional relationships between differ-
ent components in a MICE, with the latter being the inte-
grated framework used to evaluate the plausibility of the
interaction. For example, a bioenergetic model could be
used to investigate how fishing around islands affects pen-
guin foraging behaviour (including cooperative foraging in
small groups), performance and travel distance (and hence
net energetic budget) when compared with an equivalent
no-fishing scenario, taking into account data such as forag-
ing tracks, dive location, etc.

Additional modelling suggestions:

e Ultimately any model will only be as good as the
underlying assumptions and the data available to
inform them. The ICE has resulted in some very
useful data, which needs to be integrated with data
on penguin relative abundance as well as tagging
and other data sources to inform on survival. Ideally
a MICE should be constructed in an iterative fash-
ion so that it is regularly updated with new data and
information as these become available.

e A one-way interaction only between penguins and
their prey needs to be assumed (i.e., penguin forag-
ing will be assumed to have a negligible effect on
their prey)

e As demonstrated in a number of existing MICE
(e.g., Plaganyi and Butterworth, 2012; Tulloch et al.,
2019), it is not always essential to explicitly model
the consumption of prey — rather the net effect of
relative changes in available prey biomass can be
tested as influencing breeding success and/or sur-
vival of different penguin stages.

e The relative abundance and energetic content of
sardines and anchovy during different times of the
year could be evaluated in relation to the peak tim-
ing of breeding and moulting of African penguins,
as well as when fishing takes place. An annual time
time-step may not provide sufficient resolution and it
will likely be necessary to use a seasonal or month-
ly time time-step in the model, together with the role
of environmental drivers, discussed below.
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Figure F.1: Schematic summary of step-wise approach to building a MICE, modified from Plaganyi et al. (2022) with illustrative notes
shown in square brackets

Depending on the MICE structure, it would be help-
ful to distinguish between total regional prey abun-
dance and local abundance (such as that which
would theoretically be available within a mIBA(ARS)
area), to evaluate match-mismatches between pen-
guin foraging and prey availability, and how fishing
might influence this. If there are insufficient data to
fully inform explicit spatial modelling, a proxy such
as an availability term (parameterised based on
what is known) could be used instead (e.g., Tulloch
et al., 2019), or a higher variance of prey availability
could be used to model situations where foraging
is more restricted (see, for example, Koehn et al.,
2021).

Using a fully integrated model and explicitly rep-
resenting age and stage (e.g., breeding) structure

will be important when trying to partition sources of
mortality because these operate on different ages,
stages and time time-periods, and hence attribut-
ing declines to a particular factor needs to involve
demonstrating that the data are consistent with the
proposed mechanism. Having two or more colonies
explicitly represented will further assist with sepa-
rating confounded sources of mortality and growth.
A variety of approaches could be used to incorpo-
rate measures of foraging behaviour (maximum dis-
tance, path length and trip duration) and translate
these into population growth in an integrated MICE,
although this will likely be a secondary effect that
is investigated/sequentially added after first incor-
porating more direct measures of prey abundance
influencing vital rates. There are few studies where
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this has been done — for example, Sydeman et al.
(2017) note that Robinson et al. (2015) provides
one of the few models linking adult survival and prey
availability. However, more recently, Koehn et al.
(2021) developed a structured seabird model to test
the impact of fishing forage fish prey on seabirds
and they incorporated both seabird life history and
seabird—forage-fish dynamics. Similar to Robinson
et al. (2015), they found seabird sensitivity to fishing
was mainly dependent on the relationship between
adult survival and prey availability, rather than be-
tween reproductive success and prey availability.
They used a simple equation with two alternative
parameter settings to model scenarios of wide vs.
limited foraging ranges during the breeding season.
A literature search may yield further helpful studies
— for example, Houston et al. (1996) developed a
model to show the relationship between foraging
distance and the maximum size of a chick, which
could translate into differences in chick survival;
Plaganyi et al. (2000) modelled how temporal and
spatial match/mismatches between anchovy and
their copepod prey could influence anchovy growth
rates — conceptually this is similar to how a more
detailed penguin foraging model could be used to
quantify implications for adult and juvenile energetic
budgets and hence growth and survival, with the fi-
nal relationships (i.e. not the entire sub-model) used
as an input to a MICE.

It may not be necessary to include a detailed repre-
sentation of Cape fur seal population dynamics to
explore the potential role of Cape fur seal predation
and competition contributing to the past and current
decline in penguin numbers. Rather, it is important
to include available data on trends in abundance,
especially at the regional scale, relative rates of
growth of seal populations (and possibly other

predators), diet data and other data to substantiate
the intensity and types of competition posited.

A variety of methods such as described in the lit-
erature (see, for example, Haltuch and Punt, 2011;
Holsman et al., 2016; Adadi et al., 2017; Hollowed
et al., 2020) and used in previous MICE (e.g., Tull-
och et al., 2019; Plaganyi et al., 2021; Rogers and
Plaganyi, 2022), are available for investigating the
role of environmental drivers such as temperature
(and extreme events in particular) as well as climate
change.

Once the MICE is adequately validated, it should
be a useful tool for testing and quantifying the rela-
tive efficacy of alternative penguin conservation
measures. Hence the suggested approach is to
first develop and fit to data a MICE that includes
trophic interactions and key environmental drivers.
This will hopefully provide a rigorous framework for
quantifying the relative roles of (cumulative) factors
causing the decline. The fitted model could then be
used to evaluate and compare the likely conserva-
tion benefits of a range of mitigation measures such
as rehabilitation of adults, predator control, extreme
weather risk mitigation and so forth.

The MICE could also be used as an operating mod-
el in a MSE framework (see also Siple et al., 2021),
noting that, if coupled with the current small pelagic
Operational Management Procedure, consideration
needs to be given to aligning in some way the spa-
tial scales that are relevant for the fishery versus
the smaller scales that are likely relevant for pen-
guins. Nonetheless, as a first step, the current OMP
could usefully be coupled with a penguin population
dynamics model to update previous analyses given
that sardine biomass is now at much lower levels
than was the case during previous testing.

Penguin in full song (photo BM Dyer)
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