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Overview

This report presents the most up-to-date information and
analyses of the status of marine fishery resources in South
Africa at the time of compilation. The number of fish stocks
covered has increased steadily from 43 in 2012 to 77 in the
current report (Figure 1). Among the species included for the
first time are a further six sharks (bronze whaler and dusky
sharks; lzak catshark, puffadder shyshark, white spotted
houndshark and bluntnose spiny dogfish) and nine rays and
skates (leg skates, African softnose skate, roughbelly skate,
munchin skate, yellowspotted skate, spearnose skate, leopard
skate, Rajidae spp. and lesser guitar shark), six linefishes
(bronze bream, stone bream, zebra, blacktail, spotted grunter
and elf) and one seaweed (Ulva spp.). Species included in
the 2020 report but excluded from this one include two sharks
(great hammerhead and oceanic whitetip).

This overview presents a summary of the status of each marine
fishery resource covered in this report. An explanation of the
rationale adopted in assessing the status of each resource is
provided in the section entitled ‘About the report’, which follows
the overview.

The latest assessments indicate that 66% of the 77 stocks are
considered not to be of concern (being of unknown, abundant
or optimal status)', while 34% of stocks are of concern (being
of depleted or heavily depleted status). These figures indicate
an improvement over the past eight years, with 46% of stocks
considered not to be of concern in 2012, 49% in 2014, 52% in
2016 and 61% in 2020 (Table I). There are some changes to
the perception? of certain fish stocks since the previous report
in 2020. The number of stocks for which the status (18; Figure
II) and fishing pressure (9) are unknown has increased. All the
21 stocks that were considered to be in an optimal state in the
2020 report have remained in this state. The number of stocks
considered to be abundant (underutilised) has increased from
the previous nine in 2020 to 11 in 2023.
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Figure I: The number of fish stocks assessed between 2012 and 2023

Table I: Number and percentage of stocks considered of
concern or not

2012 2014 2016 2020 2023

Stocks of 23 23 25 24 26
concern (54%) (51%) (48%) (39%) (34%)

Number of stocks 43 45 52 61 77
assessed per year

The number of stocks that are considered to be depleted has
increased from nine in 2020 to 13 in 2023, this increase arising
from the inclusion of dusky shark, zebra and blacktail in this
report, an improvement in the status of bigeye tuna (Atl.) from
heavily depleted to depleted, and a decline in the status of
yellowfin tuna (Ind.) from depleted to heavily depleted. The
number of stocks considered to be overexploited (heavily
depleted) has increased from 15 in 2020 to 13 in 2023.

Some of South Africa’s marine fishery resources are targeted
by multiple sectors (e.g. the Cape hakes are targeted by
the hake handline and inshore and offshore demersal trawl
sectors) and several resources are taken as bycatch by one
or more sectors other than that targeting a specific resource.
These multiple sources of fishing mortality for each resource,
and the estimated annual quantities caught, are indicated in
Table Il. These data were derived from 2021 catch data provided
to the FAO and supplemented by peer-reviewed analyses of
observer data which includes discards for hake inshore trawl
(Attwood et al. 2011), hake deep-sea trawl (Walmsley et al.
2007) and midwater trawl (Reed et al. 2017). Broad catch
categories were used to highlight larger catch and illustrate the
multi-species nature of many sectors.
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Figure II: Number of fish stocks according to status from 2012 to 2023

For this summary appraisal, where a particular resource falls across two categories of stock status or pressure, precaution was applied and the

resource has thus been assigned to the ‘worst case scenario’.

2Perceptions of stock status may change with improvements in the information available for that stock. Thus either deteriorations or improvements
in the perception of status may not necessarily be indicative of actual changes in the stock status.

.



Table II: Matrix indicating the estimated quantities of a variety of South African exploited marine fisheries resources by sector, with colour coding
used to indicate small (blue) through moderate (green and yellow) to high (orange and red) quantities (tonnes in 2021)

Sector —p Abalone Hake Hake Hake Midwater | Traditional Beach- Gillnet Small-

Resource inshore deep-sea longline trawl linefish seine scale*
i trawl trawl

Abalone

Agulhas sole

Cape hakes >1 000
Cape horse >1 000
mackerel

L

Linefish (not
specified)

Carpenter
Geelbek

Hottentot
seabream

Santer

Silver kob

Slinger

Snoek

Yellowtail
Monkfish

Netfish (not
specified)

Harders

Patagonian
toothfish

Sharks (not >1 000
specified)

Blue shark
Mako shark

Smoothhound
sharks

Soupfin shark

Small pelagic
fish

Anchovy

Round herring

Sardine

South Coast
rock lobster

Squid

Trawl-caught
crustaceans

Tunas and
swordfish

West Coast rock
lobster

*Beach-seine, gillnet, hake handline

ERNN




Table II: (continued)

Sector —p Patagonian KZN Demersal Small South Squid Large Tuna West
toothfish crustacean shark pelagic Coast jig pelagics pole-line Coast
longline trawl longline | purse-seine rock longline rock
lobster lobster

Resource

Abalone

Agulhas sole

Cape hakes

Cape horse >1 000

mackerel
Kingklip

Linefish (not
specified)
Carpenter

Geelbek

Hottentot
seabream

Santer

Silver kob
Slinger

Snoek

Yellowtail e
Monkfish

Netfish (not
specified)

Harders

Patagonian
toothfish

Sharks (not
specified)

Blue shark
Mako shark

Smoothhound
sharks

Soupfin shark

Small pelagic
fish

Anchovy

Round herring

Sardine
South Coast
rock lobster
Squid

Trawl-caught
crustaceans

Tunas and >1 000 >1 000
swordfish

>1 000

il

West Coast rock
lobster

Y/



The following is a brief summary for each resource:

Abalone: The status of the abalone resource continues
to decline in response to extremely high levels of illegal
harvesting, over-allocation of total allowable catches
(TACs), and ecological changes.

Agulhas sole: Uncertainty remains regarding the true status
of the Agulhas sole stock. The assessment conducted in
2021 suggested that replacement yield (RY) and maximum
sustainable yield (MSY) were lower than those estimated
in the 2020 assessment, resulting in a decrease in the
Agulhas sole TAC for 2022.

Cape hakes: The 2021 assessment for Cape hakes
provided similar results to the 2020 update and indicated
a continued steady increase in the spawning biomass of
shallow-water hake but a decrease in that of deep-water
hake. Spawning biomasses of both species are estimated
to lie well above those that yield MSY.

Cape horse mackerel: The most recent assessments for
Cape horse mackerel indicate that the estimates of current
spawning biomass are well above those that yield MSY.
Kingklip: Recent research suggests that there are
genetically separate stocks on the West and South coasts,
but with some degree of gene flow between the two
components. The 2021 assessment suggested that the
South Coast component of the resource is increasing in
abundance at about 1.7% per annum, whereas the West
Coast component is increasing at about 2.9% per annum.
The precautionary upper catch limit (PUCL) for this resource
increased slightly in 2022.

Linefish: Stocks of hottentot seabream, snoek, carpenter,
santer, slinger, Roman and yellowtail are considered to
be in good condition and are not overfished. Silver kob,
geelbeck and white stumpnose are considered depleted
and continue to be overfished. Collapsed resources, such
as seventy-four, red steenbras, dageraad and dusky kob,
require stronger intervention in order to rebuild stocks.
Monkfish: The 2021 assessment indicated a slight increase
in the abundance of the West Coast component of this
stock whilst the South Coast component of the resource
has remained stable.

Netfish: Harders, the main target of the beach-seine and
gillnet fisheries, remain in a heavily depleted state with the
most recent assessment estimating spawner biomass to
be 24% of pristine. This depletion is a result of overfishing,
illegal harvesting and adverse environmental conditions that
have reduced juvenile harder recruitment into estuaries.
Oysters: The oyster resource along the KwaZulu-Natal
coast is considered to be optimally exploited, although
uncertainty remains around the actual stock status. Similar
uncertainty also remains regarding the status of oysters in
the Southern Cape, with their level of exploitation considered
to be heavy. This, together with illegal harvesting from
subtidal “mother beds” that seed the intertidal oyster reefs,
remains a cause for concern.

Patagonian toothfish: The 2022 update of the reference
case (RC) assessment model for Patagonian toothfish
suggested a slight improvement in status and the resource
remains above the estimated biomass that yields MSY.
A new operational management plan (OMP) that utilises

trends in CPUE and tag-recapture data was adopted in
2020 and has been used subsequently to recommend
annual TACs.

Seaweeds: Kelp resources are considered stable and
healthy and are generally optimally exploited, although
some areas offer the opportunity for greater harvesting.
Other seaweed resources, with the exception of the
gracilarioids, are abundant and generally also offer
opportunities for increased harvesting.

Sharks: Almost one third of the 22 chondrichthyan species
that are caught in appreciable quantities in South Africa’s
marine fisheries are listed as Endangered or Critically
Endangered, and mitigation against fisheries threats to
these species is a priority action of the recently developed
second South African National Plan of Action for sharks
(NPOA-Sharks 1l). Recent assessments indicate that
slime-, spearnose-, and biscuit skates and St Joseph are
abundant; smoothhound- and blue sharks are at optimal
status; yellowspotted- and twineye skates as well as dusky
shark are depleted; and soupfin- and shortfin mako sharks
are considered heavily depleted. The stock statuses of
several skate and some shark species is unknown.

Small invertebrates and new fisheries: The stock status
of white mussel, octopus and East Coast round herring
remain unknown. Potential new fisheries currently under
investigation include octopus and East Coast round herring
(in KwaZulu-Natal) and fishing pressure is considered to be
light for both.

Small pelagicfishes: Small pelagicfishes are characterised
by inherent and high levels of natural variability. Recent
genomic results have confirmed the existence of two
sardine stocks off South Africa, one associated with the
cool-temperate West Coast and the other with the warm-
temperate South Coast, that show some degree of gene
flow between them. The 2022 pelagic biomass survey
indicated some recovery in sardine but the population
remains below the long term average and that resource is
considered as being between a depleted and an optimal
status. Anchovy are considered at optimal status and West
Coast round herring are considered abundant.

South Coast rock lobster: Although assessments have
suggested recent growth in the South Coast rock lobster
resource it is still considered to be in an optimal to depleted
state and fishing pressure is being maintained at light to
optimal levels. The objective of the OMP for this resource
is to increase its spawning biomass in the long term whilst
restricting interannual fluctuations in TACs.

Squid: The most recent assessment indicates that the
squid resource’s status is at an optimal level, and fishing
effort is also optimal.

KwaZulu-crustaceans: Heavy fishing pressure on deep-
water crustaceans has reduced the status of these stocks
to ‘depleted’. Shallow-water prawns are also considered to
be depleted, largely due to the closure of the mouth of the
St Lucia Estuary blocking their recruitment to the Thukela
Bank.

Tunas and swordfish: Stock assessments and country
allocations for tunas and swordfish are the responsibility of
the relevant regional fisheries management organisations



(RFMOs). The statuses of swordfish (Atlantic Ocean),
and bigeye- (Atlantic Ocean), southern bluefin- (Indian
and Atlantic Oceans), and yellowfin tunas (Indian Ocean)
remain of concern.

West Coast rock lobster: The West Coast rock lobster
resource remains heavily depleted, with the 2022
assessment indicating that the depletion is appreciably
more than estimated in previous assessments with the
current male >75 mm carapace length biomass now
estimated to be 1.4% of pristine levels compared to 1.8%

in 2020. Fishing pressure remains heavy and there is
continued concern regarding the levels of illegal harvesting
of the resource.

Small-scale / Subsistence: Assessments of seven of the
most important linefish species targeted along the Eastern
Cape coast by the Small-Scale / Subsistence fisheries
sector (but not by any other commercial sectors) indicated
that three of them (dusky kob, shad / elf and spotted grunter)
are heavily depleted, two are depleted (blacktail and zebra),
and two are abundant (bronze- and stone bream).

A

Fishing pressure

Biscuit skate; Smoothhound
Oysters (S. Cape); Spearnose skate; shark; Blue shark;
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< Leopard skate; shyshark
) Lesser guitar-shark;
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Rajidae spp.
Unknown Abundant Optimal Depleted

Moratorium
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Heavily

depleted >
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About the report

The purpose of this report is to make available information related to the status of South Africa’s exploited marine fishery
resources. The output largely reflects the work of the Fisheries Research and Development Chief Directorate and its partners up
to and including 2021.

A quick-overview at the beginning of each section provides an indication of stock status and fishing pressure, colour-coded for
ease of reference. The first line indicates the present status of the resource in relation to a reference point or level, most often the
status of the resource before it was commercially exploited. The present status is the result of different pressures, such as fish-
ing and environmental fluctuations, and past management practices. The second measure indicates the present level of fishing
pressure exerted on that resource. Historical overfishing may have reduced some stocks to depleted or heavily depleted levels
and rebuilding these stocks to optimal levels that are ecologically and commercially sustainable requires reduced fishing pres-
sure. Such rebuilding can take several years or even decades as the rate of recovery is dependent on the level of decrease in
fishing pressure, the biology of the species and fluctuations in the environment. Additionally, short-lived species (e.g. anchovy
and squid) typically show substantial interannual fluctuations in population size; these could lead to the status of that resource
being considered depleted in one year to optimal in the next. Five categories are defined for stock status, ranging from ‘Abundant’
though to ‘Heavily depleted’, and including an ‘Unknown’ category for which there are insufficient or conflicting data to enable a
status estimate. Fishing pressure is defined within four categories, from ‘Light’ though ‘Optimal’ to ‘Heavy’, and again including an
‘Unknown’ category for data-poor species.

Each stock assessment method has specific outputs and various methods can be applied depending on the type, and quality, of
data available. In general, stock assessment outputs are described relative to two predefined reference points: Target and Limit.
Target reference points describe the optimal stock state while Limit reference points define the undesirable low biomass threshold
that, if exceeded, would require urgent management intervention. Examples of Target reference points are maximum sustainable
yield (MSY), or 40% pre-exploitation (pristine) biomass. Biomass can refer to that part of the population susceptible to capture
(exploitable biomass, EB), or a particular part of the population such as mature fish only (spawner biomass, SB), or female fish.
Limit reference points are generally formulated as a percentage of pre-exploitation biomass (i.e. biomass < 25% pristine biomass).
A comprehensive stock assessment typically requires several streams of data i.e. a time-series of catch, fishing effort and biologi-
cal information, including sizes of the fish caught. This information is generally only available for industrial fisheries. Stock status
for smaller, artisanal fisheries can still be derived from changes in relative abundance or size composition.

The following tables describe the definitions used to categorise stock status in this report:

Stock status

Category Abundant Optimal Depleted Heavily depleted Unknown

Definition B>B B=B B<B B<<B B=7

Target Target Target Limit

where B is the present biomass level (or population size), B
biomass level threshold.

gt 1S CONsidered the optimal biomass level, and B, is the lower

Fishing pressure
Category Light Optimal Heavy Unknown
Definition F<F,. F=F_. F>F_ . F=7

where F is the present fishing pressure and FTarget is that fishing pressure level at which the optimal biomass level is obtained.
For some, but not all, multiple-species fisheries, both the status and pressure measures are given per species. In some cases the
stock status and/or fishing pressure may vary around South Africa’s coastline and / or in different sectors, which is indicated using
multiple categories. Furthermore, available information may not unambiguously indicate the appropriate category for a resource,
and this is also indicated by using multiple categories.

6 TT—



Abalone

Stock status Unknown Abundant

Optimal Depleted

Fishing pressure Unknown Light

Optimal

Introduction

Abalone Haliotis midae, locally called ‘perlemoen’, is a large
marine snail that is a highly prized seafood delicacy. Abalone
are slow growing, reaching sexual maturity at around seven
years of age, and take approximately 8-9 years to reach the
minimum legal size of 11.4 cm shell breadth (SB). They reach
a maximum size of 18 cm SB and are believed to live to an age
of greater than 30 years. They occur in shallow waters of
less than 20 m depth, but the highest densities occur in waters
of less than 5 m depth.

Abalone are widely distributed around the South African
coastline, from St Helena Bay on the West Coast to just north
of Port St Johns on the East Coast. Historically, the resource-

was most abundant in the region between Cape Columbine
and Quoin Point and supported a commercial fishery for about
65 years. Along the East Coast, the resource was consid-
ered to be discontinuous and sparsely distributed and as
a result no commercial fishery for abalone was implemented
there. However, experimental and subsistence permits were al-
located along the East Coast at various times in the past. The
recreational sector also caught abalone for many years, but
due to illegal fishing and the decline in the resource, this com-
ponent of the fishery was suspended in 2003/2004.

Once a lucrative commercial fishery, earning up to ap-
proximately R100 million annually at the turn of the Century,
rampant illegal harvesting and continued declines in the
abundance of the resource resulted in a total closure of the

2 500

2 000

1 500

-y
o
=
o)

ANNUAL LANDINGS AND TAC (t)

DB A SN DG A S o
D ,9§° "\‘g}’\q’ GGG \@i‘

A oS e
]
P S

[l Limited commercial
Subsistence

[[] Recreational

[ Commercial

@ TAC or annual gquota

Fishery

[ ey o
A y v A
S &%ﬂf@%ﬁ@“&bﬂ%ﬂ ST

YEAR

Figure 1: TAC and recorded (legal) annual landings for the abalone fishery from 1953 to 2021/22. Landings for the recreational sector are only
available since 1988/1989. Note that the substantial illegal catches are not shown
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Figure 2: Abalone fishing Zones A to G, including sub-zones, and distribution of abalone, H. midae (inset). The experimental fisheries (2010/11—
2013/14) on the western and eastern sides of False Bay and in the Eastern Cape are also shown. These areas within False Bay, included in
the commercial fishery recommendations for 2017/18, are referred to as Sub-zone E3 and Sub-zone D3 The yellow marked areas indicate

Experimental areas

fishery in February 2008. The resource has also been heavily
impacted by an ecosystem shift that was brought about by the
migration of West Coast rock lobster into two of the main, most
productive, abalone fishing areas. The commercial abalone
fishery subsequently reopened in July 2010.

History and management

The commercial (diver) fishery for abalone started in the late-
1940s. During the early phase, the fishery was dominated by
five large abalone processing plants. Initially, catches were
unregulated, and reached a peak of close to 3 000 t in 1965
(Figure 1). By 1970 catches had declined rapidly, although the
fishery remained stable with a total annual catch of around
600—700 t until the mid-1990s, after which there were continu-
ous declines in commercial catches.

The early-1990s saw the booming of the recreational fishery,
and a significant increase in illegal fishing activities. Continued
high levels of illegal fishing and declines in the resource led to
closure of the recreational fishery in 2003/2004. Transforma-

tion of the fishery in post-apartheid years sought to increase
participation in the fishery, particularly by people who had been
previously marginalised. Subsistence Rights were introduced
in 1998/1999 and were replaced by two-year medium-term
Rights. In 2003/2004, 10-year long-term Rights were allocat-
ed, broadening participation in the fishery to some 300 Right
Holders. At this time, the previous management zones were
replaced with Territorial Use Rights in Fisheries (TURFs), aimed
at developing a sense of ownership of the resource by the new
Right Holders and, in so doing, introducing co-management of
the resource and improving compliance with regards to illegal
fishing activities.

lllegal fishing, however, remained high despite the intro-
duction of TURFs and increased compliance effort, including
strengthening of the compliance fleet, introduction of stricter
penalties for offenders, and controls on international trade.

Although illegal fishing of abalone occurs in all areas, its
concentration has shifted from one area to another over the
years in response to resource abundance and law enforcement
presence. lllegal fishing is not selective with regards to the size



Table 1: The availability of data for TAC assessments since 2017. Y indicates data were available, N indicates data were not available. FIAS =

fishery-independent ablone survey

Data inputs Zones A-D Zones E-G Aggregated
FIAS Abundance N N
Size composition N N
Commercial CPUE Nominal only Nominal only
Size composition N N
Poaching Compliance N N
TRAFFIC Y

of abalone taken, and around two-thirds of confiscated abalone
are below the minimum legal size of 11.4 cm SB.

Therefore, most of the illegally caught abalone are taken be-
fore having had the opportunity to reproduce.

The continued high levels of illegal fishing and declines in
the resource led to the introduction of diving prohibitions in
selected areas and the closure of the commercial fishery in
February 2008. The fishery was subsequently reopened in July
2010, conditional on a 15% per annum reduction in poaching.
The required reduction in illegal harvesting has, however, not
been achieved. The management objectives for the sustain-
able utilisation and recovery of the abalone resource have
been to prevent the abalone spawning biomass in each zone
from dropping below 20% of its estimated pre-fished biomass
(a “limit reference point”), and to see it recover to 40% of that
level (a “target reference point”) within 15 years of the re-open-
ing of the commercial fishery in 2009/10, i.e. by the 2024/25
season. The 20% and 40% values are in line with international
norms, and the 40% target reference point approximates the
level at which the greatest catches can be sustained. In order
to achieve this, illegal harvesting (poaching) must be substan-
tially reduced.

Research and monitoring

The data inputs usually used in the assessment of the abalone
resource are derived from the commercial fishery catch-per-
unit-effort (CPUE and size composition), from fishery inde-
pendent abalone surveys (FIAS; abundance and size com-
position), and from poaching information (numbers and size
composition of poached abalone confiscated by Compliance
officers). International trade data on imports of Haliotus midae
by key importing countries provided by WWF’s wildlife trade
monitoring network, TRAFFIC, ( a non-governmental conser-
vation organization) also inform on the trends in illegal harvest-
ing of this species.

A summary of the data available since 2017 is presented
in Table 1. Due to capacity and administrative issues no FIAS
were completed since 2020 and FIAS abundance and size
composition information was therefore not available for the
TAC assessments. In 2017, an allocation of 3 t was recom-
mended for the newly established Sub-zone D3, however;
this allocation was only accepted in 2018 and implemented
in 2019. In addition, while nominal commercial CPUE data for
Zones Ato D and E to G (Figure 2) were recorded,
the CPUE standardisations could not be performed, nor was
the corresponding size composition information able to be de-
termined. Prior to 2018, trends in illegal catch were assessed
using DFFE Compliance data on confiscations and inspections

(‘policing’) effort and international trade data on imports of
Haliotis midae into key importing countries provided by TRAF-
FIC. While the aggregated poaching information (TRAFFIC) is
available from 2018, the Compliance data on confiscations
and policing effort are not.

Resource assessment

In 2016 the main historic fishing areas, namely Zones A,
B, C and D (Figure 2), were assessed by means of a spatially
explicit annual surplus production model (ASPM), which was
fitted to commercial CPUE and FIAS data as abundance
indices, as well as to catch-at-age information inferred from
catch-at-length data. The model also estimated the reduction
in recruitment of juvenile abalone in Zones C and D due to
ecosystem changes and illegal catches.

An updated model-based assessment was not undertaken
in 2017 due to administrative issues.

In 2016 an assessment of the fishery was made. In 2017,
together with data on trends in illegal catch (poaching), FIAS
and commercial CPUE that had become available since as
well as the 2016 assessment, were used to determine if
any change to the TAC recommendation was required. Since
the full 2016 assessment, due to administrative issues, no new
assessments were done. Therefore, for the 2021/2022 TAC
recommendation, there was no justification in moving away
from the projections made in 2016

Current status

Trends in illegal catch (poaching)

The analysis of international trade data indicates a significant
increase in levels of illegal catch (Figure 3) in 2018 (47% in-
crease from 2017 levels). However, over the last three years
of the reporting period (2019-2021) this number has decreased
again to between 8 and 10 million animals poached.

Commercial catch-per-unit-effort (CPUE)

Zones A and B (Figure 4)

There was a 0 TAC for Zones A and B for the 2019/20 season
until 2021/22. An inspection of the nominal CPUE data shows
no marked changes in the CPUE in Zone A from 2009/10 to
2017/18 but a sharp reduction in 2018/19 that was also seen
in Zone B. The apparent slight increase in the nominal CPUE
in Zone B between 2015/16 and 2017/18 must be weighed
against the consideration that these are nominal and not stand-
ardised CPUE data, and concerns have been raised about the
accuracy of CPUE data-reporting in Zones A and B in recent
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Figure 3: Estimated weight of poached abalone based on international trade data for the calendar years 2000-2019 (adapted from: Burgener
(2019).An estimation of the international trade inillegally harvested Haliotis midae, 2000-2019. FISHERIES/2019/AUG/SWG- AB/05), and recorded

legal abalone catch (weight) for the calendar years 2000—2021

years. One of these is that abalone commercial fishing vessels
have been observed around the Dyer Island closed area, so
that the recent CPUE values for Zones A and B may have been
artificially inflated by catches off Dyer Island.

Zones C-D

Spawning biomass projections in 2016 showed continuing de-
clines in resource abundance in Zones C and D at recent es-
timated levels of illegal take. The resource has been severely
reduced by the lobster-urchin effect on recruitment of abalone
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Figure 4: Catch and nominal (unstandardised) CPUE, with annual
TACs indicated for Zones A and B for the period 1983-2021/22. There
was a 0 TAC for Zones A and B for the 2019/20 season until 2021/22.
Note that the fishery was closed during the 2008/09 season
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(see below), in addition to the effects of illegal fishing. Popula-
tions in these two Zones were also estimated to be below the
20% limit reference point set out in the management objectives.
No new data have become available to suggest a change in the
previously estimated status of the resource in these Zones.

Zones E to G (Figure 5)

There were no marked changes in the nominal CPUE data
for Zones F and G. A sharp decline in CPUE was, however,
noted in Zone E.

Ecosystem interactions

Since the early 1990s, ecological changes have severely dis-
rupted normal abalone recruitment patterns in two of the major
fishing zones, i.e. Zones C and D. These involved the large-
scale incursion of West Coast rock lobsters into Zones C and
D. The lobsters have now altered the ecosystem by consum-
ing large numbers of sea urchins as well as other invertebrate
species, including juvenile abalone. Sea urchins perform the
important function of providing protection for juvenile abalone.
Arecent study found that, in Zone D, there have been substan-
tial increases in rock lobsters, seaweeds and sessile species
and a substantial decline in grazers (of which abalone are a
component). The current ecosystem state in Zone C is similar
to that in Zone D.

The ecosystem state in Zones A and B is currently different
to Zones C and D, with very few lobsters present, a lower bio-
mass of seaweeds and sessile species, more encrusting cor-
allines, and urchins and grazers still present in relatively high
abundance.

The combined effect of poaching and ecological changes
has resulted in severe declines in the abalone resource in
Zones C and D. The Betty’s Bay Marine Protected Area (MPA),
situated within Zone D, was also affected, which has meant
the loss of the main conservation area for abalone. As a result,
Dyer Island has been closed to commercial fishing since the
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Figure 5: Catch and nominal (unstandardised) CPUE, with annual
TACs indicated for Zones E, F and G for the period 1983 to 2021/22.
Note that the fishery was closed for the 2008/09 season

2003/2004 season to function as a refuge area for abalone.
FIAS surveys undertaken at Betty’s Bay MPA in 2012 indicated
that the mean density of abalone dropped to 1% of the level
recorded in the 1990s. This confirms that Betty’s Bay no longer
functions as a closed area (reserve) for abalone, indicating that
Dyer Island should continue as a closed area.

Climate change implications

Calcifying organisms such as abalone are particularly suscepti-
ble to changes in seawater carbonate chemistry that will occur
from ocean acidification, and abalone will likely also be nega-
tively impacted by ocean warming. Experimental work conduct-
ed at an abalone farm near Hermanus has demonstrated that
South African abalone held for 12 months under ocean acidifi-
cation (a decrease in pH of 0.4 from ambient) and warming (an
increase of 1.5 °C from ambient) conditions showed decreased
haemolymph (the invertebrate equivalent of blood) pH and
increased haemolymph pCO, levels that resulted in reduced
growth and condition factor, much-reduced shell strength, and
an alteration in spawning patterns. These results are cause
for serious concern for wild abalone targeted by the fishery,
but also for the rapidly growing South African abalone farming
industry, which presently accounts for >75% of the country’s
aquaculture revenue.

Further reading

Blamey LK, Branch GM, Reaugh-Flower KE. 2010. Temporal
changes in kelp-forest benthic communities following an
invasion by the rock lobster Jasus lalandii. African Journal
of Marine Science 32: 481-490.

Lester NC. 2021. The interaction of acidification and warming
on South African abalone, Haliotis midae, and the poten-
tial for mitigation in aquaculture. PhD thesis, University of
Cape Town, Cape Town.

Okes N, Burgener M, Moneron S, Rademeyer J. 2018. Empty
shells. An assessment of abalone poaching and trade
from Southern Africa. TRAFFIC Report September 2018.

Plaganyi EE, Butterworth DS. 2010. A spatial- and age-struc-
tured as- sessment model to estimate the impact of illegal
fishing and ecosystem change on the South African aba-
lone Haliotis midae resource. African Journal of Marine
Science 32: 207-236.

Raemaekers S, Hauck M, Birgener M, Mackenzie A, Maharaj
G, Plaganyi EE, Britz PJ. 2011. Review of the causes of
the rise of the illegal South African abalone fishery and
consequent closure of the rights-based fishery. Ocean
and Coastal Management 54:433—-445.

Tarr RJQ. 2000. The South African abalone (Haliotis midae)
fishery: a decade of challenges and change. Canadian
Special Publications in Fisheries and Aquatic Science
130: 32—-40.

Useful statistics

Total allowable catches (TACs) and catches for the abalone fishery.

Season TAC (t) Total commercial  Total recreational
catch (t) catch (t)
1993/94 615 613 549
1994/95 615 616 446
1995/96 615 614 423
1996/97 550 537 429
1997/98 523 523 221
1998/99 515 482 127
1999/00 500 490 174
2000/01 433 368 95
2001/02 314 403 110
2002/03 226 296 102
2003/04 282 258 0
2004/05 237 204 0
2005/06 223 212 0
2006/07 125 110 0
2007/08 75 74 0
2008/09 0 0 0
2009/10 150 150 0
2010/11 150 152 0
2011/12 150 145 0
2012/13 150 * 0
2013/14 96 95 0
2014/15 96 95 0
2015/16 96 98 0
2016/17 96 89 0
2017/18 96 87 0
2018/19 96 53 0
2019/20 50.5 50.5 0
2020/21 50.5 50.5 0
2021/22 50.5 50.5 0
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Agulhas sole

Stock status Unknown Abundant

Fishing pressure Unknown Light

Introduction

Agulhas or East Coast sole Austroglossus pectoralis belong to
a group of fish referred to as flatfish because they have adapt-
ed to lying on their side on the seabed by evolving a laterally
compressed body shape with both eyes migrating to the upper
side of the head during larval development. Well-developed
fins encircle the body. They are bottom-dwelling, preferring

Optimal Depleted Heavily depleted

Heavy

sand or silt substrates, and feed on small crustaceans, mol-
luscs, worms and brittle stars. They occur mainly in the area
between Cape Agulhas and Port Alfred (Figure 6) between
depths of 10 to 120 m, although they have occasionally also
been caught in deeper water during research surveys. The av-
erage size landed by commercial vessels is between 32.0 cm
and 33.6 cm.

The Agulhas sole resource is a small but commercially im-
portant component of the mixed-species inshore trawl fish-
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Figure 6: Distribution of Agulhas sole Austroglossus pectoralis in South African waters, as derived from fishery-independent demersal research
surveys. Densities (kg nautical-mile~2) are averages over all survey stations sampled from 1986 to 2023 within each survey grid block. The area

considered to be the central part of the sole grounds is indicated
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Figure 7: Annual catches (landings), TACs (both in tonnes) and an estimate of annual total sole-directed fishing effort on the Agulhas sole grounds

(hours) in the Agulhas sole fishery 1920-2020

ery on the South Coast. The inshore trawl fleet comprised 14
active vessels in 2020, of which four primarily target the sole
resource but also rely on hake bycatch, while the remainder of
the fleet targets primarily hake. The 2022 annual total allowable
catch (TAC) of 400 t is estimated to be worth approximately
R22 million.

History and management

The Agulhas sole resource has been exploited since the 1890s,
and was one of the first fish stocks to be managed in South
Africa. Exploitation of Agulhas sole was the economic base for
the early fishery on the Cape South Coast and was the driving
force for the development of the coastal fishing fleet. In the
early years fishing was directed largely at Agulhas sole, but
the fishery gradually shifted to targeting a number of additional
species, including hake and various linefish species, by the late
1970s. The first formal attempt at managing the Agulhas sole
fishery was made in 1935, with the introduction of a 75 mm
minimum mesh size for bottom trawl nets. The inshore trawl
fishery was formally defined as a management unit (i.e. the
Hake and Sole Inshore Trawl sector) separate from the Hake
Deepsea Trawl sector in 1978. An annual TAC of 700 t was first
introduced in 1978, and individual quotas were introduced in
1982. The TAC remained fairly stable thereafter, varying be-
tween 700 t and 950 t between 1982 and 1992, and was subse-
quently maintained at 872 t until 2016 (Figure 7). Management
of the fishery has, since 1978, restricted its operations to the
South Coast between the 20° E line of longitude and the line
drawn due south from the mouth of the Great Kei River, and

since the start of 2015, to the area defined as the “Hake Trawl
Ring Fence” (see the section on Cape hakes).

Landings of Agulhas sole have declined substantially sub-
sequent to 2000, with a slight increase in 2008—-2010, but still
well below the TAC (Figure 7). At that time, the decline was
attributed mainly to a reduction in the overall effort deployed by
the fishery (Figure 7), rather than a decline in the abundance of
the resource. The effort reduction was primarily the result of an
appreciable decrease in the number of active inshore vessels
in the fishery over time (50 in 1979, decreasing to 32 in 2000,
and 14 in 2015). The reasons for this are complex, but can be
largely attributable to companies not replacing old/damaged
vessels due to the limited availability (and substantial costs) of
suitable replacement vessels, compounded by uncertainty re-
garding future long-term Rights allocations. Market/economic
forces also resulted in changes in fishing strategies, with some
Right Holders moving either all or part of their hake quotas to
the hake deepsea trawl sector (with a consequent reduction
in sole catch), or directing limited resources (vessels and sea
days, and hence effort) to filling hake quotas rather than at-
tempting to fill sole quotas.

In spite of this marked reduction in fishing effort, an appreci-
able decline in the commercial catch-per-unit-effort (CPUE, the
index that has been used to monitor Agulhas sole abundance)
became apparent subsequent to 2009, with CPUE reaching
unusually low levels over the period 2012 to 2016 (Figure 8)).
While this decline could reflect a decrease in resource abun-
dance, the possibility that it could rather reflect a decline in
catchability (i.e. in the availability of sole to the fishery) could
not be discounted. Confronted with this uncertainty regarding
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Figure 8: The commercial catch per unit effort (CPUE) index of
abundance for Agulhas sole. A nominal index (kg min-') is calculated
from cumulative annual catch and effort data for the period 1986—2020

resource dynamics, a series of assessments using a dynamic
Schaefer production model approach that incorporated these
two hypotheses were developed in 2014 and used to project
forwards in time under various management strategies. Fol-
lowing an evaluation of the results of these analyses, a spatial
effort limitation strategy was adopted in 2015 as the primary
regulatory measure, while maintaining the TAC at 872 t. This
“trade-off’ approach was intended to limit fishing mortality
(thereby providing scope for resource recovery in the event
that the reduced abundance hypothesis was correct), but also
to allow scope for an increase in catches if the decline reflected
the catchability hypothesis and catch rates returned to “normal”
in the short- to medium-term. Considering that about 95% of
the total annual catch of Agulhas sole is typically taken from
the central part of the sole grounds (see Figure 6), the effort re-
striction was applied to sole-directed fishing operations within
this area only.

This management approach was maintained for the 2016
fishing season. Following an updated assessment during 2016,
the TAC was reduced to 600 t for the 2017 fishing season, and
the TAE set at 15 243 fishing hours (the change in units was im-
plemented for operational reasons). These limits were retained
for the 2018 fishing season following an assessment update
during 2017. The assessment conducted in 2018 indicated a
slightly more optimistic status of the resource, and the effort
limit imposed on the fishery in 2019 was consequently adjusted
upwards by 10% to 16 767 fishing hours, with an associated
slight increase in the TAC to 627 tonnes.

The assessment conducted during 2019 was confronted
with circumstances where the standardised commercial CPUE
index of abundance had increased from the 2012-2016 “low”
period to levels in 2017 and 2018 that were more comparable
to those observed prior to 2010. As a result, the 2019 assess-
ment differed from those conducted in the immediately previ-
ous years in several respects:

* Fishery-independent demersal survey estimates of abun-
dance encompassing the period 1986 to 2019 were includ-
ed in the model fitting.

» Arelatively crude nominal CPUE index encompassing the
period 1986 to 2018 was used, rather than the standardised
CPUE index (which could be computed for the period 2000
to 2018 only because the drag-level data prior to 2000 that
are required for this purpose are unavailable).

» Inview of the extent of increase in the CPUE that had been
observed after the 2012 to 2016 “low” period, it was agreed
that the decrease in abundance hypothesis was no longer
defensible (as it is very unlikely that abundance could have
almost doubled in such a short period). The 2019 assess-
ment consequently considered only the reduction in catch-
ability hypothesis to account for the 2012—2016 low CPUE.

» An observation of some concern, however, was that despite
the marked decline in effort (and hence catches) that had
been apparent in the fishery since the turn of the century
(Figure 7), the resource did not appear to have responded
with a corresponding increase in abundance. The 2019 as-
sessment therefore allowed for the possibility of a period of
reduced resource productivity from 2000 onwards.

The results of the assessment suggested that while the

resource was estimated to be above MSY level, given the un-

informative nature of the data, coupled with only two years
of higher CPUE values, a precautionary approach would
be appropriate. The scientific advice for the 2020 fishing
season was consequently to reduce the TAC to 502 tonnes
and retain the effort limitation strategy imposed on the sole-di-
rected component of the fishery. The same analytical approach

was adopted during 2020, the results of which suggested a

slightly lower post-2000 resource productivity than had been

estimated previously, leading to a recommendation for a

slightly reduced TAC (to 491 tonnes) and retention of the effort

limitation strategy.

Research and monitoring

Fishery-independent estimates of Agulhas sole abundance
(Figure 9) are derived from demersal research surveys con-
ducted on the South Coast using the swept-area method (see
section on Cape hakes). These surveys are designed to esti-
mate the abundance of hakes, although other demersal spe-
cies (including Agulhas sole) are included in the data collection.
The area encompassed by these surveys generally extends to
the 500 m isobath (and to the 1 000 m isobath since 2011), with
only a few sampling locations falling within the area of Agul-
has sole distribution. Consequently, the sole population is not
comprehensively sampled and the resulting sole abundance
indices should therefore be interpreted with caution. While four
intensive Agulhas sole-directed surveys have been conducted
(2006-2008) to improve temporal and spatial coverage of the
population, budgetary constraints have precluded continuing
these surveys, limiting the usefulness of the data that were col-
lected.

Fishery-dependent data (landings, size-composition of the
catch, drag-level catch and effort data) are routinely collected.

Current status
The assessment conducted in 2021 incorporated catch and

CPUE dataseries extending to the end of 2020 and autumn
South Coast demersal survey data extending to 2021. The
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Figure 9: Agulhas sole abundance estimates (tonnes) derived from fishery-independent swept area demersal surveys. Estimates are illustrated
for the various vessel-gear combinations. Autumn South Coast surveys are indicated with black symbols, while spring South Coast surveys are
indicated with blue symbols. Surveys that only extended to the 200 m isobath have been included in the figure (indicated with an asterisk) because
Agulhas sole are largely distributed at depths that are shallower than 200 m. Note that estimates across the vessel-gear combinations cannot be
directly compared due to differences in catchability. Africana = research vessel RS Africana, ‘Commercial’ = commercial fishing vessel

analysis used the same approach as those conducted in 2019
and 2020, where a suite of models that considered various lev-
els of pre- and post-2000 intrinsic population growth rates were
run with the extent of the catchability reduction over the period
2012-2016 being estimated by the models. The best fits to the
data were obtained using models where the post-2000 intrinsic
population growth rate was somewhat lower than in the 2020
assessment, resulting in the “best” estimates of replacement
yield (RY) and maximum sustainable yield (MSY) being lower
than those determined in the 2020 assessment. In view of the
relatively uninformative nature of the data (manifested in small
differences in the “goodness of fit” between the various mod-
els) and the continued uncertainty regarding resource dynam-
ics (especially the apparent regime shift to lower productivity
across the turn of the century), the TAC for the 2022 season
was reduced to 400 tonnes. It was also noted that three suc-
cessive years of data updates provided little or no support for
the increased mortality hypothesis. There was consequently no
justification for retaining the effort limitation strategy imposed
on sole-directed fishing on the sole grounds to account for the
possibility that this hypothesis was correct.

Ecosystem interactions

Measures aimed at reducing the ecosystem impacts of the
hake-directed demersal trawl fisheries are contained in Sec-
tions B and C of the current permit conditions (see section
on Cape hakes), and these measures are also applied to the
Agulhas sole-directed component of the hake inshore trawl
fishery.

Further reading

Attwood CG, Petersen SL, Kerwath SE. 2011. Bycatch in South Af-
rica’s inshore trawl fishery as determined from observer records.
ICES Journal of Marine Science 68: 2163-2174.

Branch GM, Griffiths CL, Branch ML, Beckley LE. 1994. Two oceans:
a guide to the marine life of southern Africa. Cape Town: David
Phillip.

Heemstra E. 2004. Coastal fishes of southern Africa. Grahamstown:
National Inquiry Service Centre (NISC) & South African Institute
for Aquatic Biodiversity (SAIAB).

Smith MM, Heemstra PC (eds). 1991. Smiths’ sea fishes. Johannes-
burg: Southern Book Publishers.
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Useful statistics

Total catch (tonnes) of Agulhas sole per calendar year and the annual TACs (tonnes) for the period 1920-2022.

Year Catch TAC Year Catch TAC
1920 700 1972 1044

1921 540 1973 961

1922 560 1974 611

1923 670 1975 763

1924 680 1976 1040

1925 650 1977 500

1926 820 1978 850 700
1927 750 1979 899 850
1928 770 1980 943 900
1929 740 1981 1026 900
1930 780 1982 817 930
1931 680 1983 682 950
1932 760 1984 857 950
1933 800 1985 880 950
1934 900 1986 796 950
1935 1100 1987 855 868
1936 1050 1988 839 868
1937 1200 1989 913 686
1938 1000 1990 808 834
1939 800 1991 716 872
1940 650 1992 704 872
1941 650 1993 772 872
1942 650 1994 938 872
1943 750 1995 769 872
1944 680 1996 909 872
1945 675 1997 840 872
1946 710 1998 859 872
1947 730 1999 757 872
1948 680 2000 1060 872
1949 700 2001 850 872
1950 710 2002 702 872
1951 670 2003 754 872
1952 700 2004 612 872
1953 730 2005 485 872
1954 750 2006 428 872
1955 740 2007 331 872
1956 740 2008 448 872
1957 700 2009 568 872
1958 700 2010 570 872
1959 750 2011 442 872
1960 850 2012 338 872
1961 820 2013 127 872
1962 800 2014 208 872
1963 732 2015 258 872
1964 690 2016 125 872
1965 841 2017 113 600
1966 575 2018 132 600
1967 520 2019 190 627
1968 445 2020 218 502
1969 642 2021 143 491
1970 663 2022 400
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Cape hakes

Stock status Unknown Abundant Optimal Depleted Heavily depleted
Shallow-water Deep-water
hake hake
Fishing pressure Unknown Light Optimal Heavy
Shallow-water
hake
Deep-water
hake

Introduction

The South African hake resource comprises two species:
shallow-water Cape hake Merluccius capensis and deep-wa-
ter Cape hake M. paradoxus. The Cape hakes are distributed
on the continental shelf and upper slope around the coast of
southern Africa. Merluccius paradoxus are distributed from
northern Namibia to southern Mozambique, whereas M. cap-
ensis are distributed from southern Angola to northern Kwa-
Zulu-Natal. As the names suggest, the distributions of the
two hake species differ with depth, although there is a sub-
stantial overlap in their depth ranges. Merluccius capensis are
distributed over a depth range of 30 to 500 m with most of
the population occurring between 100 and 300 m (Figure 10a).
In contrast, M. paradoxus are distributed over a depth range
of 110 m to deeper than 1 000 m with most of the population
occurring in depths of between 200 and 800 m (Figure 10b).
The sizes of both species increase with depth and large
M. capensis consequently co-exist with and feed extensively
on smaller M. paradoxus. It is difficult to distinguish between
the two hake species, so they are generally processed and
marketed as a single commaodity.

Cape hakes are targeted by four fishery sectors: hake
deep-sea trawl, hake inshore trawl, hake longline and hake
handline. The deep-sea trawl sector lands the most hake of
the four sectors (Figure 10b). Approximately 80% of the total
annual hake catch in the last decade has been M. paradox-
us. Hakes are also caught as incidental bycatch in the horse-
mackerel-directed midwater trawl and demersal shark longline
fisheries, and to a lesser extent in the linefish sector. The
inshore trawl and hake handline sectors operate only on the
South Coast, whereas the deep-sea trawl and longline fleets
operate on both the West and South coasts. On the West
Coast, the continental shelf is fairly narrow so most trawling
is in deep water on the shelf edge and upper slope, and as
much as 90% of the hake caught are M. paradoxus. In contrast,
most trawling on the South Coast is on the wide continental
shelf, the Agulhas Bank, and as much as 70% of hake catches

on this coast are M. capensis. The hake fishery is the most
valuable of South Africa’s marine fisheries, providing the basis
for some 30 000 jobs and an annual landed value in excess of
R5.2 billion.

History and management

The demersal fishery off southern Africa started with the arrival
of the purpose-built research vessel, Pieter Faure, in 1897 and
the first commercial trawler, Undine, in 1899 off the Cape. In
the early years of the fishery, Agulhas and West Coast sole
(Austroglossus pectoralis and A. microlepis, respectively) were
the primary target species, with hake being caught as an inci-
dental bycatch. Directed fishing of Cape hakes began towards
the end of the First World War, with catches averaging about
1 000 t per annum until 1931. The fishery then began escalating
during and after World War Il, with catches increasing steadily
to around 170 000 t by the early 1960s. The incursion of for-
eign fleets in 1962 led to a dramatic increase in fishing effort
and catches in South African waters eventually peaked in 1972
at over 295 000 t (Figure 11a). By this time, effort had extend-
ed farther offshore and also into Namibian waters, with over
1.1 million t being caught in the Southeast Atlantic in 1972.

In 1972, following concerns over the combination of in-
creasing catches and decreasing catch rates, the International
Commission for the South-East Atlantic Fisheries (ICSEAF)
was established in an attempt to control what had become
an international fishery. Various management measures such
as a minimum mesh size, international inspections and quota
allocations to member countries were implemented through
ICSEAF. However, catch rates continued to decline, and in
November 1977 the declaration of a 200 nautical mile Exclu-
sive Fishing Zone (EFZ) by South Africa marked the onset of
direct management of the South African hake resource by the
South African government. Apart from a few vessels operating
under bilateral agreements and being subject to South African
regulations, foreign vessels were excluded from South African
waters.
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Figure 10 (a): Distribution of shallow-water hake Merluccius capensis in South African waters, as derived from fishery-independent demersal
research surveys. Densities (kg nautical-mile2) are averages over all survey stations sampled from 1986 to 2023 within each survey grid block

After the declaration of the EFZ, South Africa implemented a
relatively conservative management strategy to rebuild the
hake stocks to B,,s,, the biomass level that would provide the
maximum sustainable yield (MSY). Total allowable catch (TAC)
restrictions were imposed on the fishery, aimed at keeping
catches below levels deemed necessary for stock rebuilding.
The TACs were recommended on the basis of assessments of
the resource using first steady-state models, then dynamic pro-
duction models, and finally age-structured production models.
An operational management procedure (OMP) approach was
adopted in 1990 to provide a comprehensive basis for man-
agement of the hake resources. The hake OMP is essentially
a set of rules that specifies exactly how the TAC is calculated
using stock-specific monitoring data (both commercial and
fishery-independent indices of abundance). Implicit in the OMP
approach is a 4-year schedule of OMP revisions to account
for possible revised datasets and improved understanding of
resource and fishery dynamics. Assessments are routinely
updated every year to check that resource indicators remain
within the bounds considered likely at the time that the OMP
was adopted.

As a result of the substantial overlap in distribution and
the difficulty of distinguishing between the two hake species,
species-specific catch and effort data are not available from
the commercial fishery, and the two species were initially as-

sessed and managed as a single resource. However, the de-
velopment of the longline fishery during the 1990s led to shifts
in the relative exploitation rates of the two species, rendering
species-combined assessments of the resource inappropriate.
Algorithms to apportion the commercial hake catch between
the two species were developed using research survey data,
enabling the development of species-disaggregated assess-
ment models. The first such algorithm was developed during
2005 and was used in the development of the revised OMP
implemented in 2006. Subsequent revisions of the species-
splitting algorithms using updated datasets have coincided with
the routine OMP revision conducted every 4 years. The most
recent (2018) revision of the hake species-splitting algorithm
used scientific observer records of catch composition as well
as research survey data.

The management strategies implemented since the EFZ
was declared showed positive results initially, with both catch
rates and research survey abundance estimates (and hence
TACs and annual catches) increasing gradually through the
1980s and 1990s (Figure 12). In the early 2000s, however,
the hake fishery again experienced a decline in catch rates.
Results of the species-disaggregated assessments developed
in 2005 revealed that the decline was primarily attributable to
a reduction in the M. paradoxus resource to well below B, ..
Although the M. capensis resource had also declined, the es-
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Figure 10 (b): Distribution of deep-water hake Merluccius paradoxus in South African waters, as derived from fishery-independent demersal
research surveys. Densities (kg nautical-mile2?) are averages over all survey stations sampled from 1986 to 2023 within each survey grid block

timated biomass was still above B,,q,. The decline was likely
a response to several years of below-average recruitment for
both species in the late 1990s and early 2000s. The reasons for
the poor recruitment are unknown.

The OMP developed in 2006 was based on a species-dis-
aggregated assessment available for the first time, and amidst
industry concerns about financial viability given the downturns
in catch rates. This OMP provided TAC recommendations
for the period 2007-2010 that aimed to allow recovery of the
M. paradoxus resource to 20% of its pre-exploitation level over
a 20-year period, while restricting year-to-year fluctuations in
the TAC to a maximum of 10% to provide stability for the indus-
try. Implementation of this OMP led to substantial reductions
in the TAC from 2007 until 2009 (Figure 11), but TACs subse-
quently increased as the resource responded positively to the
recovery plan, with survey indices of abundance, and to some
extent commercial catch rates, turning around to show increas-
ing trends (Figures 12 & 13). In accordance with the agreed
OMP revision schedule, revised OMPs were developed in 2010
(OMP-2010), 2014 (OMP-2014) and 2018 (OMP-2018) to pro-
vide TAC recommendations for the years 2011-2014, 2015—
2018 and 2019-2022, respectively. OMP-2010 was aimed at
continuing the M. paradoxus rebuilding strategy inherent in
OMP-2006, with the objective of returning the M. paradoxus
resource to B, by 2023. OMP-2014 was developed in cir-
cumstances where, although the M. paradoxus resource was

estimated to have improved to above B,,q, during 2012-2013
(indicating that the rebuilding strategy inherent in OMP-2010
had been successful), the stock had experienced below-aver-
age recruitment over 2009-2013, likely to result in a short-term
reduction in spawning biomass. OMP-2014 was consequently
aimed at reversing this downward trend and returning M. para-
doxus to B, g, by 2023.

The comprehensive assessments that were conducted in
preparation for the 2018 OMP review yielded somewhat differ-
ent perceptions of resource status to those of preceding years,
particularly in the case of M. paradoxus. Previous perceptions
of the status of the hake resources suggested that while the
M. capensis resource had been well above B, since the
early 1980s, the M. paradoxus resource had declined to below
Bysy for most of the 2000s, recovering to only slightly above
MSY from 2011 onwards. The assessments conducted during
2018, however, generally suggested that while the status of M.
capensis was slightly more positive than estimated previously,
the M. paradoxus resource was appreciably above B, from
2010 onwards. More recent RC assessments have conformed
to this perception (Table 2, Figure 14). While this improvement
could be partially attributed to the rebuilding strategy inherent
in OMP-2010 and OMP-2014, the improvements to the assess-
ment methodology and input data that were implemented in
early 2018 had a large influence. Given these results, a slightly
more aggressive management strategy aimed at increasing
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Figure 11: (a) Total catches (‘000 tonnes) of Cape hakes split by species over the period 1917-2020 and the TAC set each year since the imple-
mentation of the OMP approach in 1991. Prior to 1978, where the data required to split the catch by species are not available, the split is calculated
using an algorithm that assumes 1958 as the centre year for the shift from a primarily M. capensis to a primarily M. paradoxus deep-sea trawl
catch. (b) Catches of Cape hakes per fishing sector for the period 1960-2020. Prior to 1960, all catches are attributed to the deep-sea trawl sector.
Note that the vertical axis commences at 80 000 tonnes to better clarify the contributions by each sector

the exploitation of the resource was considered during the
2018 review of the hake OMP.

The management procedure that was adopted as OMP-
2018 following an evaluation of the performance of various
management strategies has the following general specifica-
tions:

a) The TAC for 2019 and 2020 is set at 146 431 tonnes per
annum.
b) For 2021 and 2022, the TAC for each year is calculated as

c)

d)

e)

the sum of the intended species-disaggregated TACs.
The intended TAC for each species is calculated as a
function of the difference between a measure of the im-
mediate past level in the abundance indices (survey and
CPUE) and a pre-specified target level.

A 160 000-t upper “hard cap” (i.e. the TAC over the period
2019-2022 may not exceed 160 000 t per annum).

The TAC may not be increased by more than 10%, or
decreased by more than 5% from one year to the next.
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f) A “safeguard” meta-rule that over-rides the percentage
TAC decrease constraint in the event of large declines in
resource abundance. This allows the TAC to be decreased
by more than 5% from one year to the next, depending
on the level of the M. paradoxus resource relative to pre-
specified thresholds.

g) An additional pre-specified M. capensis threshold below
which action would be needed to reduce the catch of
this species without reducing the catch of M. paradoxus
unnecessarily.

h) “Exceptional Circumstances” provisions that regulate
the procedures to be followed in the event that future
monitoring data fall outside of the range simulated in the
development of the OMP.

OMP-2018 has been used to set the hake TACs for the 2019—

2022 fishing seasons. The OMP will be reviewed during 2022

as per the routine 4-year schedule of the hake OMP revision

cycle.

An important consideration in the development of the re-
cent hake OMPs has been the certification of the South African
hake trawl fishery (both the deep-sea and inshore trawl sec-
tors) by the Marine Stewardship Council (MSC). The fishery
first obtained this prestigious eco-label in 2006, and was suc-
cessfully re-certified in 2010, 2015 and again in 2021. MSC
certification has provided substantial socio-economic benefits
to the fishery through enabling access to international markets
that are increasingly demanding that seafood products are
MSC-certified. Recent economic studies conducted by the
Bureau of Economic Research and independent consultants
have indicated that withdrawal of MSC certification of the South
African hake trawl fishery would decrease the net present
value of the fishery by about 35% over a 5-year period, and
result in a potential loss of up to 13 600 jobs. In fulfilling their
mandate of ensuring responsible and sustainable fishing
practices through granting the use of the MSC eco-label to a
fishery, the MSC have stringent standards in terms of assess-
ments and subsequent management of exploited fish resourc-
es. The development of the recent iterations of hake OMPs
had to conform to these standards to ensure that certification
of the hake trawl fishery will not be jeopardised. In particular,
the importance of returning the M. paradoxus resource to its
median B,,q, level by 2023 and maintain it fluctuating around
that level had to be considered during the development of
OMP-2010 and OMP-2014.

Uncertainty remains as to the extent to which the M. para-
doxus resource is shared between South Africa and Namibia.
At present, the two fisheries are managed independently. Ef-
forts are being directed at developing a joint SA—Namibia as-
sessment of the M. paradoxus resource to evaluate the need
for possible joint management, but limited information on the
possible movement of various life-stages between the two fish-
eries remains an obstacle to effective modelling of resource
dynamics.

Research and monitoring

Fishery-independent hake abundance indices (Figure 12) are
determined from research trawl surveys conducted on the
West Coast (WC) in summer and the South Coast (SC) in au-
tumn each year since 1985. Additional winter WC and spring
SC surveys have been conducted in some years, but budget-

ary and operational constraints have prevented these surveys
from being routinely conducted. Prior to 2011, surveys typi-
cally encompassed the area between the coastline and 500-m
isobath. Since 2011, the surveys have been extended to the
1 000-m isobath. For each survey, 120 trawl stations are select-
ed using a pseudo-random stratified survey design. The survey
area is subdivided by latitude (WC) or longitude (SC) and depth
into several strata, and the number of stations selected within
each stratum is proportional to the area of the stratum. Areas
of rough ground that cannot be sampled using demersal trawls
are excluded from the station selection process, and it is as-
sumed that fish densities in these areas are the same as those
in adjacent areas. Trawling is conducted only during the day to
minimise bias arising from the daily vertical migration of hake,
which are known to move off the sea floor and into the water
column at night to feed. All organisms in the catch, including
benthic invertebrate macrofauna, are identified to species level
where possible, in some cases also separated by sex, and the
catch weight of each species is then recorded. The size com-
position of the catch of each species is measured and more-
detailed biological analyses are conducted on sub-samples
of commercially important species. Such biological analyses
include individual fish length and weight measurements, mac-
roscopic estimation of maturity stage, gonad and liver weight
measurements and samples, evaluation of stomach contents
and extraction of otoliths for age determination. Data and sam-
ples collected during the surveys are also being used in re-
search projects aimed at elucidating questions regarding the
trophodynamics, stock structure and migration patterns of
hake, kingklip and monkfish, as well as the potential impacts
of climate change and variability on demersal fish populations.
The analyses of hake stomach contents have provided useful
data towards estimating natural mortality of hake using intra-
and interspecific predation models.

Abundance indices are calculated from the survey data us-
ing the swept-area method, which, in part, relies on fishing
methods and gear remaining unchanged between surveys. In
2003, it was considered necessary to change the trawl gear
configuration on the FRS Africana because net-monitoring
sensors showed that the gear was being over-spread (i.e. the
wings of the net were being pulled too far apart, which reduced
the vertical opening and frequently lifted the foot rope off the
sea bed). In selecting a new gear configuration, particular em-
phasis was placed on minimising the possible effect of herding
on the abundance indices. This change is currently taken into
account in the assessment model by the application of conver-
sion factors estimated from experiments. Another recent (2011)
change to the survey design is the extension of the survey area
into deeper water (1 000 m) to encompass the full extent of
the M. paradoxus resource. However, abundance estimates
for input to assessments and the hake OMP are still calcu-
lated for the historical survey area (<500 m) for consistency
purposes. Once abundance time-series of sufficient duration
are available for the extended survey area it will be possible to
incorporate these data into the assessments and OMP. Opera-
tional problems with the departmental research vessel (FRS
Africana) prevented this vessel conducting demersal surveys
between March 2012 and September 2016. In the absence of
the FRS Africana, the research surveys were conducted on
board commercial vessels (the MV Andromeda and the MV
Compass Challenger), although no autumn SC surveys were
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Figure 12: Hake abundance estimates (‘000 t + 1 SE) derived from fishery-independent swept-area demersal surveys. Estimates are illustrated
by species and coast for the various vessel-gear combinations. Summer (West Coast) and autumn (South Coast) surveys are indicated with black
symbols, while winter (West Coast) and spring (South Coast) surveys are indicated with blue symbols. Note that only results from surveys that
encompassed the area between the coast and the 500-m isobath are shown and that estimates across the vessel-gear combinations cannot be

directly compared due to differences in catchability. Africana = research vessel RS Africana, Commercial =

conducted in 2012 and 2013. Ongoing technical problems with
the FRS Africana have also prevented the completion of the
autumn 2017 (SC), summer 2018 (WC), autumn 2018 (SC),
autumn 2020 (SC), summer 2021 (WC) and autumn 2022 (SC)
surveys, while the summer 2022 WC survey was conducted
aboard MV Compass Challenger.

Species-specific catch-per-unit-effort (CPUE) time-series
derived from commercial catch and effort data are standard-
ised using general linear modelling (GLM) techniques to ac-
count for differences in factors such as depth, area, and ves-
sel power. These time-series (Figure 13) are then used in the
assessment to provide additional estimates of resource abun-
dance and trends.

Assessments of the hake resources in recent years have
typically followed a 2-year cycle. An in-depth assessment that
fits a suite of age structured production models (ASPMs) to up-
dated datasets is conducted every two years, timed to coincide
with the 4-year schedule of OMP revision. The suite of operat-
ing models that is considered, referred to as the reference set
(RS), is designed to encompass major sources of uncertainty,
and includes the reference case (RC) model that is considered
to provide the most plausible measures of stock status and dy-
namics. A routine update of the RC model is conducted every
year to ensure that the resources have not deviated from what

commercial fishing vessel

was predicted during OMP testing.

Preliminary analyses aimed at investigating the implications
of the potential sharing of the M. paradoxus resource between
South Africa and Namibia have been conducted. Variants of
the SA RC Operating Model that took account of Namibian
catches in a manner that corresponds to the extreme sce-
nario of demographic panmixia of M. paradoxus between the
SA and Namibian regions were run. A key finding was that al-
lowing for the possibility that there is sharing of the M. para-
doxus resource between South Africa and Namibia results in
an estimated status for that species that is better than that
indicated by the assessment of SA hake in isolation. Pend-
ing further research into the possibility and implications of a
shared M. paradoxus resource, evaluations of the performance
of the SA hake OMP and its Exceptional Circumstances (EC)
provisions have demonstrated that the OMP is sufficiently ro-
bust to avoid adverse consequences (in resource conservation
terms) which could result from a shared-resource scenario.

Current status
The most recent update of the hake RC assessment was

conducted in 2021. The results were similar to those from the
previous (2020) RC update and suggest a continued steady
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Figure 13: Coast and species-specific standardised indices of abun-
dance (CPUE) for the deep-sea trawl sector. The CPUE indices are
calculated using a GLM after application of the revised species-splitting
algorithm to updated catch and effort data

increase in spawning biomass for M. capensis (increasing from
0.70 relative to K in 2020 to 0.74 in 2021 — see Table 2 and
Figure 14), but a recent decrease for M. paradoxus (from 0.29
relative to K in 2020 to 0.27 in 2021). This downward reduc-
tion is consistent with the decline in the M. paradoxus West
Coast offshore trawl commercial catch rates observed over the
2016-2019 period (see Figure 13). Both species are, however,
estimated to lie well above B,,q, (B relative to B, is esti-
mated at 1.67 for M. paradoxus and 2.67 for M. capensis).

Ecosystem interactions

South Africa has committed to implementing an “ecosystem
approach to fisheries management” (EAF). This approach
extends fisheries management beyond the traditional single-
species approach to the entire marine ecosystem. In 2006, the
permit conditions for all sectors in the hake fishery contained a
specific “ecosystem impacts of fishing” section for the first time
and reflected the first concrete step towards the implementa-
tion of an EAF in South Africa. These clauses in the permit
conditions (and subsequent additions and improvements) are
aimed at:

. Minimising seabird mortalities through the deployment of
tori lines, management of offal discharge and regulating
the nature of the grease on the trawl warps (substantial
numbers of seabird mortalities have been attributed to the
“sticky warps” phenomenon)

. Reducing damage to the seabed through restrictions
on trawl gear and restriction of fishing operations by the
demersal trawl fleet (both deep-sea and inshore) to the

“trawl ring fence” area (see below)

. Reducing bycatch through per-trip catch limits for king-
klip, monkfish and kob as well as annual bycatch limits for
kingklip and monkfish

. Reducing bycatch through the “move-on” rule for kob,
kingklip and snoek (if bycatch of these species is above a
specified threshold, then the vessel may not redeploy fish-
ing gear in that locality, but must move at least five miles
away)

. Prevention of overharvesting of kingklip through a time-
area closure on the Southeast Coast near Port Elizabeth
where the species aggregates to spawn, rendering it sus-
ceptible to excessive catches.

Explicit in the permit conditions are also restrictions on fishing

in specified fishery management areas (FMAs) and proclaimed

marine protected areas (MPAs).

A procedure to limit fishing capacity in the hake trawl sec-
tors (through matching the fishing capacity that is available to
a Right Holder to their hake allocation) has been developed
jointly with Industry and has been implemented (and reviewed)
each year since 2008. This management tool has been effec-
tive in limiting the capacity in the trawl fishery, in terms of the
number of active vessels as well as the number of days spent
fishing, to what is required to catch the TAC.

Considerable effort is being directed at developing a man-
agement strategy for the Inshore Trawl sector that aims at min-
imising bycatch of potentially vulnerable chondrichthyan and
linefish species. A co-management plan for this purpose has
been developed through consultation between the South East
Coast Inshore Fishing Association (SECIFA), the World Wide
Fund For Nature (WWF) and academics at the University of
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Figure 14: Trajectories of female spawning biomass (B*) relative to
maximum sustainable yield biomass (B,,,) estimated by the 2017,
2018 and 2019 reference case operating models
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Table 2: Key outputs of the 2020 and 2021 updates of the reference case (RC) operating model (note that estimates of spawning biomass are in

terms of female spawning biomass)

M. paradoxus M. capensis
2020 RC 2021 RC 2020 RC 2021 RC
K 337 338 341 346
B® sy 55 55 95 96
B*,, 101 98 244 243
B, .0 /K 0.30 0.29 0.72 0.70
B® 0207 BPysy 1.84 1.80 2.57 2.54
B*,,, - 91 - 255
B, /K - 0.27 - 0.74
B® 001/ BPysy - 1.67 - 2.67
MSY 139 139 81 79
Ksp Pre-exploitation biomass (‘000 t)

B Spawning biomass yielding MSY (‘000 t)

MsYy

B Spawning biomass in 2020 (‘000 t)

2020

MSY  Maximum sustainable yield (‘000 t)

Cape Town (UCT) and is currently being tested using a suite
of experimental catch thresholds for 10 species. In parallel with
this initiative, research efforts are being directed at formally as-
sessing the status of several key hake trawl bycatch species
(additional to kingklip, horse mackerel and monkfish, which
are already assessed and managed). Key species have been
identified, and work is progressing on collating available data
and identifying and conducting the most appropriate assess-
ment approaches.

To promote the continued certification of the South African
hake trawl fishery by the MSC, the hake trawl industry imple-
mented the “trawl ring fence” initiative in 2008 as a precau-
tionary measure to address the issue of impacts of demersal
trawling on marine benthic habitats. This voluntary initiative
was a commitment by the industry to prevent the expansion of
trawling into new areas until such time as an improved under-
standing of the impacts of bottom trawling on the sea floor has
been reached. This measure was formalised in 2015 through
incorporation into the permit conditions for the two trawl sectors
and will ensure that impacts on benthic habitats will not extend
beyond currently fished areas. Research into the impacts of
trawling on benthic habitats is being conducted through the

“benthic trawl experiment”, a collaborative initiative between
DFFE, the South African Environmental Observation Net-
work (SAEON), the South African National Biodiversity Insti-
tute (SANBI), UCT and the South African Deep Sea Trawling

Industry Association (SADSTIA). The experiment involves a
closure of specifiedlocations in the Childs Bank area off the
West Coast to trawling, while immediately adjacent sites remain
open to fishing. A series of five annual surveys of the “trawled”
and “untrawled” sites were conducted over the period 2014 to
2018. The surveys encompassed monitoring of sediments and
benthic infauna through use of cores and grab samples, as
well as benthic epifauna using an underwater camera system.
Analyses of the data collected during this research are in
progress.
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Useful statistics

Annual total allowable catch (TAC) limits and catches (tonnes) of the two species of hake by the hake-directed fisheries on the West (WC) and
South (SC) coasts.

M. paradoxus M. capensis TOTAL
Year TAC Deep-sea Longline TOTAL Deep-sea Inshore Longline Handline TOTAL (both
WC SC wC SC wC SC SC WC WC SC SC species)
1917 0 1000 1000 1000
1918 0 1100 1100 1100
1919 0 1900 1900 1900
1920
1921 0 1300 1300 1300
1922 0 1000 1000 1000
1923 0 2500 2500 2500
1924 0 1500 1500 1500
1925 0 1900 1900 1900
1926 0 1400 1400 1400
1927 0 0800 0800 0800
1928 0 2600 2600 2600
1929 0 3800 3800 3800
1930 0 4400 4 400 4400
1931 0 2800 2800 2800
1932 0 14 300 14 300 14 300
1933 0 11 100 11 100 11 100
1934 0 13 800 13 800 13 800
1935 0 15000 15 000 15000
1936 0 17 700 17 700 17 700
1937 0 20 200 20 200 20 200
1938 0 21100 21100 21100
1939 0 20 000 20 000 20 000
1940 0 28 600 28 600 28 600
1941 0 30 600 30 600 30 600
1942 1 1 34 499 34 499 34 500
1943 1 1 37 899 37 899 37 900
1944 2 2 34 098 34 098 34 100
1945 4 4 29 196 29 196 29 200
1946 10 10 40 390 40 390 40 400
1947 20 20 41 380 41380 41 400
1948 56 56 57 744 57 744 57.800
1949 106 106 57 294 57 294 57 400
1950 257 257 71743 71743 72000
1951 620 620 88 880 88 880 89 500
1952 1188 1188 87 612 87 612 88 800
1953 2395 2395 91105 91105 93 500
1954 5092 5092 100 308 100 308 105 400
1955 10 229 10229 105171 105171 115 400
1956 18 335 18335 99865 99 865 118 200
1957 31885 31885 94515 94 515 126 400
1958 48 593 48593 82107 82 107 130 700
1959 71733 71733 74267 74 267 146 000
1960 94 095 94095 68805 1000 68 805 160 900
1961 97 390 97 390 51310 1308 52618 150 008
1962 102 622 102622 44978 1615 46 593 149 215
1963 121 695 121695 47 805 1923 49728 171423
1964 118 512 118512 43788 2231 46 019 164 531
1965 149 541 149541 53459 2538 55 997 205 538
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M. paradoxus M. capensis TOTAL
Year TAC Deep-sea Longline TOTAL Deep-sea Inshore Longline Handline  TOTAL (both
WC SC WC SC WC SC SC WC SC SC species)
1966 144 301 144 301 50 699 2 846 53 545 197 846
1967 131066 4 260 135 326 45 634 9926 3154 58714 194 040
1968 106 642 8 391 115034 36 958 19 517 3462 59 936 174 970
1969 122685 11412 134 097 42 415 26 518 3769 72703 206 799
1970 105925 7140 113 064 36 575 16 583 4077 57 236 170 300
1971 150 177 9 065 159242 51823 21050 4 385 77 258 236 500
1972 181368 14 057 195425 62565 32639 4692 99 896 295 321
1973 117 318 21782 139 100 40 464 50 574 5000 96 088 235138
1974 91458 27 351 118 809 31542 63502 10056 105100 223 909
1975 66 637 20310 86 947 22980 47 153 6372 76 505 163 452
1976 106 996 15634 122 630 36 898 36 296 5740 78 934 201 564
1977 76089 11131 87 219 26 239 25 841 3500 55 581 142 800
1978 101042 3220 104 263 26470 4 365 4931 35766 140 029
1979 94 331 1924 96 255 39 192 4 995 6 093 50 280 146 535
1980 99654 2206 101 861 33873 4 254 9121 47 248 149 109
1981 88 883 910 89793 32048 4575 9400 46 023 135816
1982 83618 3353 86 971 29732 8 005 8 089 45 825 132 796
1983 71238 4723 126 76 088 23195 7792 7672 104 38 763 114 851
1984 82358 3796 200 5 86 359 28 897 7139 9035 166 1 45 248 131 607
1985 94 428 8059 638 91 103 216 30 642 11 957 9203 529 201 65 52 597 155813
1986 103756 8580 753 94 113183 30 049 7 385 8724 625 208 84 47 075 160 258
1987 93517 7459 1952 110 103038 24008 8225 8 607 1619 243 96 42798 145 836
1988 79913 5876 2833 103 88 725 26 669 8 640 8417 2 350 228 71 46 375 135100
1989 82230 6182 158 10 88 581 25029 12730 10 038 132 22 137 48 087 136 668
1990 81996 9341 211 91 548 21640 13 451 10012 175 348 45 626 137 174
1991 145000 87093 12448 932 100 474 19 357 9626 8 206 2.068 1270 40 526 141 000
1992 144000 84768 17297 466 102 531 18 519 9165 9252 1.034 1099 39 069 141 600
1993 146000 102125 9880 112 005 15 940 4380 8870 278 29 468 141 473
1994 148000 103541 6726 882 194 111 342 20 327 4 326 9 569 732 432 449 35835 147 177
1995 151000 100268 4 004 523 202 104 997 20 629 3 146 10 630 434 448 756 36 043 141 040
1996 151000 107381 8966 1308 568 118 223 2179 4323 11 062 1086 1260 1515 41 040 159 263
1997 151000 100654 10509 1410 582 113 155 16 500 5327 8 834 1170 1290 1404 34 525 147 680
1998 151000 111154 9742 505 457 121 858 16 499 4411 8283 419 1014 1738 32 364 154 222
1999 151000 88581 11420 1532 1288 102822 15179 3926 8 595 1272 2 856 2749 34 577 137 399
2000 155500 96587 7700 2706 3105 110098 21114 5830 10 906 2000 1977 5 500 47 327 157 426
2001 166000 101247 7850 1417 84 110 598 16 349 8 306 11 836 2394 1527 7 300 47713 158 311
2002 166000 91207 12443 4469 1585 109 704 13724 6 141 9581 2391 2 546 3500 37 883 147 587
2003 163000 93711 17397 3305 1252 115665 11 665 7 636 9883 2526 3078 3000 37788 153 453
2004 161000 85722 26065 2855 1196 115838 12 510 8704 10 004 2297 2731 1600 37 846 153 684
2005 158000 85869 21778 3091 472 111 210 9398 7 468 7 881 2773 3.270 700 31490 142 700
2006 150000 81513 18050 3241 485 103 289 11 984 6578 5524 2520 3227 400 30 233 133 522
2007 135000 92724 13488 2512 3021 111 745 16 145 3757 6 350 2522 2522 400 31696 143 441
2008 130532 85538 13191 2255 809 101 792 13838 4316 5496 1937 1893 231 27711 129 503
2009 118578 68202 10895 2410 1069 82576 12 296 4 806 5639 2828 2520 265 28 354 110 930
2010 119831 69709 15457 2394 1527 89 087 10 186 4 055 5472 3 086 3024 275 26 098 115185
2011 131780 76576 17904 2522 140 97 142 15673 4 086 6013 3521 3 047 186 35525 129 667
2012 144671 81411 16542 4358 306 102 616 12928 4584 3223 2570 1737 8 25050 127 666
2013 156075 74341 28859 6056 60 109 316 8 761 4475 2920 2 606 1308 0 20 071 129 387
2014 155280 73252 41156 6879 8 121 295 9671 6 286 2 965 2123 315 1 21 361 142 656
2015 147500 77521 31745 4001 18 113 286 12727 4085 3077 2325 53 1 22 217 135 503
2016 147500 93173 18968 2806 1 114 948 14 744 2810 3973 4 360 2 1 25889 140 837
2017 140125 72326 30961 5288 25 108 600 15273 4 466 2812 2 807 126 4 25488 134 088
2018 133119 64252 29218 5156 89 98 715 12689 12 863 3983 2615 481 24 32 655 131370
2019 146431 70608 22201 3177 20 96 006 14 193 9454 4148 2160 178 9 30 142 126 148
2020 146431 97093 10061 3220 26 110 400 18 115 3500 4 536 1293 177 4 27 625 138 025
2021 139109
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Cape horse mackerel

Stock status

Unknown

Abundant

Depleted

Fishing pressure

Unknown

Light

Heavily depleted

Heavy

Introduction

Cape horse mackerel Trachurus capensis are semi-pelagic
shoaling fish that occur on the continental shelf off southern
Africa from southern Angola to the Wild Coast. Off South Africa,
adult horse mackerel are currently more abundant off the South
Coast than the West Coast (Figure 15). They are replaced by

the very similar Cunene horse mackerel T. frecae and African
horse mackerel T. delagoa to the north and east, respective-
ly. Horse mackerel as a group are characterised by a distinct
dark spot on the gill cover and a row of enlarged scutes (spiny
scales) along the “S”-shaped lateral line. It is difficult, however,
to distinguish between the three species that occur off south-
ern Africa. Cape horse mackerel generally reach 40-50 cm in
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Figure 15: Distribution of Cape horse mackerel Trachurus capensis in South African waters, as derived from fishery-independent demersal re-
search surveys. Data are shown as the average density (kg nautical-mile2) per grid block over surveys conducted from 1986 to 2023
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length and become sexually mature at about three years of
age when they are roughly 20 cm long. They feed primarily on
small crustaceans such as copepods and euphausiids, which
they ingest using their protrusible mouths and filter with their
modified gill rakers.

Historically, large surface schools of adult Cape horse
mackerel occurred on the West Coast and supported a purse-
seine fishery that made substantial catches, particularly during
the early 1950s (Figure 16). These large schools have since
disappeared from the South African West Coast but still occur
off Namibia, where horse mackerel catches dominate marine
fishery landings. Purse-seine catches of Cape horse mackerel
on the West Coast of South Africa currently comprise mainly
juvenile fish that shoal together with, and are caught as inci-
dental bycatch during directed fishing for, small pelagic species
such as sardine and anchovy.

Adult Cape horse mackerel are currently caught as inciden-
tal bycatch by the hake-directed demersal trawl fleet and as a
targeted catch by the midwater trawl fleet, mainly on the South
Coast. At present, the midwater trawl fleet comprises a single,
large midwater trawler (the FV Desert Diamond, which lands
about 70% of horse mackerel trawl catches) and a number of
smaller hake trawlers carrying both hake and horse mackerel
Rights (the so-called “dual rights vessels”) that allow them to
opportunistically target horse mackerel with midwater gear ad-
ditional to their normal hake fishing operations using demersal
trawl gear. Horse mackerel yield a low-value product and are a
source of cheap protein.

History and management

Purse-seine catches of adult Cape horse mackerel on the West
Coast peaked at 118 000 t in the early 1950s (Figure 16) and
declined to negligible levels by the late 1960s. In the 1990s,
purse-seine catches of Cape horse mackerel (now compris-
ing largely juvenile fish taken as bycatch in anchovy-directed
fishing) again showed an increasing trend, reaching 26 000 t
in 1998. This increase raised concerns as to the likely effects
of large catches of juvenile Cape horse mackerel on the trawl
fishery for adults. Analyses exploring this potential impact indi-
cated a pronounced yield-per-recruit effect, leading to the in-
troduction of an annual 5 000 t precautionary upper catch limit
(PUCL) for horse mackerel in the purse-seine fishery in 2000.
Subsequent to this measure being implemented, the average
annual horse mackerel catch by the purse-seine fleet has been
3400 t. The 5 000 t annual PUCL was changed to a “PUCL,”
system in 2013 to enable flexibility in horse mackerel bycatch
management within the small pelagic purse-seine sector. This
system, which effectively uses a three-year “running average”
catch limit approach, was developed to enable continued fish-
ing for anchovy by the purse-seine fleet during periods of unu-
sually high juvenile horse mackerel abundance (as was the
case during 2011).

In the 1950s and 1960s, trawl (midwater and demersal)
catches of horse mackerel on the South Coast were incidental
to directed hake and sole fishing and amounted to less than
1 000 t per annum. Japanese vessels using midwater trawl
gear then began targeting the resource in the mid-1960s and
catches rapidly escalated, peaking at over 116 000 t in 1977.
Following the declaration of the South African Exclusive Fish-
ing Zone (EFZ) in 1977, foreign participation in the fishery was

controlled and catches stabilised at between 27 000 t and
58 000 t per annum. When foreign fleets were finally phased
out in 1992, annual catches (now by South African vessels
only) declined to about 10 000 t in 1995. Whereas demersal
trawl catches have subsequently remained low, the re-estab-
lishment of a midwater trawl fishery for Cape horse mackerel
in 1997 resulted in an increase in the annual catch (Figure16),
which has fluctuated between 8 000 t and 31 000 t since the
2000 fishing season.

Annual total allowable catch (TAC) restrictions for the trawl
fishery (both demersal and midwater components) were set for
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Figure 16: Catches and catch limits of Cape horse mackerel Trachu-
rus capensis. (a) Pelagic purse seine catches 1949-2020 and the pre-
cautionary upper catch limit (PUCL) 2000-2021. (b) Trawl (demersal
and midwater combined) catches 1949-2020 and the precautionary
maximum catch limit / TAC 1990-2021. Catches cannot be reliably
separated be sector (demersal versus midwater) or fleet (local versus
foreign) prior to 1998. (c) Trawl catches 1998-2020 (all by SA vessels)
split into the demersal and midwater trawl components. The midwater
trawl TAC (solid line) and demersal trawl bycatch reserve (dashed line)
are also shown for the period 2002—2021
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1990 (35 000 t) and 1991 (45 000 t) using assessments of the
resource based on catch-per-unit-effort (CPUE) data derived
from the Japanese fleet, combined with survey biomass and
egg abundance indices. With the phasing out of the foreign
fleets in 1992, the Japanese CPUE time-series was terminated
and this modelling approach was no longer appropriate. A pre-
cautionary maximum catch limit (PMCL) of 40 000 t was set
for 1992. Thereafter, a yield-per-recruit modelling approach
was adopted on which to base PMCLs until 1999, when an
age-structured production model (ASPM) of the resource was
developed. Biomass projections using the model indicated that
a PMCL of 34 000 t for the trawl fishery combined with the 5
000 t PUCL for the purse-seine fishery would be appropriate,
and these catch restrictions were imposed for the 2000 fishing
season. The trawl PMCL was increased to 44 000 t for 2002,
and was maintained at that level until 2012. Between 2002 and
2012, the trawl PMCL was separated into a 12 500 t reserve
to account for incidental bycatch of horse mackerel in the hake
demersal trawl fishery, and a 31 500 t allocation for the directed
midwater traw!| sector.

In 2012, an operational management procedure (OMP; see
the section on Cape hakes) was implemented for the directed
midwater trawl fishery to improve utilisation of the resource (to
allow increased catches during periods of high horse mackerel
abundance) without undue increase in the risk of unintended
reduction of resource abundance. The horse mackerel OMP
incorporated a harvest control rule that adjusted the annual
TAC each year (either upwards or downwards) depending on
the level of current resource abundance indices relative to av-
erages over a fixed past period. Note that this approach ap-
plied only to the directed midwater trawl fishery; the 12 500 t
demersal trawl bycatch reserve, which had been in place since
2002, was maintained. Implementation of the midwater har-
vest control rule resulted in 10% per annum increases in the
midwater TAC over the period 2013-2015.

The 2015 assessment of the horse mackerel resource was
conducted in circumstances where the only reliable index of
horse mackerel abundance (the commercial CPUE for the
FV Desert Diamond) was at a level in 2014 that was appreci-
ably lower than the bounds projected by the horse mackerel
OMP, having declined from a relatively high level the previous
year (Figure 17). In these Exceptional Circumstances, it was
recognised that the horse mackerel OMP was no longer an
appropriate means of providing scientific advice for the man-
agement of the resource. Initial analyses demonstrated that the
available data were insufficient to inform on whether the low
CPUE reflected a decline in catchability or an increase in natu-
ral mortality. Further analyses encompassing a suite of possi-
ble management responses that included both TAC reductions
and effort limitations were conducted. Following considera-
tion of these analyses, it was agreed that the most appropri-
ate precautionary approach for managing the horse mackerel
resource would be to set the midwater component of the 2016
TAC at the level indicated by the OMP (38 658 tonnes) and to
additionally implement an effort limitation scheme that would
restrict the midwater trawl effort in 2016 to a level comparable
to the annual average realised over the 2010 to 2013 period.
These measures would avoid the necessity for a substantial
reduction in the TAC, and would allow for the possibility of large
midwater catches in the event that the 2014 CPUE reflected a

CPUE (normalised)
— —_ N
o ) o

T T T

o
[$)]
T

1 1
> > o ®
P S
PP PP

1 1 1 1 1 1 1 1 1 1 1
\Q r\q/ y\b‘ ‘b \Q) Q
S S
YEAR

Figure 17: Annual standardised CPUE estimates for the midwater
trawler FV Desert Diamond over the period 2003—-2020. Note that
the series of estimates have been normalised to the mean, and that
due to the absence of scientific observers on the vessel in 2015 (and
consequently lack of drag-level data required for the CPUE standardi-
sation), the value for 2015 is an estimate derived from a comparison of
standardised and crude nominal (catch per trip) CPUE estimates

downward fluctuation in catchability, rather than an increased
natural mortality event.

The low CPUE circumstances persisted until 2017, and as-
sessments conducted in 2016 and 2017 consequently followed
the same approach as described above, resulting in recom-
mendations for maintaining the effort limitation scheme as well
as for sequential reductions in both the midwater TAC and
demersal trawl bycatch reserve for the 2017 and 2018 fishing
seasons.

Although the CPUE in 2017 had increased from the low lev-
els observed in the previous year, the assessment conducted
in 2018 followed the same approach as previously, and yield-
ed results that were slightly more optimistic. Further analyses
indicated that the slightly reduced rate of resource recovery
under a relaxed effort restriction strategy in the event that
the “increased mortality” hypothesis is correct was an accept-
able trade-off for the somewhat larger future catch that is likely
under this management strategy. The midwater trawl effort limit
for the 2019 fishing season was consequently increased by
about 18% with a corresponding increase in the midwater trawl
horse mackerel TAC to 27 670 tonnes (the catch expected in
2019 under the “reduced catchability” hypothesis).

The 2019 assessment of the horse mackerel resource was
conducted in circumstances in which the commercial CPUE in-
dex of abundance had increased to a level in 2018 that was the
highest on record. This observation suggested that the “large
mortality event” hypothesis employed in previous assess-
ments was less likely (it is unlikely that recovery from a large
increased mortality event would have occurred in such a short
period of time), and subsequent analyses indicated that this
hypothesis should not be considered in further analyses. Re-
sults generated by the 2019 base case operating model sug-
gested that the Cape horse mackerel resource was at about
66% of pre-exploitation biomass, and more than double the
level that produces MSY. Projections of future resource sta-
tus using the 2019 suite of assessment models under various
management options indicated that there was no compelling
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Figure 18: Cape horse mackerel Trachurus capensis abundance esti-
mates (tonnes) derived from fishery-independent swept-area demersal
surveys. Estimates are illustrated by coast for the various vessel-gear
combinations. Summer (West Coast) and autumn (South Coast) sur-
veys are indicated with black symbols, while winter (West Coast) and
spring (South Coast) surveys are indicated with blue symbols. Note
that surveys that only extended to the 200 m isobath have been exclud-
ed from the figures, and that estimates across the vessel-gear combi-
nations cannot be directly compared due to differences in catchability.
Africana = research vessel RS Africana, ‘Commercial’ = commercial
fishing vessel

reason to alter the management measures imposed for the
previous fishing season, and all catch and effort limits that were
set for 2019 were maintained for the 2020 fishing season. A
slight decrease in the commercial CPUE index was observed
in 2019, but the assessments conducted in 2020 yielded re-
sults that were very similar to those obtained in the previous
year, and the catch and effort limits imposed for the 2020 fish-
ing season were consequently maintained for 2021.

Research and monitoring

The assessment and management of the horse mackerel re-
source is currently limited by uncertainties regarding resource
abundance. Fishery-independent indices of abundance that are
used in the assessment are derived from the demersal hake-
directed surveys conducted on the West and South coasts
(Figure 18). However, because horse mackerel can occur at
any depth within the water column, an unknown proportion of
the biomass is distributed above the headline of the demersal
trawl gear used for the surveys and is therefore not sampled.

It is also likely that the proportion of the biomass that is avail-
able to demersal trawl gear varies between surveys. Trends
in the time-series of survey abundance indices could conse-
quently be influenced by changes in availability as well as by
changes in abundance.

Unfortunately, acoustic methods are also unable to pro-
vide unbiased biomass estimates as it is not possible to de-
tect horse mackerel acoustically when they are close to the
seabed. A dedicated horse mackerel survey employing both
demersal trawl and hydro-acoustic techniques in combination
was conducted in 2016 in an attempt to quantify the level of
error inherent in the estimates of horse mackerel abundance
derived from the hake-directed surveys. Analysis of the hydroa-
coustic data collected during the survey indicated that a neg-
ligible proportion of horse mackerel biomass was distributed
above the headline of the demersal trawl gear during sampling,
suggesting that the demersal surveys do in fact provide a use-
ful index of horse mackerel abundance.

A second source of information concerning resource abun-
dance has recently been developed from commercial midwa-
ter trawl catch and effort data. CPUE data are standardised
using generalised linear modelling techniques to account for
factors such as depth, location, time of day, lunar phase and
wind speed.

Current status

Concerns regarding the reliability of the Desert Diamond CPUE
index of abundance over time had arisen following the expand-
ed area of operations of the vessel (which is now permitted to
fish on the West Coast) and with the recent use of a bycatch
mitigation device (BMD) in almost all trawling operations of the
vessel. To address these concerns, the 2021 horse mackerel
assessments included the incorporation of a “device” factor
into the CPUE standardisation and an additional model variant
that fitted to the summer West Coast demersal survey abun-
dance index. The 2020 commercial CPUE had increased to the
highest level on record, again indicating that the “increased
mortality” hypothesis used to explain the low 2014-2016
CPUE in previous assessments remained less likely than the
“reduced catchability” hypothesis and, as for the 2019 and
2020 assessments, the “increased mortality” hypothesis was
consequently not considered further. The 2021 assessments
consequently used the same base case (BC) model as had
the 2019 and 2020 assessments and additionally considered
a suite of additional variants of the BC to address concerns
regarding, among others, the differences between the two
primary indices of abundance (Desert Diamond CPUE and
autumn demersal surveys) over recent years, the extended
area of operations of the Desert Diamond and sensitivities to
alternative assumptions of natural mortality and survey catch-
ability. The results (Table 3) indicated that the resource is in
a very healthy state, with the BC model estimating the 2021
spawning biomass to be at about 69% of pre-exploitation bio-
mass (spawning biomass yielding MSY was estimated to be at
about 24% of pre-exploitation biomass). Projections of future
resource status under future catches ranging from 20 000 to
30 000 tonnes per annum show a reduction in spawning bio-
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Table 3: Results for the new base case model (2021 BC”) compared to the previous base case (“2020 BC”), four alternatives of the 2021 base
case model (“Alt1"—"Alt4”) and the three sensitivity tests (“Sen1"—“Sen3”). The negative log likelihood (“~InL") is a measure of how well the models
fit the data, with a smaller value reflecting a better fit. Note that the units of biomass values are thousands of tonnes

Alt1 Alt2 Alt3 Alt4 Sen1 Sen2 Sen3
Fit WC Exclude SC Exclude
2020 2021 Alternate  summer  autumn DD M=05 q,=05 ¢q,=01.0
BC BC DR CPUE survey survey CPUE
—InL Negative log likelihood —266.948 —271.242 -273.758 -253.181 -268.183 -236.079-270.149-271.602 -265.586
K Pre-exploitation spawning biomass 773 773 773 756 750 768 440 997 755
B%® oy Spawning biomass yielding MSY 189 189 188 185 183 187 106 243 185
B*,,o,/ K® Spawning biomass yielding 0.24 0.24 0.24 0.24 0.24 0.24 0.24 0.24 0.25
MSY relative to pre-exploitation
spawning biomass
B*,. Spawning biomass in 2019 488 483 478 427 474 470 352 775 467
B®,0 Spawning biomass in 2020 - 520 520 443 527 481 389 824 473
B®, Spawning biomass in 2021 - 533 535 453 544 488 385 836 477
MSY Maximum sustainable yield 56 56 56 55 55 55 65 71 55
B,/ K*® Depletion in 2019 0.632 0.624 0.619 0.564 0.631 0.611 0.799 0.778 0.619
B,/ K* Depletion in 2020 - 0.671 0.672 0.586 0.703 0.626  0.883 0.826 0.627
B, ,,/ K* Depletion in 2021 - 0.690 0.692 0.600 0.726 0.634 0.874 0.838 0.632

mass over the next 10 years, but that this is not a concern
since the stock would remain at levels well above B, . In view
of these results, the directed midwater TAC for 2022 was main-
tained at 27 670 tonnes. Considering that the updated datasets
provide very little support for the “increased mortality” hypothe-
sis, the effort limitation imposed during recent years to account
for the possibility that this hypothesis is correct was discarded
for the 2022 fishing season.

Ecosystem interactions

The midwater trawl fleet currently comprises a few relatively
small demersal hake trawlers that are permitted to carry mid-
water gear in addition to the standard demersal trawl gear (the
so-called dual hake-horse mackerel vessels), and a single
large, dedicated midwater trawler. The vessels using dual hake
and horse mackerel permits must also comply with restrictions
applied to the demersal hake trawl fishery aimed at minimising
other ecosystem impacts such as damage to benthic habitats
and bycatch of non-target species (see the section on Cape
hakes).

All vessels catching horse mackerel (those conducting
horse mackerel directed midwater trawling as well as demersal
hake trawlers catching horse mackerel as incidental bycatch)
are required by permit condition to deploy bird-scaring (“tori”)
lines and refrain from discharging offal while trawling in order to
minimize seabird mortalities.

The dedicated midwater trawler uses a large midwater net
that catches a number of non-target species, including marine
mammals, sunfish and various large pelagic shark species.
These incidental catches have raised a number of conservation
concerns. Recent research has been directed at evaluating the
extent of these catches, as well as their potential impacts on
the populations concerned. Preliminary results suggest that, on

average, annual catches of the bycatch species are relatively
low, suggesting no immediate cause for concern. There have
been cases, however, of isolated short-term events of large
catches of certain species. Further research is being directed
at evaluating whether or not such cases reflect more-serious
impacts than the long-term averages would suggest. In the in-
terim, a number of management measures aimed at reducing
incidental bycatch of these large non-target species have been
implemented. These measures include a suite of catch limits
and move-on rules.

Research has also been directed at developing an effec-
tive bycatch mitigation device to mitigate catches of the larger
bycatch species. Collaborative efforts with the fishing indus-
try have tested various configurations of such a device, with
a final version now being deployed during almost all trawling
operations conducted by the vessel. Efforts are being directed
at evaluating the performance of the device.
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Useful statistics

Catches and catch limits of Cape horse mackerel Trachurus capensis in South African waters. Note that trawl catches cannot be reliably separated
by sector (demersal versus midwater) or fleet (local versus foreign) prior to 1998. Dem = demersal; Mid = midwater; Pel = pelagic; Dem Res =
demersal trawl bycatch reserve.

Catch (t) Catch (t) Catch limits (t)

Year Purse- Trawl Year Purse- Trawl Pel Mid Dem Trawl

seine (Dem+Mid) seine Dem Mid (Dem+Mid) PUCL TAC Res PMCL
1949 3360 1986 500 31378
1950 49900 445 1987 2834 38 571
1951 98 900 1105 1988 6403 41 482
1952 102 600 1226 1989 25872 58 206
1953 85200 1456 1990 7645 56 721 35000
1954 118 100 2550 1991 582 39759 45 000
1955 78 800 1926 1992 2057 37 208 40 000
1956 45 800 1334 1993 11651 35998 55 000
1957 84 600 959 1994 8207 20 030 58 000
1958 56 400 2073 1995 1986 10 790 58 000
1959 17 700 2075 1996 18 920 31 846 58 000
1960 62 900 3712 1997 12654 31671 58 000
1961 38900 3627 1998 26680 36279 15770 52 049 34 000
1962 66 700 3079 1999 2057 21580 2161 23741 34 000
1963 23300 1401 2000 4503 9229 15408 24 637 5000 34 000
1964 24 400 9522 2001 915 8814 19 198 28 011 5000 34 000
1965 55000 7017 2002 8148 4863 11 098 15 961 5000 31500 12500 44 000
1966 26 300 7 596 2003 1012 3562 25 306 28 869 5000 31500 12500 44000
1967 8 800 6 189 2004 2048 4933 27 153 32 086 5000 31500 12500 44000
1968 1400 9116 2005 5627 5280 28 998 34 278 5000 31500 12500 44000
1969 26 800 12 252 2006 4824 4133 18 057 22 190 5000 31500 12500 44 000
1970 7 900 17 872 2007 1903 4812 25028 29 840 5000 31500 12500 44 000
1971 2200 33329 2008 2280 4449 23772 28 221 5000 31500 12500 44 000
1972 1300 20 560 2009 2087 4129 29 019 33147 5000 31500 12500 44000
1973 1600 33900 2010 4353 5596 30 791 36 387 5000 31500 12500 44000
1974 2 500 38 391 2011 10990 5228 29 048 34 277 12000 31500 12500 44000
1975 1600 55 459 2012 2199 4941 22 579 27 520 5000 31500 12.500 44 000
1976 400 50 981 2013 596 2695 28 417 31112 12469 34650 12500 47150
1977 1900 116 400 2014 2760 3087 10 053 13 140 15194 38115 12500 50 165
1978 3600 37 288 2015 2040 4747 7976 12723 12233 41927 12500 54427
1979 4 300 53583 2016 1588 5230 11613 16 843 7268 38658 12500 51158
1980 400 39139 2017 1466 5703 17 545 23234 8372 28200 8004 36204
1981 6100 41217 2018 967 4 626 22775 27 400 8947 25500 5977 31477
1982 1100 32176 2019 1082 4720 16 498 21218 9567 27670 8455 36125
1983 2100 38 332 2020 2174 4301 19710 24 011 9989 27670 8455 27670
1984 2800 37 969 2021 8762 27670 8455 27670
1985 700 27 278
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Kingklip

Stock status Unknown Abundant

Fishing pressure Unknown Light

Introduction

Kingklip Genypterus capensis (Figure 19) belongs to the cusk-
eel family (Ophidiidae) and is a demersal fish that is endemic to
southern Africa. Its distribution ranges from Walvis Bay in Na-
mibia to KwaZulu-Natal in South Africa (although there are in-
dications that the distribution extends even further eastwards).
Kingklip are found at depths between 50 m and 800 m (Figure
20), generally in rocky areas on the continental shelf and shelf
edge. Juveniles feed on benthic fish, crustaceans and squid,
whereas the diet of the adults consists almost entirely of demer-
sal fish. Kingklip move further offshore (and deeper) as they get
older, with juveniles largely restricted to depths shallower than
200 m. They are relatively slow-growing and long-lived (about
25 years), and grow to lengths of up to 1.6 m. Although female
kingklip grow faster than males, male fish generally reach ma-
turity at a younger age than do females. Also, males appear
to mature later on the West Coast than on the South Coast.

Figure 19: Kingklip Genypterus capensis. Photograph courtesy of
SAEON

Depleted Heavily depleted

Heavy

Length at 50% maturity for male fish on the West Coast is
approximately 65.5 cm (~5 years) and on the South Coast
about 62 cm (~4 years). The length at 50% maturity for females
is 81 cm (~6.5 years) and 72.5 cm (~5.6 years) on the West
and South coasts, respectively. Spawning takes place on both
the West and South coasts, generally from autumn to spring,
with peak spawning between June and September. Kingklip
form large aggregations to spawn and the largest known such
aggregation is on the Southeast Coast near Port Elizabeth.
Although the kingklip resource is relatively small in compari-
son to other exploited South African fish populations, it is an
important bycatch species due to its high market value and it
is of appreciable economic importance to several South Afri-
can fisheries. Kingklip is currently mostly caught as incidental
bycatch by the hake trawl and hake longline sectors.

History and management

Annual catches of kingklip (all taken as incidental bycatch by
the hake trawl fleet prior to 1983) fluctuated between 400 t and
700 tin the 1930s and 1940s (Figure 21), and then increased
steadily to a peak of 5 800 t in 1973, with most catch being tak-
en on the West Coast. Catches then fluctuated between about
3 000 and 5 000 t until the start of the kingklip-directed longline
fishery in 1983. The substantially increased catches made by
the longline sector over the period 1983-1989 (peaking at over
8 000 t in 1986) clearly impacted the resource and catches
in both longline and trawl sectors decreased until the directed
longline fishery was closed in 1990. An almost immediate in-
crease in catches by the hake trawl sectors followed, reaching
a peak of 4 759 t in 2002. This peak coincided with increased
levels of kingklip bycatch in the hake-directed longline fishery
that had been established in 1994. Bycatch of kingklip in both
the hake trawl and longline fisheries then showed a decline,
prompting the introduction of an annual precautionary upper
catch limit (PUCL) in 2005 (Figure 21) that has subsequently
been retained as the primary regulatory measure for the re-
source. This PUCL is a “global” catch limit that applies to the
hake-directed sectors (trawl and longline) in which kingklip is
caught as bycatch. Efforts to ensure that the PUCL is not ex-
ceeded have followed a co-management approach, with the
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Department interacting closely with the relevant fishing asso-
ciations.

The results of the first assessment of kingklip conducted
in 1992 indicated that the resource was severely depleted.
A subsequent assessment undertaken in 2002 used a de-
terministic age-structured production model (ASPM) and
indicated limited recovery (10%) of the resource since the
previous assessment. Projections indicated that catches of
3 000 t per annum would keep the stock relatively stable, and
this was the basis for the 3 000 t PUCL introduced in 2005.
The PUCL was increased to 3 500 t for 2006, and was sub-
sequently maintained at this level until 2014 (Figure 21). An
updated assessment was conducted in 2008 using catch and
survey abundance data that had since become available. The
assessment indicated that estimates of resource status were
very sensitive to assumptions with respect to stock structure. If
the kingklip on the South African coast is regarded as a single
stock, then the resource was estimated to be fully exploited.
However, if stocks on the West and South coasts are assumed
to be separate, then the West Coast stock was estimated to be
healthy whereas the South Coast stock was estimated to be
over-exploited. The 2008 updated assessment suggested fur-
ther analyses were required before an alteration to the PUCL
could be considered. Additionally, a seasonal (September—

November) closed area on the shelf edge near Port Elizabeth
was implemented in 2008 as a management tool to assist the
recovery of the stock by protecting a spawning aggregation.

The kingklip PUCL was increased to 5 264 t for the 2014
season based on the results of a simple replacement yield (RY)
assessment of the resource conducted during 2013, and this
level was maintained for the 2015 and 2016 fishing seasons. An
updated RY assessment was conducted in 2016, during which
difficulties in properly estimating survey catchability resulted
in some uncertainty regarding reliable estimates of replace-
ment yield. Confronted with this uncertainty, a relatively con-
servative approach was adopted and the PUCL was reduced to
4 450 t for the 2017 fishing season. An ASPM assessment was
conducted in early 2017, but problems were encountered in
obtaining satisfactory fits to the available data, again leading to
unreliable results. The PUCL was consequently maintained at
4 450 t for the 2018 and 2019 fishing seasons. Efforts to find
and digitise the historical data required for a reliable ASPM as-
sessment had not advanced to the point where such an as-
sessment could be conducted in 2019. A routine update of the
RY assessment was consequently conducted during 2019 to
provide a basis for scientific advice for the management of
the kingklip resource. The results of the update were used to
recommend a PUCL of 3 905 t for the 2020 and 2021 fishing
seasons.
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Figure 20: Distribution of kingklip Genypterus capensis in South African waters, as derived from fishery-independent demersal research surveys.
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Figure 21: (a) Annual catches (tonnes) of kingklip Genypterus capen-
sis on the West and South Coast for the period 1932-2020. (b) Annual
catches per fishing sector for the period 1980-2020 (catches prior to
1983 were all made by the trawl fishery), and the precautionary upper
catch limit (PUCL) that was introduced in 2005

Research and monitoring

Abundance estimates for kingklip (Figure 22) are derived from
demersal research surveys conducted using the swept-area
method. These surveys are designed to estimate the abun-
dance of hakes, although other demersal species (including
kingklip) are included in the data collection. Additional to the
abundance estimates, the surveys provide length-frequency
data and biological information on sex, maturity, age, body con-
dition and diet. A detailed description of the surveys is provided
in the section on Cape hakes.

There is some uncertainty concerning the stock structure of
kingklip, a feature that has compromised the reliability of at-
tempts to assess the status of the resource. Early studies using
morphometrics and otolith shape suggested two, and possi-
bly even three, stocks of kingklip; one on the West Coast, one
on the South Coast and possibly a third stock on the central
Agulhas Bank. Differences in growth and size/age-at-maturity
estimates obtained from West and South Coast fish could be
considered to provide some support for at least the two-stock
hypothesis, but it must be recognised that such differences can
be realistically obtained from a single breeding stock where the
offspring move to different areas with different environmental
conditions. A genetic study conducted in 2005 using analyses
of allozyme markers indicated a single genetic stock. A recent
study employing advanced genetic techniques (analyses of
both microsatellites and mitochondrial DNA) indicated sepa-
rate West and South Coast stocks of kingklip, but the data did
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Figure 22: Kingklip abundance estimates derived from fishery-inde-
pendent swept area demersal surveys. Estimates are illustrated by
coast for the various vessel-gear combinations. Summer (West Coast)
and autumn (South Coast) surveys are indicated with black sym-
bols, while winter (West Coast) and spring (South Coast) surveys are
indicated with blue symbols. Note that surveys that only extended to
the 200 m isobath have been excluded from the figures. Also note
that estimates across the vessel-gear combinations cannot be directly
compared due to differences in catchability. Africana = research vessel
RS Africana, Commercial = commercial fishing vessel

indicate appreciable gene flow between the two components.
Further work on this is being conducted using a single nucleo-
tide polymorph (SNP) approach. A multiple-method study that
includes parasite biotags, otolith shape and microchemistry,
and meristic and morphometric characteristics, to examine
kingklip population structure is also underway.

Current status

The 2021 update of the kingklip RY assessment used catch
data (coast-specific trawl and longline) extending to the end of
2020 (Figure 21) and fishery-independent survey abundance
estimates encompassing the West Coast survey of the sum-
mer of 2020 and the South Coast survey of the autumn of 2021
(Figure 22). The assessment results suggested that the South
Coast component of the resource is increasing in abundance
at about 1.7% per annum while the West Coast component
is increasing at about 2.9% per annum (Table 4, Figure 23).
Estimates of RY generated by the assessment (medians of
the posterior distributions) were 1 430 t for the South Coast
component of the resource and 2 871 t for the West Coast
component (Table 4). In view of the uninformative nature of the
assessment in terms of resource status, a precautionary ap-

L ——



Table 4: Parameter estimates of kingklip coast-specific replacement
yield (tonnes) and average percentage change in abundance per
annum arising from the Bayesian analyses framework. The 95% prob-
ability intervals about each estimate are provided in parentheses

South Coast West Coast
Median 1430 2871
Replacement (1065; 1645) (2521;3430)
yield 25th percentile 1316 2731
Average % change
in abundance Median 1.702 2.907

per annum (-0.288; 4.473) (2.466; 3.418)

proach in setting the PUCL was adopted. The sum of the 25th
percentiles of the posterior distributions of the South and West
Coast RY estimates (1 316 and 2 731 t, respectively, see Table
4), corresponding to a total of 4 047 t, was set as the PUCL for
the 2022 fishing season.

Ecosystem interactions

South Africa has committed to implementing an ecosystem ap-
proach to fisheries management (EAF). This approach extends
fisheries management beyond the traditional single-species
approach to the entire marine ecosystem. In 2006, the permit
conditions for all sectors in the hake fishery contained a specific
“ecosystem impacts of fishing” section for the first time. Given
that kingklip are taken as bycatch in the hake fishery sectors,
these conditions (see the section on Cape hakes) would also
apply to kingklip.

Further Reading

Henriques R, Nielsen ES, Durholtz D, Japp D, von der Heyden, S.
2017. Genetic population sub-structuring of kingklip (Genypterus
capensis - Ophidiidiae), a commercially exploited demersal fish
off South Africa. Fisheries Research 1877: 86-95.

Japp DW. 1990. A new study on age and growth of kingklip Genypterus
capensis off the south and west coasts of South Africa, with com-
ments on its use for stock identification. South African Journal of
Marine Science 9: 223-237.
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Useful statistics

Annual catches (tonnes) of kingklip Genypterus capensis by coast and fishing sector and the precautionary upper catch limit (PUCL) that was
introduced in 2005. WC = West Coast; SC = South Coast.

Catch (t) - trawl Catch (t) - trawl Catch (t) - longline
Year WC SC Total Year WC SC Total WC SC Total PUCL
1932 436 164 600 1977 1953 737 2690
1933 290 110 400 1978 2 551 1759 4310
1934 290 110 400 1979 3080 1532 4612
1935 508 192 700 1980 4415 878 5293
1936 508 192 700 1981 3149 963 4112
1937 508 192 700 1982 2410 721 3131
1938 508 192 700 1983 2246 1169 3415 842 200 1042
1939 508 192 700 1984 2558 1034 3592 1881 1159 3040
1940 508 192 700 1985 1750 1650 3400 1314 5656 6970
1941 436 164 600 1986 2287 399 2 686 1231 7453 8684
1942 436 164 600 1987 2083 392 2475 1948 4504 6452
1943 436 164 600 1988 1519 408 1927 2091 3311 5402
1944 436 164 600 1989 1407 223 1630 1607 2209 3816
1945 944 356 1300 1990 1002 266 1268 557 708 1265
1946 726 274 1000 1991 1271 680 1951 0 0 0
1947 798 302 1100 1992 1884 676 2 560 0 0 0
1948 1089 41 1500 1993 2207 884 3 091 0 0 0
1949 1307 493 1800 1994 1445 1560 3005 92 48 140
1950 1379 521 1900 1995 1863 1275 3138 65 48 113
1951 1742 658 2400 1996 1596 1981 3577 170 60 230
1952 2032 768 2800 1997 1972 2128 4100 155 120 275
1953 1960 740 2700 1998 1632 1366 2998 53 87 140
1954 1452 548 2000 1999 2104 1737 3841 141 171 312
1955 1669 631 2300 2000 2 166 1465 3631 199 103 302
1956 1452 548 2000 2001 2 651 2210 4 861 183 57 240
1957 1089 411 1500 2002 2280 2479 4759 312 202 514
1958 1234 466 1700 2003 1870 2 558 4428 317 160 477
1959 1452 548 2000 2004 1823 2539 4 362 266 141 407
1960 1089 41 1500 2005 1790 1851 3 641 255 121 376 3000
1961 1524 576 2100 2006 1476 1322 2798 110 127 237 3500
1962 1234 466 1700 2007 1213 1223 2436 105 85 191 3500
1963 1307 493 1800 2008 1122 1307 2429 83 118 202 3500
1964 1016 384 1400 2009 1153 958 211 138 140 278 3500
1965 1815 685 2500 2010 1405 1057 2462 199 149 348 3500
1966 2 686 1014 3700 2011 1540 891 2431 212 126 338 3500
1967 2323 877 3200 2012 1866 1272 3138 270 112 383 3500
1968 2105 795 2900 2013 1801 1995 3796 281 84 365 3500
1969 2105 795 2900 2014 15625 1584 3109 327 25 352 5264
1970 2105 795 2900 2015 1610 1441 3 051 335 28 363 5264
1971 3557 1343 4900 2016 1613 1217 2829 414 21 434 5264
1972 3774 1426 5200 2017 1085 1412 2497 297 2 299 4 450
1973 4210 1590 5800 2018 969 1231 2200 237 10 246 4 450
1974 2532 956 3488 2019 1231 1278 2509 253 14 267 4 450
1975 2600 982 3582 2020 1026 432 1458 235 12 247 3905
1976 2519 952 3471 2021 3905
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KwaZulu-Natal crustaceans

Stock status Unknown Abundant Optimal Depleted Heavily depleted
Deep-water Shallow-water
Fishing pressure Unknown Light Optimal Heavy
Shallow-water Deep-water

Introduction

The KwaZulu-Natal crustacean-trawl fishery consists of two
components: a shallow-water fishery (5-40 m) on the Thuke-
la Bank and at St Lucia in an area of roughly 500 km?, and
a deep-water fishery (100—600 m) between Cape Vidal in the
north and Amanzimtoti in the south, covering an area of roughly
1 700 km? along the edge of the continental shelf. Species
captured in the shallow-water trawl fishery include white prawns
Penaeus indicus (80% of the historic prawn catch), brown
prawns Metapenaeus monoceros and tiger prawns Penaeus
monodon. The abundance of shallow-water prawns on the
fishing grounds is highly variable between years, depending
on recruitment. Shallow-water prawns have a 1-year lifespan
and the juvenile stages are spent in estuaries; recruitment
therefore depends on rainfall and river run-off.

Species captured in the deep-water sector include pink
and red prawns Haliporoides triarthrus and Aristaeomorpha
foliacea, langoustines Metanephrops mozambicus and
Nephropsis stewarti, rock lobster Palinurus delagoae and red
crab Chaceon macphersoni. These species are longer-lived
and do not have an estuarine juvenile stage.

More than 75% (by mass) of the total catch of both fisheries
is discarded at sea because it has little commercial value. Dis-
cards include some cephalopods (octopus, squid and cuttle-
fish), fish (many species), elasmobranchs (sharks and rays),
and lower value crustaceans.

History and management

Following a period of sporadic trawling, the fishery started in
the mid-1970s and reached a peak in terms of vessel numbers
in the mid-1980s. The fishery is relatively small, with a value of
R32 million in 2017, and is based in Durban (KwaZulu-Natal).
Landed catches totalled approximately 500 tonnes annually in

the 1980s but has fluctuated strongly between approximate-
ly 200 and over 500 tonnes since then. Collection of regular
statistics only began in 1988.

Management of the fishery is via effort-control which is
effected by limiting the number of vessels allowed to operate
in the two sectors of the fishery. Management previously had
the objective to mitigate bycatch (mainly to protect juvenile line-
fish species) of the shallow-water part of the fishery. However,
since fishing in the shallow-water sector has stopped owing
to the promulgation of the uThukela MPA in 2019 and cannot
be resumed anymore in this area, such considerations are
no longer necessary. The main objective now is the setting of
appropriate total allowable effort (TAE) levels for the remain-
ing deep-water section of the fishery which considers all target
species and bycatch.

Research and monitoring

In the absence of suitable biological data (growth rate, size at
sexual maturity) on the various species targeted by this fishery,
annual catch and effort data were used as input to a Schaefer
surplus production model in order to produce a preliminary
stock assessment. Initially, the landing (discharge) data were
examined for suitability, but these were excluded because,
based on the information recorded in the landing records, it
was not possible to split the effort data (number of trawling
days based on dates of the trip) into shallow- and deep-wa-
ter sectors. There were also anomalous catch values, which
may have resulted from the possible inclusion of landing data
based on fishing in Mozambique. There were also numerous
trips for which no dates were available. The catch and effort
data which were finally used were those provided by skippers
on the daily trawl drag sheets (logbooks), and which spanned
the period from 1990 to 2006. Annual estimates of total catch
were based on the annual sum of the total combined catch per
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trawl of four deep-water target species (pink prawn, langous-
tine, deep-water crab and deep-water rock lobster).

A range of surplus production models was therefore applied
to the catch and catch per unit effort (CPUE) data for the KZN
crustacean trawl fishery in 2009. This included a simple equi-
librium model, fitting data separately to the Schaefer and Fox
equations (on all four deep-water species combined and then
individually). Unrealistically high levels of both maximum sus-
tainable yield (MSY) and the fishing mortality that would pro-
duce this yield (F,,,) were obtained. Data were therefore fitted
to both simple and complex non-equilibrium surplus produc-
tion models (Schaefer, Fox and Pella-Tomlinson), also result-
ing in unrealistic estimates of MSY and F, . The inability of
the models to produce reasonable estimates of MSY and F,q,
is probably a consequence of the time-series of data only
commencing many years after the fishery began.

There was no comprehensive stock assessment in recent
years. The catch and effort situations, however, reveal that
there is urgent need for a full assessment of the resource at

reasonable intervals.

Current status

In the last few years, fishing effort for deep-water crustaceans
has more or less continuously increased, resulting in substan-
tially higher landings. As a result, total CPUE and those for
the main target species have been declining since 2018. The
deep-water resource is therefore under heavy fishing pressure
but its status is still regarded as optimal. Fishing pressure on
shallow-water crustaceans is light but their status is depleted.
However, there is still a need for more and better data col-
lection and systematic research on the biology of the various
prawn species and bycatches.

Historically, catches of shallow-water prawns strongly re-
flected annual recruitment from estuaries, and a predictive
equation relating historical river flows to shallow-water prawn
catch on the Thukela Bank was developed for the 1988-2000
period by the then Department of Water Affairs and Forestry.
Very low catches since 2008 are attributed to drought condi-
tions and the closure of the mouth of the St Lucia estuary by
a sandbar. The exception was a five-month opening in 2007

Table 5: Total landings of the KZN crustaceans by species group, 1992—2021

Total catch (tonnes)

Inshore fishery Offshore fishery Both fisheries
TAE Shallow-water Deep-water  Langoustine  Red crab Rock lobster Landed Total

(No. of (all prawns) (all prawns) bycatch catch
Year  permits)
1992 87 112 70 187 31
1993 52 166 83 138 33
1994 47 65 46 79 10
1995 23 106 60 108 11 34 342
1996 53 80 58 82 10 24 307
1997 15 79 78 114 10 21 317
1998 90 72 49 100 6 22 338
1999 72 124 49 73 8 28 354
2000 107 142 76 53 10 34 422
2001 63 103 80 54 8 4 313
2002 93 102 56 28 9 10 298
2003 29 162 60 40 5 91 387
2004 40 116 42 24 4 82 308
2005 33 140 42 31 4 88 339
2006 213 123 49 31 4.7 47 276
2007 7 17.6 79.2 53.2 241 5.3 46.9 226.3
2008 7 9.2 104.6 31.4 17.0 4.7 34.9 201.8
2009 7 7.7 196.7 59.8 20.9 9.7 53.4 348.2
2010 7 7.3 172 51.2 23.2 22 69.4 345.1
201 7 9.6 150.1 79.2 19.7 22.7 63.2 344.5
2012 7 7.6 153.4 81.6 21.6 18.5 71.4 3541
2013 7 0 103.3 61.5 12.0 8.1 34.4 221.0
2014 7 0 149.6 56.2 11.5 4.9 25.2 247.7
2015 7 0 228.8 62.7 52.7 6.4 35.1 386.1
2016 7 0 160.5 35.9 42.5 43 24.8 269.5
2017 7 0 272.4 65.5 82.6 9.5 35.0 467.4
2018 7 0 287.6 108.9 104.6 7.4 54.7 565.3
2019 7 0 68.5 78.0 55.1 8.2 40.5 252.2
2020 7 0 66.6 114.5 70.6 7.7 62.7 324.7
2021 7 0 74.2 149.8 87.2 18.5 158.9 488.9
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and very limited opening in 2020 and 2021. Recruitment of
juvenile prawns from the estuary to the Thukela Bank was
therefore blocked for many years. In the short periods follow-
ing the opening of the estuary, no effort was directed in the
shallow-water areas (< 100 m depth). The area is now large-
ly within the iSimangaliso and uThukela MPAs and is there-
fore not accessible to the fishery. Consequently, there have
been no catches in the shallow-water areas for more than a
decade (Table 5, Figure 24).

Trends in catches in the deep-water fishery relate both to
abundance and targeting practices, where specific depths
or substratum types are selected to achieve a desired spe-
cies mix for highest economic value. In the recent decade,
landings fluctuated between about 220 and 565 tonnes,
averaging around 340 tonnes (including retained bycatch of
fish and cephalopods). In 2021, however, landed catch in-
creased from 2020 by more than 50% to 489 tonnes (Table 5,
Figure 24). Main contributors to this growth are the landings
of langoustines (+ 30% or 150 t) and retained by-catch (+ 153%
or 159 t). Deep-water prawns (+ 11% or 74 t), red crabs (+ 24%
or 87 t) and rock lobsters (+ 140% or 19 t) also had substan-
tially higher landings in 2021. As in the most recent years, there
were no landings of shallow-water prawns.

The total fishing effort in the deep-water fishery remained
relatively constant from 2012 to 2014 (at about 1 100 drags per
year) but increased gradually to 1 879 drags in 2018. In 2019,
the effort declined again to 1 462 drags, likely as a result of only
3 vessels fishing (down from 4 in 2019). The decreased effort in
2019 partly explains the decreased landings of all deep-water
species compared with the record year of 2018 (Figure 24). In
2020 and 2021, 5 vessels were fishing, the highest number in
14 years. The number of drags increased to a record 2 029 and
3 606 drags, respectively. In 2021 the number of trawl hours
also reached a record level of about 16 500 hours, an increase
of 75% from 2020. Since 2019, this figure has more than dou-
bled. This increased nominal effort likely contributed to the
substantial increases in total catch in the most recent two
years, and also does reflect effort creep stemming from the
sustained use of larger vessels which has not been the case
previously. Furthermore, logbook data reveal that the CPUE
for the main target species, especially prawn and red crab
but most recently also langoustine, are seriously declining
(Figure 25). Action is therefore required to arrest or reverse
these trends.

More than 75% (by mass) of the total catch of both fisheries
is discarded at sea because it has little commercial value (such
as some cephalopods, many species of bony fish, sharks and
rays, and lower-value crustaceans) but a substantial amount
of bycatch is also landed. The mitigation of this bycatch is
a huge challenge and an aim of the management of this
resource. In the past, the fishing season for the shallow-water
fishing grounds (Thukela Bank) was therefore restricted to
March—August to reduce bycatch of linefish species. Howev-
er, such considerations are no longer required since the zone
is no longer accessible to fishery. There is ongoing research
on the bycatch composition of this fishery but more knowl-
edge on their biology is needed to develop further mitigation
strategies. The amount (Table 5; Figure 24) and composition
(Figure 26) of landed bycatch shows marked seasonal fluctua-
tion. Of the 159 t of bycatch landed in 2021, more than 60%
were fish species and more than 30% molluscs. Almost 70%

of the fish bycatch consisted of three species: greeneye
Chlorophthalmus punctatus, deep-water hake Merluccius
paradoxus and jacopever Helicolenus dactylopterus. The mol-
lusc bycatch consisted of the three cephalopod species: com-
mon cuttlefish Sepia officinalis vermiculata, Natal deep octopus
Velodona togata and Indian squid Loligo duvauceli.
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Figure 24: Total annual catches of (a) the entire fishery, (b) the shal-
low-water fishery, (c) the deep-water fishery and (d) landed bycatch
in of the KZN crustacean trawl fishery for the period of 1990-2021
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Figure 25: Abundance trends according to CPUE of (a) langoustine,
(b) pink prawns, (c) red crabs and (d) deep-water lobsters for the
period 1990-2021

Ecosystem interactions

The crustacean fisheries take high amounts of bycatch. In the
past, the fishing season for the shallow-water fishing grounds
(Thukela Bank) was therefore restricted to March—August to
reduce bycatch of linefish species. However, such considera-
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Figure 26: Species composition (by mass) of landed bycatch of the
KwaZulu-Natal crustacean trawl fishery for the 2021 fishing season.

tions are no longer required since the zone is no longer acces-
sible to the fishery.

The situation around the closing of the mouth of the St Lucia
estuary is most likely impacted by aspects of climate change.
However, this only affects the shallow-water part of the fishery
that has ceased to exist. Little is known regarding the biology
of the deep-water species, such as reproduction. It is there-
fore difficult to estimate the current and potential future impact
of climate change on this remaining part of the resource. This
indicates the need for more research and a precautionary
approach in management.
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Linefish

Stock status Unknown Abundant Optimal Depleted
Black Hottentot Yellowtail Silver kob
musselcracker seabream Santer Geelbek
Snoek Slinger White
Carpenter stumpnose
Roman
Fishing pressure Unknown Light Optimal Heavy
Black Hottentot Snoek Silver kob
musselcracker seabream Yellowtail Geelbek
Santer White
Slinger stumpnose
Carpenter
Roman

Introduction

Linefishing in South Africa is defined as the capture of fish with
hook and line, but excludes the use of longlines. Together,
the three sectors of the linefishery (commercial, recreational
and small-scale) target between 95 and 200 of South Africa’s
2 200 marine fish species. Species targeted in the linefishery
display diverse life-history strategies, including many traits that
cause these populations to be particularly vulnerable to over-
fishing, e.g. long lifespans (>20 years), estuarine dependence,
sex change and aggregating behaviour. Furthermore, many of
the species are endemic to South Africa. Target species of the
linefishery include temperate, reef-associated seabreams (e.g.
roman Chrysoblephus laticeps, hottentot seabream Pachyme-
topon blochii, santer Cheimerius nufar and slinger Chrysoble-
phus puniceus), coastal migrants (e.g. geelbek Atractoscion
aequidens and dusky kob Argyrosomus japonicus) and no-
mads (e.g. snoek Thyrsites atun and yellowtail Seriola lalandi).
More than 90% of the current linefish catch is derived from the
aforementioned eight species. Most of the linefish caught are
not targeted exclusively by this fishery but form important com-
ponents of the catch or the bycatch of other fisheries. Effective
management of linefish resources that are shared among dif-
ferent fishery sectors can be complex.

The commercial linefishing sector is exclusively boat-based.
The total number of registered vessels operating in this sector
was estimated at 700 in the late 1990s, which accounted for
37% of all boats operating in marine fisheries in South Africa.
From 2006 a maximum commercial allocation of 455 boats has
been maintained; however, the number of boats allocated per
zone has varied. Line-fishing is a low-earning, labour-intensive
industry and therefore important from a human livelihood point
of view. Employing an estimated 27% of all fishers, it has the
lowest average employment income of all South African fisher-

ies. Although the commercial linefishery has the largest fleet,
it contributes only 6% of the total estimated value of all South
African marine fisheries.

After the introduction of the towable skiboat in the late 1940s,
the recreational boat-based sector expanded rapidly. Landings
from this open-access recreational fishery are not reported
throughout the region, and for some areas and species the to-
tal catch from this sector could be equivalent to that reported
by the commercial sector. The recreational linefishery has by
far the largest number of participants (>450 000) of all fishery
sectors in South Africa and consequently has great economic
value. This is especially important to coastal regions depend-
ent on the tourist trade, but also to industries associated with
the small craft, outboard motor, fishing tackle and bait trades.

Recently, the small-scale sector was legally created to rec-
ognise those fishers who depend on marine living resources
for direct food security — usually from very poor coastal com-
munities or those using simple traditional methods. There are
approximately 7 200 active small-scale fishers along the South
African coastline and an estimated 85% of them harvest line-
fish. The small-scale fishery is described in detail in a separate
section within this report.

History and management

The origins of linefishing in South Africa can be traced back to
the fishing activities of indigenous Khoi people and European
seafarers in the 1500s. Despite an abundance of fish, the fish-
ery was slow to develop in the 1700s due to various restric-
tions implemented by the Dutch administration. These fishing
restrictions were removed when the British captured the Cape
Colony in 1795, and during the 1800s boat-based linefishing
developed into a thriving industry.

Fishing effort in the Cape at the turn of the 19th Century
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was already considerable (between 0.12 and 0.37 boats per
kilometre of coastline). This increased dramatically during the
20th Century and peaked in the 1980s and 1990s (>3 boats
per kilometre of coastline). The sharp increase in fishing effort,
together with an increase in operational range and the rapid
development in fishing technology (echosounders, nylon line,
etc.), as well as the additional offtake by other fishing fleets
such as trawl and purse-seine, led to overfishing of most of
the linefish resources around the coast towards the end of
the 20th Century.

Despite its long history, the first comprehensive manage-
ment framework for the linefishery was only introduced in 1985
when this fishery was formally recognised. However, succes-
sive research surveys indicated continuing declines in linefish
resources. In December 2000, the Minister of Environmental
Affairs and Tourism, taking cognisance of the critical status
of many linefish stocks, declared linefish resources to be in
a State of Emergency, as provided for in the Marine Living
Resources Act (MLRA, Act 18 of 1998). Effort was reduced in
the commercial sector and fixed at 450 vessels and the hake
and tuna components were developed into separate sectors.
To rebuild collapsed stocks and to achieve a sustainable level
of catch, a linefish management protocol was developed in
1999 to base regulations in the linefishery on quantifiable refer-
ence points. This remains the basis of linefish management.

Several regulations were put in place to manage fishing
pressure on linefish resources. To accommodate the large
number of users, launch sites and species targeted, and to
allow flexibility of the operational range, the commercial line-
fishery is currently managed through a total allowable effort
(TAE) allocation, based on boat and crew numbers. The level
of commercial effort was reduced to the levels stipulated in the
declaration of the emergency when linefish Rights were allocat-
ed in 2003 (for the medium-term) and in 2005 for the long-term
fishing Rights (Figure 26; Table 6). The TAE was set to reduce
the total catch by at least 70%, a reduction that was deemed
necessary to rebuild the linefish stocks. Although this appears
to be a substantial reduction in the commercial linefish effort,
it must be noted that trends in the catch information derived
from the historic commercial landings for the period 1985-1998
indicated that a relatively small number (20%) of the vessels
in the fishery accounted for the majority (80%) of the reported
catches, and these highly efficient vessels remained in the
fishery. On the other hand, the number of Right Holders who
activate their annual permits has steadily decreased in recent
years, indicating that the TAE might be exceeding the number
of economically viable fishing units. The most recent commer-
cial linefish fishing rights allocation process (FRAP) took place
in early 2022, and the subsequent appeals process was not
finalised at the time of writing.

The recreational fishery is managed by several species-
specific output restrictions, such as size and bag limits, closed
areas and seasons. The regulations defining these restrictions
sit within the MLRA, which is far less adaptable than permit
conditions — the means by which restrictions are applied to
commercial fisheries. Consequently, many output restrictions
for the recreational sector are outdated and need to be revised
to offer the appropriate restrictions necessary for the sustain-
ability of species targeted by the recreational sector.

In 2016, the Department called for expressions of interest
in the formalisation of the small-scale fishery. A total of 316
communities from four coastal provinces registered their in-
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Figure 26: Trends in normalised linefish effort (boat days) for the
three linefishery management zones: A, B and C. Individual trips were
sourced from the NMLS database (1987-2013). The dark grey shaded
areas indicate periods of size-data collection from dedicated observer
programmes. The dashed line indicates the initiation of the commercial
fishing Right allocation after the linefish emergency, while the light grey
shaded area indicates the “post emergency” period of relatively stable
linefish effort

terest. In 2020, 109 small-scale fishing co-operatives were
allocated 15-year fishing rights in the Northern Cape, East-
ern Cape and KwaZulu-Natal. Many species allocated to the
small-scale basket are primary targets of the commercial and
recreational linefish sectors, and these shared resources must
be carefully monitored given the increased fishing pressure
expected.

Research and monitoring

Monitoring of the boat-based linefishery in the Cape was in-
troduced by Dr JDF Gilchrist in 1897, in the form of a shore-
based observer programme that aimed to record statistics
on catch and effort at all the fishing centres. Comprehensive
per-species catch-and-effort data from the boat-based com-
mercial fishery have been collected since 1985 and stored in
the national marine linefish system (NMLS). A national observ-
er programme was implemented from 2008 until 2010, in which
scientific observers recorded catch-and-effort data and collect-
ed size frequencies per species from the boat-based fishery
at access points around the country. With the increased focus
on formalising the small-scale fishery around the country, a
national, shore-based monitoring programme was implement-
ed from June 2012 to May 2013. Data from this programme
were used to assess the stocks of seven of the most important
target species along the Eastern Cape coast - two of these
species (bronze bream Pachymetopon grande and stone
bream Neoscorpis lithophilus) are sustainably fished, but the
population status of dusky kob is estimated to be at only 1.3%
of pristine spawner biomass.

In addition to the use of fisheries-dependent data, alterna-
tive methods to investigate fish abundance and species com-
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position are being employed. A comprehensive comparison of
monitoring methods, including standardised angling, under-
water visual census by divers and remote underwater video,
suggests that the latter provides the most unbiased census
method. After successful application of this method in selected
areas, an even more sophisticated version, the stereo baited
remote underwater video (sBRUV) technique, has been used
in a nationwide investigation of fishing hotspots and marine
protected areas to determine fish abundance, species compo-
sition and size frequencies of reef-associated linefishes.

The biology of the fishes caught in the linefishery has been
remarkably well-studied considering the large variety of target
species in comparison with other fisheries, as evident from the
published linefish species profiles that contain information on
life-history, ecology and population status of 139 linefish spe-
cies.

Assessing the status of linefish stocks has been a priority in
recent years. Drawing on the enormous body of data contained
in the NMLS, a novel method to standardise catch-per-unit-ef-
fort (CPUE) data that accounts for targeting in the multi-species
linefish sector has been developed. Following on, a compre-

hensive Bayesian state-space surplus production model frame-
work (JABBA: Just Another Bayesian Biomass Assessment)
was developed and its extension (JABBA-Select) was applied
to the eight most-important species, namely slinger, carpenter
Argyrozona argyrozona, hottentot seabream, geelbek, snoek,
yellowtail, santer and silver kob Argyrosomus inodorus (for re-
cent catches see Table 7).

The type of stock assessment applied is determined by the
nature and quality of data available. In situations where tradi-
tional stock assessment methods are not applicable, alterna-
tive methods must be developed. Length-based analyses, such
as spawning potential ratio (SPR), are often the only option to
determine stock status for many linefish species due to the lack
of long-term catch and effort data. In a recent study, observ-
er-collected length-frequency data from two time-periods 20
years apart (1988-1990 and 2008-2010; see Figure 27), be-
fore and after management regulations were implemented, in
combination with life-history information, were used to estimate
the SPRs for 17 linefish species. The general increase in SPR
between the 1980s, when the fishery was essentially open-
access, and the 2000s, after the fishery was declared to be in
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a state of emergency, is encouraging (Figure 27). However, the
observed increases were not consistent among species and
there were three species that showed a decrease in SPR be-
tween the two periods: white-edged rockcod, catface rockcod
and santer. To understand why certain species are predisposed
to depletion, the stock-status estimates were correlated to spe-
cies-specific life-history traits to identify length-based indica-
tors of susceptibility to exploitation. The results have shown
that simple measures, such as catching fish at optimum length,
or at least above length-at-maturity, as well as limiting fishing
mortality to be lower than natural mortality, succeed in increas-
ing stock status in most fishes.

For rare linefish species, such as red steenbras and dag-
eraad, which are caught infrequently and are subject to strin-
gent bag and size limits, a novel approach based on encounter
probabilities in the catch has been applied. Application of this
robust method confirms the continuous decline of these once-
abundant species to critically low levels (Figure 28). These two
species are now of serious conservation concern and have
been included on the IUCN Red List of Threatened Species as
Endangered. Furthermore, a unique spatio-temporally disag-
gregated model has been successfully applied to geelbek as
this species undertakes a complex, size-dependent migration.
Sector-specific assessments, such as that of white stumpnose

Rhabdosargus globiceps which quantifies the relative contribu-
tion of the commercial and recreational fishing sectors to the
species’ decline in Saldanha Bay, seek to address equality is-
sues that arise in a multi-sector fishery.

Current status

The results of stock assessments conducted in 2017 indicate
that the drastic reduction of fishing effort from 2003 onwards
resulted in the partial recovery of some species, such as the
slinger, santer, hottentot seabream and carpenter (Figure 29;
Table 8). However, other important stocks such as silver kob
are still being overfished, given the cumulative impact of the
linefishery and inshore-trawl fishery on this species. The yel-
lowtail assessment suggests that the stock is optimally exploit-
ed, while snoek remains underexploited. The annual catch of
the nomadic yellowtail and snoek is dependent on their avail-
ability to nearshore linefishers and is, therefore, highly vari-
able. Moreover, the inconsistent quality of yellowtail and snoek
landed by the linefishery detracts from the optimal use of these
important stocks. There is also considerable inter-fishery con-
flict around these species which are also caught by other fish-
eries (i.e. tuna pole-line and trawl fishery in the case of snoek,
and tuna pole-line and beach seine-net fisheries in the case of
yellowtail).
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Figure 28: Time-series of standardised capture probability for (a) red steenbras Petrus rupestris and (b) dageraad Chrysoblephus cristiceps in
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Quantifying trends in population abundance is central to
ecological research and resource management. JARA (Just
Another Red-List Assessment) was designed as an IUCN Red
List decision-support tool that utilises formal stock assessment
outputs (biomass), or standardised or nominal CPUE, to quan-
tify the percentage change in a population and assign a prob-
ability of satisfying each of the Criterion A categories adopted
by the IUCN Red List procedure: Least Concern, Near Threat-
ened, Vulnerable, Endangered or Critically Endangered. Using
JARA, IUCN Red List assessments were produced for several
linefish species (Figure 30). Carpenter and red roman showed
increasing population trends of 112% and 83%, respectively,
and each had a 100% probability of being classified as Least
Concern. In contrast, the Englishman seabream population de-
creased by an estimated 53%, resulting in a 70% probability
that it is categorised as Endangered. The red steenbras popu-
lation was estimated to have declined by 88%, resulting in a
99% probability that it is categorised as Critically Endangered.

Ecosystem interactions

The linefishery has the potential to be one of the most ecologi-
cally and economically viable fisheries in South Africa, due to
the following factors: (i) the fishing method can be highly se-
lective and bycatch of undersized fish and unwanted species
can be avoided; (ii) the labour-intensive, low-technology, low-
investment method maximises employment opportunities; (iii)
the product is potentially of high quality and many species com-
mand a high price on local and international markets; and (iv)
linefishing inflicts comparatively minimal impact on the broader
ecosystem.

However, the linefishery predominantly targets large, preda-
tory species that occupy the upper trophic levels of the marine
system. The systematic removal of these apex predators can
therefore have a detrimental effect on the coastal functional
ecology. Furthermore, the removal of large, fecund individuals
may also weaken the genetic resilience of a species.

Linefish resources are at risk of overutilisation as they are
exploited by numerous fishing sectors, many of which do not
consistently report linefish catch. These include the traditional
commercial, recreational and small-scale linefishery, as well
as the inshore and offshore trawl fisheries, the tuna pole-line
fishery, the inshore netfishery and the demersal shark longline
fishery. The increased expectation of commercial access to
linefish resources combined with the localised anticipation of
community ownership of adjacent recourses increases the
likelihood of stock depletion, to the detriment of all. Of particu-
lar concern is the bycatch of linefish species by the trawl fish-
ery, both inshore and offshore. Undersized linefish, caught as
trawl bycatch, can be legally sold and compete directly with
linefishers who consequently are frequently unable to obtain
economically viable prices for their catches, given market satu-
ration from trawl bycatch and mariculture product. Furthermore,
trawl gear also damages benthic habitat that may be critical to
linefish life histories.

The recovery of overexploited species hinges on the in-
creased protection of juveniles and spawning stock inside
marine protected areas (MPAs) and offshore refugia. In August
2019, 20 new MPAs within the South African economic exclu-
sive zone (EEZ) came into effect — a bold and positive step
towards promoting sustainability of our marine resources.
MPAs not only provide reference areas for research on the
effects of fishing and climate change but can enhance and
sustain surrounding fisheries. A local study has previously
shown that catch rates of fishers that targeted reef fish near the
boundary of a newly established marine reserve increased
slowly at first and then more rapidly due to the export of larger
fish and, five years later, spillover of eggs and larvae.

However, for some severely depleted linefish species such
as seventy-four, red steenbras and dageraad, the existing
regulations may not be sufficient to induce a recovery. Notably,
numerous species that are important to shore- and estuarine-
based subsistence fishing, such as dusky kob, are considered
collapsed.

Many linefish species are piscivores that are heavily reliant
on abundant small pelagic fish (sardine, anchovy, round her-
ring, etc.) as a source of nutrients. The small pelagic fishery is
the largest of all South African fisheries, by weight landed, and
the sardine stock is currently considered to be depleted/opti-
mal. Recent research demonstrated the importance of sardine
as a prey species for geelbek and emphasised the need for
conservative management of small pelagic fisheries, given the
dependence of many predatory species on small pelagic fish
as forage. A functional relationship between sardine and geel-
bek (Figure 31) indicates that low levels of sardine biomass
east of Cape Agulhas have a negative impact on geelbek CPUE
in the southwest region in the following year. It is postulated
that the juvenile geelbek survival rate is dependent on sufficient
availability of prey, i.e. local sardine biomass. This dependency
eventually manifests in geelbek CPUE in the southwest region
after a minimum lag of one year, when the juvenile geelbek
first recruit into the linefishery.

As many as 80 species caught in the linefishery are
associated with estuaries and rely on these for feeding, ref-
uge or reproduction. Consequently, the wellbeing of these
fish stocks is linked to the ecological status of the estuaries.
Reduced or regulated freshwater input, coastal development
and pollution are altering estuarine habitats and threatening
the wellbeing of dependent fish populations.
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Conservation awareness among recreational anglers has
increased dramatically in recent years. Many anglers now
practice ‘catch and release’ and competitive angling formats
are constantly adapting to minimise fish mortalities. That said,
the number of recreational anglers remains high (in excess
of 450 000 individuals) and a recent study found that al-
though captured fish are often released, there may still be
significant (up to 20% observed) post-release mortality due to
barotrauma, extreme fatigue and hook damage.

Climate change

The linefishery, specifically the small-scale and commercial
sectors, are the two fisheries most vulnerable to the effects of
climate change. Changes in temperature are likely to be the
biggest driver of change in coastal/inshore ecosystems, espe-
cially in fishes as they are ectotherms, but long-term changes
in winds, upwelling, storm frequency and intensity, and ocean
acidification are likely also to play an important role. Predicting
how species will respond to climate change has thus become
a prerequisite for sustainable management. Species will likely
respond through changes in distribution ranges, growth and
reproduction, community composition, and possibly behaviour.

To predict species responses, scientists have generally
used lab and modelling experiments and extrapolated results
onto future climate scenarios. However, an emerging theory
suggests that an increase in acute (day to day) environmen-
tal variability, termed “ocean weather”, associated within long-
term mean changes, may have a more pervasive effect on fish
populations. Recent research highlighted the importance of
acute environmental variability in moderating the physiological
performance of the endemic seabream red roman and how the
frequency and intensity of these events influence life history
parameters (i.e. growth rates) and how tolerance to “ocean
weather” may be a more-important indicator of climate resil-
ience. A follow-on study introduced fisheries-induced evolution
(i.e. the selective removal of competitive individuals through
fishing) and found that red roman from exploited populations
were less able to expend energy at temperature extremes than
the protected population within Tsitsikamma National Park
(TNP) MPA. The study concluded that exploitation has the ca-
pacity to alter climate responses of fish populations on a physi-
ological level.

At a broad temporal scale, range extensions of more than
40 linefish species have been documented in the past four dec-
ades, largely due to overwintering of tropical, estuarine-associ-
ated species in the cool-temperate bioregions. Some of these
range extensions persist, establishing viable populations in the
new range, such as spotted grunter Pomadasys commersonii,
which were rare in the Southwestern Cape but are now com-
monly caught in this cool-temperate bioregion.

Increased CO, production and the consequent ocean acidi-
fication have been identified as one of the greatest threats to
both calcifying and non-calcifying marine organisms. In their
early life stages, marine fishes lack well-developed ion regula-
tory mechanisms for maintaining homeostasis and are poten-
tially vulnerable to elevated partial pressure of carbon dioxide.
A study tracking the survival of larval dusky kob Argyrosomus
Japonicus concluded that, in isolation, ocean acidification levels
predicted to occur between 2050 and 2090 will not negatively
affect size-at-hatch, growth, development, and metabolic
responses of larval dusky kob.
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Figure 31: Scatterplot of geelbek southwest CPUE in year ,, plotted
against sardine biomass east of Cape Agulhas (EoCA) (x 1 000 t) in
year , with the fitted linear regression, its associated statistical param-

eters and 95% confidence interval shown in grey

Increased wind strength and storminess will limit the num-
ber of sea days for the small-boat fleet. This has already been
shown for the traditional Arniston fishers, as detailed in the
small-scale fisher section of this report.
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Table 6: Annual total allowable effort (TAE) and activated commercial linefish effort per management zone from 2006 to 2022

Total TAE boats (fishers). Zone A: Zone B: Zone C:

Upper limit: 455 boats or 3 450 crew Port Nolloth to Cape Infanta to KwaZulu-Natal
Cape Infanta Port St Johns

Allocation 455 (3 182) 301 (2 136) 103 (692) 51 (354)
Year Allocated Activated Allocated Activated Allocated Activated Allocated Activated
2006 455 385 301 258 103 78 51 49
2007 455 353 301 231 103 85 51 37
2008 455 372 301 239 103 82 51 51
2009 455 344 300 222 104 78 51 44
2010 455 335 298 210 105 82 51 43
2011 455 328 298 207 105 75 51 46
2012 455 296 298 192 105 62 51 42
2013 455 289 301 189 103 62 51 38
2014 455 399 340 293 64 58 51 48
2015 455 356 340 291 64 61 51 45
2016 455 378 340 274 64 59 51 45
2017 455 329 340 232 64 60 51 37
2018 455 324 340 232 64 50 51 42
2019 455 306 340 218 64 50 51 38
2020 455 415 340 314 64 59 51 42
2021** 455 415 340 314 64 59 51 42
2022** 325 TBC 236 TBC 46 TBC 43 TBC

** In the finalisation of the 2021 FRAP, operators were granted exemptions to continue fishing. Furthermore, the FRAP 2021 appeals process was
not completed at the time of writing so the ‘allocated’ numbers are preliminary, and the numbers of active vessels were not available.
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Table 7: Annual catch (t) of the eight most-important linefish species for the period 1985-2021

Year Snoek Yellowtail Kob Carpenter Slinger Hottentot Geelbek Santer
seabream
1985 1063 324 1504 588 312 399 152 73
1986 3143 817 2016 768 268 811 262 99
1987 5642 809 1902 831 246 915 436 99
1988 4919 722 1822 877 132 953 482 57
1989 4039 868 2097 775 199 739 810 60
1990 7 892 585 2540 1228 262 542 513 86
1991 6 556 542 2082 1210 249 522 457 89
1992 5692 591 1799 873 305 496 530 114
1993 2948 888 1867 695 298 614 610 124
1994 7759 868 1348 638 217 815 468 82
1995 9618 801 1422 758 235 252 396 85
1996 7 063 497 1415 879 179 276 384 80
1997 6 623 488 1471 841 128 322 524 68
1998 7872 565 1331 518 114 408 684 64
1999 8 348 339 1026 574 160 270 467 60
2000 6543 320 1093 441 186 234 894 75
2001 6 839 327 831 285 139 109 395 69
2002 3837 242 784 231 101 79 315 48
2003 4532 329 544 177 88 106 513 48
2004 7278 883 720 228 184 254 672 87
2005 4787 739 647 184 169 168 580 84
2006 3529 310 800 159 192 87 419 79
2007 2765 478 841 265 157 128 448 84
2008 5223 313 715 226 194 120 403 82
2009 6322 330 884 282 186 184 495 66
2010 6 360 171 838 263 180 144 408 69
2011 6 205 204 625 363 214 216 286 62
2012 6 809 382 441 300 240 160 337 82
2013 6 690 712 313 481 200 173 263 84
2014 3863 987 289 522 201 192 212 74
2015 2104 609 246 522 186 143 244 69
2016 1681 475 277 713 21 21 250 66
2017 1888 361 199 820 215 188 148 72
2018 2095 654 213 728 174 215 214 69
2019 1879 439 454 604 215 188 132 78
2020 2 356 548 635 533 183 222 158 66
2021 2747 239 352 441 186 151 88 64
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Monkfish

Stock status Unknown Abundant

Fishing pressure Unknown Light

Introduction

The most common monkfish species occurring in southern
African waters is Lophius vomerinus, commonly known as the
Cape monkfish or devil anglerfish (the latter name referring to
the modified dorsal spine near the front of the head that the
fish uses as a lure to attract prey). Monkfish are well camou-
flaged predators characterized by an unusually wide mouth

Depleted Heavily depleted

Heavy

with numerous sharp teeth, a large head and a relatively small
body. They live a sedentary life lying on the sea bed and of-
ten burrow under the surface sediment while awaiting potential
prey (Figure 32). Their diet comprises primarily other demer-
sal fish species and crustaceans. Lophius vomerinus occur
on both the West and South coasts of southern Africa, their dis-
tribution extending from KwaZulu-Natal (KZN) in South Africa
to northern Namibia. They occur at depths ranging from about
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Figure 33: Distribution of Cape monkfish Lophius vomerinus in South African waters, as derived from fishery-independent demersal research
surveys. Densities (kg nautical mile2) are averages over all survey stations sampled from 1986 to 2023 within each survey grid block
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50 m to 1000 m (Figure 33) and larger individuals tend to be
found deeper and further offshore.

The lifespan of Cape monkfish is approximately 17 years,
with fish reaching up to 1 m in length. The peak spawning
period is in September, based on trends in the female gona-
dosomatic index (GSI; the weight of the gonads relative to
whole body weight). The length at 50% maturity does not dif-
fer markedly between the sexes and is estimated to be ap-
proximately 37 cm, corresponding to an age of about six years
for both sexes.

The species is a high-value product, often marketed as
“mock crayfish”. Monkfish is caught almost exclusively as
bycatch during hake- and/or sole-directed fishing by the hake
trawl fishery, both deep-sea and inshore sectors. Catches are
made predominantly on the West Coast.

History and management

Annual catches of monkfish in the hake trawl fishery fluctuated
around 4 700 t over the period 1974 to 1994, and subsequently
increased to a peak of over 10 000 t in 2001 (Figure 34). The
increased catches raised concerns of overexploitation and
efforts were directed at assessing the status of the resource
to establish a basis for sustainable management. An initial
attempt to apply a modified version of a hybrid age-structured
surplus production model was unsuccessful as the model
failed to converge due to the uninformative nature of the data.
Subsequently a coast-disaggregated replacement yield (RY)
approach was employed, the results of which indicated that
annual catches should not exceed 7 300 t. A precautionary
upper catch limit (PUCL) was formally introduced into the de-
mersal trawl fishery permit conditions in 2006 and remains the
primary means of regulating catches of monkfish. The initial
PUCL in 2006 was set at a level of 7 000 t per annum. How-
ever, this was generally exceeded during the early years of its
implementation (Figure 34), largely due to difficulties associ-
ated with real-time monitoring and management. Co-man-
agement procedures have been developed and implemented
over time and catches subsequent to 2011 have generally been
well below the PUCL (Figure 34).

The RY analysis is generally updated every two years.
Although the 2011 RY assessment suggested that the PUCL
could be increased to 8 300 t, this increase was delayed until
the 2013 fishing season while improved monitoring of catches
and implementation of a co-management procedure with the
hake trawl industry associations was being developed. Up-
dated assessments conducted in 2013 and 2015 provided no

Figure 32: A monkfish in its natural habitat. Photograph courtesy of
SAEON
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Figure 34: Annual catches (tonnes) of Cape monkfish made by the
hake trawl fishery for the period 1974-2020, and the precautionary
upper catch limit (PUCL) that was introduced in 2006. Catches after
1990 can be split by coast

grounds to alter the PUCL and it was consequently maintained
at 8 300 t (Figure 34) for the 2014 to 2016 fishing seasons.
The assessment conducted in 2017, however, resulted in
replacement yield estimates of 7 652 t and 402 t for the West
Coast and South Coast components of the resource, respec-
tively. Based on these results, the PUCL for the 2018 and 2019
fishing seasons was set at 8 054 t. The results of the assess-
ment update conducted during 2019 led to a recommendation
to reduce the monkfish PUCL to 7 972 tonnes for the 2020
and 2021 fishing seasons.

Research and monitoring

Abundance estimates for monkfish (Figure 35) are derived
from demersal trawl research surveys conducted using the
swept-area method. These surveys are designed to estimate
the abundance of hakes, although data on other demersal
species, including monkfish, are collected. The surveys also
provide length-frequency data and biological information on
sex, maturity, age, body condition and diet. A detailed descrip-
tion of the demersal trawl surveys is provided in the Cape
hakes section. Commercial landings of monkfish from the
hake demersal trawl fleets are also monitored.

Morphometric and meristic analyses on Cape monkfish indi-
cated potential stock structuring between the West and South
Coasts. However, this hypothesis was not supported by ge-
netic evidence derived from an analysis of allozyme markers
and uncertainty regarding monkfish stock structure still re-
mains. A research project investigating stock structure of
monkfish using parasites as biotags is ongoing.

Current status

The most recent assessment of the monkfish resource was
conducted in 2021, again using a coast-disaggregated RY
approach applied to data ending in 2020. The resultant replace-
ment yield estimates ranged from 7 745 tonnes to 8 100 tonnes
across both coasts (Table 9), depending on assumptions re-
garding the overall catchability (q) of the demersal surveys that
provide the fishery-independent abundance data. The base-
case model (q = 1.0) indicated that the resource has shown



Table 9: Maximum likelihood estimates of coast-specific replacement yield (RY, tonnes) for the South African Cape monkfish resource for differ-
ent assumed values of survey catchability (q) from the 2021 updated assessment. The associated log likelihood (-InL), asymptotic normal 90%
confidence intervals (90% CI, upper and lower) and the CV (%) corresponding to each estimate are also shown

q West Coast South Coast
—InL RY(t) CV(%) 90%ClI —InL RY(t) CV(%) 90%ClI
0.7 -28.6 7682 20 7 387,7 958 -13.9 418 24.2 224,598
1.0 -28.3 7474 1.4 7 285,7 676 -13.7 401 17.6 266, 527
1.3 -27.1 7 354 1.1 7 207,751 -13.5 391 13.8 288, 488
a slight decrease on the West Coast over the period 2017—
2020 followed by a slight increase in 2021 (Figure 36), while 35000 - o e e e e
the South Coast component of the resource appears to have .
remained stable over the period 2017-2021. In view of these ~ § 30000~
results, it was considered appropriate to reduce the PUCL to o ss000- T TTTe==mmTT
7 875 tonnes per annum for the 2022 and 2023 fishing sea- £
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Figure 35: Cape monkfish abundance estimates (tonnes + 1 SE)
derived from fishery-independent swept area demersal surveys. Es-
timates are illustrated by coast for the various vessel-gear combina-
tions. Summer (West Coast) and autumn (South Coast) surveys are
indicated with black symbols, while winter (West Coast) and spring
(South Coast) surveys are indicated with blue symbols. Note that
surveys that only extended to the 200-m isobath have been excluded
from the figures and that estimates across the vessel-gear combina-
tions cannot be directly compared due to differences in catchability.
Africana = research vessel RS Africana, Commercial = commercial
fishing vessel

Ecosystem interactions

South Africa has committed to implementing an ecosystem
approach to fisheries management (EAF). This approach ex-
tends fisheries management beyond the traditional single-
species approach to the entire marine ecosystem. In 2006, the
permit conditions for all sectors in the hake fishery contained
a specific Ecosystem Impacts of Fishing section for the first
time. Given that monkfish are taken as bycatch in the hake
fishery, these conditions would also apply to this species (see
section on Cape hakes).
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Useful statistics

Annual catches of monkfish (tonnes) made by the hake trawl fishery for the period 1974-2020, and the precautionary upper catch
limit (PUCL) that was introduced in 2006. Catches prior to 1990 cannot be separated by coast. WC = West Coast, SC = South
Coast.

Year wcC SC Total PUCL Year wcC SC Total PUCL
1974 3920 1998 7 766 137 7903
1975 4190 1999 6 805 145 6 950
1976 5110 2000 8 440 227 8 667
1977 5350 2001 10 035 222 10 257
1978 4 590 2002 8638 242 8 880
1979 5260 2003 7 049 328 7377
1980 4736 2004 8 545 274 8 819
1981 4 478 2005 8 294 312 8 606
1982 4287 2006 6973 443 7 416 7 000
1983 4009 2007 7 568 220 7788 7 000
1984 4 369 2008 7 329 470 7799 7 000
1985 3893 2009 6 594 461 7 055 7 000
1986 4785 2010 7 453 397 7 850 7 000
1987 5901 201 7 392 399 7791 7 000
1988 5812 2012 6 461 303 6 764 7 000
1989 4754 2013 6209 491 6 700 8 300
1990 4433 2014 5767 315 6 082 8 300
1991 5593 290 5883 2015 6428 244 6972 8 300
1992 4646 212 4858 2016 7 338 214 7 552 8 300
1993 4051 198 4249 2017 7787 422 8 209 8 300
1994 3853 236 4089 2018 7 253 255 7 508 8 054
1995 6 008 238 6246 2019 8412 396 8 808 8 054
1996 5900 239 6139 2020 6471 301 6772 7972
1997 6723 235 6958 2021 7972
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Netfish

Stock status Unknown Abundant Optimal Depleted
Fishing pressure Unknown Light Optimal Heavy
Harders

Introduction

There are a number of active beach-seine and gillnet fisheries,
legal and illicit, throughout South Africa. By far the biggest is
the fisher for harders (or mullet) Chelon richardsonii (Figure
37), with 28 beach-seine and 162 gillnet Right Holders oper-
ating on the West Coast from Port Nolloth to False Bay. This
fishery is managed on a total allowable effort (TAE) basis with
a fixed number of operators in each of 15 defined areas. Per-
mits are issued solely for the capture of harders, St Joseph
Callorhynchus capensis and species that appear on the ‘bait
list'. The exception is in False Bay, where Right Holders are
also allowed to target linefish species that they traditionally
exploited. All evidence points towards the harder resource be-
ing overexploited, and sector conflict arises due to real and
perceived impacts on linefish resources from associated by-
catch. Excessive effort granted under Interim Relief as well as
a substantial illegal component, which in most years equals
or exceeds legal catches of harders, results in negative per-
ceptions of management and negates most attempts to rebuild
these stocks.

History and management

Beach-seine nets were introduced into the Cape during the
mid-1600s and gillnets in the late 1800s. The main beach-
seine targets then were large linefish species, particularly white
steenbras Lithognathus lithognathus and white stumpnose
Rhabdosargus globiceps. The advent of gillnets in the 1800s
saw effort directed at geelbek Atractoscion aequidens, with
reports of gilinets being strung between Robben Island and the
mainland to intercept shoals of these fish seasonally moving
along the West Coast. This directed fishery appears to have
collapsed in less than 10 years. Harders were largely used
for fertiliser or salted to victual passing ships and to feed farm
labourers, including slaves. Abolishment of slavery in the 1800s
saw many “fishing rights” transferred to former slaves and in-
dentured labourers, many of whose descendants are active in
the fishery in the present day.

Until 2001, some 450 licensed permit-holders used about
1 350 nets, and an unknown number (perhaps a further 100)

used another 400 nets illegally. The vast majority of these fish-
ers were not reliant on netfishing but were occupied with this
activity for a short period over the summer and autumn months,
and either had other occupations such as teaching or farming,
or spent the rest of the year in other branches of the fishing
industry, such as the pelagic, rock lobster and linefish (snoek
and Cape seabream) fisheries. Many of the participants (in-
cluding crew members) had retired from other fishing activities
and participated in the netfishery to supplement incomes and
food supplies. Many, both historically advantaged and disad-
vantaged, were desperately poor and were employed season-
ally as crew or factory workers. Overall, there was an excess
of effort in the fishery. Many only went to sea a few times
each year, catching small quantities of fish. They went to sea
when they heard from the active participants about harders
being plentiful. They then flooded the few small factories with
fish, which maintained the price but refused to take any more
fish than could be processed or sold fresh. This extra effort
interfered considerably with the viability of the regular full-time
fishers.

Back then, approximately 6 000 t were landed per annum
by the beach-seine and gillnet fisheries. The gillnet fishery
accounted for, on average, 3 250 t of harders, 650 t of St Joseph
and 130 t of bycatch consisting of at least 27 species. lllegal
gillnetting landed approximately 100 t of smoothhound shark
Mustelus mustelus and 50 t of linefish (mostly galjoen Dichistius
capensis). Beach-seine permit-holders landed approximately
1 950 t of harders and in excess of 200 t of bycatch, also
consisting predominantly of linefish.

At that time, the beach-seine and gillnet fisheries seldom
generated more than R20 million annually. Most of the oper-
ators were running at a loss of between 20 and 60%, espe-
cially in over-subscribed areas. The financial loss experienced
by most fishers also indicated the part-time or “recreational”
nature of many of the participants. Indeed, in the Berg River
estuary, fewer than 4% of interviewed original permit-holders
regarded themselves as netfishers and were either retired or
employed elsewhere in other fishing sectors and various jobs.

It was evident that the beach-seine and gillnet fisheries
were operating at a loss brought about by effort subsidisation,
unfair competition between part-timers and bona fide fishers,
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Figure 37: A beach-seine catch of harder Chelon richardsonii taken at Sunrise Beach, False Bay

and declining catches due to overfishing. Consequently, from
2001 onwards, Rights were allocated to those reliant on the
fishery, and the numbers of legal beach-seine operations were
reduced from around 200 to 28 and gillnet operations from just
over 1 500 to 162.

Prior to this reduction in effort, length-frequency distributions
of the harders caught suggested that the stock was overex-
ploited on a local and national scale, with a strong negative
correlation between effort (number of nets) and the length of
fish caught. The allocations of medium- and long-term Rights
saw the removal of part-timers from the beach-seine and gill-
net fisheries. The 80% reduction in the number of net permits
amounted to an effective 40% reduction in fishing effort, the
target set by the Minister in 2001 to facilitate rebuilding of the
harder stock.

Also relevant was the linefish bycatch, most of which was
composed of species assessed as being overexploited or col-
lapsed. In turn, most of the catches of overexploited or col-
lapsed species were juveniles below the minimum legal length,
i.e. before they recruited into the linefishery and before they
were able to reproduce, thus considerably compromising re-
plenishment of linefish stocks. In turn, most of the targeted spe-
cies are estuary-dependent, requiring estuarine nursery areas
for their early life-history stages. Recognising that estuarine
gillnetting was severely compromising the nursery function of
estuaries and impacting negatively on the fisheries for many
other species, the management policy was to phase out all es-
tuarine gillnets in the long-term. This was implemented in all
estuaries with the exception of the Olifants River estuary on
the West Coast.

More recently, in 2010, by order of the Equality Court, three
Interim Relief gillnet exemptions were issued to 15 fishers in
Langebaan and two beach-seine exemptions in Struisbaai and
Simonstown. The latter was awarded to more than 50 fish-
ers who failed to fish due to inter-crew conflict and lack of a
catch agreement between them. The Struisbaai exemption was
awarded despite there being no TAE to the east of Cape Hang-
klip, specifically due to the unsustainable bycatch of linefish
there. The three shared gillnet exemptions in Langebaan have
contributed to an escalation in fishing effort in an area where
the TAE had already been exceeded. The nett result has been
a more than 50% increase in gillnet fishing effort with growth
overfishing and a 10% and 20% decline in the average length
of harders in Saldhana Bay and Langebaan Lagoon, respec-
tively, and the collapse of that population or stock (see ‘Current
status’, below). FRAP (fishing rights allocation process) 2015
and the small-scale implementation were intended to see these
fishers formally incorporated into the beach-seine and gillnet
fishery within the limits of the TAE, thus reducing effort in an
attempt to arrest the decline in growth rate. This management
intervention to rebuild the stock never materialised.

Research and monitoring

Fishery-dependent data sources consist of ongoing measure-
ment of the length-frequency distributions of captured fish,
observer data, compulsory monthly catch returns by Right
Holders and intermittent net- and linefishery surveys. The most
important of the fishery-dependent data sources (and now
historical reference) was the National Linefish Survey, as this
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provided comparable and combined catch, effort, compliance
and socio-economic information for the beach-seine and gillnet
fisheries, as well as the commercial, recreational and small-
scale (including subsistence) linefisheries. It has not been pos-
sible to repeat this survey, however, since 1995.

Fishery-independent data are currently collected through
sampling estuarine and surf-zone fish assemblages to as-
certain the links between environmental and fishery variables
and juvenile recruitment. Sample fish densities are compared
across estuaries and surf-zones in relation to the different lev-
els of fishing and environmental variables, such as freshwater
inflow, in each of these systems. From these data, a predic-
tive capability that can be incorporated into existing linefish
stock assessment models will be developed. This is a relatively
novel approach as the existing assessments are largely based
on adults caught by the fishery and often ignore the anthro-
pogenic and environmental influences experienced by fish in
their earlier life-history stages. In all, 22 high-priority estuaries
have been monitored once to four times annually from 2001
onwards, until the present.

In addition, recruitment sampling is complemented by net-
ting with gillnets of identical mesh-size and dimensions to
those used by the commercial and illegal fisheries to provide
catch estimates independently of those unobtainable from the
illicit gillnet fishery. Fishery-independent length frequency in-
formation, which allows comparison between areas with dif-
ferent levels of fishing effort, is validated by length-frequency
distributions from the observer programmes. Past work shows
that this approach provides a good indication of the status of
local populations and the stock as a whole, as there is a strong
negative correlation between the level of netfishing effort and
average fish length.

Current status

Prior to the reduction in effort implemented after 2001, length-
frequency distributions of the harders caught suggested that
the stock was overexploited on a local (netfish area) and na-
tional scale. There was a strong negative correlation between
effort (number of nets) and the length of fish caught. This was
not surprising considering that effort ranged from 0.5 nets per
kilometre of coastline in Langebaan to 15 nets per kilometre
in St Helena Bay. Also relevant was the linefish bycatch, most
of which comprised species regarded as overexploited or col-
lapsed. Furthermore, most of this catch comprised juveniles
below minimum legal length, i.e. before they recruited into the
linefishery and before they were able to reproduce and thus
contribute to replenishment of the linefish stocks.

There was some evidence, albeit briefly, for recovery of the
harder stock in some areas. For example, in the Berg River
estuary, continued monitoring before and after effort reduction
indicated a recovery in the numbers and length of harders and
bycatch species such as elf Pomatomus saltatrix. An increase
in the numbers and mean length of harders caught in St Helena
Bay was also reported by fishers and observers employed at
that time. This success was, however, short-lived, as observer
and compliance data indicated that the illegal gillnet fishery in
the Berg River estuary soon escalated. These data suggest
that at least 400 t are harvested illegally from the Berg River
estuary alone each year. A total reduction of 600 t in reported
catches by the legal fishery in the sea strengthens the veracity
of this and highlights the predicted impact of this recruitment-

and growth overfishing on the legal fishery.

To reiterate, the area-specific beach-seine and gillnet fisher-
ies are assessed on an ongoing basis by monitoring changes
in length frequency distributions, catch-per-unit-effort (CPUE),
total catch, and species composition from fishery-independent
surveys and, for a brief three years, from one observer based
at the centre of the industry in St Helena Bay. These data and
the nature of the fishery indicate that formal area-specific stock
assessments are integral for providing scientific advice on the
TAE. This was most evident for harder Chelon richardsonii in
Langebaan and Saldanha where a 50% increase in gillnet fish-
ing effort over and above the TAE was followed by a >40%
drop in CPUE and a 15-20% decline in the average length of
harders caught.

Consequently, an assessment of the Saldanha and Lange-
baan harder gillnet fishery was conducted in 2019. The per-re-
cruit assessment applied looked at changes in sex ratio, mean
length (mm) and standardised CPUE. Analyses of sex ratios
over time indicated a significant switch between two periods
(1998-2002 and 2017), from a predominantly female- (larger
individuals) to a male- (smaller individuals) biased population
(1.7 males: 1 female). Three period-specific length frequency
distributions of commercial catch of C. richardsonii (1998—
2002, 2009-2011 and 2017) indicated a reduction in mean total
length (TL) of 36.5 mm over time (Figure 38). The standardised
CPUE of harder for the period 2008-2016 declined, indicating
a reduction in relative abundance of C. richardsonii of approxi-
mately 30% over this time (Figure 39). A spawner-biomass-per-
recruit model revealed that the stock is heavily depleted, with
the stock currently collapsed and at only 24% of estimated pris-
tine spawner biomass or breeding potential (Figure 40), a level
at which recruitment is likely to be seriously impaired.

The multifaceted diagnostic assessment approach applied
to the Saldanha and Langebaan harder gillnet fishery highlights
several characteristics of overfishing. Together, the change in
sex-ratio and reduction in both CPUE and mean TL character-
ise an overexploited fishery. These negative results are likely
due to the combined effects of the TAE being exceeded by
50%, illegal catches occurring in the Restricted and Sanctuary
zones of the Langebaan MPA, and fishers reducing mesh size
to maintain catch rates.

Exacerbating the problem was an anomalous series of 1-in-
50-year floods in quick succession on the South and West
coasts in 2013-2014, followed by the severe 1-in-100-year
drought since then, which considerably reduced juvenile re-
cruitment into estuaries and ultimately into fisheries, over the
last six years. This had a negative impact on the adult stocks
of harders and many other estuary-associated species, includ-
ing dusky kob Argyrosomus japonicus, elf Pomatomus saltatrix
and white steenbras Lithognathus lithognathus. Ultimately, the
impact on the beach-seine and gillnet fisheries will depend on
the linkages between the South, East and West coast popula-
tions of these species.

Ecosystem considerations

Obvious from the above is that environmental drivers also play
a role in harder growth, which varies between estuaries, is-
lands and the nearshore, and between the cool West Coast
and warm-temperate South Coast of South Africa. The sex ra-
tios of harders in estuaries and the nearshore, subject to low
fishing pressure, are skewed towards females and may be as
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Figure 38: Length-frequency distributions of Chelon richardsonii caught in Saldanha and Langebaan by the commercial gillnet fishery fleet for
three different time-periods. The solid vertical line represents length-at-50% maturity (215 mm total length [TL]) and the dotted vertical line is the
mean TL for that length-frequency series. The bell shaped selection curve is the selectivity of the gillnets that were deployed during that particular
time-series. After Horton et al. (2019). For comparison, the harder pictures are to scale and illustrate the average length in each of the time-series

much as 9 females:1 male in some localities. This contrasts
with fished areas where sex ratios are skewed towards males
or the gender parity of 1 female:1 male around the offshore
islands. Spawning occurs in the nearshore throughout the
summer but with early and late season peaks. Females and
males grow at the same fast rate to maturity during the first
year, whereupon female growth slows considerably and that of
males becomes negligible. Females attain larger length-at-age
in all regions and habitats. South Coast female fish are larger
than West Coast ones and estuary female fish are larger at
age than those in the sea. Females from islands on the West
Coast appear to grow faster than those from the nearshore.
Observed differences in growth are likely attributable to the in-
terplay between harder life-history strategies and response to
the environment and fishing. Females grow larger than males
and continue to grow after maturity to maximise reproductive

output. South Coast fish are larger than West Coast ones due
to the West Coast net fisheries catching larger fast-growing fish
(and females), thereby selecting for slow growth. Warmer tem-
peratures and higher productivity in the South Coast nearshore
may also play a role. Similarly, favourable environmental con-
ditions and lower fishing intensity around the offshore islands
and in estuaries may account for the faster growth and larger
fish there.

Ecosystem interactions and climate change

Estuaries and freshwater flow

All South African estuaries are important nurseries for exploited
marine and estuarine species before they recruit into marine
fisheries, and more than 90% of the beach-seine and gillnet
catch comprises estuary-associated species. This is illustrated
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Figure 39: (a) The annual total catch (t) (shaded bars) and fishing ef-
fort (days year') (line) of Chelon richardsonii by the commercial net
fishery in Saldanha Bay and Langebaan, and (b) the standardised CPUE
(kg net-day') estimates (+95% Cl) of the commercial Chelon richard-
sonii net fishery in Saldanha Bay and Langebaan derived from manda-
tory catch records between 2008 and 2016. After Horton et al. (2019)

by the declines in the Chelon richardsonii stock and marine
gillnet fishery catches on the West Coast, which have been
directly attributed to recruitment over-fishing in the legal and
illicit Olifants River and Berg River estuary gillnet fisheries.
Fishing aside, the health of estuarine habitat determines juve-
nile fish recruitment, survival and ultimately catches in the sea.
Estuarine health is largely driven by catchment management
and the quantity and quality of fresh water reaching the estuary
and sea. Reductions in freshwater flow are accompanied by
declines in primary production, shrinkage of the warm-water
plume entering the sea, narrowing of the stream channel, and
an overall reduction in available habitat and refugia and loss of
estuary nursery function for juvenile fish.

There are only nine estuaries on the West Coast, of which
only three, the Orange, Olifants and Berg, are large and per-
manently open to the sea. Overall, there has been an approxi-
mate 40-80% reduction in freshwater flow and a 60% loss
of floods to these estuaries. Climate change, increased hy-
dropower demands and freshwater abstraction will see these
losses become even greater in the future. In the present day,
juveniles of obligate estuary-dependent fish such as springer/
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Figure 40: An isopleth illustrating the response of the percentage
of spawner-biomass-per-recruit (SBR) to unexploited levels (SB,) of
Chelon richardsonii according to varying levels of fishing mortality
(F, year') and different combinations of mesh sizes (mm). Critical ref-
erence depletion points (SB,, and SB,)) are represented by dashed
white lines. The current SBR is denoted by ©; SBR depletion = 0.245,
F_..=0.881 year™. After Horton et al. (2019)

flathead mullet Mugil cephalus and white steenbras Lithog-
nathus lithognathus in West Coast estuaries have declined in
abundance to <10% of reference (pristine level) and are likely
to decline to <5% under future-flow projections. Partially estu-
arine-dependent fish, most importantly harders, the mainstay
of the netfishery, have estuarine juvenile populations that are
now at 60% of pristine levels.

Drought, acidification and 100% fish mortality in Verloren-
vlei Estuarine Lake

Compounding the above was the recent extended drought
on the West Coast and throughout the country. On the West
Coast, the drought and continued water abstraction resulted in
100% fish mortality in the Verlorenvlei Estuarine Lake and the
Rietvlei-Diep Estuary and loss of the estuarine nursery function
of these two systems. This represents a loss of 22% of total
estuarine open water area and 50% of brackish fish nursery on
the West Coast. The dominant fish in these two estuaries were
harder C. richardsonii.

The Verlorenvlei Estuarine Lake is a temporarily open-
closed estuary that flows into the sea at Elands Bay. It is a
Ramsar Site and wetland of international importance. Extended
drought and over-abstraction of freshwater inflow has resulted
in unprecedented low water levels, fish kills and loss of birdlife.
In February 2019 there was a fish kill of large fish in the system,
coincident with very low water levels. Of fish species that are
harvested, the kill comprised about 90% flathead mullet Mugil
cephalus, 5% Mozambique tilapia Oreochromis mossambicus,
3% carp Cyprinus carpio and 2% other. Small dead fish com-
prised 99% estuarine round-herring Gilchristella aestuaria.
Surprisingly, no dead juvenile or adult harder C. richardsonii
were recorded even though these dominate fish biomass in
Verlorenvlei. However, harders are opportunistic species, very
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resilient to poor water quality, often feeding on Microcystis and
other harmful blue-green algae, so they may have been taking
refuge in the deeper areas of the estuary.

During the low-water-level fish-kill event, salinity was mark-
edly elevated from the usual 1 to 2 in the estuary to 16 to 19.
Daytime oxygen levels were 6—-8 mg |-, but this was probably
due to algal photosynthesis and wind mixing. Night oxygen lev-
els were below 3 mg I-' due to algal respiration, and fish would
have had to surface breathe. pH was high at 7.9 to 8.4 which
may indicate some ammonium toxicity in the system. Water
temperatures were 18 to 24°C, which was normal for the time
of year. Overall, the fish kill was likely a combination of exhaus-
tion from repeatedly having to surface breathe at night and high
pH and/or ammonium toxicity.

As the drought continued, receding water exposed exten-
sive areas of organic sulphide soils/peats along the estuary
margins which previously had been submerged. Natural sul-
phate reduction processes in aquatic sediments can result in
an accumulation of sulphide minerals such as pyrite (FeS,).
Upon exposure to air, pyrite (“fools’ gold”) can oxidise to pro-
duce sulphuric acid and dissolved ferrous iron. Consequently,
strongly acidic conditions developed with the first rainfall and
runoff over the exposed organic-rich sediments, water becom-
ing close to vinegar when pH dropped to <3.5, and all fish and
invertebrates were extirpated from Verlorenvlei.

Whilst slight recovery of vegetation has been seen after re-
cent rains no fish or invertebrate life has been recorded and
birds that feed upon them have moved elsewhere. Recovery
time is likely to be at least at the decadal scale. Acidification
of Verlorenvlei has resulted in the loss of >22% of estuarine-
nursery area for harders on the West Coast, of which the stock
implications have yet to be measured. In turn, Verlorenvlei was
the site for an experimental seine-net fishery directed at intro-
duced Mozambique tilapia and alien carp in the system. This
was aimed at invasive species control whilst providing oppor-
tunities for the developing small-scale fishery. Loss of this op-
portunity may partly be remedied by identification and assess-
ment of these species in other West Coast catchments and
estuaries.

Range expansions and shifts in abundance

Range expansions and/or shifts in abundance have been
documented for more than 50 nearshore and estuarine fish in
southern African waters over the past 30 years. Most of these
shifts can be attributed to various global and climate-change
drivers, including changes in rainfall, freshwater flow, wind re-
gimes, water chemistry and catchment and sea temperatures.
Until recently, most of these shifts in southern Africa have been
of tropical, subtropical and warm-temperate fish moving south
and west to the cool-temperate biogeographical region, osten-
sibly due to warming there. However, there are more and more
instances of cool-temperate fish expanding northeastward and
westward into the warmer bioregions. By example, there are
about 12 species of mullet occurring in our coastal waters, only
one of them cosmopolitan, and the rest with their core range
in each of their preferred bioregions. Tropical/warm-temperate
groovy mullet Chelon dumerili from the East Coast have in-
creased from less than 10% to more than 30% of total mul-
let abundance in Cape South Coast estuaries over the past
25 years. Similarly, freshwater mullet Pseudomyxus capensis,

originally limited to the Southeast and East Coast, have ex-
panded past Cape Agulhas, are abundant in Table Bay estu-
aries and now also occur in the Orange River estuary on the
West Coast. Harder Chelon richardsonii are cool-temperate
fish and comprise 98% of mullet biomass on the West Coast
and, until recently, about 90% of that on the South Coast. They
have dropped to 50-70% of mullet abundance on the cool- and
warm-temperate South Coast but have increased from less
than 1% to 5-10% of that in the warm-temperate/subtropical
transition zone of the East Coast. Similarly, C. richardsonii
have increased from about 10% to more than 30% of mullet
biomass in the warm-temperate/subtropical region of northern
Namibia and southern Angola.

Bird, seal, shark, cetacean and reptile interactions and
bycatch

Concerns around frequent, excessive gillnet catches of 100
or more penguins Spheniscus demersus around Dassen and
Robben Islands prompted management intervention in the late
1990s. Gillnet fishers were setting their nets across penguin
approaches because of the guano slicks on which harders
feed. Gillnet exclusion zones now prohibit gillnets being set
within 1-2 km of each island.

High bird-bycatch mortality, especially in unattended nets,
led to legislation and permit conditions that prohibit unattended
gillnets (either set or drift). The most-vulnerable species are
crowned cormorant Microcarbo coronatus and penguins in the
sea, and African darters Anhinga rufa, reed cormorants Micro-
carbo africanus and great crested grebes Podiceps cristatus in
the estuarine environment. Exacerbating the “bycatch” issue
has been the recent proliferation of very cheap “single-use”
gillnets in KwaZulu-Natal southwards to the Wild Coast. The
resultant upsurge in poaching with gillnets has been accompa-
nied by an increase in bird, reptile and mammal bycatch and
retention of these species for food and the African and Asian
“traditional medicine” trade. This issue needs to be prioritised
for management intervention.

Seal depredation of catches is frequent in the beach-seine
and gillnet fisheries. Catch loss is similar in both fisheries but
damage to beach-seine nets is negligible compared to the
costly repairs or replacement of gillnets. Fishers are permit-
ted to request management authorities to cull problem animals
but this rarely happens and is usually limited to the Olifants
Estuary. Some fishers successfully use bullwhips to keep seals
away from their nets. There are limited seal mortalities, mostly
of pups, in the beach-seine and St Joseph gillnet fishery.

Cetacean bycatch and mortality, especially of Heaviside's
dolphin Cephalorhynchus heavisidii, has long been a problem
with the larger-mesh setnets used to target St Joseph and with
the illegal galjoen gillnet fishery. Up until the 1980s most ce-
taceans caught, sometimes through targeted sets, were kept
and eaten. These mortalities occurred mainly in the Cape Col-
umbine region. Consequently, since 1999 there has been an
effective 25-km exclusion zone for the gillnet fishery from North
Head at Saldhana Bay to Cape Columbine.

Shark interactions with the netfishery range from being by-
catch to depredation of catches by sevengill cowsharks Noto-
rynchus cepedianus and bronze whalers Carcharhinus brachy-
urus. Despite claims to the contrary, white sharks Carcharodon
carcharias do not home in on beach-seine activity in False Bay,
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thereby posing a safety risk to beach-goers. Analysis of more
than 11 000 catch records suggest that these sharks actively
avoid beach-seine nets once set. Beach-seine fish-spotters in
False Bay are used as auxiliary shark-spotters at Fish Hoek
and Simon’s Town and were consulted on the design and de-
ployment of the bather protection “shark exclusion net” at Fish
Hoek beach. The design and deployment of the exclusion net
is strictly to rules that prevent interference with beach-seine
operations and target species (e.g. yellowtail Seriola lalandii)
in Fish Hoek Bay.

Sustainability of historical, culturally significant stonewall
fishtraps

Stonewall fish traps or “visvywers” were once an integral part
of the “netfishery” on the Cape South Coast (Figure 41). Vis-
vywers were perhaps first built by aboriginal peoples, but no
links have been found between midden- and visvywer catch
composition and nor is there any evidence for construction of
these traps by them. This said, any traps built by these peo-
ples were likely to have been according to need and therefore
small. Peak “industrial-scale” construction occurred in colonial
times with most visvywers constructed after 1880 and permits

held by farmers adjacent to the shore. Then, as in the present
day, the traps were characterised by infrequent very large and
lucrative catches. Inter-sector conflict (and a lack of mounted
police monitors ) saw the banning of all visvywers in 1890 that
lasted 12 years. Thereafter, visvywers were constructed on
all available rocky-platform, boulder beach and mixed shore
on the Cape South Coast. Demand soon exceeded available
area and trap construction spread to sandy beaches. These
latter traps, which were constructed of other material — railway
tracks, steel cable and concrete — have all but disappeared.
The most productive traps were fished to the early 1980s, the
Still Bay ones legally to 1999 and, with those at Arniston, infor-
mally to the present day.

About 70 sets of these traps existed on the Cape South
Coast, limited by the extent of rocky platforms and boulder
beach habitat. Only two of these sets are currently maintained
and fished, albeit illicitly, but there have been numerous re-
quests for access to fish traps throughout their historical extent,
including in False Bay, Still Bay, and Arniston and from Skip-
skop to Koppie Alleen in the De Hoop MPA. The Still Bay visvy-
wers are recognised as a heritage site of cultural significance
and an integral part of the Still Bay MPA. Consequently, under

Figure 41: Historical “visvywers “or stonewall fish-traps in the Still Bay MPA
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Table 10: Catch composition of the Still Bay stone-wall fish traps over 13 dark-moon spring tides

Species %Number %Mass (kg) %Occurrence
Harder 56.39 58.41 17.38
EIf 2.01 12.48 3.03
Strepie 23.85 12.35 6.21
Dassie 6.20 6.43 5.40
White musselcracker 1.81 4.69 4.22
Zebra 0.34 0.89 1.85
Dusky kob 0.04 0.74 0.30
Baardman 0.06 0.74 0.59
Eagle ray 0.03 0.55 0.30
White steenbras 0.05 0.26 0.22
Sand steenbras 0.09 0.22 0.52
Cape stumpnose 0.16 0.15 1.04
Other 8.98 2.10 58.95
Total 14 038 2711 1352

an ongoing project, one set of visvywers of 24 traps is being
maintained within the Still Bay MPA and catches recorded (and
released) with a view to assessing the possible impact of this
fishery on the resource. Also being assessed is the feasibility of
visvywer harvesting being offered as one of the cultural experi-
ences available to visitors in the Still Bay MPA. Catch monitor-
ing will help inform decisions with respect to applications for
access to visvywers elsewhere on the Cape South Coast.

Historically, all fishing was on dark-moon spring tides from
late autumn to early spring where falling tides commence dur-
ing dark, thus trapping more fish, and the duration of the low
tide around dawn is at a maximum. Thirteen dark-moon springs
during 2017-18 saw 14 000 fish of 30 species caught in the
traps. Numerically, catches were dominated by harder Chelon
richardsonii (56%), strepie Sarpa salpa (24%), dassie (black-
tail) Diplodus sargus (6%) and elf Pomatomus saltatrix (2%).
Harder (58%), elf (12%) and strepie (12%) dominated by mass,
with dassie (6%) and white musselcracker Sparodon durban-
ensis (5%) also important (Table 10). The fishery is character-
ised by low catches punctuated by 1-in-50 catch events. Con-
ditions during these events were low wave-height, recent cool
upwelling and relatively warm water on the inshore. Very low
catches coincided with high seas.

Monitored traps at Still Bay (2017-2018) yielded about 5.1 t
caught per annum. This suggests that the 68 trap sets between
Cape Point and Mossel Bay could potentially catch 340 t per
annum. On the other hand, reported Still Bay commercial trap
catches (1983-1999) were 12.6 t per annum. Extrapolated to
the region from Cape Point to Mossel Bay, 68 trap-sets could
potentially catch 856 t per annum. In all, trap fishing and partici-
pation in maintenance could be a cultural and archaeological
feature of the Still Bay MPA, but a potential 40-60% linefish
bycatch of >500 t suggests against re-establishing the fishery
on the Cape South Coast.
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Oysters

Stock status Unknown Abundant Optimal Depleted Heavily depleted
(KwaZulu-Natal
and
Southern Cape)
Fishing pressure Unknown Light Optimal
(KwaZulu-Natal)

Introduction

The Cape rock oyster Striostrea margaritacea, which is tar-
geted in this fishery, has an extensive geographic distribution
and occurs on rocky reefs from Cape Agulhas to Mozambique.
These oysters are found in the intertidal zone down to about 6 m
water depth. The Cape rock oyster occurs naturally and is sold
in South African restaurants. Another species that is available
in restaurants is the Pacific oyster Crassostrea gigas. Cape
oysters along the KwaZulu-Natal (KZN) coast have been found
to take 33 months (almost three years) to reach marketable
size (60 mm right-valve length). Oysters are broadcast spawn-
ers and those along the KZN coast spawn throughout the year,
with peaks during spring and summer. Harvesting takes place
during spring low tides and has traditionally been restricted to

the intertidal zone. In recent years, however, this has gradu-
ally been expanded towards the fringes of the subtidal zone
(see below). Oysters are dislodged from rocks by means of a
pointed steel crowbar (oyster pick). Harvesters are allowed to
wear a mask, snorkel and weight-belt, and commonly use an
oyster pick to dislodge oysters from the rocks. The use of fins
and artificial breathing apparatus is not allowed. No harvesting
is permitted from the subtidal beds, which are considered to
seed the intertidal oyster reefs.

History and management
The commercial fishery for oysters dates back to the late 19™

Century. Prior to 1998, only a few individuals (less than 8 peo-
ple) held concessions to harvest oysters and employed large
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numbers of “pickers” to assist with collections. In 2002, Rights
were redistributed and medium-term (4-year) Rights were al-
located to 34 Right Holders, the majority of whom held limited
commercial Rights and were allowed to employ up to three
pickers each. A few Right Holders held full commercial Rights
and could employ a maximum of 10 pickers each. In total, 114
pickers were permitted to harvest oysters during this period.

In the 2006 Rights allocation process, the sector was further
transformed and 3-year commercial Rights were allocated to
121 individuals. A large number of pickers were accommodated
in this process, the idea being that pickers were granted Rights
as a means of empowering those who were dependent on oys-
ter harvesting for their livelihood. In this system, Right Holders
were required to harvest the oysters themselves and were no
longer allocated additional effort (pickers) to assist with har-
vesting. In 2013, the “fishing rights allocation process” (FRAP
2013) for this fishery started and, after an appeal process, con-
firmed the previous number of harvesters and their split across
the various fishing areas in 2015. In 2017, 73 Rights were al-
located to the new small-scale sector, leaving 72 Rights for
allocation to the commercial sector. During all the allocation
changes in recent years, the TAE was split between the differ-
ent areas so that it remained constant (see Useful Statistics).

The oyster fishery was previously managed as two sepa-
rate fisheries related to their areas of operation: the Southern
Cape Coast and the KZN Coast. Since 2002 the oyster fish-
ery has been managed as a national fishery. Under this new
management system, four commercial oyster-harvesting areas

were officially recognised: the Southern Cape, Port Elizabeth,
KZN North and KZN South (Figures 42 and 43). Regional dif-
ferences regarding regulations and harvesting patterns were
retained.

Research and monitoring

Oysters are of relatively low value compared to other commer-
cially exploited species. In the past, the fishery was not pri-
oritised in terms of research effort and management attention.
The consequence is that the total allowable effort (TAE) for the
oyster fishery is currently determined according to historical ef-
fort levels and not based on the assessed stock or status of the
resource.

Oyster research has been lacking. Recently a concerted ef-
fort has been made to improve the quality of catch and effort
data, and to do a resource assessment. To this end, a focus
was placed on site selection and appropriate sampling meth-
ods for assessing the oyster resource. Their patchy distribu-
tion and often inaccessibility made accurate sampling of this
resource, in the intertidal zone, exceedingly difficult. Plans are
underway to start an assessment in 2024 lasting between 3-5
years, thus, a full assessment could be expected in 2030.

Priority is given to the Southern Cape because of evidence
of overexploitation while, in KZN, monitoring is undertaken by
the Oceanographic Research Institute (ORI), under contract to
the Branch: Fisheries Management. Their mandate is to pro-
vide information on which to base recommendations for the
KZN region.

Port Shepstone

Marina Beach

Oyster harvesting zones
post-1999 regions

[ No harvesting
|:| North Coast region
[[] South Coast region

DURBAN

uMkhomazi River—uMuziwezinto (Mzinto) River

N
uMuziwezinto River—Mtwalume River
W E
Mtwalume River—Mzimkulu River S

e

Tugela River—Mhlali River

Mhlali River—Tongaat River
Tongaat River—Mdloti River
Mdloti River—Mgeni River

No harvesting

Isipingo River—uMkhomazi River

60 kilometers

Figure 43: Spatial divisions of the oyster fishery in KwaZulu-Natal (re-zoning of South Coast included)

L



Current status

Currently, the overall TAE is 145 pickers. In the last seven
years, however, on average only 60% of Right Holders have
actively fished in all areas. The status quo is being maintained
until further data become available.

Total catches between 2002 and 2005 were between ap-
proximately 600 000 and 730 000 oysters, the majority of which
were harvested in the Southern Cape (Figure 44). Data for 2006
are not available because catch reporting was poor on account
of the new Rights allocation and the change of Right Holders.
The low catches in KZN in 2008 (3 491 oysters) was an excep-
tion, caused mainly by problems during the permit processing.
Between 2009 and 2019, total catch stabilised at above 350
000 oysters harvested annually. It is noteworthy; however, that
these come mainly from the Southern Cape, because catches
in KZN are at very low levels and have declined consistently
during the last three decades (Figure 44). This is thought to
be caused by reduced effort (non-activation of permits), poor
catch reporting (especially along the KZN South Coast) or a
decline in resource availability. Further research is required
for an updated assessment. The oyster resource along the
KZN coast is considered to be fully exploited. Resource as-
sessments undertaken in 2006 during a research project out-
sourced to ORI showed that, although the oyster stocks had
declined since 1980, they were stable or showed only a slight
decline for approximately 20 years prior to the study. Age-struc-
tured production models for oyster population assessment in
KZN showed that rotational harvesting (with zones being com-
mercially harvested two years out of five) was sustainable,
since rapid population recovery was observed in fallow years.
In the Southern Cape there is concern that the intertidal zone
is being denuded of oysters as a result of being overharvested.
The oyster density and size-composition data, collected dur-
ing surveys undertaken between 2000 and 2004, suggested
that the intertidal oyster stock along the Southern Cape Coast
appeared to be overexploited. Moreover, there were reports of
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divers illegally harvesting oysters from subtidal “mother beds”.

Catch-per-unit-effort (CPUE) data for the Southern Cape
oyster fishery fluctuated strongly from 2008 (Figure 45) and
are considered unsuitable for the purposes of stock assess-
ment. Similarly strong fluctuations in CPUE occurred on the
KZN coast during the aforementioned time-period. In 2016, the
Department put a temporary hold on oyster harvests in KZN
and no permits were issued for that year, resulting in no re-
turns being submitted to the Department. Once harvesting was
allowed to resume, CPUE for the area has been relatively sta-
ble from 2017 to 2020. Catches in 2019 and 2020 were the
lowest observed over the past decade (Figure 44), partly due
to substandard data submissions and the effect of the Covid-19
pandemic, and CPUE fluctuated between 68 and 83 oysters
per hour (Figure 45). No data were collected for 2021 and 2022
due to flooding, waste-water spillages (due to load shedding)
and toxic river runoff due to looting events. The status of this
resource thus remains uncertain, but efforts are underway to
conduct fishery independent surveys in the commercially har-
vested areas, to obtain a better understanding of the oyster
population fluctuations.

Ecosystem interactions

The sustainable harvesting of rock oysters involves the direct
picking of individual organisms from the rocks, and the use of
diving masks by pickers allows more-precise fishing, thereby
reducing the potential for dislodgement of non-target species.
QOyster harvesting is therefore considered to have minimal sig-
nificant disturbance on the surrounding biological communities,
although research is required to substantiate this view.

Climate change implications
Oyster beds and reefs dominated the majority of temperate

coastlines before the start of the 19" Century, but an esti-
mated 85% of oyster beds globally have been lost since then
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because of destructive and unsustainable resource extraction
and coastal degradation. This loss has had serious ecosys-
tem consequences because of the oyster’s role as ecosystem
engineers. Increasing seawater temperatures and acidifica-
tion arising from climate change appear likely to further neg-
atively impact oysters through reduced growth and survival,
although there is no available information on the impacts of
climate change on Striostrea margaritacea in South Africa at
present. However, climate change appears to accelerate range
expansion of the Pacific oyster Crassostrea gigas, which is the
world’s most cultivated shellfish and was imported into South
Africa in the 1970s and now supports the country’s oyster ag-
uaculture industry. Present Pacific oyster culture sites are in
Saldanha Bay and Algoa Bay, but because of difficulties in
inducing spawning and subsequent settling under South Afri-
can conditions, the industry has been reliant on spat imported
from Chile, the United Kingdom, and France. Crassostrea gi-
gas was considered as non-invasive because of its inability to
complete its life cycle under local environmental conditions, but
naturalised and apparently self-sustaining populations of this
species have been reported from several estuaries along the
South African coast since the early 2000s, most recently in the
Swartkops and Kaaimans estuaries. The C. gigas population
in the Swartkops Estuary was sufficiently large to stimulate an
application to the Department for the development of a new
fishery there for this species, but this was declined pending a
review of the policy for the establishment and management of
new fisheries. However, should climate change facilitate the
development of large populations of C. gigas in South African

Useful statistics

estuaries, and because this is an alien species and harvesting
it would be highly targeted and with no bycatch, then a com-
mercial fishery for this species could become feasible.
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Total allowable effort (TAE) (number of pickers) and total catch (number of oysters) for the oyster fishery for the period 2002 to 2022.

Southern Cape and Port Elizabeth

KwaZulu-Natal

Year TAE Catch TAE Catch
2002 105 471 360 40 257 238
2003 105 511 946 40 163 357
2004 105 468 485 40 227 067
2005 105 373 322 40 222 864
2006 105 - 40 -

2007 105 387 831 40 105 552
2008 105 315 807 40 2796
2009 105 350 853 40 103 684
2010 105 426 649 40 102 168
2011 105 508 422 40 24 928
2012 105 311 186 40 13 695
2013 105 320 312 40 149 863
2014 105 327 120 40 52 620
2015 105 330 392 40 20833
2016 105 374 698 40 -

2017 105 368 270 40 34 171
2018 105 373 306 40 54 131
2019 51 487 130 21 9280
2020 51 87 539 21 18 147
2021 51 182 254 - -

2022 51 60 223 - -
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Patagonian toothfish

Stock status

Unknown

Abundant

Optimal

Depleted

Heavily depleted

Fishing pressure

Unknown

Light

Optimal

Heavy

Introduction

Patagonian toothfish Dissostichus eleginoides (Figure 46)
belong to the family Nototheniidae, a family of fish that occurs
in the Southern Ocean. Unlike other species in the family, Pa-
tagonian toothfish appear to lack antifreeze molecules in the
blood and are consequently not found in waters colder than
2° C. They are slow—growing, reaching sexual maturity at about
90 to 100 cm (9 to 10 years old) and attain a maximum total
length of over 200 cm. Patagonian toothfish occur at depths
between 70 and 1 600 m around sub-Antarctic Islands and
seamounts, mainly between 40° S and 55° S. A longline fishery
for this species has developed in the South African exclusive
economic zone around the Prince Edward Islands (PEI-EEZ).

Patagonian toothfish fetch a high price on markets in the
United States and Japan and have consequently been the tar-
get of extensive fishing, primarily using longline gear. As a large
part of their distribution is on or around remote seamounts and
islands where surveillance is difficult, they have been subjected
to substantial illegal, unreported and unregulated (IUU) fish-
ing. The implementation of a catch-documenting scheme that
enables buyers to identify product from legal fisheries has led
to a marked reduction in levels of IUU fishing. Fisheries for Pa-
tagonian toothfish are further characterised by losses through
marine mammals (mostly orcas Orcinus orca) taking fish off the
lines (termed “depredation”). In some fisheries this depredation
can be substantial. During a single fishing trip in the PEI-EEZ,
it was estimated to represent a loss of as much as 80% of the
catch on a single day, and 30% to 50% of the catch during that
trip.

Figure 46: A Patagonian toothfish Dissostichus eleginoides, with an
individually-numbered tag inserted just below the dorsal fin

Patagonian toothfish are largely distributed within the area
managed by the Commission for the Conservation of Antarctic
Marine Living Resources (CCAMLR). As an original member
of CCAMLR, South Africa remains committed to its objectives,
and has voluntarily applied the CCAMLR conservation meas-
ures within the PEI-EEZ. According to CCAMLR CM 32-01 “the
fishing season for all Convention Area species is 1 December
to 30 November the following year”; thus a split-year fishing
season applies within the PEI-EEZ.

History and management

An experimental fishery for Patagonian toothfish in the PEI-
EEZ was initiated in October 1996. Five Permit Holders partici-
pated in the experimental fishery from its inception until 30 No-
vember 2005. In 2006, the experimental fishery was converted
to a commercial fishery through the allocation of five long-term
fishing Rights. At the start of the commercial fishery there were
two active vessels, one representing the largest Right Holder
and a second, larger vessel operating for a consortium of the
other four Right Holders. The consortium soon withdrew their
vessel from the fishery, advising that fishing was uneconomical
due to poor catch rates and high losses to marine mammals.
Consequently, only a single vessel operated in the PEI-EEZ
from 2006 until the consortium re-introduced a second vessel
into the fishery in late 2010.

Various gear configurations have been employed to exploit
the resource since the inception of the fishery. At the com-
mencement of the fishery in the 1990s, the primary fishing gear
employed was a form of longline known as an “autoline”, with a
few vessels using the Spanish double-line system. Apart from
a brief period (2004—2005) when one vessel deployed pots, the
period from 2000 onwards was characterised by an increas-
ing shift to the use of Spanish longlines, and autolines were
eventually phased out altogether by 2008 (Figure 47). Another
shift in the gear employed began with the introduction in 2008
of a modified longline gear, the trotline, which appreciably de-
creases the loss of catch to marine mammal depredation and
has a higher retention of large fish. Use of this gear has subse-
quently increased to the extent that no Spanish longline gear
has been used subsequent to the 2012/2013 fishing season
(Figure 47). These gear changes have complicated the assess-
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Figure 47: Number of sets deployed per fishing season in the Prince
Edward Islands EEZ. Data are shown for pot lines and for three dif-
ferent longline gear configurations deployed in the fishery over time.
1 Note that data for the 1996/97 season include fishing during the
months of October and November 1996

ment of the status of the resource (see below), and hence its
management. An experiment to calibrate catch rates between
Spanish longlines and trotlines was initiated in the 2011/2012
season and continued through to the end of the 2012/2013
fishing season. Currently, trotlines are the only gear deployed
in this fishery.

During the two years prior to the start of the experimental
fishery the Patagonian toothfish resource in the Prince Edward
Islands area was subjected to heavy exploitation by a fleet of il-
legal vessels that ranged throughout the Southern Ocean. The
estimated 1UU catch during those initial two years was more
than double the total legal catch taken over the subsequent
20 years. The IUU activity in the area declined in response to
reduced catch rates and the establishment of the legal fishery,
and the last recorded IUU activity in the PEI-EEZ was the sight-
ing of a single vessel in 2004. Although there has been no indi-
cation of IUU activity since 2004, there is a possibility that lUU
activity could go undetected because of the limited presence
of legal vessels in the PEI-EEZ. Consequently assessments of
the PEI toothfish resource conducted prior to 2013 assumed a
continued, constant IlUU take of 156 t per annum (i.e. the same
level as that estimated in 2004) over the period 2005 to 2009.
On the basis of information that subsequently became avail-
able, recent assessments of the resource (2013 onwards) have
assumed no IUU catches in the PEI-EEZ after 2005.

Regulation of the fishery was initiated in the 1996/97 season
with a 2 500 t TAC (Figure 48). The TAC was increased to 3
000 t for the 1997/98 season to promote year-round presence
in the PEI-EEZ in an effort to deter IUU fishing activity. The
TAC was reduced to 2 750 t for the 1998/99 and 1999/2000
seasons, and then further reduced to 2 250 t for the 2000/01
season since resource indicators (CPUE) suggested that sus-
tainable harvest levels had been greatly reduced due to illegal
catch levels. The first assessment of the status of the resource
was conducted in 2001 and used an age structured production
model (ASPM) that was based on catch-per-unit-effort (CPUE)
data derived from Spanish longline sets. The results of the as-
sessment indicated severe depletion of the stock, which led
to a decrease in the TAC to 600 t for the 2001/02 season. At
its October 2002 meeting, the CCAMLR Scientific Commit-
tee suggested that a TAC of not more than 400 t would be

appropriate for the 2002/03 season. In consultation with indus-
try representatives, a compromise was reached between the
400 t suggested by CCAMLR’s Scientific Committee and the
600 t TAC that was set in the 2001/02 season. This compro-
mise was firstly to demonstrate South Africa’s commitment to
CCAMLR, and secondly to provide sufficient catch to maintain
a year-round legal fishing presence in the Prince Edward Is-
lands EEZ as a means of deterring further IUU fishing in the
area. The TAC was thus set at 500 t for the 2002/03 season
and maintained at that level for the 2003/04 fishing season.

The ASPM was extended to incorporate catch-at-length
(CAL) data as a basis for TAC recommendations in 2003. De-
spite refinements to the model, the two primary resource moni-
toring indices (CPUE and CAL) yielded conflicting estimates
of resource status. While the CPUE data indicated that the re-
source was severely depleted, the CAL data suggested that
the situation was less serious. Attempts to reconcile these two
indices were unsuccessful. These circumstances led to major
difficulties in making scientific recommendations for appropri-
ate catch limits for this resource, and a pragmatic approach
was adopted that led to a reduction in the TAC to 450 t for the
2004/05 season. The consortium of four Right Holders with-
drew their vessel in 2006 due to economic pressures, leaving
only a single Right Holder, with an allocation of 27% of the TAC,
active in the fishery. Consequently the TAC was maintained at
450 t per annum until 2010 when the consortium of four Right
Holders re-entered the fishery. The annual catches over the
2006 to 2010 period were well below the TAC (Figure 47) as a
result of only one Right Holder being active in the fishery.

An updated analysis of the status of the resource incorporat-
ing additional catch data (2007-2010) was conducted in Sep-
tember 2011. The analysis was complicated by the gear change
(Spanish longline to trotline) in the fishery in recent years that
had compromised the only index of abundance, namely the
time-series of commercial CPUE. Depending on the data and
approach used in the analysis, standardised CPUE dropped by
between 16% and 34% in 2010 relative to preceding years. On

21500

20 500
3500
g [ Legal catch

— TAC

Figure 48: Catches (tonnes) of Patagonian toothfish estimated to have
been taken from the Prince Edward Islands EEZ. Catches are split
into those from the legal fishery and estimates of illegal (IUU) catches.
T Note that data for the 1996/97 season includes legal catches during
the months of October and November 1996
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the basis of these results, the TAC for the 2011/2012 fishing
season was reduced by 20% from the 2010/2011 level to 320 t,
and this level was maintained for the 2012/2013 season, pend-
ing further work on calibrating the Spanish longline and trotline
CPUE indices.

A research strategy was implemented during the 2011/2012
and 2012/2013 fishing seasons with the objective of calibrating
the trotline CPUE against that for Spanish longline. The strat-
egy involved operators deploying paired sets of both Spanish
longline and trotline gear in close spatial (3 nautical mile) and
temporal (2 weeks) proximity to each other in order to compare
catch rates obtained with the two gear types. The data collect-
ed during this exercise enabled the calculation of a calibration
factor for the two gear types, which could then be applied to
the general linear mixed model (GLMM)-standardised CPUE
time-series for each gear type to obtain a calibrated overall
“longline” CPUE abundance index for the entire duration of the
legal fishery.

The assessment of the Prince Edward Islands toothfish
resource was updated during 2013 to take account of further
catch, GLMM-standardised CPUE and catch-at-length infor-
mation that had become available for the years 2007 to 2013.
The assessment allowed for three fleets to accommodate data
from the pot fishery that operated in 2004 and 2005 and the
trotline fishery since 2008, in addition to the Spanish longline
operations. Results from the updated model indicated that the
resource was healthier than had been suggested in previous
assessments, yielding estimates of current depletion (spawn-
ing biomass relative to pre-exploitation levels) ranging from
43% to 87% depending on various assumptions of recruitment
variability and pre-exploitation abundance. Based on these re-
sults, the TAC for the 2013/2014 fishing season was increased
to 500 t.

In addition to updated catch data and the improved standard-
ised CPUE index of abundance, the 2014 assessment model
update involved several improvements over previous assess-
ments. Tag-recapture data (Table 11) were incorporated for the
first time, and a new basis for estimating the extent of depre-
dation by cetaceans was used. The updated model yielded a
changed perception of depletion, with estimates ranging from
55% to 60% of the average pre-exploitation spawner biomass.
Although projections using the assessment model indicated
that the resource would increase in abundance under catches
of up to 700 t per annum, the poor fits to longline CPUE data,
coupled with uncertainties regarding the stock-recruit relation-
ship, led to the decision to set the TAC for the 2014/2015 sea-
son at 575 t, with further increases dependent on a review of
updated datasets. The TAC was subsequently maintained at
this level until the 2018/2019 season due to concerns related
to the declining trotline CPUE index despite projections from
assessments indicating that the TAC might be safely increased
to some extent. The 2018 update of the assessment was con-
ducted in circumstances where the trotline CPUE had contin-
ued to decline, and used a new basis to estimate the extent of
cetacean depredation. The assessment yielded a somewhat
more pessimistic perception of resource status than did that
conducted in 2017, and projections under a suite of alternative
scenarios of future resource dynamics indicated that a 5.5%
reduction in the TAC (to 543 t) for the 2019/20 fishing season
would be appropriate.

Differing perceptions of resource status arising from conflict-
ing trends in CPUE and catch at length (and more recently

Table 11: Number of Patagonian toothfish tagged and released per
year in the Prince Edward Islands EEZ, and the number of tagged fish
recaptured per year

Season Released Recaptured
2004/2005 175 4
2005/2006 179 3
2006/2007 120 8
2007/2008 140 12
2008/2009 74 1
2009/2010 131 9
2010/2011 206 8
2011/2012 162 12
2012/2013 254 30
2013/2014 380 57
2014/2015 473 44
2015/2016 345 13
2016/2017 115 7
2017/2018 363 17
2018/2019 285 8
2019/2020 366 9
2020/2021t 502 0

Total 4270 242

1 Up to 20 November 2021

mark-recapture) data have led to major difficulties in making
scientific recommendations for appropriate catch limits for this
resource. Efforts have consequently been directed at develop-
ing an operational management procedure (OMP) for the re-
source that would enable resource recovery if the stock was
indeed very depleted (as indicated by the CPUE data), but that
would allow catches to increase if future data support a more
optimistic appraisal of resource status. Work on such an OMP
was completed in 2009, but that OMP was not adopted due to
concerns that it was too conservative and assumed levels of
IUU fishing and cetacean depredation that were too high, lead-
ing to TAC recommendations that were lower than needed to
be the case. Further work on the OMP has been conducted in
the subsequent period, resulting in an OMP that was adopted
in October 2020.

This OMP (referred to hereafter as OMP-2020) modifies the
TAC each year in synchrony with the trends in the two available
resource abundance indices (CPUE and tag-recapture data). It
has the primary objectives of:

» achieving a median depletion (current spawning bio-
mass relative to pre-exploitation level) of 40% in the
long term to promote resource conservation, and

* restricting interannual changes in the TAC to less than
10% to promote industrial stability, except in circum-
stances where resource indices fall below specified
threshold levels.

OMP-2020 has been used to calculate the TACs for the 2020/21
(542.9 t) and 2021/22 (548.5 t) fishing seasons.

Research and monitoring

Catch and effort data are reported by the fishing vessels on
a set-by-set basis (i.e. per longline deployed). In compliance
with CCAMLR conservation measures, there is 100% observer
coverage in this fishery. Catch and effort records and observer
reports are submitted to CCAMLR.

Some toothfish were tagged during 2005 as a trial, and
a tagging programme was initiated in 2006. Vessels are re-
quired to tag and release one fish per tonne of catch (in line
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Table 12: Estimates of resource status provided by the 2021 and 2022 reference case model updates

2019 2019
Parameter Description 2021 reference 2022 reference intermediate pessimistic
case case case case
Kp Pre-exploitation spawning biomass (t) 25616 25 886 22 458 13115
MSY Maximum sustainable yield (t) 1087 1102 946 554
B®, ./ K® Depletion 0,398 0.403 0.336 0.161
B*/ B, gy Spawning biomass relative to B,q, 1.615 1.632 1.365 0.655

with CCAMLR Conservation Measure 41-01). Fish should be
selected at random for tagging (every 100th fish, for example)
so that a range of sizes is tagged. However, fishermen tend
to select the smaller fish to tag because they are less valu-
able and are easier to handle — it is difficult to bring a large
(70 kg) fish onboard without using a gaff and thereby injuring
the fish. A tag-overlap statistic has been developed by CCAM-
LR to measure the degree to which the length distribution of
tagged fish matches that of all fish caught, and a requirement
for a tag-overlap statistic in excess of 60% was introduced.
These regulations have resulted in a marked improvement in
the size range of tagged fish. As of November 2021, 4 270 fish
have been tagged and 242 have been recaptured (Table 11).

About 88% of recaptures of tagged toothfish have been
within 10 nautical miles of the tag-and-release locations. This
observation suggests that toothfish do not move between sea-
mounts and hence could be susceptible to serial depletion. If
this was the case, then standardising the CPUE over a large
area would mask the serial depletion and lead to an artificial-
ly stable CPUE trend. To address this concern a new CPUE
standardisation was developed during 2014, using a finer
spatial scale for fishing areas. The results did not support the
hypothesis of serial depletion and showed no evidence of sys-
tematic shifts in fishing effort over time, but did show a larger
decline in CPUE over the last five years than that estimated by
previous standardisations.

Current status

A routine update of the toothfish reference case (RC) model
(the assessment model that is considered to provide the most

plausible measures of stock status and dynamics) is conducted
every year to ensure that the resource has not deviated appre-
ciably from what was predicted during OMP testing. Results of
the RC assessments conducted in 2021 and 2022 (using data
that extended to the end of the 2020 and 2021 fishing seasons,
respectively) showed relatively small differences (Table 12),
with the 2022 assessment suggesting a slight improvement in
resource status. The slight decline in abundance over the last
few years observed in previous assessments remains (Figure
49), although the resource’s abundance remains well above
Busy (Table 12).

Ecosystem interactions

South Africa has voluntarily undertaken to implement the
CCAMLR conservation measures within the Prince Edward
Islands EEZ. These include 100% observer coverage, move-
on rules to limit bycatch and specifications for mandatory bird-
scaring lines (tori lines). In addition, the total catch of rat-tails
(Macrourus spp.) and skates (Rajiidae) may not exceed 16%
and 5% of the toothfish TAC, respectively.

Since 2010 the total catch per fishing season for rat-tails
has ranged between 7 and 28 t and for skates between 0.1 and
3 t. There have been no reported seabird mortalities for the
past three years.

A marine protected area in the PEI-EEZ, which contains a
no-take area within 12 nautical miles of Prince Edward and
Marion islands and three limited-access areas, was promul-
gated in 2013. The marine protected area is primarily aimed at
protection of biodiversity.
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Figure 49: Spawning biomass trajectories estimated by the 2021 and 2022 reference case assessment updates. Estimates are shown in
absolute terms (tonnes; left-hand panel) and relative to the spawning biomass yielding maximum mustainable yield (B*msy; right panel)
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Further reading

Branddo A, Butterworth DS. 2021. The 2020 Operational Manage- Branddo A, Butterworth DS. 2021. Updated GLMM standardised

ment Procedure for the toothfish (Dissostichus eleginoides) trotline CPUE series for the toothfish resource in the Prince
resource in the Prince Edward Islands vicinity. FISHERIES/2021/ Edward Islands EEZ to include data up to the 2020 season.
JUN/SWG-DEM/09. Cape Town: Department of Forestry, FISHERIES/2021/OCT/SWG-DEM/22. Cape Town: Department
Fisheries and the Environment. of Forestry, Fisheries and the Environment.

Useful statistics

Catches (tonnes) of Patagonian toothfish estimated to have been taken from the Prince Edward Islands EEZ and the total allowable catch (TAC)
limit.

Legal catch

Fishing lllegal Total TAC (t)
season Longline Pot Trotline

1996/971 2754.9 21 350 24 104.9 2500
1997/98 1224.6 1808 3032.6 3 000
1998/99 945.1 1014 1959.1 2750
1999/00 1577.8 1210 2787.8 2750
2000/01 267.8 352 619.8 2250
2001/02 237.3 306 543.3 600
2002/03 251.1 256 507.1 500
2003/04 182.5 34.3 156 372.8 500
2004/05 142.6 141.9 284.5 450
2005/06 169.1 169.1 450
2006/07 245.0 245.0 450
2007/08 88.8 56.4 145.2 450
2008/09 41.8 30.7 72.5 450
2009/10 49.2 174.6 223.7 450
2010/11 1.0 290.4 2914 400
201112 52.4 2235 276.2 320
2012/13 49.7 215.6 265.3 320
2013/14 366.9 366.9 450
2014/15 4313 431.3 575
2015/16 298.0 298.0 575
2016/17 110.8 110.8 575
2017/18 346.1 346.1 575
2018/19 269.5 269.5 543
2019/20 336.7 336.7 502
2020/21 451.8 451.8 542

T Note that data for the 1996/97 season includes catches during the months of October and November 1996
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Seaweeds

Stock status Unknown Abundant Optimal Depleted Heavily depleted
Non-kelps Kelp

Fishing pressure Unknown Light Optimal Heavy
Gelidium Kelp

Introduction

The South African seaweed industry is based on the com-
mercial collection of kelps and the red seaweed Gelidium,
and small quantities of several other species. All commercially
exploited seaweeds are found between the Orange (Northern
Cape) and Mtamvuna (Eastern Cape) rivers. In the Western
Cape and Northern Cape, the South African seaweed industry
is currently based on the collection of beach-cast kelps and
harvesting of fresh kelps. In the past, beach-cast gracilarioids
(agar-producing red seaweeds of the genera Gracilaria and
Gracilariopsis) were collected in Saldanha Bay and St Helena
Bay, but there has been no commercial activity there since
2007. Gelidium species are harvested in the Eastern Cape.

The South African seaweed sector is small compared
to many other fisheries but is estimated to be worth at least
R45 million annually and to provide at least 400 jobs. Much of
the harvest is exported for the extraction of gums. The inter-
national seaweed industry is controlled by large international
companies that can manipulate prices. Marketing of these raw
materials is complicated and requires overseas contacts to
sell seaweed or to obtain a good price. As a result, returns for
South African companies that do not process locally may be
marginal, and they often stockpile material while negotiating
prices.

Collection and drying of seaweed is a low-tech activity, while
secondary processing is more technical. Extraction and manu-
facture of end-products (e.g. plant-growth stimulants, alginate,
agar, or carrageenan) is technical and expensive, but although
only plant-growth stimulants are currently produced (from kelp)
in South Africa, production of other extracts should be encour-
aged because of potentially higher earnings.

Fresh kelp is now harvested in large quantities (about
5 000 t fresh weight per annum) in the Western Cape as feed
for farmed abalone. This resource, with a market value of over
R6 million, is critically important to local abalone farmers. Fresh
kelp is also harvested for high-value plant-growth stimulants
that are marketed internationally and nationally.

History and management

Commercial interest in South African seaweeds began during
World War I, when various potential resources were identified,

but commercial exploitation only began in the early 1950s. The
South African industry has historically been based almost en-
tirely on three groups of seaweeds: the kelps Ecklonia maxima
and Laminaria pallida, several species of the red seaweed
Gelidium, and the red seaweeds Gracilaria and Gracilariopsis
(together referred to as “gracilarioids”).

The coastline between the Orange and Mtamvuna rivers is
divided into 23 seaweed Rights Areas (Figure 50). In each area,
the Rights to each group of seaweeds (e.g. kelp, Gelidium, or
gracilarioids) can be held by only one entity, to prevent com-
petitive overexploitation of these resources. Different entities
may hold the Rights to different resources in the same area.

Management of most seaweed resources is based on total
allowable effort (TAE), except for fresh kelp, for which a maxi-
mum sustainable yield (MSY) is set in annual permit conditions.
The commercial season for permits and reporting of seaweed
harvests is from 1 March of year 1 to end February of year 2.

Kelps
Until the mid-1990s, kelp use in South Africa was restricted
to the collection, drying and export of beach-cast kelp for the
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extraction of alginate, a colloid used in the food and chemical
industries. Annual yields varied with international market de-
mands, but peaked in the mid-1970s, with maxima of around
5000 t dry weight. Since then, yields of <1 000 t dry weight per
annum have been more usual (Table 13).

Since the early 1980s, a local company has been producing
a liquid plant-growth stimulant from Ecklonia maxima and mar-
keting this nationally and internationally. A second local com-
pany now also produces a similar extract.

The growth of abalone farming in South Africa since the ear-
ly 1990s has led to increasing demands for fresh kelp as feed.
In 2021 a total of 3 182 t of fresh kelp fronds was supplied to
farmers. Demand for kelp as feed is currently centered around
the two nodes of abalone farming activity, at Cape Columbine
and the area between Danger Point and Hermanus. Kelp har-
vesters are supplied with a “kelp harvesting manual’, which
sets out best practices to ensure sustainability.

Gelidium

Gelidium species contain agar, a commercially valuable col-
loid with many food and cosmetic uses, and the only medium
for cultivating bacteria in medical pathology. The Gelidium re-
source in South Africa comprises G. pristiodes, G. pteridifolium
and G. abbottiorum, all most abundant in the Eastern Cape
(seaweed Rights Areas 1, 20, 21, 22 and 23; Figure 50), where
they have been harvested from intertidal areas since the mid-
1950s. Yields, which come almost entirely from Area 1, vary
with demand but were usually about 120 t dry weight annually.
Since 2010 there has been little or no harvesting from areas
20, 21, 22 and 23 because of low prices for some of the spe-
cies and access and security problems on the Wild Coast (i.e.
northern part of the Eastern Cape coast).

Gracilarioids

Gracilarioids produce agar of a lower quality than that from
Gelidium. Only Saldanha Bay (seaweed Rights Area 17) and
St Helena Bay (Areas 11 and 12 in part) contain commercially
viable amounts of these seaweeds. Only beach-cast mate-

rial may be collected commercially because harvesting of the
living beds is not sustainable. In Saldanha Bay, large yields
(>1 000 t dry weight, annually) were obtained until the ore jetty
and breakwater were built in 1974, after which yields fell dra-
matically. Occasional small wash-ups are obtained in St He-
lena Bay. Since 2001, total annual yields of gracilarioids ranged
from zero to a few hundred tonnes dry weight, and the resource
is regarded as unreliable. No gracilarioids have been collected
commercially since 2007.

Other resources

Other seaweeds have been harvested commercially on occa-
sion, including species of Porphyra, Ulva, Gigartina and Maz-
zaella. However, local resources of these species are small by
international standards and harvesting has not been economi-
cally viable. Nevertheless, there is potential for local use of
some species, for example in food products.

Research and monitoring

It is not practical to monitor the amounts of kelp cast up on
beaches along the approximately 1 000 km of the West Coast
where they occur. Collection of beach-cast kelp has no im-
pact on the living resource and is driven by market demands.
Monthly returns are, however, submitted and monitored.

Estimates of kelp biomass are based on infrared aerial im-
agery, GIS mapping and diver-based sampling. Monthly har-
vest of fresh kelp is checked against the prescribed MSY as
set in annual permit conditions (Table 14). Kelp beds in the
two main nodes of harvesting (Gansbaai and Jacobsbaai) are
monitored each year, when densities of kelps are determined
during diving surveys at each of two permanent locations in
each area. Every two years, the same methods are used to
monitor kelp beds at Port Nolloth, Kleinzee, Hondeklip Bay
and Doring Bay. Values are compared with baseline data from
previous surveys. In addition, periodic inspections of selected
kelp beds are made from the surface and by divers. Current
research aims to improve our understanding of kelp biology in
order to manage the resource better.

Table 13: Annual yields (tonnes) of commercial seaweeds in South Africa, 2008—2021, by calendar year. “Kelp beach cast” (column 3) refers
to material that is collected in a semi-dry state, whereas “kelp fresh beach cast” (column 2) refers to clean wet kelp fronds that, together with
“kelp fronds harvest” are supplied as abalone feed. From 2012, the commercial “season” for permits and monthly reporting of seaweed harvests
was changed from a calendar year to 1 March of year 1 to end February of year 2

Year Kelp fresh Kelp beach Kelp fronds Growth Gelidium
beach cast cast harvest enhancer
2008 120.2 550.5 5429.3 809.9 120.3
2009 115.5 606.7 5109.3 12328 115.5
2010 103.9 696.8 5542.2 1264.7 103.9
2011 102.2 435,8 6244.8 1618.0 102.2
2012 117.2 1063.2 7 488.5 1788.9 117.2
2013 106.4 564.9 5837.9 2127.7 106.4
2014 75.9 775.6 4.800.0 1610.0 75.9
2015 95.2 389.2 42231 1930.7 95.2
2016 102.5 411.8 41448 2 166.3 102.5
2017 102.8 482.1 3317.8 3001.6 102.8
2018 89.3 540.5 5 356.1 1886.7 89.3
2019 476.0 287.2 4.209.6 1029.7 67.4
2020 131.1 246.4 3560.9 1250.6 61.2
2021 50.0 297.7 31824 1645.1 58.1
Totals 1788.2 7 348.4 68 446.7 23 362.7 13179
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Assessment of the gracilarioid resource is performed on an
ad hoc basis because only beach-cast seaweed is collected
and there is therefore no direct effect on the living resource.

The harvesting and biology of Gelidium pristoides in Area 1
of the Eastern Cape were comprehensively researched in the
1980s. Current monitoring is by annual inspections of certain
harvested and non-harvested shores in that area, and annual
biomass and density measurements at two permanent study
sites. Catch returns are also monitored to ensure that yields do
not exceed historical levels; if they did, further inspections and
monitoring would be necessary. The G. pristoides resources in
Areas 20-23 (former Transkei) have never been quantified. Al-
though currently unexploited, they may become commercially
relevant with small-scale fisheries allocations, and will require
study. Other seaweed resources are assessed on an ad hoc
basis as the need arises.

Current status

Kelps

There are 13 areas in which kelp Rights were held in 2021 and
yields of dry beach-cast kelp totaled 298 t in 2021 (Table 13). A
further 50 t wet weight of fresh beach-cast kelp was supplied to
abalone farms, together with 3 182 t wet weight that was har-
vested directly as abalone feed. These yields have remained
fairly steady over the past three years.

Recently, some Right Holders have requested that the MSY
of their areas be reviewed because the demand for fresh kelp
is increasing. However, because the Department has halted all
diving operations due to staff shortages, an assessment of the
resource could not be done.

Since the reassignment of four of the Rights Areas (Areas 5,
8, 15 and 16) to the small-scale fisheries sector in 2016, kelp
harvesting in these areas has been done under an exception
permit. This was to ensure that nearby abalone farms are not
negatively impacted when the small-scale fisheries sector be-
comes organised.

In Areas 6 and 9, the production of plant-growth stimulant
by Kelpak and Afrikelp used a combined 1 645 t of fresh kelp
in 2021. The status of kelp resources varies geographically:
from well/almost completely exploited in some areas to almost
completely unexploited in others.

Monitoring, visual inspections and reports from Right Hold-
ers show that the kelp resource is stable and healthy.

Gelidium

All harvested Gelidium were collected from Area 1, with G. pris-
toides now comprising almost all the harvest. The other spe-
cies, which used to comprise most of the harvest in Areas 20-
23, now fetch low prices on Asian markets. The 2021 harvest
from Area 1 (58 t dry weight) was the lowest ever recorded,
mainly because of reduced demand. Inspections and meas-
urements done in February and September 2021 indicate very
healthy G. pristoides populations, with density and biomass
values well within normal limits.

Gracilarioids

Only sporadic wash-ups were observed in Saldanha Bay.
These periodic fluctuations appear to have natural causes
and have been recorded before. This resource must at present

Table 14: Maximum sustainable yield (MSY) tonnes of harvest-
ed kelp for all areas for 2023/2024 season (1 March 2023-28
February 2024). *Note: In Areas 5 and 6a only non-lethal har-
vesting of fronds is allowed

Area Whole kelp Kelp fronds
5 0~ 2625
6a* 0~ 4592
6b 174 87
7 1421 710
8 2048 1024
9a 2 467 1234
9%b 2053 1026
10 188 94
11 3085 1543
12 50 25
13 113 57
14 620 310
15 2200 1100
16 620 310
18 2928 1464
19 765 383
Total 18 732 16 584

be regarded as commercially unreliable, despite such occa-
sional wash-ups. Since 2007, no collection of Gracialaria has
been done.

Other seaweed resources
Ulva and Porphyra are included in the small-scale basket of
species. These seaweeds are collected in small amounts to be
used in the culinary industry.

Seaweed resources in general, with the exception of the
gracilarioids, are in a good state. None are over exploited,
some (kelp in a few Rights Areas) are close to optimal exploita-
tion, and some are under exploited.

Ecosystem interactions

In the case of Gelidium pristoides in Area 1, which makes up
the bulk of the Gelidium harvest, considerable research has
shown that harvesting, as currently practised, has negligible
ecosystem effects.

Ecosystem effects of kelp harvesting have been dealt with in
a few studies and are the subject of ongoing research. Results
so far indicate that they are slight; harvesting never exceeds
natural mortality (about 10% of biomass), recovery of beds is
rapid, and previous research showed no measurable effects on
plants and animals living under the kelp canopy. Current stud-
ies are examining possible climate change interactions.

Climate change

The only recorded seaweed distributional change, in South
Africa, is the eastward movement of the large kelp Ecklonia
maxima that forms extensive forests along the South African
West Coast and parts of the South Coast. During the 1950s,
E. maxima was only recorded up to Suiderstrand (130 km
east of Cape Town) but can now be found 70 km further east
at De Hoop Nature Reserve. The kelp bed there is now well
established and fairly large. Recent research using repeat
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photography has shown that the abundance of E. maxima is
also increasing within its distribution range. This range exten-
sion and increase in abundance have been ascribed to cooling
of inshore sea temperatures in the region. Repeat sampling of
other seaweed species has not shown any similar distributional
changes.

Further reading
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Sharks

Stock status Unknown

Leg skates
African softnose
skate
Bronze whaler
shark
Roughbelly skate
Munchkin skate
Spearnose skate
Leopard skate
Lesser guitar-
shark
Izak catshark
Rajidae spp.

Unknown

Leg skates
African softnose
skate
Roughbelly skate
Yellowspotted
skate
Munchkin skate
Spearnose skate
Leopard skate
Lesser
guitarshark
Izak catshark
Puffadder
shyshark
Rajidae spp.

Fishing pressure*

Status is provided only for chondrichthyans for which assessments are available. *Fishing pressure is across multiple fisheries

Introduction

The class Chondrichthyes (sharks, rays and chimaeras), here-
after referred to as “sharks”, represents an ancient (420-mil-
lion-year-old) lineage of fishes, present in all major marine sys-
tems. Globally, it has been estimated that more than a third of
the 1 200 known species of sharks are currently threatened
with extinction, mostly through direct overfishing. This has
been shown in the decline by 71% in abundance of oceanic
sharks and rays owing to an 18-fold increase in relative fish-
ing pressure since 2014. For two thirds of all threatened shark
species, overfishing as target and bycatch remains the sole
threat to their populations. Sharks are often caught as part of
the unwanted bycatch in fisheries that are managed for spe-
cies that can sustain a higher fishing pressure. This unwanted
bycatch is discarded at sea, and much of it is unrecorded and
unregulated. Classification of sharks as an unwanted bycatch
has a bifold effect on sharks; firstly it is difficult to estimate total

fishing mortality per species across all fisheries, and secondly
the lack of species-specific data hinders the ability to assess
the species in question.

The southern African chondrichthyan fauna includes rep-
resentatives from all 13 orders of cartilaginous fishes with
50 families and 105 genera, representing 20% of all known
chondrichthyans. There are 111 shark, 72 batoid and 8 chi-
maera species, of which 13% are endemic to the region. Just
over half of the 191 chondrichthyan species that occur in south-
ern Africa are impacted by fisheries, ranging from recreational
angling to industrialised fishing such as trawling and pelagic
longline fishing. Of the 103 species of chondrichthyans that are
impacted by South African fisheries, annual catches in excess
of 11 t are reported for only 22 species (Table 15).

South Africa is a signatory of the FAO Code of Conduct for
Responsible Fisheries. Under its framework an International
Plan of Action for the Conservation and Management of Sharks
(IPOA-Sharks) was developed in 1998, which encourages mar-

.



Table 15: Estimated dressed catches [t] of chondrichthyans caught [in excess of 11 tonnes per annum] by South African fisheries. Current sci-
entific name and authority follows Ebert and van Hees (2015). Fisheries abbreviations: Demersal shark longline (DSL), Pelagic longline fishery
(PL), Recreational linefish (RecL), Commercial linefish (LF), Beach seine and gillnet fisheries (BG), Offshore/inshore demersal trawl fisheries (TF),
*Species generally released if alive, 4 overfished and overexploited, 44 not overfished but overexploited

Estimated Estimated .
average average Fishery /
Scientific Common 9 9 fisheries Local trend/ IUCN Global
name name annual catch  annual catch catchin stock status Status trend
2010-2012  2013-2019 9
>75%
(tonnes) (tonnes)

Cruriraja spp. Legskates 11-100 11-100 TF LC
Bathyraja smithii Softnose skates 11-100 11-100 TF LC 2018
Callorhinchus capensis St Joseph 400-500 300-400 TF LC f LC 2020

. Bronze whaler / LF, DSL, PL,
Carcharhinus brachyurus copper shark 101-200 11-100 BG* LC f VU 2020 *

. LF*, RecL*,
Carcharhinus obscurus Dusky shark 11-100 1-10 DSL, BG* EN 2018 *
Prionace glauca Blue shark 301-600 400-500 PL NT 2018 *
Isurus oxyrinchus Shortfin mako shark 301-700 600-700 PL EN 2018 *
Dipturus pullopunctatus Slime skate 11-100 11-100 TF LC f LC 2019 f
Dipturus springeri Roughbelly skate 11-100 11-100 TF LC 2018
Leucoraja wallacei Yellowspotted skate 11-100 11-100 TF VU * VU 2019 *
Raja spp. Rays and skates 11-100 11-100 TF
Raja ocellifera Twineye skate 11-100 11-100 TF EN * EN 2020 *
Raja straeleni Biscuit skate 201-300 100-200 TF LC * NT 2020 *
Rajella caudaspinosa Munchkin skate 11-100 11-100 TF LC 2018
Rajella leoparda Leopard skate 11-100 11-100 TF LC 2020
Rostroraja alba Spearnose skate 11-100 11-100 TF, DSL VU * EN 2006 *
Acroteriobatus annulatus ~ -SSSe 9ultarfish / 11-100 11-100 TF, RecL* e 4 wuzre 3

wedgefish
Holohalaelurus regani Izak catshark 11-100 11-100 TF LC f LC 2019 f
L Bluntnose spurdog /
Squalus acutipinnis P 11-100 11-100 TF lc & n~r2019 &
Galeorhinus galeus Soupfin shark / tope 101-400 101-200 TF, LF, DSL CRe & CR2020
Common DSL, LF, TF,

Mustelus mustelus smoothhound shark 101-300 11-100 BG* EN¢e * EN 2020 *
Mustelus palumbes Whitespotted 1-100 1-100 TF, DSL, LF LC LC 2020

smoothhound shark

itime states to develop a Shark Assessment Report (SAR) and
adopt a National Plan of Action for Sharks (NPOA-Sharks).The
first South African National Plan of Action for sharks (NPOA-
Sharks 1) was finalised in 2013 and provided baseline informa-
tion on the status of chondrichthyans in South Africa and as-
sessed research, management, monitoring, and enforcement
frameworks associated with shark fishing and trade of shark
products in the South African context. The NPOA-Sharks |
went through an internal review and a comprehensive external
review by an international panel of experts appointed by the
Minister in 2020. The panel recognised South Africa’s achieve-
ments, in particular in the discipline of scientific assessments,
but also identified areas where improvements are still needed.
Emanating from this review, after an extensive stakeholder

consultation phase, the revised NPOA (NPOA-Sharks II)
builds on the achievements and lessons learned from NPOA-
Sharks | and closely follows the recommendations of the Shark
Expert Panel.

History and management

The history of shark fishing in South Africa goes as far back
as the late-1800s; however, commercial-scale exploitation
only started in earnest in the late-1930s and was linked to
an increased demand for natural vitamin A obtained from
shark livers. This fishery was concentrated in Western Cape
fishing villages, with very large catches exceeding 4 000 t
focused on soupfin sharks Galeorhinus galeus. Although it
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was not until the synthesis of vitamin A in 1967 that demand
for shark products decreased, catches of soupfin shark were
already declining by the late 1940s, and have not returned to
pre-war levels (Figure 51a). By the 1990s there was renewed
interest in sharks and a shark-directed longline fishery was
established. The fishery initially targeted both demersal and
pelagic sharks but shifted toward pelagic sharks when further
industrialisation and motorisation enabled fishers to fish
farther offshore for longer periods of time. However, pelagic
sharks are now caught only as bycatch in the large pelagic
longline fishery.

South Africa has only one shark-directed fishery, the
demersal shark longline fishery, with smoothhound Mus-
telus mustelus and soupfin shark comprising the bulk of the
catch. The suite of demersal shark species caught in South
Africa is caught across three fisheries: the demersal shark
longline fishery, the inshore trawl fishery and the commercial

linefishery (Figure 51). The demersal shark longline fishery
is the only sector that consistently targets demersal sharks,
with targeting in other sectors being sporadic, depending on
the availability of more-valuable target species and seasonal
aggregations. None of the commercial fisheries are currently
limited by shark species-specific management measures such
as size- or bag limits, but shark-specific regulations exist in the
following commercial fisheries: demersal shark longline, large
pelagic longline and beach-seine and gillnet.

Fisheries responsible for significant catches of demersal
sharks

Longline permits were first issued in 1991 for targeting both
demersal and pelagic sharks. This dual targeting was discon-
tinued in 2004 with the development of the demersal shark
longline sector with 11 Rights, and with those Right Holders
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Figure 51: Total catch (tonnes) of (a) soupfin shark Galeorhinus galeus (SFSH) and (b) smoothhound shark Mustelus mustelus (HNSH) between
1950 and 2020 and 1990 and 2020, respectively, for the inshore trawl fishery, the demersal shark longline fishery, commercial linefishery and the
historical commercial linefishery from Gansbaai (line gans SFSH). Catches were raised from dressed weight to total weight using the de la Cruz
(2015) raising factors of 1.42 for HNSH and 1.52 for SFSH. The black line in 2020 represents the catch estimated to be sustainable at the most

recent stock assessment
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(RHSs) focusing on pelagic-shark fishing moving to the large pe-
lagic longline sector under an exemption. By 2006, the number
of vessels in the demersal shark longline sector was reduced
to six. Most RHs in this fishery hold Rights in multiple fisheries;
therefore the number of active vessels fluctuates dramatically,
and there have rarely been more than four vessels operating
annually. From the inception of this fishery annual landings
have fluctuated widely, largely because of the demand for
shark trunks or “flake” internationally; however, reduced catch-
es and effort in recent years may be directly related to declining
stocks.

Rights in this sector were re-allocated during the most re-
cent FRAP process in 2021 with only a single successful RH.
It is likely that many previous RHs did not reapply for rights in
the sector due to the economic constraints in the fishery. Ap-
peals are ongoing at the time of writing and the final number
of vessels within the fishery is still to be determined but will not
exceed the previously recommended four RHs.

In terms of operation, the demersal shark longline fishery is
permitted to operate in coastal waters from the Orange River
on the West Coast to the Kei River on the East Coast but fish-
ing rarely takes place north of Table Bay. Vessels are typically
<30 m in length and use nylon monofilament Lindgren Pitman
spool systems to set weighted longlines baited with up to 2 000
hooks (average = 917 hooks). The fishery operates in waters
generally shallower than 100 m.

This fishery contributes >75% of the total fishing mortality for
eight species; bronze whaler shark Carcharhinus brachyurus
(classed as Vulnerable [VU] on the IUCN Red List of Threated
Species, 13 t average annual dressed catch between 2010 and
2020), dusky shark C. obscurus (Endangered [EN], <1 taverage
annual reported catch between 2010 and 2020), broadnosed
sevengill shark Notorynchus cepedianus (VU, <1 t), spearnose
skate Rostroraja alba (EN, <1 t), smooth hammerhead Sphy-
rna zygaena (VU, <1 t), soupfin shark (Critically Endangered
[CR], 29.6 t), smoothhound shark (EN, 64.2 t) and white spot-
ted smoothhound Mustelus palumbes (Least Concern [LC],
<1 t). A total of 27 shark species have been reported as caught
in this fishery, with an increase in reporting since identification
guides were included in national catch-return books. A pilot
electronic monitoring (EM) program has been installed in the
remaining vessel in the sector which will further assess the
impact of this fishery. In addition, the effectiveness of an EM
program for longline operations will be investigated from these
data and from national surveys. This fishery was responsible
for 7.6% of the average annual reported catch of sharks be-
tween 2010 and 2020.

The long history of the commercial linefishery can be traced
back to fishing activities of European seafarers in the 1500s,
with the first fishing restrictions imposed in 1652. To compen-
sate for declining catch rates of high-value linefish species, a
rapid increase was seen in shark catches between 1990 and
1993. After 2000, species-specific reporting came into effect
and shark catches continued to constitute a large proportion
of the livelihood of these fishers around South Africa, with
the establishment of a number of dedicated shark-processing
facilities. Shark catches by the commercial linefishery since the
1990s have typically fluctuated in response to the availability
of higher priced linefish species and market influences. The
fishery is described in detail in the Linefish section of this re-
port, and contributes to >75% of the total fishing mortality for
22 shark species, of which 45% are listed as Vulnerable, 18%

as Endangered and 5% as Critically Endangered. The average
annual reported catch of sharks between 2010 and 2020 was
167.9 t with this sector responsible for 10% of the average
annual reported catch of sharks in that period.

The effects of recreational angling on shark populations are
largely unknown as a result of the lack of a legislated mandatory
reporting system and unknown post-release mortality for most
species. There is evidence from global studies that recreational
catches can exceed those from commercial sectors and the
collapse of certain fisheries has been attributed to recreational
fishing. In South Africa, an increase in the use of unmanned
aerial vehicles or drones for recreational angling focused on
large elasmobranchs increased in 2016, with a high percent-
age of IUCN Red Listed species (69%) caught and used as
bait. In 2022 a public notice was released by the Department
declaring that the use of motorised equipment for recreational
angling has always been illegal according to the Marine Living
Resources Act of 1998. The recreational linefishery contributes
>75% of the catch of 26 species of shark; of these, 39% are
listed as Vulnerable, 15% as Endangered and 12% as Critically
Endangered. Although most of the sharks are released, post-
release mortality is unknown.

The inshore trawl fishery targets shallow-water Cape hake
Merluccius capensis and Agulhas sole Austroglossus pectora-
lis between Cape Agulhas and the Great Kei River but takes a
substantial bycatch of demersal sharks. This sector contributes
>75 % of the total fishing mortality of at least 67 species (with
a few generic groups), with 31% listed globally on the IUCN
Red List as being under threat; with 9% as Vulnerable, 16% as
Endangered and 6% as Critically Endangered (NPOA Sharks
I). Only two species of shark are reported by name in the fish-
ery: St Joseph Callorhinchus capensis (308.8 t average annual
reported catch between 2010 and 2020) and soupfin shark
(28.7 t). The remaining estimated 65 species are lumped under
the following categories: dog sharks (1.5 t average annual re-
ported catch between 2010 and 2020), hound sharks (19.9 t),
skates (139.3 t), copper (or bronze whaler) shark (0.08 t), and
unidentified sharks (11.4 t). The sector is described in detail in
the Agulhas sole section of this report. This fishery is responsi-
ble for 30% of the average annual reported catch of sharks be-
tween 2010 and 2020. Due to a massive reduction in catches
in the large pelagic sector since 2020, for this most recent ag-
gregation of all catch data, this sector is responsible for 59% of
total fishing mortality of sharks in South Africa.

A directed gillnet fishery for ploughnose chimaeras, locally
referred to as the St Joseph, is confined to the South African
West Coast and is managed as part of the netfishery, with strict
gear and effort limitations (see Netfish section of this report).
The total catch of St Joseph by the trawl fishery (308.8 t aver-
age catch between 2010 and 2020) far exceeds the catch of
the directed fishery (~40 t). The legal gillnet fishery is facing
increased competition from illegal gillnetting in estuaries and
the sea, throughout the South African coastline. lllegal gillnet-
ting in estuaries alone lands around 2 200 t per annum (esti-
mated total catch of all teleosts and sharks), twice that landed
by the legal gillnet fishery in the sea. Landings from illegal
gillnetting in the sea, especially that directed at sharks, may
now also exceed the landed mass of the legal fishery. lllicit
gillnetting is highest in KwaZulu-Natal and the Western Cape
but is expanding from both these provinces into the Eastern
Cape. Data are limited but Northern Cape gillnet catches ap-
pear to have been dominated by the illegal fishery for at least



the last three decades. lllegal gillnets are generally negatively
buoyant and are often set overnight or without surface marker
buoys to avoid detection, and illegal shark gilinets are increas-
ingly being stored in weighted bags at sea. lllegal gillnetting
has escalated in both in estuaries and the sea. Much of this
is done using primitive craft, including large slabs of polysty-
rene foam, wooden frames covered with heavy-duty plastic
sheeting, dugouts carved from tree trunks and even double-
bed frames clad with corrugated iron, as well as using high-
powered skiboats and deckboats with hidden compartments
to conceal nets and catch. The more-rudimentary craft are
confined to estuaries and sheltered nearshore.

Catches by illegal gillnets in estuaries are highest on the
West Coast from the Orange River to just north of Table Bay
(Buffels River) and in northern KZN, from Kosi Bay to Lake
St Lucia. lllegal marine gillnet operations are more sophisti-
cated, currently mostly directed at sharks with catches of 400 t
to >800 t per annum estimated for the Cape South Coast. In
KZN, confiscated gillnet catches reveal shark bycatch to be
exceptionally high, one example being the catches of smooth
hammerhead and milk shark Rhizoprionodon acutus in the
“shark nursery” of Richards Bay. Extinction of both large-
tooth Pristis microdon and green P.zijsron sawfish from South
African waters are likely directly attributable to gillnet satura-
tion and ghost-fishing in their estuarine pupping grounds and
nursery areas in KZN. The nets in the Western and Eastern
Cape are mostly imported from Europe whereas in northern
KZN most of the nets are smuggled in from Mozambique and
other countries to the north, where they are inexpensive and
readily available. These nets originate from Asia and/or from
previous misguided attempts by the World Bank to stimulate
fisheries in the region. There is a pressing need for illegal
operations to be eradicated and existing legal gillnetting to
be phased out and replaced by more-selective fishing
methods with lower bycatch mortalities.

Fisheries responsible for significant catches of pelagic
sharks

The South African large pelagic longline fishery was commer-
cialised in 2005. Pelagic sharks are now considered bycatch in
the large pelagic longline fishery. Progressively more-stringent
measures have been applied to limit the shark catch since
2013, when sharks were first designated as bycatch. Meas-
ures include a ban of wire trace, the prohibition of finning
at sea (sharks to be landed with their fins attached), the imple-
mentation of a mandatory observer coverage of 20% stratified
across vessels and seasons, and the restriction of targeting
to less than 50% shark catch per season. Vessels that catch
more than 60% sharks in any quarter are required to have
100% observer coverage thereafter.

Fishing takes place within the entire exclusive economic
zone (EEZ) and beyond, targeting highly migratory pelagic
species the distributions of which span multiple EEZs. Con-
sequently, these resources are managed by Regional Fish-
eries Management Organizations (RFMOs); specifically, the
International Commission for the Conservation of Atlantic
Tunas (ICCAT); the Indian Ocean Tuna Commission (IOTC); and
the Commission for the Conservation of Southern Bluefin Tuna
(CCSBT). This fishery is detailed in the Tunas and Swordfish
section of this report.

This sector contributes >75 % of the total fishing mortal-
ity of 15 shark species (reported by genus except for mobu-
lids), of which 40% are listed as Vulnerable, 20% as Endan-
gered and 13.3% as Critically Endangered. Except for shortfin
mako shark /surus oxyrinchus and blue shark Prionace glau-
ca, the remainder of these species have been added to the
prohibited list in this sector. The average annual reported
catch of sharks in this sector between 2010 and 2020 was
960 tonnes. However, in response to persistent targeting of
pelagic sharks, the Department introduced new permit condi-
tions in 2016 to reduce pelagic shark catches. This resulted in
a reported catch of pelagic sharks of 248.9 tonnes in 2020, an
85% reduction in just 4 years.

Significant changes in the management of sharks since
NPOA-Sharks |

Since the completion of NPOA-Sharks | in 2013, there have
been several substantial changes in how sharks are man-
aged both in target and in bycatch fisheries. In the demersal
shark longline fishery, no species listed in CITES Appendix I,
nor broadnose sevengill sharks, may be landed. A slot limit
of 70-130 cm has been implemented for all elasmobranchs
in this fishery and in the commercial traditional linefishery,
whereby retention of sharks outside the limit is prohibited.
Strict handling and release protocols and data requirements
apply to all released sharks. The oldest fishery to have his-
torically targeted sharks, the commercial linefishery, has small
segments of fishers in historical shark fishing areas that
target smoothhound, soupfin and requiem shark species.
The 70-130 cm slot limit has also been implemented in this
fishery. The most substantial changes in shark management
occurred in the large pelagic longline fishery. The shark-direct-
ed component of this fishery was merged with the tuna-direct-
ed fishery and sharks have become designated as bycatch
with strict bycatch regulations in place. These include: (i) the
removal of wire traces as permitted fishing gear; (ii) prohibi-
tion on retention of CITES Appendix Il listed species, including
look-alike species; and (iii) implementation of permit conditions
requiring sharks to be landed either with fins naturally attached
or partially attached but tethered.

Multi-sector shark fishing complicates management

The most-recent estimate (2020) of the dressed-weight catch
of chondrichthyans across all fisheries in South Africa de-
creased to 902 t. Historically the large pelagic longline fish-
ery was responsible for the highest catch of sharks (52%), fol-
lowed by the trawl fishery (30%), commercial linefishery (10%)
and lastly the demersal shark longline fishery (8%). After the
change in permit conditions in the large pelagic longline fishery
that designated sharks to be treated as bycatch, catches in
this fishery decreased by 85%. In 2020, the trawl fishery was
responsible for 59% of total shark mortality in South Africa, fol-
lowed by the large pelagic longline fishery (28%), commercial
linefishery (11%) and lastly the demersal shark longline fishery
(2%). Given that the pelagic sharks of commercial interest are
mainly caught by a single fishery, bringing about a decrease
in targeting and a consequent decrease in catches has been
a simple process. For chondrichthyans caught across multi-
ple fisheries, reducing catches as necessitated by pessimistic
stock assessment results becomes difficult to achieve.
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In terms of target species, both soupfin and smoothhound
sharks are being caught at unsustainable levels. These are
caught across three fisheries as shown in Figure 51. Catches
have been upscaled to round weight following algorithms de-
veloped by the Department’s Linefish Stock Assessment Task
Team. To inform discussions about future management recom-
mendations for sharks caught in the above fisheries, it is impor-
tant to understand the impact of the targeted demersal longline
fishery relative to that trawl and linefish catches of the main
species. Overall, the commercial linefishery takes the largest
proportion of soupfin catches, with an average of 65% of catch-
es between 2007 and 2020, followed by the trawl fishery (20%)
and the demersal shark longline (15%).

Research and monitoring

There are ~200 chondrichthyan species that occur in south-
ern Africa, with the number changing frequently due to taxo-
nomic revisions and description of new species; since 2013,
seven new species have been added. All the chondrichthyan
research related to fisheries is guided by the NPOA-Sharks I
of 2022, which aims to collect species-specific data needed to
develop appropriate management strategies for all threatened
species. All sharks impacted by fisheries in South Africa have
been listed in the NPOA-Sharks Il under Appendix 2. This lists:
(i) the estimated dressed catch in tonnes of each species; (ii)
the fisheries responsible for more than 75% of the fishing mor-
tality for the species; (iii) the local stock status and trend; and
(iv) the global IUCN stock status and trend. This list represents
the first stepping-stone towards completing a prioritisation ex-
ercise with the final product to be used to guide national re-
search initiatives at the Department during the 5-year lifespan
of the document.

Life-history

To conduct a range of comprehensive assessments and risk
analyses for data-poor species, the following life-history pa-
rameters are required as direct input into stock assessment
models: maximum age, growth rate and size at maturity, and
fecundity and generation time. In addition, the development
of useful management interventions such as area and sea-
sonal closures requires life-history information such as mating
behaviour, sexual segregation, pupping location and the use
of nursery grounds. From an initial gap-analysis of the ~103
sharks impacted by fisheries, it is apparent that comprehen-
sive life-history information sufficient for stock assessment
input exists for less than 15% of species, with much of this
information older than a decade. Basic life-history studies have
been completed for smoothhound and blue sharks, and sam-
ples have been collected opportunistically for other fisheries
species where possible. The collection of these data is largely
being hampered by the absence of a comprehensive observer
programme as sufficient samples of certain species are difficult
to obtain.

Many sharks are highly mobile, and some species exhibit
large-scale movement, including transoceanic migrations.
Movement studies are currently being undertaken on smooth-
hound, soupfin, blue and shortfin mako sharks. Research con-
ducted by the Department on smoothhound sharks in Lange-
baan Lagoon has shown that these commercially valuable
species spend a large proportion of their time within the con-
fines of the local marine protected area (MPA). These sharks

use the MPA for reproduction and feeding, and as a nursery
ground. Occasionally they leave the protection of the MPA and
then become available to fishing. The existence of eight other
MPAs within the distribution of the smoothhound shark could
provide considerable benefits to the fishery in the form of spill-
over if nursery areas are contained within the MPAs. It is also
likely that various existing MPAs also provide protection for var-
ious chondrichthyans. Data from South African fisheries have
been incorporated into a shark spatial protection plan currently
being developed. This plan aims to highlight additional areas
where aggregations of Endangered/Threatened and Protected
(ETP) species can be protected without placing excessive re-
strictive burdens on fisheries.

Stock delineation was investigated for the top three commer-
cial species: smoothhound, soupfin and blue sharks, through
collaborations with the Molecular Breeding and Biodiversity
Group at Stellenbosch University and the Research Center for
Biodiversity and Genetic Resources, Portugal. Genetic studies
indicate the likely existence of two inter-oceanic populations of
the smoothhound shark at the Atlantic/Indian Ocean boundary
and one panmictic population of soupfin sharks. The different
patterns of gene flow might be attributed to the species-specific
habitat preferences and movement patterns of these species.
Blue sharks, on the other hand, are much more widely distrib-
uted. Although they are currently managed by different RFMOs
related to different ocean basins, it is likely that blue sharks oc-
cur in shared stocks that straddle various RFMO regions, with
gene flow at a global scale. Recently a mini-barcoding mul-
tiplex assay was applied to determine the species from sev-
eral confiscations and illegal operations. Several threatened
species, including the CITES-listed white shark Carcharodon
carcharias, oceanic whitetip Carcharhinus longimanus, short-
fin mako, giant guitarfish Rhynchobatus djiddensis and scal-
loped hammerhead Sphyrna lewini were discovered. The find-
ings highlight the need for improved trade monitoring and the
elimination of illegal trade in shark fins, which can in part be
achieved through more widespread genetic sampling of inter-
nationally traded products.

Results from pelagic-shark satellite-tagging studies indi-
cate that blue sharks move between the Atlantic and Indian
oceans, suggesting the existence of a single southern stock/
global stock of the species. This strongly corroborates genetic
studies. This research has also highlighted the existence of a
nursery ground for blue sharks off southern Africa in the cool
Benguela/warm Agulhas Current transition zone. Ongoing
research is investigating the existence of a nursery area for
shortfin mako sharks on the shelf-edge of the Agulhas Bank.
A total of 19 juvenile sharks have been tagged in the area and
the movement data are currently being analysed. South Africa
is a major contributor to mako shark catch in the IOTC area,
but catches fluctuate interannually as the boundary between
the IOTC and ICCAT areas bisects the fishing hotspot around
the apex of the Agulhas Bank and fluctuations are a function of
slight shifts of the fishing area to one or the other side of the
reporting boundary, regardless of stock origin.

Monitoring shark catches

As chondrichthyans are caught across multiple fisheries, an
estimate of total catch can only be completed if species-specif-
ic catch data are available; if not, species-specific catch trends
are calculated with the use of research data — predominantly
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data from the research trawl surveys. Complete, verified data-
sets are needed to construct catch and effort time-series to
produce accurate estimations, and these can generally only be
completed with a time-lag of 2 years. As such, the most-recent
collated estimate of chondrichthyan catches across all South
African fisheries was 902.2 t in 2020. For the two target spe-
cies, smoothhound and soupfin sharks, conversion ratios have
been developed to calculate total weight from dressed weight;
therefore, catch reconstructions for these species include
a further step where total catch can be estimated for stock
assessment purposes. Data needed for the development of
conversion factors are currently being collected opportunisti-
cally for other species so that total catch of these can be esti-
mated in future. Long-term trend data from monitoring and tag-
ging programmes from NGOs and academic institutions outside
the Department are also being investigated for use in risk as-
sessments or stock assessments, depending on the data qual-
ity. An identification toolkit for South African sharks has been
developed with assistance from the Wild-Trust and WWF-Traf-
fic to improve identification of sharks caught in South African
fisheries or confiscated from illegal operations. This identifi-
cation toolkit includes a simple, freely available identification
guide for whole sharks, an identification guide for demersal
shark trunks and an identification guide for fins of sharks listed
in CITES Appendix Il. The toolkit also includes several instruc-
tional videos. In collaboration with WWF-Traffic the world’s first
set of 3D-printed shark fins of CITES Appendix |- and Il-listed
species was developed and produced to aid in training and
compliance exercises. Detailed scans and instructions have
been uploaded online and are now being used globally.

Current status

In total, 24% of chondrichthyan species landed in SA fisheries
are listed as either Endangered (EN) or Critically Endangered
(CR), while a third of all chondrichthyan species impacted by
fisheries are listed as least concern (LC). It should be noted that
five of the species listed as Endangered are not caught in ap-
preciable amounts in any fisheries, and therefore threats they
are facing are likely related to change or deterioration of their
environment. Of the 22 species caught annually in quantities
exceeding 11 tonnes, nearly a third are listed as Endangered
or Critically Endangered. Local risk assessments have been
completed using national research surveys or the de Hoop tag
and-release research programme, which is the longest fishery
independent angling survey in South Africa run jointly by DFFE
and CapeNature. Of all chondrichthyans with local risk assess-
ments, nine species show lower extinction rates locally than
predicted globally. Only six species of chondrichthyans have
catches in excess of 100 t, and three of these are listed as
Endangered or Critically Endangered, with fisheries being the
sole threat to their populations. Mitigation against the threats
to Endangered species is a priority action in the NPOA Sharks
II. Information from the fisheries catches of sharks in excess of
100 t is detailed below.

The risk of overfishing of sharks is exacerbated by the
disaggregation of catches across many fisheries and the re-
sultant uncertainty in catch and effort time-series. The first
comprehensive assessments of soupfin and smoothhound
sharks were conducted in July 2019. The assessment input
data included standardised abundance indices from fishery-
independent demersal trawl surveys (1990-2016) and catch
estimates from the demersal trawl fishery, the demersal shark

longline fishery and the commercial linefishery. The Bayesian
state-space surplus production model, Just Another Bayesian
Biomass Assessment model (JABBA), was applied to fit the
catch and abundance time-series of soupfin and smoothhound
sharks (Figure 52a). All assessment scenarios indicated a
>99% probability that soupfin is fished unsustainably. Biomass
in 2016, the terminal year of the time-series, was estimated
at 13% of carrying capacity and 25% of the biomass at maxi-
mum sustainable yield. At the most recent total catch assess-
ment (149.8 t), the projected trajectory is stable; however for
the biomass to increase to sustainable levels, catches need
to be decreased to 100 t. Given these results, urgent steps
are required to reduce fishing mortality for soupfin sharks.
The smoothhound shark biomass, on the other hand, is still
above the biomass at maximum sustainable yield (Figure 52b)
and at the most recent catch construction (74.3 t) the stock
is fished at sustainable levels. Projections into the future pre-
dict a sustainable level of fishing under 75.0 t. It is advisable
that catch by the various sectors continues to be restricted to
similar degrees, although it should be noted that the bulk of the
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catch is taken by the demersal shark longline fishery. Fishing
mortality needs to be kept to below 75.0 t to stem a future stock
decline. It is vital for both these species that steps be taken to
ensure that the small-scale fishery does not add to the fishing
mortality.

In addition to the assessments of smoothhound and soupfin
sharks, trend analyses for chondrichthyan species off the South
and West coasts of South Africa were completed as part of a
workshop hosted by the IUCN Shark Specialist Group, using
the Bayesian state-space tool, Just Another Risk Assessment
(JARA). Seven species were classified as threatened, with one
Critically Endangered, five Endangered and one Vulnerable,
whereas the remainder of the species were Least Concern.
Overfishing has been identified as a concern for three of the
seven threatened species, including yellowspot skate Leuc-
oraja wallacei, twineye skate Raja ocellifera and soupfin shark,
with the latter result aligning with results from comprehensive
stock assessments. The negative trends in the assessments
for the remaining four species are likely due to a shift in abun-
dance, given the spatial nature of the data underpinning the
JARA assessments.

Assessments of pelagic sharks are conducted at RFMO
level, with input from national scientists. The most recent as-
sessment of shortfin mako shark by the ICCAT in 2017 indicat-
ed that the stock has collapsed in the North Atlantic and that,
despite the considerable uncertainty around current biomass
estimates of the South Atlantic stock, fishing mortality in the
South Atlantic likely exceeds sustainable levels. Partially in re-
sponse to the lack of progress at the 2018 ICCAT Commission
with regard to shortfin mako management, the species has
now been included in CITES Appendix Il, which has ramifica-
tions for the large pelagic longline fishery. The status of shortfin
mako sharks in the Indian Ocean is largely unknown due to
large uncertainty in reported data. For the IOTC region of com-
petence, the absence of a stock assessment and with notice-
able conflicting information, the IOTC Commission should take
a precautionary approach by implementing actions to reduce
fishing mortality on shortfin makos.

The most recent stock assessment for blue sharks in the
ICCAT region was completed in 2015. Bayesian state-space
surplus production model estimates were less optimistic than
previous models and predicted that the stock could be over-
fished, and that overfishing could be occurring. Considering the
uncertainty in stock-status results for the South Atlantic stock
of blue sharks, the Committee strongly recommended that a
precautionary approach be taken.

For the I0TC region of competence, the blue shark was
assessed in 2021 with the assistance of national research-
ers. Even though the 2021 assessment indicates that Indian
Ocean blue sharks are not overfished nor subject to overfish-
ing, increasing current catches is likely to result in decreas-
ing biomass and the stock becoming overfished and subject
to overfishing in the near future. The stock should be closely
monitored.

Since 2014, several species of chondrichthyans have been
listed in CITES Appendix Il due to their global stock status
and lack of management. These include the oceanic whitetip
shark Carcharhinus longimanus, three species of hammer-
head sharks (scalloped Sphyrna lewini, great S. mokarran, and
smooth S. zygaena), porbeagle shark Lamna nasus, mobulid
rays, silky shark C. falciformis and thresher sharks Alopias spp.

As described above, the shortfin mako shark was added to the
list of species in CITES Appendix Il, which has severe implica-
tions for the large pelagic longline fishery. International trade
of products (i.e. fins/flesh and gillrakers) of species listed in
CITES Appendix Il requires an import/export permit from the
Department, a CITES permit, also from the Department, and
a Non-Detrimental Finding (NDF) certificate provided by an
RFMO from the area of capture. The latter is available for a lim-
ited number of species and will not be issued for species such
as the oceanic whitetip, rendering such species effectively
CITES Appendix I-listed, whereby trade is not allowed. Prior to
the listing of shortfin mako sharks, all CITES Appendix Il-listed
pelagic sharks were caught infrequently and were moved to the
non-retention lists. Shortfin mako shark fins are the second-
most-traded shark fins into and out of South Africa, and hence
the risk of contravention of CITES Appendix Il conditions is
high. On the 26" of November 2019, South Africa issued a res-
ervation against the listing of mako sharks on CITES. As such,
until the reservation is withdrawn, South Africa will be treated
as a non-party to the Convention regarding their trade.

Ecosystem interactions

Ecosystem interactions of shark fisheries are sometimes diffi-
cult to isolate, given that, in addition to being targeted in certain
fisheries, chondrichthyans are caught as bycatch species in a
suite of fisheries. The ecosystem effects of the different fisher-
ies are detailed in their respective sections in this report, but
are not restricted to chondrichthyans.

In terms of ecosystem interactions, the gear used in the de-
mersal shark longline fishery is very selective and generally
restricts the catches of this fishery to chondrichthyans and tel-
eosts feeding near the bottom. Ecosystem considerations for
the demersal shark longline fishery include potential incidental
catches of prohibited species such as white sharks, hammer-
head sharks and red steenbras Petrus rupestris. The weighted
longline sinks too fast to incur substantial incidental bycatch
of seabirds; therefore, only limited mitigation measures are in
place, including permit conditions minimising the number of
lights used during setting at night and the mandatory use of
bird-scaring lines. No incidental catches of seabirds, mammals
or turtles, and only two white sharks, have been reported in
logbooks used in this fishery. An observer programme in place
between 2008 and 2009 reported no significant bycatch of
threatened, endangered or prohibited species. Recently man-
datory observer coverage has been re-established and added
into the permit conditions for this fishery. The use of electronic
monitoring (EM) is being investigated for use in this fishery and
one vessel has been rigged with three cameras — one on deck
to observe catches, one overlooking the longline haul and a
third observing the setting procedures.

Climate change and sharks

As with other marine species, sharks respond to environmental
stressors associated with climate change by shifting location,
depth, or a combination of these. Endemic demersal sharks
and rays residing at the southern tip of the African continent
may not be able to respond to changing environmental condi-
tions by moving or changing depths given environmental and
physical barriers and may be significantly affected by climate-
change effects. This effect, termed ‘habitat squeeze’, could
affect more-mobile species as well.
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Inshore cooling and the eastward shift of kelp Ecklonia
maxima on the Cape South Coast will likely be accompanied
by distributional shifts in catsharks (Scyliorhinidae) and other
kelp-associated chondrichthyans, and is likely to have occurred
for other species as well. These shifts in distribution related to
climate change are likely to have far-reaching consequences
for sharks. For example, smoothhound sharks occurring inside
the Langebaan Marine Protected Area (MPA) spend between
80 and 100% of their time inside the area closed to fishing. This
is ultimately related to their thermal preferences which coincide
with thermal conditions inside the MPA. Sharks inside the MPA
respond to slight (<1° C) changes in temperatures by shifting
location or leaving the MPA. Slight cooling or warming may
shift this species outside the closed area in the MPA, negating
its protective effect.

Unusual oceanographic events are likely to become more
frequent. A meander of the Agulhas Current and the associated
marine heat wave had a significant effect on chondrichthyans
on the Wild Coast in 2021, where the difference between the
warm (26° C) surface water and 11° C upwelled water caused
mass strandings of tropical and sub-tropical species such
as mobulid rays and bull sharks.

A recent study showed empirical evidence of distributional
shifts in bottom-dwelling teleosts and chondrichthyans over
the past three decades on the inshore Agulhas Bank. Sever-
al chondrichthyans have shifted southward, including biscuit
skates Raja straeleni and slime skates Dipturus pullopuncta-
tus, with the latter showing a contraction in distribution area.
These shifts are likely a result of the combined effects of
climate change, habitat destruction and/or fishing. The study
also showed a northeastward shift in distribution for lesser
sandshark Acroteriobatus annulatus, likely related to inshore
cooling, as this species is not commercially targeted, and a dis-
tributional change across depth contours for bluntnose spiny
dodfish Squalus acutipinnis with a southward shift in distribu-
tion to depths 30 m deeper in latter years. Long-term changes
on the inshore Agulhas Bank were also investigated during a
trawl survey that replicated historical gear and methods on his-
torical sites from 1903 to 1904. Historical surveys showed larg-
er numbers of Torpediniformes (electric rays), with an increase
in abundance of Squalus spp., Myliobatiformes and Rajidae
in recent years. Change in prey species may also have oc-
curred as a result of the altered benthic habitat. Therefore,
chondrichthyans that don’t require structured habitats and are
associated with soft sediments appeared to have benefitted
to some degree from the altered habitat because of trawling,
likely at the expense of others.

Increases in CO, because of climate change are thought
to lead to hypercapnic conditions, especially after frequent up-
welling and subsequent low-oxygen events. A recent study has
shown that shysharks Haploblepharus edwardsii are physio-
logically well adapted to these events; however, denticle corro-
sion has been observed under hypercapnic conditions. A more
detailed description of this study can be found in the Research
Highlights section of this report.
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Small invertebrates and new fisheries

Stock status Unknown Abundant

White mussel
Octopus
East Coast
round herring

Optimal Depleted Heavily depleted

Fishing pressure Unknown Light

Octopus
East Coast
round herring

Optimal Heavy

White mussel

White mussels

White mussels of the species Donax serra are found in the
intertidal zone of sandy beaches. They occur from northern
Namibia to the Eastern Cape of South Africa. Their abundance
is highest along the West Coast because of the higher plank-
ton production there, compared with the rest of the South Afri-
can coast, which is associated with upwelling of the Benguela
Current.

Routine harvesting of white mussels by humans started dur-
ing the late Pleistocene around 150 000 years ago. The fishery
for this species only started in the late 1960s as part of the
general commercial bait fishery and was suspended in 1988
when the bait Rights were revoked. Subsequent to stock as-
sessments conducted in 1988/1989, harvesting of white mus-
sels was retained as a commercial fishing sector and limited to
seven areas along the West Coast (Figure 53). Surveys con-
ducted in the 1990s showed that commercial catches amount-
ed to less than 1% of the standing biomass in the relevant ar-
eas, and the resource was considered underexploited.

Prior to 2007, each Right Holder was limited to a monthly
maximum catch of 2 000 mussels. However, data from the fish-
ery were unreliable, due to under-reporting and difficulties with
catch monitoring, and hence catch limits were not considered
to be an adequate regulatory tool to manage this fishery. As of
October 2006, the monthly catch limit was lifted with the aim of
removing constraints. Since 2007 the commercial sector has
been managed by means of a total allowable effort (TAE) al-
location of seven Right Holders (a Right Holder may have up to
seven “pickers”), each harvesting within only one of the seven
fishing areas along the West Coast. In 2013, the fishing Rights
allocation process (FRAP 2013) for this fishery started and new
Rights were granted in addition to those of some of the pre-
vious Right Holders. After an appeal process, 26 commercial
Rights were confirmed in 2015 and those Right Holders have
remained in this fishery since then. Each Right Holder was al-
located a specific number of pickers. Some Right Holders are
not allowed to employ pickers.
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Figure 53: Areas allocated for commercial harvesting of white mussel
Donax serra along the West Coast of South Africa
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In the decades preceding the 1990s, commercial catches
declined continuously (Figure 54). Increases in commercial
catches after 2006 can be attributed to the lifting of the com-
mercial upper catch limit. The result was an improvement in the
reliability and quality of catch data. Therefore, CPUE data were
calculated from 2006 onwards although the very high values
for 2006 and 2007 likely reflect under-reporting of effort (per-
son-hours). CPUE remained relatively stable between 2008
and 2019 at between 300 and 500 mussels per hour harvested
(Figure 55). However, recently we have seen a decrease in the
CPUE (2020-2021), mainly due to under-reporting. This under-
reporting might be due to the harvesters still recovering from
inactivity during COVID.

The Interim Relief sector was started in 2007. During the
2013/2014 season, 1 995 Interim Relief permits were issued
for the Western and Northern Cape combined. This sector is
subject to a limit of 50 mussels per person per day. The recrea-
tional sector is also limited by a daily bag limit of 50 mussels
per person per day. For all sectors, a minimum legal size of
35 mm applies.

In the early 1990s, research on white mussels was con-
fined to a few ad hoc area-specific stock assessment surveys
which were carried out in response to requests for commercial
permits. Fishery-independent surveys, aimed at providing in-
formation that can be used to assess the stocks, have been
conducted since September 2007 and data are being collected
in order to provide insights into the abundance of the white
mussel resource on an area-by-area basis.

However, it is still too early for a comprehensive assessment
of this resource. In addition to the fishery-independent surveys,
commercial catch data are also required in setting the TAE.
The lifting of the commercial upper catch limit in 2006 led to
a steep increase in the number of white mussels collected by
this sector over the last few years (Figure 54). In addition, the
development of a bait market in Namibia in recent years has
created a greater demand for the resource. It should be noted
that not all the areas allocated are being harvested, and that
the largest component of the overall catch of white mussels is
that of the recreational sector, but these catches are not moni-
tored. There are also information gaps regarding the level of
exploitation by Interim Relief harvesters and the levels of illegal
take. On account of irregularities, and despite the improvement
post-2006, the catch-and-effort data are still considered to be
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Figure 54: TAC and yield (total number) of white mussels harvested
commercially per annum, 1966-2022

unreliable. Recently, considerable effort and focus has been
placed on assessing the standing stock of white mussels along
the West Coast. The current research programme will help to
gather sufficient data to allow for proper assessment of the
white mussel resource in the medium term. Comprehensive
fishery-independent surveys are required in each of the areas
and these surveys will take at least 2—3 more years to yield
sufficient information for meaningful assessment. Therefore,
uncertainty remains regarding the current status of the white
mussel resource.

Octopus

Octopus is commercially fished in many parts of the world, in-
cluding Australia, Japan, Mauritania and several countries in
Europe and South America. Markets for octopus exist in coun-
tries where this resource is considered a delicacy, for example
Japan, China, Portugal, Spain and Greece. However, there is
currently no commercial octopus fishery in South Africa and
the local market for this product is very small. The common
octopus Octopus vulgaris is the most sought-after octopus
species internationally and has a southern African distribution
from Luderitz (Namibia) on the southern African West Coast to
KwaZulu-Natal (at approximately Durban) on the East Coast.
The common octopus occurs from intertidal rock pools down to
depths of over 200 m, and inhabits various substrata including
shell, gravel, sand and reef. Traditionally, octopus has been
harvested primarily for subsistence purposes and as bait. A pi-
lot study to investigate the potential of a commercial fishery
for octopus paved the way for a 5-year experimental pot-fish-
ery between October 2004 and September 2009. Difficulties
caused by: (i) gear loss and damage from rough seas; (ii) van-
dalism and theft; and (iii) access to suitable vessels and equip-
ment, resulted in this exploratory fishery yielding insufficient in-
formation to assess the feasibility of establishing a commercial
fishery. Lessons learned during these attempts, however, were
used in initiating and developing a further 5-year exploratory
fishery, which commenced in 2012.

At the end of this second 5-year exploratory period, a prop-
er scientific evaluation of the fishery still could not be made
because of insufficient data received, due to: (i) little or no
fishing; (ii) gear losses in some areas; and (iii) unfavourable
environmental conditions (e.g. extended periods of red tide). The
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Figure 55: CPUE data calculated from catch data (see Figure 54) for
mussels harvested commercially from 2006 to 2022
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Department thus extended this exploratory fishery for another
3 years that commenced in 2019. However, later that year
(2019) the fishery was temporarily suspended due to a pub-
lic outcry over whales that became entangled in octopus fish-
ing gear. The industry, together with the Department, held
workshops to develop mitigation measures to prevent future
entanglements. These measures included sub-surface buoys
attached to release mechanisms, bottom lines consisting of
only sinking ropes, 2 meters of PVC pipe around the top of the
buoy line, and a requirement that the distance between pots
must be the same or longer than the depth of the deployment
site. Once Permit Holders could show that they were compliant
with the new gear requirements, they were allowed to return
to fishing.

The exploratory fishery for octopus aimed to improve per-
formance by participants by introducing greater flexibility with
regard to the experimental design. Sixteen fishing areas have
been designated. The sampling protocol makes provision for
participants to set and retrieve an average of 3-5 lines per
day, with 50-100 lvy Blue pots per line, resulting in a potential
maximum of 500 pots being set per day. However, with three
trigger traps per cradle and each line carrying 40 cradles, the
total number of pots set per fishing day could be up to 600 if
Australian trigger traps are used. Previous restrictions on pot-
type have been removed, so that participants may use which-
ever pot design is most appropriate to their own operations.
On retrieval of each line, the octopus in each pot are recorded
separately, and any bycatch identified and counted.

Octopus catches have increased steadily from 17.4 tin 2014
to 74.6 tin 2022 along with increasing effort (Figure 56). Lower
catches in some years (2017, 2019 and 2020) were due to
lower effort, the temporary suspension of the fishery in 2019,
and the Covid-19 pandemic. The steady increase in catches re-
flects a better understanding of the fishing environment and the
improvement of fishing skills. Access to adequate financial re-
sources remains a challenge in this fishery, however, and is the
main contributor to slow progress in the current dispensation.
Out of 10 successful applicants, only 5 operators were able
to activate their permits and begin fishing, and of this number
only 3 Permit Holders fish on a regular basis. In effect, of the
16 designated fishing areas, only three are being fished
regularly, with most of the data being obtained from the False
Bay area.

Octopus monthly catch per unit effort (CPUE) levels in False
Bay were high (>3 kg pot™) for the first three months after ini-
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Figure 56: Total annual octopus catch (whole weight) and effort by the
exploratory octopus fishery, 2014-2022
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tiation of the fishery, but then declined rapidly before stabilising
to levels of between 0.5 and 3.0 kg pot™' (Figure 57a). Monthly
CPUE levels since 2015 have ranged between 0.4 and 2.0
kg pot’' but show no trend through time and have an annual
value of approximately 1.8 kg pot™ (Figure 57a). CPUE levels
in False Bay show a clear seasonal pattern, being highest in
summer and autumn and lowest in winter and spring (Figure
57b). The stable annual CPUE levels observed in False Bay
since initiation of this fishery suggests that these harvest lev-
els are sustainable and economically viable. Based on these
stable CPUE levels, the granting of a limited-duration (5-year)
commercial fishing right in False Bay has been recommended,
whilst the exploratory fishery for octopus will continue in the
other 15 designated areas.

East Coast round herring (KwaZulu-Natal)

East Coast round herring Etrumeus wongratanai have been
harvested by an exploratory fishery since 2013 with only four
Exploratory Rights Holders (ERHSs) active, all of whom have
fished from Scottburgh on the KZN South Coast using rod-and-
line or handline fishing from sea kayaks or an inflatable boat.
Because of the small size of the fishing vessels used, fishing
is heavily dependent on weather and sea conditions. Fishing
trips typically start early in the morning and have an average
duration of close to four hours, and fishing occurs throughout
the week (Figure 58). East coast round herring caught range in
size from 120 to 250 mm caudal length (CL) with an average of
around 180 mm CL and catches show a marked seasonal pat-
tern, peaking in winter (see Status of the South African Marine
Fishery Resources Report 2020). Fish are sold immediately af-
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Figure 58: The relative importance (%) of each day of the week for
fishing for East Coast round herring by three Exploratory Right Holders
(ERHSs). If fishing was spread equally throughout the week each day
would have a value of 14.3%

ter landing or after freezing, are used locally as bait, and sell for
a high unit (individual-fish) price of R5 to R10.

A time-line of the round herring exploratory fishery showing
effort and catches by each of the ERHSs is provided in Table
16, and annual catch, effort and catch per unit effort (CPUE)
levels are shown in Figure 59. Significant and sustained ef-
fort was expended initially but this has declined over time, with
>100 fishing trips undertaken annually for the first three years
(2013—-2015), around 50 trips per year for 2016 and 2017, and

almost no fishing from 2018 onwards, due to administrative is-
sues regarding the application for and issuing of exploratory
permits and/or those permits not being activated, particularly
during the Covid-19 global pandemic but also subsequently
(Figure 59a). During the 10-year period of this exploratory fish-
ery there have been 464 fishing trips (with a total duration of
just over 1 650 hours) that have caught nearly 60 000 round
herring with a combined mass of 3.2 tonnes. Catch trends
have largely matched effort with higher catches in the first three
years (Figure 59a), and CPUE has declined from values of 7.1
and 11.6 kg trip~" (equivalent to approximately 140 and 105fish,
respectively) in 2013 and 2014, respectively, to between 2.9
and 5.3 kg trip™ (equivalent to approximately 57 and 230 fish,
respectively) thereafter (Figure 59b).

The exploratory fishery for East Coast round herring is not
a large fishery in terms of gear, the number of ERHs, spa-
tial footprint, or catches. The information obtained to date
has likely provided an accurate seasonal characterisation of
catch patterns and CPUE at Scottburgh, which likely reflects
fish availability there due to seasonal along- or across-shelf
movements. It also indicates that the present catch levels (just
over 0.6 tonnes annually, 2013-2017) represent a negligible
harvest proportion, given that the single biomass estimate for
E. wongratanai (made during a pelagic hydro-acoustic survey
of the East Coast in 2005) was >10 000 tonnes. Before a deci-
sion about the viability of this fishery and its possible develop-
ment into an experimental fishery can be taken, however, pre-
sent ERHs should again fish intensively, the number of ERHs
should be increased, and the spatial footprint of the exploratory
fishery should be increased to allow for the collection of further
data including from other locations along the KZN coast. An ap-
plication to fish for East Coast round herring further north from

Table 16: Time-line of the exploratory fishery for East Coast round herring showing effort and catches by Exploratory Right Holders, 2013-2022.
Annual totals for catch and effort, and the overall total for the 10-year period, are shown in bold font

Year Exploratory Right Holder Fishing effort (trips; hours) Catch (no. ; mass)
2013 1. 30 trips; 85.6 hours 3 443 fish; 197.3 kg
2. 88 trips; 289.6 hours 10 732 fish; 644.2 kg
3. Zero trips Zero catch
118/ 375.2 14175/ 841.5
2014 1. 31 trips; 97.4 hours 8 125 fish; 562.5 kg
2. 32 trips; 108.8 hours 4 287 fish; 193.9 kg
3. Zero trips Zero catch
4. 52 trips; 220.4 hours 12 333 fish; 576.1 kg
115/ 426.6 24745/1 332.5
2015 1. 23 trips; 100.8 hours 2 430 fish; 167.8 kg
2. 60 trips; 200.7 hours 4 796 fish; 238.2 kg
4. 36 trips; 176.5 hours 6 053 fish; 223.9 kg
119/ 478.0 13 279/ 630.0
2016 1. 9 trips; 27.3 hours 673 fish; 64.7 kg
2. 16 trips; 65.2 hours 1 334 fish; 86.3 kg
4. 18 trips; 89.3 hours 1918 fish; 73.8 kg
43/181.7 3925/224.9
2017 2. 43 trips; 135.6 hours 498 fish; 22.1 kg
4. 13 trips; 54.3 hours 2 602 fish; 139.8 kg
56 /190.0 3100/161.9
2018 No fishing No data No data
2019 No fishing No data No data
2020 2. 11trips; ?? hours 439 fish; 35.09 kg
1/2? 439/ 35.09
2021 No fishing No data No data
2022 No fishing No data No data
2013-2022 TOTALS 464 / 1 651.5+ 59 663 / 3 225.9
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Figure 59: (a) Annual catch and effort and (b) catch per unit effort
(CPUE), in the exploratory fishery for East Coast round herring, 2013
to 2022

the present exploratory fishing area and between Amanzimtoti
and Umhlanga was supported for 2020 but not activated due
to the Covid-19 pandemic. Additionally, the economic viability
of the exploratory round herring fishery has yet to be examined
and a comprehensive economic feasibility study will be needed
to do this. Collecting further data and conducting an economic

feasibility study to assess the possibility for development into
an experimental fishery will be a medium-term project that will
require 3—7 years.
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Small pelagic fish (sardine, anchovy

and round herring)

Stock status Unknown Abundant Optimal Depleted Heavily depleted
West Coast Anchovy Sardine
round herring Sardine
Fishing pressure Unknown Light Optimal Heavy
West Coast Anchovy
round herring Sardine

Introduction

Forage fish of the order Clupeiformes occur in the South African
continental shelf waters between the Orange River mouth on
the West Coast and Durban on the East Coast. They generally
exhibit schooling behaviour, have a small body size with rapid
growth rates, have short lifespans and exhibit strong popula-
tion responses to environmental variability which result in large
natural fluctuations in abundance over space and time even in
the complete absence of fishing. Abundant small pelagic for-
age fish off the coast of South Africa include anchovy Engraulis
encrasicolus, sardine Sardinops sagax and West Coast redeye
round herring Efrumeus whiteheadi, and these three species
generally account for more than 95% of the total pelagic purse-
seine catch. Long-term changes in the relative abundance of
anchovy and sardine, over decadal and centennial time-scales,
have been observed both locally and worldwide. Changes in
the abundance of the two species are generally associated with
variability in their recruitment, owing to changing environmental
factors that affect, amongst others, transport of eggs and lar-
vae, and feeding conditions. These characteristics also render
small pelagic fish resources susceptible to those impacts of
climate change that result in changed circulation patterns, al-
tered composition and productivity of lower trophic levels, and
the distribution of marine organisms — all of which are likely to
exacerbate recruitment variability.

Pelagic fish resources are important to the country for sev-
eral reasons. Firstly, the purse-seine fishery in which they are
caught is South Africa’s largest fishery in terms of landed mass
and second only to the hake fishery in terms of value. Sec-
ondly, pelagic fish are an important and high-quality source of
protein. Anchovy and round herring are mostly reduced to fish
meal and oil in industrial-scale factories and used as a protein
supplement in agri- or aqua-feeds. Sardine is mainly canned
for human and pet consumption, with a small amount packed

whole for bait or as cutlets for human consumption. Thirdly, the
pelagic fishery employs a large workforce in fishing and related
industries. Finally, pelagic fish occupy a key position in the ma-
rine food web where they are the link that transfers energy pro-
duced by plankton to large-bodied predatory fish, seabirds, and
marine mammals. In this role, forage fish species can and do
have major effects on higher trophic levels as well as on lower
trophic levels, and variability in forage fish abundance is likely
to propagate throughout the entire ecosystem.

Because animals and humans alike depend on forage fish, it
is important to manage the fishery that targets them in a man-
ner that accounts for their high degree of variability and impor-
tance to the ecosystem. This is so because of the potentially
severe risks of local depletion of forage fish for dependent spe-
cies such as seabirds, particularly in years of low fish abun-
dance in certain areas. However, an often-overlooked fact is
that whereas forage fish abundance influences higher trophic
levels, the predation pressure exerted by these predators also
has a controlling influence on the abundance of forage fish,
given that they are the main food source for many predators.
Estimates of forage fish losses to predation are typically much
higher on average than losses to fisheries, yet the assumption
is often made that fishing is the main driver of reduced forage
fish biomass.

Although it remains difficult to disentangle the impacts of
fishing and natural processes at relevant time-scales in ex-
tremely complex marine ecosystems, excessive fishing is likely
to disrupt important trophic interactions, particularly at low lev-
els of forage fish abundance. Furthermore, predation pressure
is likely to increase too as forage fish abundance declines, at
least until a new predator-prey equilibrium is established. Fish-
eries management responses to such declines in forage fish
abundance should therefore be precautionary to limit the risk
that abundance falls below levels at which future recruitment
is compromised and/or the ecosystem is markedly impacted,
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while at the same time having regard for the important socio-
economic role of the commercial fisheries that depend on
forage fish.

History and management

The first pelagic fishing operations began in South Africa in
1935, but commercial operations only started in 1943 in the
St Helena Bay area in response to the increased demand for
canned products during the Second World War, with purse-
seiners operating between Lambert's Bay and Cape Hang-
klip. Sardine, horse mackerel Trachurus capensis and chub
mackerel Scomber japonicus dominated pelagic catches in
the early years. Annual sardine catches increased rapidly from
less than 200 000 t in the 1950s to more than 400 000 t in the
early 1960s, whereas annual horse mackerel catches, which
had peaked at around 120 000 t by the mid-1950s, decreased
to less than 30 000 t annually by the end of the 1960s. Simi-
larly, annual chub mackerel catches that peaked at almost
130 000 t in 1967 decreased markedly by the mid-1970s. As
sardine, horse mackerel and chub mackerel stocks started
collapsing in the mid- to late-1960s, the fishery changed to us-
ing smaller-meshed purse-seine nets to target juvenile ancho-
vy, which dominated catches and largely sustained the South
African purse-seine fishery for the next 30 years. Anchovy
catches peaked at around 600 000 t in the late 1980s then
subsequently decreased to a low of 40 000 t in 1996. Catches
of sardine gradually increased throughout the 1990s under a
conservative management strategy and reached 374 000 t in
2004 following a rapid increase in sardine population size, par-
ticularly on the South Coast. Anchovy catches also recovered
quickly during the early-2000s, resulting in total pelagic land-
ings of more than 500 000 t per annum between 2001 and
2005. Round herring catches have been reported since the
mid-1960s but have never exceeded 100 000 t or dominated
the pelagic landings, despite several attempts by the pelagic
industry to increase catches of this species.

A prolonged period of low sardine recruitment since 2004
resulted in a rapid decline in the size of the sardine stock with
sardine catches dropping to levels in the order of 90 000 t
between 2008 and 2014 and to less than 40 000 t in 2017 and
2018. The sardine catch in 2019 of only 2 100 t was the lowest
recorded over the past 70 years. Sardine catches recovered
to 14 800 t in 2020, 23 000 t in 2021 and 26 000 t in 2022,
although more than 70% of catches in 2021 and 2022 were tak-
en on the South Coast. The current low sardine catches are in-
sufficient for profitable operation of the major canning facilities
and the bulk of canned sardine products currently produced in
South Africa contain sardine that are sourced from Morocco
and elsewhere. This has enabled the industry to retain market
share and to keep their workers employed, though current un-
favourable exchange rates are affecting profitability and threat-
ening the long-term viability of the canning industry, particularly
if local catches remain at these low levels.

Owing to this rapid decline in sardine catches, anchovy
catches again dominate the fishery, with average catches of
around 220 000 t between 2000 and 2018. The 2019 ancho-
vy catch of around 165 000 t was the lowest recorded since
2013 and although the 2020 anchovy catch of 285 000 t was
the highest since 2012, catches in 2021 and 2022 were only
156 000 t and 172 000 t, respectively.

Historically, the fisheries for sardine and anchovy were man-
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aged separately in South Africa. The South African anchovy
fishery has been regulated using an operational-manage-
ment-procedure (OMP) approach since 1991. This adaptive
management system is designed to respond rapidly to major
changes in resource abundance without increasing risk. The
first joint anchovy-sardine OMP was implemented in 1994, with
subsequent revisions. The joint anchovy-sardine OMP is need-
ed because sardine and anchovy school together as juveniles,
resulting in the bycatch of juvenile sardine with the mainly juve-
nile anchovy catch during the first half of the year. This results
in a trade-off between catches of anchovy (and hence juvenile
sardine) and future catches of adult sardine, and the OMP aims
to ensure the sustainable utilisation of both resources. Total al-
lowable catches (TACs) for both species and a total allowable
bycatch (TAB) for juvenile sardine are set at the beginning of
the fishing season, based on results from the total biomass sur-
vey of the previous November. However, because the anchovy
fishery is largely a recruit fishery, the TAC of anchovy and the
juvenile sardine TAB are revised mid-year following completion
of the recruitment survey in May/June.

The OMP formulae are selected with the objectives of max-
imising average directed sardine and anchovy catches in the
medium term, subject to constraints on the extent to which
TACs can vary from year to year in order to enhance indus-
trial stability. Even though these formulae are also conditioned
on low probabilities that the abundances of these resources
drop below levels at which successful future recruitment might
be compromised, now that the sardine biomass has dropped
below that threshold, the primary and overriding consideration
becomes assisting its speedy recovery, while still having con-
sideration for the socio-economic implications associated with
any TAC recommendation.

OMP-14, which was finalised in December 2014, was used
to recommend TACs and TABs for the small pelagic fishery
from 2015 to 2018. Although development of OMP-14 also in-
cluded substantial analyses related to the implications of the
sardine resource consisting of two components with different
spatial distributions rather than a single stock, OMP-14 was
still tuned using an operating model which reflected a single,
homogeneously distributed sardine stock.

OMP-18, which was adopted in December 2018, was, how-
ever, developed using an operating model of the sardine re-
source consisting of two mixing components with differing pro-
ductivity characteristics. The model of two sardine components,
a western component assumed to be distributed west of Cape
Agulhas and a southern component distributed east of Cape
Agulhas, estimated the extent of west-to-south movement of
fish of ages 1 and above each year. This assessment indicated
that in terms of recruits-per-spawner, the western component is
much more productive than the southern component and that
future sardine population growth is mainly dependent on West
Coast recruitment. OMP-18 therefore included spatial manage-
ment components to limit the amount of sardine caught west of
Cape Agulhas. Spatial management was formally implemented
for the first time in 2019, with each sardine Right Holder con-
strained to take a maximum of 43% of their sardine allocation
off the West Coast. This percentage varies interannually and
has ranged from 33% to 46% since then.

OMP-18, as with previous OMPs, also included agreed
procedures for deviating from the OMP-calculated TACs and
TABs in the event of Exceptional Circumstances (ECs) when
application of the TAC generated by the OMP is considered



to be inappropriate. Such a deviation may occur, for example,
when an observed survey biomass falls outside the range of
biomass distributions simulated during the development of the
OMP. ECs were first declared for sardine in 2019 and then for
both sardine and anchovy in 2020 on this basis and OMP-18
was set aside. Instead, TACs for anchovy and sardine were
recommended based on short-term biomass projections from
updated assessments pending the development of a new OMP.
These projections of spawner biomass under alternative con-
stant catch scenarios, with testing of sensitivity to various as-
sumptions, are evaluated in terms of the proportional increase
in biomass that would be achieved in the absence of fishing.
A new OMP-18rev was developed for anchovy in 2021 and
used to provide TAC advice for anchovy in 2022 and 2023.
This revised OMP, however, does not include a juvenile sar-
dine bycatch vs adult sardine TAC component, given that new
operating models for sardine are not yet available (see sardine
population structure section below) and hence both sardine
TACs and TABs continue to be based on short-term projec-
tion results, pending finalisation of a new combined anchovy
and sardine OMP that incorporates advances in knowledge of
sardine population structure.

Research and monitoring

Ongoing research on several issues that have an impact on the
sustainable use and management of small pelagic fisheries off
the coast of South Africa includes regular monitoring of pelagic
fish abundance, development and revision of management
procedures, and investigation into, amongst others, population
structure, biology and ecology, catch patterns, distribution and
behaviour of key species.

The biomass and distribution of anchovy and sardine, but
also of other schooling pelagic and mesopelagic fish species
such as round herring, juvenile horse mackerel and lantern-
and lightfish (Lampanyctodes hectoris and Maurolicus walvi-
sensis, respectively) are assessed biannually using hydro-
acoustic surveys. These surveys, which have been conducted
since 1984, comprise a summer total biomass survey and a
winter recruit survey. Data for the estimation of a number of
other key biological measurements needed as input into the
OMP and information pertaining to the environment are also
collected during these surveys. Given the fluctuating nature of
the abundance of pelagic fish species, these surveys continue
to provide estimates that are far more reliable than those that
would have been obtained through mathematical estimation
from commercial catch data only and have enabled optimal
use of these resources at times of high biomass while offering
protection to them at low biomass levels.

This time-series of biannual biomass estimates was unfor-
tunately disrupted in 2018 and 2021 owing to the unavailabil-
ity of the research vessel FRS Africana and funding delays in
chartering an alternative vessel to conduct the 2018 pelagic
recruit survey and 2021 pelagic total biomass survey. The loss
of these surveys has had far-reaching consequences both for
setting subsequent TACs and for our recent understanding of
the status of the anchovy and sardine resources. Fortunately,
both the 2022 recruit and adult biomass surveys were success-
fully conducted onboard the MFV Compass Challenger. The
FRS Africana is expected to resume these surveys in late 2023
following essential replacement of power-generation units.

Data on catch statistics, including landed mass, species
composition, and catch position and date, are obtained from
the pelagic fishery. Samples from commercial catches are pro-
cessed to obtain the length frequency distributions of harvest-
ed fish that are required as input in the species-specific popu-
lation dynamics models, in addition to other data on biological
characteristics such as sex and gonad maturity stage, and fish
condition. The current absence of official scale-monitors at of-
floading factories is, however, of great concern and potentially
compromises the quality of reported landing statistics. Initial
investigations have suggested that bycatches of sardine in
both the anchovy and round herring fisheries may have been
under-reported in the absence of scale-monitors. This has seri-
ous consequences for the sustainable management of these
resources and attention to this matter is urgently needed.

Sardine population structure

A substantial amount of research over the past decade has
documented spatial (regional) differences in a variety of sar-
dine traits around the South African coast. These include dif-
ferences in: (i) life history strategies such as spawning and
nursery areas and their environmental characteristics, and
reproductive seasons; (ii) meristic characteristics such as gill-
raker number and vertebral number; (iii) morphometric charac-
teristics such as gillraker length, and body and otolith shape;
(iv) the prevalence and abundance of a digenean parasite bio-
tag; and (v) otolith elemental composition and muscle metallic
element composition. These results, together with observa-
tions that marine species around South Africa tend to be sub-
divided into regional populations associated with distinct bio-
geographic provinces, had suggested the existence of three
sardine subpopulations (hereafter stocks) around the country,
off the West, South and East coasts, respectively. The eastern
stock was thought to comprise fish that mix with southern stock
sardines during summer, but then separate from them during
winter to travel toward their East Coast spawning grounds dur-
ing the KZN sardine run. Although management of the purse-
seine fishery for sardine has incorporated this hypothesised
spatial structure by developing a 2-stock (western and south-
ern) assessment model and setting region-specific catch levels
in recent years, previous genetic studies did not support this
multi-stock hypothesis.

Most recently, thousands of genetic markers from across
the genomes of hundreds of sardines captured around the SA
coast (Figure 60) were analysed to test the hypothesis that
sardines participating in the KZN sardine run are genetically
distinct. A suite of genetic markers with a signal of adaptation
to water temperature showed regional differences within the
species’ temperate core range and only two stocks; one asso-
ciated with South Africa’s cool-temperate West Coast and the
other with the warm-temperate South Coast. The strong affili-
ation with water temperature suggests that thermal adaptation
maintains these patterns because each stock is adapted to the
temperature range that it experiences in its native region.

Surprisingly, sardines participating in the run were not ge-
netically distinct and showed a clear affiliation with the cool-
temperate stock, indicating that the former were migrants that
originate from the cool-temperate Atlantic. Not only are these
sardines not well adapted to subtropical conditions, but they
actually prefer the colder, upwelled waters of the West Coast.
Off the Southeast Coast, the autumn and winter occurrence
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Figure 60: Map showing sites at which sardines were caught for genome and transcriptome sequencing. Colours represent mean sea surface
temperatures (SSTs) with the contour plot derived from average SSTs over the previous 30 days at each location before sampling. The coastline
was divided into five temperature-defined geographical regions (temperate core range: W, west; SW, southwest; S, south; SE, southeast; sardine
run: E, east). Cape Agulhas indicates the approximate boundary between the Atlantic and Indian oceans; the dashed line indicates the edge of
the continental shelf (200-m isobath), beyond which the sardines rarely disperse; and the black and white arrows represent the approximate path
of the Agulhas Current, which transports tropical Indian Ocean water southward and confines sardines participating in the run (blue arrows) to a

narrow coastal band of cooler water (not shown) (from Teske et al. 2021)

of mesoscale cyclonic eddies along the inshore edge of the
Agulhas Current that transport cold water onto the shelf can
result in shelf waters becoming temporarily cooler than those
further west. This cooling creates conditions that favour cool-
temperate sardines, triggering an aggregation of these mi-
grants at the northeastern limit of the South Coast, and their
northward movement is favoured by intermittent upwelling.
Eventually, the sardines find themselves in subtropical waters
that exceed their preferred thermal range and where they are
subjected to intense predation, suggesting that the sardine run
does not benefit South Africa’s sardine population as a whole
(Figure 61).

Importantly, the genomic results confirm the existence of
two sardine stocks off South Africa that have adapted to dif-
ferent water temperatures and experience reduced fitness and
lower survival when outside their preferred temperature rang-
es. This is supported by analyses of sardine-otolith oxygen-
isotope ratios and microstructure that showed that fish from
the West Coast grew significantly slower in water that was
several degrees cooler than those from the South and East
coasts. These results have important implications for manage-
ment of the sardine fishery since, despite mixing between the
two stocks, a single-stock management strategy can result in

population declines if regional stocks adapted to specific tem-
perature ranges are overexploited.

Anthropogenic pollutants in small pelagic fishes

The potential impacts on the marine environment of increasing
levels of anthropogenic pollutants, such as metallic elements,
persistent organic pollutants (POPs) and microplastics, are
cause for concern, but information on their concentration levels
and effects on marine life is limited or absent for many ecosys-
tems, including those off South Africa. Metallic elements and
POPs can attain toxic levels through bio-accumulation and can
impair the functioning and survival of marine and other (e.g. hu-
man) organisms. Ingestion of microplastics can have detrimen-
tal effects, and microplastics can themselves be carriers for
absorbed or adsorbed co-contaminants such as other harm-
ful chemicals or pathogens. Studies to determine the levels of
metallic elements and POPs in small numbers of South African
sardine, and the occurrence and concentration of microplastics
in anchovy, West Coast round herring and sardine off the South
African West and South coasts, have recently been conducted.
These measurements have not previously been made on small
pelagic fishes in the region and hence can be used as baseline
values against which data from future studies can be compared
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Figure 61: Stock structure of sardine in South African waters and sequence of events that result in a sardine run (from Teske et al. 2021)

as well as enabling an assessment of human consumer safety
for sardine.

A total of 29 metallic elements were detected in the muscle
of 30 sardine examined, with zinc (24 mg kg-dry-mass™), titani-
um (17 mg kg-dry-mass') and strontium (5 mg kg-dry-mass™)
having the highest concentrations. Additionally, the relative
composition of metallic elements differed between sardines
sampled off the West Coast compared to those from the South
Coast. Based on limits set by the South African government
as well as those set by the European Union, concentrations
of three major toxic metals (cadmium, lead and mercury) in
sardine do not pose a threat to human consumer safety. The
most prominent anthropogenic POPs in sardine muscle tis-
sue were the insecticide dichlorodiphenyltrichloroethane (DDT;
now banned in South Africa for agricultural use but still used
to control malaria) and polychlorinated biphenyls (PCBs) used
in electrical equipment and electronic devices. Concentrations
of both of these were markedly lower than concentrations of
levels of naturally-occurring halogenated natural products
(HNPs), and POPs were not considered to pose a human con-
sumer safety risk. Additionally, PCB levels in South African sar-
dine were substantially lower than those reported in sardines
and sardinellas from European waters.

Small pelagic fishes feed on planktonic organisms that
are of a similar size to microplastics and hence are consid-
ered useful bio-indicators of levels of this pollutant. Samples
of ~200 individuals per species of anchovy, West Coast round
herring and sardine collected between the Orange River mouth

and Mossel Bay during the 2019 Pelagic Recruit Survey were
processed to (i) apply a proposed approach for the extraction
and quantification of microplastics in small pelagic fish; (ii) in-
vestigate interspecific differences in microplastic ingestion; (iii)
identify the main plastic and polymer types ingested by these
species; (iv) investigate spatial variations and the possible
identification of “accumulation zones” of microplastics con-
tamination; and (v) identify and propose a suitable bio-indicator
species for the monitoring of microplastics in South African
waters. Analyses indicated interspecific differences, with a
higher concentration of microplastics in sardine (mean of 1.58
items individual™') compared to round herring (1.38 items in-
dividual') and anchovy (1.13 items individual-'), and a higher
occurrence of microplastics in sardine (72% occurrence) and
round herring (72%) compared to anchovy (57%). Microfib-
ers accounted for 80% of ingested microplastics (the remain-
der being plastic fragments), with the main ingested polymers
being poly(ethylene:propylene:diene) (33% occurrence), and
polyethylene (20%), polyamide (20%), polyester (20%) and
polypropylene (7%). The abundance of ingested items was not
significantly correlated with fish size or body weight, and the
abundance of ingested items increased from the West to the
South coast. West Coast round herring was proposed as a bio-
indicator for microplastics in the South African coastal environ-
ment and samples of this species have been collected for this
purpose during subsequent surveys. That estimates of the oc-
currence of microplastics in South African anchovy and sardine
are higher than those reported for these species elsewhere is
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concerning, but a lack of data on levels of transferral of mi-
croplastics from edible aquatic species to humans precludes
predictive decisions in regard to human consumer safety

Current status

Annual TACs and landings
The total combined catch of anchovy, sardine and round her-
ring landed by the pelagic fishery decreased by 45% from 396
000 tin 2016 to just 217 000 tin 2019, due mainly to a substan-
tial decrease in the catch of anchovy from 262 000 t in 2016
to only 165 000 t in 2019. The catch of anchovy subsequently
rebounded in 2020, reaching 285 000 t and pushing the total
combined catch of small pelagic fish above the long-term av-
erage. Catches of anchovy were again at low levels in 2021
and 2022, despite high TACs being set for these years. The
average combined catch over the last five years of 288 000 t
is about 45 000 t lower than the long-term (1949-2022) aver-
age annual catch of 333 000 t (Figure 62). The utilisation of the
anchovy TAC allocated for most years since 2000 remains low,
with only 56% of the TAC being caught on average since 2000
(Figure 63a).

The directed sardine catch fell rapidly from 63 000 t in 2016
t to an all-time low of 2 100 t in 2019 (Figure 63b) as a result
of drastically reduced TACs given the declaration of ECs for
sardine at the end of 2018 and in subsequent years. In 2019,
the directed sardine TAC was only 12 000 t, but has since been
increased to around 33 300 t because of a slight recovery of
the resource in 2022. The landings of sardine in 2021 and 2022
averaged around 30 000 t, with most of these catches having
been taken on the South Coast. The sardine resource, how-
ever, remains in a stressed state, following poor recruitment in
most years since 2004.

Sardine bycatch, which includes juvenile sardine caught
with anchovy, adult sardine, and round herring as well as adult
sardine caught with round herring, decreased from 17 000 t
in 2016 to around 3 000 t in 2018 and 2019 (Figure 63c) but
has subsequently ranged from 7 000 to 9 500 t during the past
3 years. The levels of sardine bycatch are well below that al-
lowed in most recent years — mainly because the industry has
tried to avoid areas with high bycatches of sardine to improve
the chances of a recovery in the size of the adult sardine popu-
lation.

The catch of West Coast round herring has remained rela-
tively stable, averaging at 55 000 t over the last 5 years, and a
relatively large catch of 66 000 t in 2022 (Figure 63d). These
recent catches, however, are only half of the 100 000 t pre-
cautionary upper catch limit (PUCL) recommended for this
resource and reflects the difficulty of catching this species with
purse-seine nets. Increased utilisation of the West Coast round
herring resource is encouraged but attempts to improve catch
rates using midwater trawling have not been successful to date.
Bycatches of juvenile horse mackerel have also been well be-
low the three-year PUCL of 12 000 t, averaging only 3 600 t in
the most-recent 3 years. This PUCL has now been increased
to 15 000 t to make provision for those years where a high
bycatch of horse mackerel is unavoidable (Figure 63e).

An annual PUCL for mesopelagic fish of 50 000 t was in-
troduced in 2012, following increased catches of lantern- and
lightfish by the experimental pelagic trawl fishery in 2011, when
just over 8 000 t of these species were landed. A resumption of
the trawl experiment in 2018 resulted in mesopelagic catches of
5800t and 3 500 t in 2018 and 2019, respectively. The rela-
tively high costs associated with this experiment, coupled with
the recent downturn in the anchovy and sardine fishery, has
led to the applicant not pursuing this any further. The PUCL
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Figure 62: The annual combined catches of anchovy, sardine and round herring by the small pelagic fishery, 1949-2022. Also shown is the long-
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has subsequently been reduced to 25 000 t. The Department
remains desirous of continuing this experimental fishery as well
as the exploratory trawl fishery for anchovy and West Coast
round herring aimed at improving utilisation of these resources
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Figure 63: Total allowable catches (TACs), total allowable bycatch
(TAB) and precautionary upper catch limits (PUCLs), and subsequent
landings of each by the South African pelagic fishery for (a) anchovy,
(b) directed sardine, (c) sardine bycatch, (d) round herring and (e)
horse mackerel, 2000-2022

off the South Coast, especially given the current depleted state
of the sardine resource.

Recruitment strength and adult biomass
Anchovy recruitment measured in 2016 was considerably low-
er than the long-term average and almost half that measured
in 2015. This was followed by a record high anchovy recruit
estimate of 830 billion fish in 2017 (Figure 64a). Fish sampled
during that survey on average weighed about 1.4 g less than
those sampled during the preceding two years and not many
of them appeared to have survived subsequent to the survey,
with the adult anchovy biomass in 2017 and 2018 remaining
relatively stable at around 1.5 million t. The decrease of close
to 50% in the adult anchovy biomass from 1.5 million t in 2018
to only 0.84 million t in 2019 was followed by above average
anchovy recruitment in 2020 giving rise to a 3-fold increase
in adult biomass in that year. Recruitment of anchovy in 2021
and 2022 was again below average with a subsequent below
average adult biomass of only 1 million t measured at the end
of 2022.

Sardine recruitment has remained very low. The lowest re-
cruit estimate in 30 years of <1 billion fish in 2016 was followed
by an estimate of 7 billion fish in 2017 and 4 billion fish in 2019
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(Figure 64b). Despite a slight increase in sardine recruitment
in 2020, half of the recruitment estimates in the past 10 years
have been lower than 5 billion fish. Given this sustained below-
average recruitment, the adult sardine biomass decreased fur-
ther to only 91 000 t in 2018. A slight increase to 190 000 t in
2019 and to 250 000 t in 2020, although encouraging, did not
provide sufficient motivation to set aside low-biomass ECs pro-
visions for this species. By 2022, the biomass had, however,
increased to over 560 000 t. Despite this recent increase, the
2022 biomass estimate is still lower than the long-term average
of 844 000 t, hence the categorisation of sardine status as be-
ing between depleted and optimal and the setting of a precau-
tionary TAC for 2023. The 2019 West Coast round herring re-
cruit estimate was the third highest on record (Figure 64c) and
resulted in a 60% increase in the biomass of adult West Coast
round herring from 1.4 million t in 2018 to 2.3 million t in 2019,
the highest yet recorded. Recruitment dropped substantially in
2021 and 2022 but remained above the long-term average re-
cruitment of 13 billion fish and the adult biomass by the end of
2022 remained relatively high at over 3 million t.

Shifts in the distribution both of anchovy and sardine adults
that have previously been reported on (see previous issues
of Status of the South African Marine Fishery Resources Re-
port, since 2012) continue to be monitored. The abrupt east-
ward shift of anchovy that occurred in 1996 persists in most
years, with an average of 38% of the adult anchovy biomass
observed in the area to the west of Cape Agulhas since 1996
compared to 64% on average in the years preceding the shift
(Figure 65a). Given the recent decline in the size of the an-
chovy population, the biomass of anchovy in this western area
has declined to <500 000 t, a level far below that observed from
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Figure 65: Percentage of the total (a) anchovy and (b) sardine bio-
mass found to the west and east of Cape Agulhas, 1984—2022

2012 to 2016. The percentage of the sardine biomass found in
the area to the west of Cape Agulhas remains highly variable
but has decreased considerably in recent years. Around 71%
(180 000 t) of the sardine biomass was found in the area to the
west of Cape Agulhas in 2016 (Figure 65b), but this percent-
age decreased to 32% in 2017 and subsequently to only 23%
(44 000 t) in 2019 and 21% (52 000 t) in 2020. Despite a large
increase in the biomass of sardine in both regions in 2022, the
percentage located to the west of Cape Agulhas remains rela-
tively low (39%). This decrease in the biomass of sardine to
the west of Cape Agulhas is likely to compromise future recruit-
ment, given the relatively low transport of eggs and larvae to
the West Coast nursery area from sardine spawning on the
South and East coasts.

Ecosystem interactions

The primary approach that has been used to limit catches of
forage fish is Rights-based management with specific annual
TACs. The incorporation of ecosystem considerations and the
development of ecosystem-based management is typically
carried out through OMP simulation testing to ensure certain
probabilities that sardine and anchovy abundances would
not drop below specified thresholds when harvested. Recent
OMPs were also tested using parameters denoting risk to the
African penguin Spheniscus demersus population. Penguins
were chosen as a key predator species for consideration be-
cause they feed predominantly on sardine and anchovy and
because of their conservation status, which is of concern due
to appreciable reductions in their numbers at the major breed-
ing colonies over recent years and their listing as Endangered
by the IUCN. As part of the implementation of an ecosystems
approach to fisheries (EAF) in South Africa’s fishery for small
pelagic fish, a model of penguin dynamics was developed for
use in conjunction with the small-pelagic-fish OMP so that the
impact on penguins of predicted future pelagic fish trajectories
under alternative harvest strategies could be evaluated. So far
results have suggested that fishing is likely to have a relative-
ly small impact on penguins, especially when compared with
uncertainties that arise from the variable spatial distribution of
the sardine population. For example, OMP-18 performance
statistics indicated that even with zero sardine catch, penguin
numbers were expected to decline only about 1.4 % slower
than if there was fishing. However, these results are now dated
and both the OMP and the penguin population model need up-
dating. Additionally, central to the development of any future
OMP will be the consideration of harvest strategies that include
spatial management of sardine, given the existence of two lo-
cal stocks of this resource as described above. Such spatial
management, which has already been formally implemented
to avoid high local exploitation levels, also has the associated
benefit of preventing local forage fish depletion and heightened
competition between dependent predators and the fishing in-
dustry.

Penguins are potentially also sensitive to changes in pelagic
fish abundance and distribution because of their land-based
breeding sites and their limited foraging range (< about 20 km)
during breeding. An experiment that involved alternating pe-
riods of fishing and closure to fishing around some important
penguin breeding colonies (the Island Closure Experiment)
was conducted between 2008 and 2020 to assess the impact
of localised fishing on the breeding success of these birds.
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Results from this study indicated that although certain island
closures may help reduce the rate of decline of the penguins
(by between 0.25% and 1%), they would do little to halt the
decline, which is as much as 10% per annum at some colonies.
Furthermore, these fishery closures have cost implications for
the small pelagic fishing industry and, as such, any benefit of
fishery closures should be weighed up against their costs.

Following increased media attention and calls from the con-
servation sector to intensify fishing restrictions, an internal Gov-
ernance Forum comprising senior managers of the Department
was established to advise the Minister on this matter. Under
this forum, the Department sought to develop a compromise
proposal for future fishing restrictions that would decrease the
cost of closures to industry, but still maintain reasonable levels
of protection of those areas where penguins prefer to forage.
Further discussion of this proposal with the fishing industry and
conservation sector resulted in an impasse. The Consultative
Advisory Forum for Marine Living Resources (CAFMLR) estab-
lished by the Minister to advance the discussion took a “middle
of the road” approach between having no closures around col-
onies (advanced by the fishing industry based on the marginal
benefits to penguins as quantified during the experiment) and
full closure of core penguin foraging areas or marine important
bird areas (MIBAs) around the largest six remaining colonies
(as advanced by the conservation sector). The CAF recom-
mendations, which essentially advocated closure of a total of
50% of the 6 MIBAs (i.e. 300% instead of the 600% recom-
mended by the conservation sector) were rejected by both the
fishing industry and the conservation sector. A further recom-
mendation of the CAF, however, was to convene an interna-
tional panel of experts to assist in decision-making.

The Minister has subsequently appointed such a panel to
review the interpretation of the results from the experiment,
explore the value of fishing closure around penguin colonies
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in providing meaningful benefits to penguins, review the pro-
cesses and outcomes completed through the Governance Fo-
rum and CAFMLR, and make recommendations on the future
implementation of fishing closures. This process is currently
underway. In the meantime, and pending the outcome of the
review, the Minister approved interim closures in September
2022 around the six breeding colonies of Dassen and Robben
Islands on the West Coast, Stony Point and Dyer Island off
the Southwestern Cape coast and St Croix and Bird Islands in
Algoa Bay (Figure 66).

Climate change implications

Small pelagic fishes have been characterised as excellent
bio-indicators of climate-driven changes in marine systems
because of their responsiveness to environmental forcing.
Predicted effects of climate change include changed species
distributions, and these are frequently the first effect to be ob-
served and are driven primarily by changed temperatures. The
relative distributions of both anchovy and sardine have shifted
eastwards over the past few decades, with these shifts sig-
nificantly correlated with the cross-shelf SST gradient off the
South Coast. Spatial catch patterns of both species have also
changed, and whereas for sardine recent catch patterns will
have been affected by explicit spatial management measures,
a higher proportion of annual anchovy catches (which are not
spatially restricted) have been taken on the western Agulhas
Bank (between Cape Point and Cape Agulhas) than previously.

Improving predictive capacity in terms of the likely respons-
es to climate change of exploited fish has been identified as
a critically needed adaptation for South African fisheries man-
agement, including the need to develop models to better un-
derstand the potential impacts of climate change on species,
food webs and fisheries. Given that small pelagic fish distri-
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Figure 66: The locations of marine important bird areas (MIBAs; core foraging areas of African penguins), the 20-km-radius closed areas imple-
mented during the Island Closure Experiment (note that an area of 5 km-radius around Riy Banks, to the southeast of St Croix Island, was also
closed when St Croix Island was closed to fishing), and the interim closures that are presently in place. Also shown are the locations of marine
protected areas (MPAs) and other restricted areas where pelagic fishing is not allowed. The dotted line within the interim closure area around Dyer
Island demarcates an inshore area where no pelagic fishing is allowed and an offshore area where only small vessels are allowed to fish
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butions are changing, a first step in developing models to im-
prove predictive capacity is to better understand the effects of
different environmental parameters on their distributions. Such
bioclimatic-envelope models use associations between envi-
ronmental variables and a species’ occurrence to define sets of
conditions under which that species is more likely to be found,
and once envelopes are estimated they can be applied to fore-
cast the effects of climate change on species’ distributions.

A recent study used generalised additive models (GAMs)
to assess the influence of several environmental variables on
the distributions of eggs, recruits, and adults of anchovy, round
herring and sardine in the Southern Benguela ecosystem.
Abundance and distribution data of these different stages and
species were collected during routine Pelagic Recruit (recruits)
and Total Biomass (adults and eggs) surveys conducted be-
tween 2000 and 2011. Selected environmental variables were
those expected to respond to climate change and that can be
remotely sensed, and included sea surface temperature (SST),
sea surface height (SSH), sea surface chlorophyll (Chl a),

Ekman upwelling (Ek-Up) and eddy kinetic energy (EKE). En-
vironmental data for the regions and periods matching the Pe-
lagic Recruit and Total Biomass surveys of each year were
collected from online sources (mostly the National Oceanic and
Atmospheric Administration — NOAA) and were then mapped
to the species- and stage-specific abundance and distribution
maps for GAM analyses. The relative importance of these vari-
ables in influencing fish distribution patterns was also estimat-
ed.

Whereas almost all of the GAMs had good predictive per-
formance, those for sardine had relatively higher explanatory
capabilities compared to those for round herring and ancho-
vy, and hence had a better capability for modelling sardine
habitat suitability. This suggests that sardine distributions re-
spond more strongly to environmental variables than do those
of round herring and anchovy. Sea surface temperature had
the highest relative importance of predictor variables for eight
of the nine life stage / species combinations, sometimes by
a substantial margin (Figure 67). The only exception was for
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Figure 67: Pie diagrams illustrating the relative importance of the top five environmental variables in generalised additive models relating to the
distributions of adults (top row), recruits (middle row) and eggs (bottom row) of anchovy (left column), West Coast round herring (redeye; middle
column) and sardine (right column). The sizes of environmental predictor pies are proportional to their relative importance in predicting the distri-
bution of that life stage of that species, and range from 0.14 for EKE (Eddie_k) on anchovy eggs to 0.71 for SST on round herring (redeye) eggs
Sst = sea surface temperature; Ssh = sea surface height; Log_chl = log of surface chlorophyll a concentration; Eddie_k = eddy kinetic energy;
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adult sardine where SST had the second-highest relative im-
portance, substantially lower than that for Chl a. This latter
predictor was also important for anchovy recruits, and round
herring eggs and adults. Sea surface height and eddy kinetic
energy typically had lower values of relative importance. Other
interspecific and intraspecific (i.e. between life history stages
of the same species) differences in the relative importance of
environmental variables were apparent (Figure 67).

These analyses have improved understanding of how pre-
sent distribution patterns of small pelagic fish are related to
environmental variables and are a necessary first step to in-
vestigating how changing oceanographic conditions might af-
fect their future distributions. The interspecific differences in
the relative importance of environmental variables in affecting
the distributions of small pelagic fishes off South Africa sug-
gest that species will be impacted differently by, and respond
differently to, climate change. Importantly, the intraspecific dif-
ferences observed suggest that different life history stages will
also be impacted differently by climate change. These mod-
els can be coupled with models that predict future ocean state
around South Africa to indicate where, and when, particular
areas/regions may become less or more favourable to small
pelagic fishes. This is important for the development of appro-

priate management strategies and the long-term sustainable
exploitation of these valuable marine resources.

Adaptation to climate change measures that should be
considered for the small pelagic fishery include, inter alia, (i)
rebuilding the sardine population; (ii) developing anchovy prod-
ucts for human consumption and developing local markets for
such; (iii) determining sustainable harvesting levels for West
Coast round herring and lanternfish, with consideration for
ecosystem needs, and increasing their exploitation levels if
warranted; and (iv) developing an integrated, concerted and
multi-disciplinary national research response to climate change
impacts on South African marine fisheries. The analysis de-
scribed above forms part of the last adaptation measure and
could usefully be applied to other important marine resources.
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South Coast rock lobster

Stock status Unknown Abundant

Optimal Depleted Heavily depleted

Fishing pressure Unknown Light

Optimal Heavy

Introduction

South Coast rock lobsters Palinurus gilchristi are endemic to
the southern coast of South Africa, where they occur on rocky
substrata at depths of 50-200 m. The fishery operates between
East London and Cape Point and up to 250 km offshore along
the outer edge of the Agulhas Bank, and fishing gear is restrict-
ed to longlines with traps. It is now the largest rock lobster fish-
ery in South Africa by total mass and is capital-intensive, re-
quiring specialised equipment and large, ocean-going vessels.

Products (frozen tails, whole or live lobster) are exported to
the USA, Europe and the Far East. Sales are affected by sea-
sonal overseas market trends and competition from other lob-
ster-producing countries. High prices on international markets
and the increase of the Rand to Dollar exchange rate make the
sector lucrative. Prices for commodities fluctuate and the sales
prices in the USA are currently the equivalent of about R1 000
per kg tail mass.

Longline trap-fishing is labour intensive and as such each
boat requires approximately 30 officers and crew. The total
sea-going complement of the fleet is about 300 individuals,
nearly all previously disadvantaged. In addition to sea-going
personnel, the sector employs approximately 100 land-based
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Figure 68: Annual catches of South Coast rock lobster from 1977 to

2020. Note that 1977 refers to the 1977/78 season, etc

factory (processing) and administrative personnel, also mostly
previously disadvantaged people. The total export value in
2021 was approximately R353 million.

History and management

The South Coast rock lobster was first described in 1900 and
was recorded occasionally in trawler catches for sole at a depth
of about 70 m. The commercial fishery commenced in 1974,
after the discovery of concentrations of rock lobsters on rocky
ground at a depth of around 110 m off Ggeberha (formerly Port
Elizabeth). Numerous local and foreign fishing vessels con-
verged on the fishing grounds, giving rise to the expansion of
the fishery. However, foreign fishing vessels were withdrawn
from the fishery in 1976, when South Coast rock lobster was
recognised as a species occurring wholly within South African
waters. From 1977 onwards, the sector operated solely as a
local commercial fishery.

The fishery has a management history stretching back to
1974. The fishery was regulated initially by limiting the number
of traps permitted per vessel. Catches and catch rates declined
significantly between 1977 and 1979 (Figures 68 and 69). The
introduction of management measures such as reduction of ef-
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Figure 69: South Coast rock lobster catch per unit effort (CPUE) by
area from 1977 to 2020. Note that 1977 refers to the 1977/78 season,
etc

.



Table 17: South Coast rock lobster historical records of TAC, TAE, catch and standardised CPUE by area

Seasen (tonne;r /tﬁ mass) (aII-cr)f:\aEted Standardised CPUE (kg trap™)
seadays) Area 1E Area 1W Area2 &3

1977/1978 1.59 1.34 1.65
1978/1979 0.88 1.06 1.49
1979/1980 0.66 1.14 1.30
1980/1981 1.73 1.59 1.48
1981/1982 1.54 1.27 1.41
1982/1983 1.21 1.13 1.19
1983/1984 1.03 1.27 1.37
1984/1985 450 1.43 1.16 1.27
1985/1986 450 0.28 1.03 1.18
1986/1987 450 0.77 1.15 1.43
1987/1988 452 0.61 1.48 1.29
1988/1989 452 1.1 1.50 1.50
1989/1990 452 2.04 1.37 1.50
1990/1991 477 1.16 1.34 1.17
1991/1992 477 0.91 0.99 1.05
1992/1993 477 1.23 0.84 1.14
1993/1994 477 0.91 0.75 1.02
1994/1995 452 0.64 0.79 0.87
1995/1996 427 0.81 0.67 0.86
1996/1997 415 0.63 0.67 0.71
1997/1998 402 0.58 0.66 0.63
1998/1999 402 0.97 0.93 0.52
1999/2000 377 0.79 0.76 0.51
2000/2001 365 2339 1.07 0.77 0.55
2001/2002 340 1922 0.96 0.96 0.66
2002/2003 340 2 146 1.12 1.06 0.59
2003/2004 350 2038 1.10 1.01 0.74
2004/2005 382 2089 1.24 0.95 1.03
2005/2006 382 2089 0.87 0.89 0.78
2006/2007 382 2089 0.84 0.57 0.62
2007/2008 382 2089 0.68 0.79 0.82
2008/2009 363 2675 0.89 0.92 0.85
2009/2010 345 2882 0.73 0.86 0.63
2010/2011 328 2550 0.85 0.88 0.70
2011/2012 323 2443 0.60 0.80 0.70
2012/2013 326 2250 0.56 0.66 0.72
2013/2014 342 2536 0.89 0.97 1.05
2014/2015 359 2805 0.84 1.06 0.95
2015/2016 341 2858 1.22 1.10 0.76
2016/2017 332 2029 1.02 0.91 0.71
2017/2018 338 2 042 0.99 0.99 1.04
2018/2019 321 2148 1.51 0.78 1.17
2019/2020 337 2220 1.53 1.21 1.37

fort and catches during the early 1980s resulted in some re-
source recovery (Figures 68 and 69). An annual total allowable
catch (TAC) was introduced in 1984, based on the performance
of the fishery in the previous years. The TAC and limited entry
stabilised the sector until the 1993/94 season (Figure 68), and
a more rigorous procedure for stock assessment was devel-
oped in 1994.

The fishing season for South Coast rock lobster is year-
round, extending from 1 October to 30 September of the fol-

lowing year. The management strategy is a combination of TAC
and total allowable effort (TAE). The TAC limits the total catch
and is based on an annual resource assessment, whereas
the TAE is measured in fishing days allocated to each vessel.
A vessel may fish until its fishing days expire or its quota is
filled, whichever occurs first. The number of days spent at sea
by each vessel is monitored. Catches may be offloaded only
in the presence of fishery control officers and are weighed at
designated offloading points. Skippers must, at the conclusion
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of each trip, provide the Department with accurate daily catch
statistics.

The scientific recommendations for catch limits are based
on an operational management procedure (OMP) which was
introduced in 2008 and modified (“re-tuned”) in 2010. A full re-
view of the OMP was completed in 2014 (designated OMP-
2014) and was used to provide the scientific recommendations
for the 2015/16 to 2018/19 seasons.

A full OMP review was completed in 2019 (OMP-2019).
This was used to determine the TAC and TAE for the 2019/20—
2022/2023 fishing seasons. The objective of this OMP is to
increase the spawning biomass of the resource by 30% over
the 20-year period from 2006 until 2025, while restricting inter-
annual TAC fluctuations to a maximum of 5%.

Research and monitoring

The stock assessment model used for South Coast rock lobster
(an age-structured production model [ASPM])) is based, inter
alia, on size and age composition of the catch, somatic growth
rates, and population size estimates. A tagging programme
supplies the critical growth- and population-size estimates, as
well as estimates of migration.

Scientific observers are deployed aboard commercial South
Coast rock lobster fishing vessels. These observers primarily
collect data relating to catch composition, take biological meas-
urements (length, sex and reproductive state), estimate catch
and effort, report on gear used, observe fishing practices such
as discarding, dumping and bycatch, and also record the areas
where fishing takes place. The data are utilised in the annual
stock assessment to determine the TAC. Observers also tag
lobsters during commercial fishing operations, and information
from recaptured tagged lobsters is returned by commercial fish-
ers, with details of the date and location of recapture. Tagging
covers as wide an area and range of size classes as possible.

Commercial CPUE data are captured from landing slips.
These provide input data (CPUE and landings) for TAC and
TAE management.

New research planned for this resource aims to use baited
“video fishing” techniques to offer a standardised, non-extrac-
tive methodology for estimating relative abundance and ob-
serving the behaviour of South Coast rock lobster. Precise and

accurate length and biomass estimates will also be recorded
by paired stereo-cameras. The baited underwater video cam-
era traps will be used to monitor the effect that bycatch species
have on catch rates, the fate of bait and other bycatch and dis-
cards, and to help measure metabolic rates, swimming speed
and foraging behaviour of South Coast rock lobsters.

The feasibility of introducing a fisheries independent survey
to track status indicators for this resource is being investigated.

The effect of benthic environmental factors on daily catches
of South Coast rock lobster have not been investigated to date.
However, new research is directed at elucidating these rela-
tionships.

Current status

In 1977-1979/80, fishing effort and catches increased above
sustainable levels (Figures 68 and 69), and thereafter the
catches declined rapidly to 122 tonnes tail mass (Figure 68).
The decline in catches was partly as a result of the withdrawal
of the foreign vessels from South African waters in 1976, and
also overfishing. By the end of the 1970s, several of the re-
maining local fishing vessels were forced out of the fishery by
low catch rates. Gradual recoveries of catches between 1980
and 1984 and stable catch rates during that time were accom-
panied by a resurgence of interest in the fishery by fishers
who had previously withdrawn. In response to the possibility
of overfishing, a TAC was introduced into the fishery in 1984,
and quotas were allocated to companies that were active in the
fishery. This measure effectively limited the number of partici-
pants in the fishery.

The TAC initially restricted total catches to 450 t tail mass
(970 tonnes whole mass) per year (Table 17); fluctuations in
the TAC up to 1994 included the addition of 2 t (tail mass) for
research purposes in the 1988/89 fishing season, and the ad-
dition of 25 tin 1990/91. The latter increase was justified by the
inclusion of a previously unfished area off the Eastern Cape
coast after 1990. The TAC remained stable at 477 t up to the
1993/94 fishing season.

Resource assessments introduced in 1993-1994 indicated
that an annual catch of 477 t could not be sustained. Conse-
quently, a programme of annual TAC reductions was initiated
in 1994-1995, reducing the TAC in steps of 25 t per year. The
2001 assessment of the resource indicated that the reductions
had, however, failed to impact significantly on the trend of de-
clining abundance. However, since then, the resource has re-
mained relatively stable and seems to be growing in the most
recent years. The exploitable biomass, assessed in 2022, has
recovered and was approximately 47% — and spawner bio-
mass about 41% — of pre-fished levels.

Ecosystem interactions

There are some concerns around the levels of whale entan-
glements in this fishery. The Right Holder Association has
taken proactive steps to implement guidelines regarding gear
management measures to reduce the chance of encounter-
ing marine mammals and have designed and implemented a
digital reporting system. Experiments into gear changes, such
as sinking groundlines and ropeless traps, are currently being
conducted in this fishery. There are no other major ecosystem
issues in this fishery at present. Furthermore, the spatial and
temporal distribution of berried females should be investigated
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to allay concerns regarding the vulnerability of these females
under current fishing practices.

There are currently no indications of an impact of aspects
of climate change on this fisheries resource. It is likely, howev-
er, that this species has the physiological capability to adjust to
temperature changes and acidification in a similar way as the
closely related and well researched West Coast rock lobster
(see Research highlights section).

Further reading

Groeneveld JC. 1997. Growth of spiny lobster Palinurus gilchristi
(Decapoda: Palinuridae) off South Africa. South African Journal
of Marine Science 18: 19-29.

Groeneveld JC. 2003. Under-reporting of catches of South Coast rock
lobster Palinurus gilchristi, with implications for the assessment
and management of the fishery. South African Journal of Marine
Science 25: 407-411.

Groeneveld JC, Branch GM. 2002. Long-distance migration of South
African deep-water rock lobster Palinurus gilchristi. Marine
Ecology Progress Series 232: 225-238.

Groeneveld JC, Melville-Smith R. 1994. Size at onset of sexual
maturity in the South Coast rock lobster Palinurus gilchristi
(Decapoda: Palinuridae). South African Journal of Marine
Science 14: 219-223.

Groeneveld JC, Rossouw GJ. 1995. Breeding period and size in
the South Coast rock lobster, Palinurus gilchristi (Decapoda:
Palinuridae). South African Journal of Marine Science 15: 17-23.
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Squid

Stock status Unknown Abundant

Fishing pressure Unknown Light

Introduction

The Cape Hope squid Loligo reynaudii d’Orbigny, 1845, locally
known as ‘chokka’, is a ubiquitous loligonid squid that occurs
around the southern African coast from Namibia to the Wild
Coast region of the Eastern Cape (Figure 70). A separate stock
targeted by some artisanal fisheries occurs farther north off
southern Angola, but scant information is available from that
region. Chokka is fast-growing, reaching reproductive size in

Depleted Heavily depleted

Heavy

approximately one year or less with a potential fecundity of
about 18 000 eggs. Age after hatching in males ranges from
164 to 484 days with a mean of 323 days, and in females from
125 to 478 days with a mean of 316 days, and its total lifes-
pan is less than two years. The size composition in terms of
the length-frequency and length-weight relationship of chokka
squid assessed over a period of 22 years shows no significant
long-term temporal trends in the mean lengths, and the maxi-
mum observed mantle lengths are 48 cm for males and 28 cm
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Figure 70: Distribution of chokka squid Loligo reynaudii in South African waters, as derived from fishery-independent demersal research surveys.
Densities (kg nautical-mile~2) are averages over all survey stations within each survey grid block over the period 1985-2023 (note there was

no survey in 2018)
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for females. However, a significant drop in mean lengths, espe-
cially in females, was noted from 2014 to 2017. Chokka spawn
throughout the year with a peak in summer and their spawning
behaviour is particularly complex. Females mate with multi-
ple males over short time-periods and therefore females have
access to sperm from different males and multiple paternity
within offspring of individual females is common. Spawning
distribution is governed largely by environmental conditions
and spawning occurs mostly inshore in the relatively sheltered
embayments off the Southeast Coast, in less than 60-m depth,
and occasionally in deeper waters. The chief prey items of
chokka are fish and crustaceans, but they also sometimes feed
on other cephalopods, and cannibalism is fairly frequent. The
abundance of squid fluctuates widely, mainly due to biologi-
cal factors such as spawning distribution and survival rates of
hatchlings and juveniles, and to environmental factors such as
temperature, currents, turbidity and macro-scale events such
as El Nifios.

Chokka squid are the target of a dedicated jig fishery that
operates between the Cape of Good Hope and Port Alfred. The
squid fishery is relatively stable and provides employment for
approximately 3 000 people locally. The fishery is believed to
generate in excess of R480 million in a good year and is South
Africa’s third-largest fishery in monetary terms. Chokka are
mostly frozen at sea in small blocks. They are landed mainly
between Plettenberg Bay and Port Alfred and exported whole
to European countries, most notably Italy. Squid are also used
as bait by linefishers. Apart from the directed fishery, squid are
also caught as bycatch in the hake-directed demersal trawl
fishery.

History and management

In the 1960s and 1970s, the squid resource was heavily ex-
ploited by foreign fleets, predominantly from the Far East. For-
eign fishing activity was gradually phased out in the late 1970s
and early 1980s following South Africa’s declaration of an EFZ
in 1977. Since then, squid and other cephalopods have contin-

ued to be caught by South African trawlers as bycatch. Over
the last decade, the squid bycatch in the demersal trawl fishery
has fluctuated between 200 and 800 t annually (Figure 71).

A commercial jig fishery for squid was formally established
in 1984. Hand-held jigs are used to catch squid, making this a
particularly labour-intensive fishery. Between 1986 and 1988
a licensing system was introduced with a view to limiting the
number of boats participating in the fishery. The chokka squid
fishery has a high variability in both biomass and catches, with
annual catches varying from 2 000 to over 13 000 tonnes.
Catches in the 1990s ranged between 1 900 and 7 400 t, and
in the 2000s between 2 600 and 13 900 t. In 2004 the jig fishery
registered its highest catch of just below 14 000 t (Figure 71).
Catch data indicate an increase in jig catches over the period
2001 to 2004, followed by catches stabilising at approximately
9 000 t between 2005 and 2008, and then increasing again to
just over 10 000 tin 2009 and 2010 (Figure 71). Annual catches
in both the jig and trawl fisheries declined after 2010, reaching
levels in 2013, and more recently in 2021, that are almost the
lowest since the inception of the commercial jig fishery.

The fishery is effort-controlled and was historically capped
at a maximum of 2 422 crew with the number of vessels
commensurate with the number of persons permitted to fish.
The current recommended total allowable effort (TAE) is 295
000 person-days. After the recently concluded fishing Rights
allocation process (FRAP 2021/22), the global TAE is currently
apportioned as follows: commercial — 250 750 person-days
(2 077 crew); and small scale — 44 250 person-days (366 crew).
A mandatory 5-week closed season (October—November each
year) has been implemented since 1988, with the intention
of minimising the disturbance to spawning squid and improv-
ing recruitment the following year. Furthermore, an additional
closed season (in the range of three to five months’ duration)
has been implemented since 2014 to guard against the TAE
being exceeded.

The current management objective for the squid fishery is to
cap effort at a level which secures the greatest catch, on aver-
age, in the longer term without exposing the resource to the
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Figure 71: Annual catch (tonnes; trawl- and jig-caught) of squid off South Africa, 1971-2021. Trawl data are from external data 1971-1982, and
from the DFFE demersal database 1983-2021. Commercial jig catch data are from the South African Bureau of Standards (SABS) as provided by
Industry for the period 1985-2006, and the National Regulator for Compulsory Standards (NRCS) for the period 2007-2021
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threat of reduction to levels at which future recruitment success
might be impaired or catch rates might drop below economi-
cally viable levels.

Research and monitoring

Biomass estimates of chokka squid (as well as accompany-
ing size structure and biological information) are derived from
data collected on demersal swept-area research surveys con-
ducted on the West Coast in summer each year and on the
South Coast in autumn each year, as well as in spring in some
years. Interpretation of the trends in the time-series of abun-
dance estimates (Figure 72) is complicated by the changes
in the gear and vessels employed during the surveys (see the
section on Cape hakes for details). The data obtained from sur-
veys conducted with different gear and vessels are not directly
comparable, and any apparent trends in the time-series should
be viewed with caution pending the development of reliable
calibration factors for the various vessel-gear combinations.
Although data from both the autumn and spring surveys are
used in assessments of the resource, the spring surveys pro-
vide the most useful indication of spawning stock abundance,
given that these surveys are conducted just prior to peak
spawning season. Unfortunately, in the last 10 years, only
one spring South Coast demersal survey has taken place.
Currently, the Department is developing an independent
direct method of estimating the biomass of spawning concen-
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Figure 72: Chokka squid abundance estimates (tonnes + 1 SE) de-
rived from fishery-independent swept area demersal surveys 1984—
2021. Estimates are illustrated by coast for the various vessel-gear
combinations. Summer (West Coast) and autumn (South Coast)
surveys are indicated with black symbols, while winter (West Coast)
and spring (South Coast) surveys are indicated with blue symbols.
Note that surveys that only extended to the 200-m isobath have been
excluded from the figures and that estimates across the vessel-gear
combinations cannot be directly compared due to differences in catch-
ability [Africana = research vessel RS Africana, Commercial = com-
mercial fishing vessel]

trations of squid using hydroacoustics. Two surveys carried
using DFFE’s RV Ellen Khuzwayo show potential for develop-
ing the first absolute acoustic estimate of chokka squid abun-
dance over the survey area.

Catch-and-effort data are collected on a regular basis
from the commercial jig fishery and additional landings data
were available from the National Regulator for Compulsory
Specifications (NRCS) — formerly the South African Bureau of
Standards (SABS) (Figure 71). In the past, squid data were
recorded along with catches of linefish, and stored in the
National Marine Linefish System. In 2006, a new logbook was
introduced specifically for the squid fishery, allowing for the
recording of more-detailed catch-and-effort information, and
the data are now stored in a dedicated database.

Chokka squid is one of the best-researched squid species
in the world and aspects of its early life history and adult ecol-
ogy are relatively well known. However, capacity constraints
within the Department have considerably slowed research
efforts. Current research is conducted on the age and growth
of squid, possible changes in biological characteristics of squid
over time, genetics of adults (stock identity), environmental
influences on stocks, acoustic mapping of inshore spawning
grounds, and the use of acoustics as a method of surveying
squid egg beds and investigating the potential damage of dif-
ferent anchor systems on squid spawning grounds and squid
egg beds. Following the marked decline of the squid resource
in 2013, the Sustainable Oceans, Livelihoods and food Se-
curity Through Increased Capacity in Ecosystem research
in the Western Indian Ocean (SOLSTICE-WIO) initiative
was launched. SOLSTICE was a 4-year collaborative Global
Challenge Research Fund project that sought to address key
environmental and anthropogenic factors controlling the eco-
system dynamics of the Agulhas Bank. Results from the study
were published in a special issue of a reputable scientific
journal in 2022 and information therein should assist in en-
hancing the management of this resource.

In 2013, exploratory fisheries for a number of other squid
species were initiated. These include three ommastrephid
species (Todarodes angolensis, Todaropsis eblanae and
Ommastrephes bartramii), one loligonid squid (Uroteuthis
duvauceli) and one thysanoteuthid (Thysanoteuthis rhombus),
though the fisheries are yet to be fully implemented.

Current status

A biomass-based stock assessment model is applied to
assess the status of the squid resource. The most recent as-
sessment was conducted in 2019 and indicated a more positive
outlook regarding resource status than did the 2016 assess-
ment. As a result the Department’s Squid Scientific Working
Group recommended that the TAE could be increased from 270
000 person-days to 295 000 person-days for the 2019 fishing
season. Above-average recruitment had been observed over
the period 2002-2009, but then declined to below-average
levels over the period 2010-2013, before showing an improve-
ment in 2014 (Figure 73). The assessment indicated a peri-
od of declining abundance over the period 2009-2014, after
which biomass showed an increasing trend (Figure 74), and
the stock was estimated to be at about 41% of pre-exploita-
tion levels in 2015. The 2010-2013 decline in recruitment
may be related to possible environmental anomalies over the
2012-2014 period, given that other species on the South Coast
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Figure 73: Recruitment residuals from 1971 to 2017. (N.B. derived
from 14 vessels and restricted to records where 3<=crew<=26. Note
this is to be updated on development of the new squid assessment
model)

have shown similar declines in catch rates during this period.
It is important to note that efforts are being directed at improv-
ing the current squid assessment model, as well as the data
inputs.

Ecosystem interactions

The South African chokka squid fishery employs hand-held
jigs, mainly targeting aggregations of spawning adult squid.
This method selectively targets the desired species. There
is little to no bycatch in this fishery and jigs have little impact
on the environment. Some damage to the seabed and squid
eggs may occur during deployment, adjustment and retrieval
of anchors. A study to evaluate the impact of different anchor-
ing systems on squid eggs and the seabed is currently being
planned. Chokka squid is currently listed as ‘green’ (most sus-
tainable choice from the healthiest and most well-managed fish
populations) under WWF’s SASSI (South African Sustainable
Seafood Initiative) assessment.

Further reading

Augustyn CJ, Lipinski MR, Sauer WHH, Roberts MJ, Mitchell-innes
BA. 1994. Chokka squid on the Agulhas Bank: life history and
ecology. South African Journal of Science 90: 143—-154.

Carter L, Roberts M, Popova E, Noyon M, Jacobs Z, Poulton A (eds).
2022. Dynamics of the Agulhas Bank — ecosystem functioning,
shifts and future trends in the South African squid fishery. Deep
Sea Research Part Il: Topical Studies in Oceanography 195
(Special Issue).

Githaiga-Mwicigi JMW, Yemane DG, Prochazka K, Durholtz D. 2013.
Ad hoc recommendation of the squid scientific working group re-
garding the application for a new fishery targeting “oceanic squid”
— Ommastrepid potta. Report No FISHERIES/2013/JANUARY/
SWG-SQ/01. Cape Town: Department of Agriculture, Forestry
and Fisheries.

Glazer JP. 2016. Areconciliation of the trawl catches of Loligo reynaudii
as used in the stock assessment model. Report No. FISHERIES/
OCTOBER/16/SWG/SQ/24. Cape Town: Department of Agricul-
ture, Forestry and Fisheries.

Glazer JP. 2019. Updated assessment of the squid resource, Loligo
reynaudii. Report No. FISHERIES/2019/MARCH/SWG-SQ/06.
Cape Town: Department of Agriculture, Forestry and Fisheries.

Roel B, Butterworth DS. 2000. Assessment of the South African chokka
squid Loligo vulgaris reynaudii. Is disturbance of aggregations by
the recent jig fishery having a negative impact on recruitment?
Fisheries Research 48: 213-228.
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Figure 74: Estimated begin-year biomass in tonnes from 1971 to
2018. (N.B. derived from 14 vessels and restricted to records where
3<=crew<=26. Note this is to be updated on development of the new
squid assessment model)
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Useful statistics

Total squid catches (tonnes) from commercial jig and as bycatch from
trawl, as well as squid total allowable effort (TAE) (2003-2021). Note
that trawl bycatch data differ from those previously reported due to on-
going validation and correction of historical data.

Year Squid Squid landings as
commercial bycatch from Squid TAE
jig catches hake trawl
2003 11 820 340 2 423 unrestricted crew*
41 restricted crew*
2004 13 261 391 2 423 unrestricted crew*
41 restricted crew*
2005 9147 373 2 423 unrestricted crew*
22 restricted crew*
2006 9 291 358 2 423 crew or 138 vessels,
whichever occurred first
2007 9438 496 2 422 crew or 136 vessels,
whichever occurred first
2008 9 021 528 2 422 crew or 136 vessels,
whichever occurred first
2009 10 341 759 2 422 crew or 136 vessels,
whichever occurred first
2010 10777 574 2 422 crew or 136 vessels,
whichever occurred first
2011 7 796 460 2 422 crew or 136 vessels,
whichever occurred first
2012 6 392 227 2 422 crew or 136 vessels,
whichever occurred first
2013 2 664 61 2 422 crew or 136 vessels
whichever occurred first
2014 6 907 213 TAE of 250 000 person days
2015 6479 333 TAE of 250 000 person days
2016 9952 642 TAE of 250 000 person days
2017 11919 558 TAE of 270 000 person days
2018 13 444 630 TAE of 270 000 person days
2019 6 730 534 TAE of 295 000 person days
2020 8 253 731 TAE of 295 000 person days
2021 4741 - TAE of 295 000 person days

*NB Unrestricted permits applied to Right Holders who were not
restricted to fishing in any particular area, whereas restricted permits
applied to Right Holders who were only allowed to fish off the for-
mer Ciskei (in the Eastern Cape Province). Restricted permits were
eventually phased out of the fishery from 2006
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Tunas and swordfish

Stock status Unknown Abundant Optimal Depleted
Albacore Swordfish
(Ind. and Atl.) (Atl.)
Yellowfin Bigeye
(Atl) (Atl.)
Bigeye
(Ind.)
Swordfish
(Ind.)
Fishing pressure Unknown Light Optimal Heavy
Albacore Yellowfin Albacore
(Atl.) (AtL.) (Ind.)
Bigeye Yellowfin
(AtL.) (Ind.)
Swordfish Bigeye
(Ind. and Atl.) (Ind.)
Southern bluefin
(Ind. and Atl.)

Introduction

Large pelagic fish resources in the waters around South Africa
comprise several species in quantities that can sustain com-
mercial exploitation. The common commercial species include
four tuna species: albacore Thunnus alalunga, yellowfin Thun-
nus albacares, bigeye Thunnus obesus and southern bluefin
Thunnus maccoyii, as well as swordfish Xiphias gladius. In ad-
dition, blue shark Prionace glauca and shortfin mako shark /su-
rus oxyrinchus are abundant in South African waters. All these
species are highly migratory and their distributions span across
all oceans, except southern bluefin tuna, which is confined to
the Southern Hemisphere.

Given their wide-ranging distribution across multiple exclu-
sive economic zones (EEZs), fisheries for large pelagic fish
and their management are international, and participation is
regulated through the tuna Regional Fisheries Management
Organizations (tRFMOs). For management purposes, a single
southern bluefin tuna stock, straddling all oceans in the south-
ern hemisphere, is considered. Single stocks of yellowfin tuna
and bigeye tuna are also assumed for the entire Atlantic Ocean,
and likewise the Indian Ocean is considered to have one stock
each of yellowfin, bigeye, albacore tuna and swordfish. Two
different stocks, i.e. a North stock and a South stock, separated
at 5° N, are recognised in the Atlantic Ocean for albacore tuna,
swordfish, and blue and shortfin mako shark. A management

boundary separates the Indian and Atlantic oceans at 20° E,
though there is scientific evidence that questions the biogeo-
graphical validity of this boundary for tuna and the extent to
which tuna, billfishes and pelagic shark populations straddle
this boundary.

South Africa has two commercial fishing sectors that target
tuna and tuna-like species in the Atlantic and Indian oceans.
These sectors are the tuna pole-line (TPL) or “baitboat” and
the large pelagic longline (LPL) fisheries. Additionally, the boat-
based commercial linefishery catches tuna opportunistically
and the boat-based recreational anglers undertake game fish-
ing for tuna and billfishes. Longline fishing takes place through-
out the entire EEZ and beyond. Southern bluefin tuna, bigeye
tuna, yellowfin tuna, albacore tuna and swordfish are the main
target species in the LPL fishery, with blue- and shortfin mako
sharks being the main bycatch species. This fishery also inci-
dentally catches a number of other pelagic and epipelagic spe-
cies, including billfishes, oilfish and escolar, as well as several
pelagic shark species. In contrast, the TPL fleet traditionally
targets albacore tuna using poles and trolling lines. This fishery
operates in waters up to 1 000 km off the South- and West
coasts of South Africa and off Namibia, generally from October
to May. When available in the inshore regions, yellowfin tuna,
predominantly caught with rod and reel, is the second-most im-
portant species targeted by this sector. The TPL fishery also
catches bigeye tuna, southern bluefin tuna and skipjack tuna
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Katsuwonus pelamis in smaller volumes. The use of two gears
in this fishery — pole to catch albacore and rod and reel to catch
yellowfin tuna — was recognised and incorporated into the nam-
ing of this fishery as the TPL fishery. This fishery may not retain
any incidentally caught swordfish, billfishes or sharks.

History and management

Large pelagic longline fishing for tuna dates back to the early-
1960s, when South African longline vessels targeted southern
bluefin and albacore tuna off the Western Cape Coast. Poor
market conditions, however, led to a rapid decline in this fish-
ery during the mid-1960s. Foreign vessels, mainly from Japan
and Taiwan, continued to fish in South African waters from the
1970s until 2002 under a series of bilateral agreements. Thirty
experimental LPL permits were issued to South Africans in
1997 to revive the local tuna fishery. Catches were, however,
dominated by swordfish during this experimental phase.

The South African LPL fishery was commercialised in 2005,
with the issuing of 18 swordfish-directed and 26 tuna-directed
fishing Rights valid for a period of 10 years. At the same time,
nine vessels were exempted, in terms of section 81 of the Ma-
rine Living Resources Act (MLRA; Act No. 18 of 1998), to ex-
clusively fish for pelagic sharks until March 2011. In 2011, this
pelagic shark fishery was incorporated into the tuna/swordfish
longline fishery. In 2015, a decision was taken to no longer refer
to the fleet as having two different fishing strategies (i.e. tuna-
directed and swordfish-directed, respectively) since the fishing
behaviour of the local fleet had been shifting from exclusive
swordfish targeting to include tunas and sharks. Subsequently,
the fishery has been referred to as the large pelagic longline
fishery and includes vessels that target tunas and swordfish
and take sharks as bycatch. In 2017, 60 new fishing Rights
were allocated in the LPL fishery for a period of 15 years.

Although the fishing grounds just outside South Africa’s EEZ
are hotspots for international tuna longline fleets, the South

African LPL fleet continues to fish locally. This is attributed to
small vessels and this fleet remains under-capitalised when
compared to international tuna longline fleets.

The primary target species are southern bluefin tuna, yellow-
fin tuna, bigeye tuna and swordfish. This fishery may no longer
target sharks, a practice further discouraged in 2017 with the
banning of the use of wire traces. Until very recently, however,
a small component of the fleet continued to target sharks, with
blue- and shortfin mako sharks accounting for more than 95%
of the total landings of some vessels. To restrict directed fishing
of sharks further, the proportion of sharks in the catch of each
vessel has been limited to a maximum of 60% per quarter and
less than 50% per annum since 2019. The fishery has slowly
changed its profile with less foreign vessel participation, less
bycatch and more-effective tuna targeting (Table 18).

The South African TPL fishery started in the late 1970s and
initially targeted yellowfin tuna, but switched back to its tradi-
tional albacore tuna target species when yellowfin tuna moved
out of Cape waters in 1980. Since then, albacore tuna has
made up the bulk of the catch, with annual catches varying
between 2 000 and 4 500 t in recent years (Table 19). South
Africa’s TPL fishery is one of four major fisheries in the South
Atlantic that contribute to the region’s albacore tuna catches;
the remaining three fisheries that target this species include
Namibia’s bait-boat fleet and the longline fleets of Brazil and
Chinese Taipei. Although tuna generally occur in mixed-species
shoals, bigeye tuna and skipjack tuna are typically caught only
in low volumes. During occasional “good years”, higher-value
yellowfin tuna becomes available to the fishery, with catches in
the order of 1 000 t substantially increasing the profit margin of
this fishery.

Initially managed under the linefishery, the TPL fishery
has been recognised as a separate sector since 2003. In
2005, the Department allocated 191 commercial TPL fishing
Rights, thereby authorising 198 vessels (greater than 10 m in
length) and more than 2 600 crew to target tuna using the pole

Table 18: Total catch (tonnes; figures for sharks denote dressed weight) and number of domestic and foreign-flagged vessels in the large pelagic

longline sector for 2005 to 2021

Year Bigeye Yellowfin Albacore  Southern bluefin ~ Swordfish Shortfin Blue shark  Number of active vessels
tuna tuna tuna tuna mako shark
Domestic (*) Foreign-
flagged
2005 1077.2 1603.0 188.6 271 408.1 700.1 224.6 13 (4) 12
2006 137.6 337.3 122.9 9.5 323.1 4571 120.7 19 (4) 0
2007 676.7 1086.0 220.2 48.2 445.2 594.3 258.5 22 (5) 12
2008 640.3 630.3 340.0 434 397.5 471.0 282.9 15 (4) 13
2009 765.0 1096.0 309.1 30.0 377.5 511.3 285.9 19 (4) 9
2010 940.1 1262.4 164.6 34.2 527.8 590.5 311.6 19 (5) 9
2011 906.8 11817 338.7 48.6 584.4 645.2 541.6 16 (6) 15
2012 822.0 606.7 244.6 78.8 4453 313.8 332.6 16 1
2013 881.8 1090.7 291.1 50.9 471.0 481.5 349.0 15 9
2014 543.8 485.8 113.8 31.2 223.1 609.6 573.4 16 4
2015 426.9 601.0 153.0 421 408.2 768.2 523.7 22 4
2016 328.9 478.1 84.6 43.9 310.0 869.5 526.6 20 3
2017 493.6 408.0 172.7 113.4 258.2 750.6 558.0 22 3
2018 462.1 464.7 239.1 209.5 318.9 613.8 592.7 26 3
2019 646.2 655.4 356.8 173.5 565.8 200.8 223.7 20 3
2020 394.0 384.9 260.5 102.9 317.2 184.9 63.8 20 -
2021 515.3 490.0 375.7 132.3 457.6 84.2 81.6 19 -

*Pelagic shark vessels, included in total

m  —



method, for a period of 10 years. On average, 130 vessels
were active over the period 2005-2013. During the 2013 fish-
ing rights allocation process (FRAP 2013), 163 fishing Rights
and 165 vessels gained access for a period of 10 years. The
most recent Rights allocation process (FRAP 2021/22) resulted
in a similar quantum of Rights being allocated. Appeals are still
ongoing at the time of writing and the final number of vessels
within the fishery is to be determined. Catches of the fishery
have been stable for a number of years, but the fleet has been
consolidated to the most effective vessels (Table 19).

Due to the seasonality of the TPL fishery, fishers also have
access to snoek Thyrsites atun and yellowtail Seriola lalandi.
However, the traditional linefish sector also relies on these
species for the majority of their catch. An assessment of yel-
lowtail conducted in 2017 suggests that the stock is currently
not being subjected to overfishing, but trajectories indicate
rapid stock declines can be expected if annual catches exceed
850 t. Consequently, TPL access to yellowtail is currently man-
aged by means of a bag limit of 10 fish per person per trip and
all non-tuna species have been designated as bycatch during
the latest fishing rights allocation.

South Africa’s tuna resources straddle international bounda-
ries. Consequently these resources are managed by three
tuna-directed Regional Fisheries Management Organizations
(tRFMOs) of which South Africa is a full member: (i) the Interna-
tional Commission for the Conservation of Atlantic Tunas (IC-
CAT), (ii) the Indian Ocean Tuna Commission (IOTC), and (iii)
the Commission for the Conservation of Southern Bluefin Tuna
(CCSBT). The CCSBT has the sole mandate for the manage-
ment of southern bluefin tuna. South Africa is obliged to adhere
to the Conservation and Management Measures (CMMs) of
the tRFMOs to ensure sustainability of target and bycatch spe-
cies and protection of Endangered/Threatened and Protected
(ETP) species; i.e. turtles, seabirds, marine mammals and
sharks. Providing tRFMOs with accurate and complete data is
extremely important for regional stock assessments conducted
by the tRFMOs. These assessments ultimately inform total
allowable effort (TAE) and total allowable catch (TAC) alloca-
tions. The permit conditions relating to bycatch of ETP spe-
cies must satisfy international best practices and require strict

enforcement. It is essential for South Africa to demonstrate that
it is actively implementing all requirements necessary to reduce
impacts of the fishery on threatened and endangered species.
Except for southern bluefin tuna, managed by the CCSBT, all
catches of tuna and tuna-like species to the west of longitude
20° E fall under ICCAT jurisdiction whereas catches to the east
fall under the IOTC. This leads to the peculiar situation where,
for example, yellowfin tuna caught in the Atlantic is considered
optimally exploited but determined to be overfished if caught
just a few kilometres further to the east.

TAC quotas are allocated by ICCAT to South Africa for
albacore tuna (4 400 t) and swordfish (1 001 t) in the Atlantic.
Currently, South Africa almost reaches its quota of albacore tuna
but is far from attaining its swordfish quota. The IOTC does not
yet manage the Indian Ocean stocks by way of TAC quota allo-
cations. Instead, South Africa has an effort limitation (TAE) of 50
vessels above 24 m “length overall” (LOA) in the IOTC’s Area of
Competence. South Africa became a full member of the CCS-
BT in February 2015. This resulted in a sequentially increased
TAC of southern bluefin tuna quota for South Africa from a mere
40 tto 160 tin 2016 and to 450 t for 2017—2022. The opportu-
nity to catch larger quantities of this extremely valuable tuna,
combined with the current underutilisation of effort allocation
and catch quotas for other important target species, empha-
sises the substantial development potential of South Africa’s
large pelagic fisheries sector, perhaps the most promising in
terms of landed value.

Research and monitoring

Fisheries and observer data

Being a full member of the three tRFMOs obligates South
Africa to submit a wide range of fisheries statistics and reports
to ICCAT, IOTC and CCSBT annually. The two key sources of
mandatory information are catch statistics in the form of log-
books from the LPL and TPL sectors, and the LPL observer
data. Right Holders in the LPL fishery have been required to
complete daily logs of catches since 1997. The following infor-
mation is recorded in the logbooks: the catch locations, num-
ber of hooks, time of setting and hauling, bait used, number

Table 19: Total catch (tonnes) and number of active vessels in the tuna pole-line sector for 2005 to 2021

Year Albacore Yellowfin Snoek Yellowtail Skipjack Bigeye Number of
tuna tuna tuna active vessels
2005 31494 975 193.4 13.8 0.9 1.7 111
2006 2526.6 978.9 118.0 1.4 0.0 1.0 116
2007 3681.0 945.2 79.5 19.2 0.2 20.5 12
2008 2189.9 347.8 313.7 13.0 3.6 22.9 109
2009 47953 223.8 186.2 33.4 4.0 37.9 118
2010 42728 177.2 476.8 41.2 1.6 12.6 108
2011 3346.8 629.5 163.8 26.9 5.4 355 111
2012 3619.6 165.6 180.1 27.5 8.0 13.2 119
2013 3488.8 374.5 620.5 18.2 2.6 125.8 106
2014 3526.4 1308.2 266.9 111 4.6 43.3 94
2015 3969.3 790.0 332.6 199.4 22 50.7 93
2016 2029.7 543.0 219.3 12.0 1.6 9.3 99
2017 1791.5 212.4 453.7 21.3 0.7 214 95
2018 24985 232.9 774.6 10.0 1.5 20.2 94
2019 4243.4 457.3 859.5 16.3 2.7 98.4 91
2020 39124 537.6 1363.5 35.6 0.6 76.0 97
2021 3503.2 214.2 503.2 874 1.0 1221 74
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and estimated weight of retained species, and data on bycatch
incidents (seabirds, turtles and sharks). Identification guides
detailing tunas, common bycatch species such as escolar and
oilfish, sharks, billfish, seabirds and turtles are issued to all ac-
tive vessels to facilitate reporting.

Recognising the importance of the observer programme in
ensuring that vessels comply with bycatch (sharks, seabirds
and turtles) mitigation measures, as well as catch and size
limits for target and bycatch species, South Africa has imple-
mented an on-board observer programme for the LPL fish-
ery since 1998. Although the government-funded programme
came to an end in March 2011, industry-funded observer cov-
erage has continued to comply with tRFMO requirements. The
foreign-flagged vessels, which fish under joint-venture charter
agreements, are required to carry an observer all of the time.
Observer coverage of local LPL vessels has been included
in the permit conditions and has been steadily increasing. To
improve the spatiotemporal observer coverage further, South
Africa is aiming to increase its overall observer coverage to
20% per quarter. To achieve this, the current LPL permit condi-
tions now require permit holders to carry one or more scientific
observers on board their vessels on a minimum of one fishing
trip per quarter to ensure monitoring of 20% of all fishing days
in each quarter. Vessels that exceed a 60% shark bycatch limit
per quarter will also have to carry an observer on board for the
remainder of the fishing season.

The small size of the South African TPL bait-boat vessels
(average 16 m LOA) precludes the accommodation of an on-
board observer. As the majority of the vessels offload their
catch at night, there is limited capacity within the permanent
Departmental monitoring and compliance staff to monitor every
discharge as required, limiting the collection of size frequen-
cies and the verification of logbook information for a subset of
the effort. The Department’s shore-based observer programme
that monitored vessel offloads in port ended in March 2011.
Although the programme has not yet been fully re-established,
a pilot programme started in 2022. Specifications developed
for the new programme include comprehensive monitoring of
all the large pelagic fisheries operating around South Africa.
In addition, the Department is engaging with tRFMOs to de-
velop and trial electronic monitoring systems (EMS) that would
negate the use of on-board observers. The EMS are camera-
based, whereby footage of fishing operations can be stored
and reviewed, and data retrieved, when necessary.

Abundance indices and stock assessment

Catch per unit effort (CPUE) indices are commonly used to
track the abundance of large pelagic species in the absence
of fisheries independent surveys, which are not possible for
these wide-ranging species. Over the past four years, South
Africa has made significant progress in developing models to
standardise tuna pole and longline catch and effort data that
account for targeting (as opposed to bycatch), individual vessel
characteristics and spatial effects. For the ICCAT region, South
Africa has presented standardised CPUE indices for albacore
and yellowfin tuna from the tuna pole fleet, as well as sword-
fish, shortfin mako and bigeye tuna from the longline fleet. For
the I0TC region, standardised CPUE indices were provided for
swordfish, based on domestic vessel catch and effort, and for
the two tropical tuna species, bigeye and yellowfin tuna, based
on catch and effort data from joint-venture vessels. South

Africa continues to improve the standardisation of CPUE indi-
ces of both the tuna pole and the tuna/swordfish longline fleet
as South African indices provide vital information for many in-
ternational stock assessments of tunas, swordfish and sharks.

South Africa has been actively participating in the regional
stock assessments of several large pelagic species since 2017.
South African government scientists have been leading the de-
velopment and implementation of the open-source modelling
framework JABBA (Just Another Bayesian Biomass Assess-
ment), which has been widely applied in stock assessments of
highly migratory species (sharks, tuna, and billfishes) around
the world (Table 20). Furthermore, South Africa holds several
positions within the tRFMOs, including but not limited to, Chair
of the ICCAT Panel 3, vice-Chair of the IOTC Commission and
vice-Chair of the IOTC Scientific Committee. South Africa’s
contribution to the sustainable management of global large pe-
lagic fish stocks is disproportionally large given the size of its
fleet or magnitude of catch, especially when compared to fleets
such as that from the European Union.

Bycatch and its mitigation

Scientists from the Department, together with other national
scientists from countries operating pelagic fleets south of
25° S, participated in the First Regional Bycatch Pre-assess-
ment Workshop held in early 2017. This workshop was part
of a collaborative process to bring national scientists together,
and where appropriate and requested, to help build capacity
of national scientists to undertake a global bycatch analysis.
In 2018 and 2019, scientists from DFFE and NOAA (US Na-
tional Oceanic and Atmospheric Administration) participated
in the Seabird Bycatch Small Working Group Meeting hosted
by BirdLife SA under the Common Oceans project to explore
alternative techniques for estimating bird encounters and over-
all captures from observer and effort data. Delegates collabo-
rated by sharing observer data on seabird bycatch and applied
spatial models, including the Spatially Explicit Fisheries Risk
Assessment (SEFRA), to estimate seabird bycatch by pelagic
longline fisheries operating south of 25° S. In addition, a multi-
national group from Atlantic coastal states, including Brazil,
Uruguay, South Africa and Portugal, investigated the effect of
seabird bycatch mitigation methods using the largest multina-
tional observer dataset pertaining to seabird bycatch collated
to date. In 2021, the Department reviewed the National Plan of
Action for Sharks (NPOA-Sharks) and presented an updated
NPOA-Sharks to numerous stakeholders. The NPOA-Sharks
was well-received and was subsequently adopted by the DFFE
Minister in 2022. Finally, the Department’s scientists partici-




Table 20: Assessments of large pelagic stocks that South African
scientists have produced at RFMOs since 2017. RFMO = Regional
Fisheries Management Organization; ICCAT = International Commis-
sion for the Conservation of Atlantic Tunas; IOTC = Indian Ocean Tuna
Commission

RFMO Year Stock assessment
ICCAT 2017 South Atlantic shortfin mako shark
North Atlantic shortfin mako shark
South Atlantic swordfish
2018 Bigeye tuna
Blue marlin
2019 South Atlantic shortfin mako shark
White marlin
2020 South Atlantic albacore
2022 South Atlantic swordfish
I0TC 2017 Blue shark
Swordfish
2018 Black marlin
Striped marlin
2019 Blue marlin
2020 Swordfish
2021 Blue shark
Black marlin
Striped marlin
2022 Blue marlin

pated in a multi-national research project to assess the extent
of turtle-bycatch by longline fisheries in the Atlantic, which has
not been concluded at the time of this report’s publication.

Current status

Stock assessments and country allocations for the Atlantic
and Indian Ocean stocks of tuna and tuna-like species are the
responsibility of ICCAT and the I0TC, whereas CCSBT con-
ducts the stock assessments for southern bluefin tuna only.
South Africa contributes significantly to these assessments,
both in providing data (i.e. abundance indices/standardised
CPUE) as well as scientific expertise.

Yellowfin tuna

The most recent stock assessment for yellowfin tuna, con-
ducted by ICCAT in 2019, indicated that the spawning stock
biomass (SB) in the Atlantic Ocean was just above that which
would produce a maximum sustainable yield (MSY; Figure
75) and estimates suggested that maintaining catch levels at
the current TAC of 110 000 t were sustainable. However, the
2018 catch was estimated to be four times higher at 423 815 t
and at these catch levels the stock will be driven into an over-
fished state. Increased harvests on smaller yellowfin tuna have
negative consequences for the long-term sustainability of the
stock.

A stock assessment carried out in 2021 for yellowfin tuna
in the IOTC area of competence estimated the spawn-
ing stock biomass in 2020 to be 31% of the unfished levels.
In terms of this assessment, the spawning stock biomass
in 2020 was below the level that would produce MSY (SB,,./
SB,,, = 0.87) and the fishing mortality was 32% higher than that
required to reach MSY (F,,/F,, at 1.32; Figure 75). Catch-
es in recent years have substantially increased the pressure
on the Indian Ocean stock, resulting in fishing mortality
exceeding the MSY-related levels.
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Figure 75: Kobe plot summarising the most-recent stock status esti-
mates of fishing mortality relative to F,,., and biomass relative to B, q,
for large pelagic species targeted by the South African longline and
tuna pole-line fishery. Only results from formal stock assessments con-
ducted by ICCAT (Atlantic Ocean), IOTC (Indian Ocean) or CCSBT
(Southern Ocean) are included. ALB: albacore tuna; YFT: yellowfin
tuna; BET: bigeye tuna; SBT: southern bluefin tuna; SWO: swordfish;
BSH: blue shark; SMA: shortfin mako shark. Note that “Biomass” (B)
in the plot can reflect exploitable biomass, spawning biomass, total
reproductive output or pupping stock fecundity, depending on the type
of model used to estimate stock status

Albacore tuna
ICCAT conducted a full southern Atlantic albacore stock as-
sessment in 2020, using a broad range of methods and in-
cluding data up to 2018. The assessment results suggest that
biomass increased since fishing mortality started to decrease
in the early 2000s, and currently there is a 99.4% probabil-
ity that the South Atlantic albacore stock is neither overfished
nor subject to overfishing, with only 0.6% probability for the
stock to be overfished (Figure 75). Projections at a level con-
sistent with the estimated MSY level (27 000 t) will maintain
biomass levels above B, and fishing mortality below F,,
with a high probability of 90% over the projection horizon
through 2033.

Swordfish

Swordfish stock assessments conducted by ICCAT in 2022,
from two separate models using data up to 2020, produced
consistent results indicating that there is a 56% probability
that South Atlantic swordfish stock is currently overfished and
that overfishing is occurring (B/B,,,, = 0.77; FIF,., = 1.03)
and only a 9% chance thatitis sustainably exploited and in terms
of current biomass and fishing pressure. Catches at, or be-
low, 10 000 t are required to rebuild the population to biomass
levels that can produce MSY by 2033.

The most recent stock assessment conducted by I0TC
in 2020 (with fisheries data up to 2018) determined that
this swordfish stock was not overfished nor subject to over-
fishing (figure 75). Spawning biomass in 2018 was estimated
to be 40-83% of the unfished levels. Most recent catches of
33590 tin 2019 are approximately at the MSY level (33 000 t).
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The assessment indicated that there is recurring evidence for
localised depletion in the southern regions, particularly in the
Southwest.

Bigeye tuna

In the Atlantic Ocean, the bigeye tuna stock has been ex-
ploited by three major gear-types (longline, bait boat and in-
dustrial purse-seine fisheries) and by many countries through-
out its distributional range. Catches peaked in 1994 at about
135 000 t but have since been gradually declining. In 2021 a
stock assessment was conducted using data until 2019. The
results indicate that in 2019 the Atlantic bigeye tuna stock
was overfished (SSB,,,,/SSB,,, = 0.94) but was not undergo-
ing overfishing (F,,/F,s, = 1.00; Figure 75). The MSY was
estimated as 86 833 t. Future constant catches of 61 500 t,
equal to the TAC established in the ICCAT Recommendation
Rec. 19-02, are expected to continue to prevent overfishing
(F<F,s,) with greater than 90% probability and to prevent the
stock from becoming overfished with greater than 80% prob-
ability by 2034 (a period of 2 generations).

In 2019 a new stock assessment was carried out for big-
eye tuna in the I0TC area which estimated the 2018 spawn-
ing stock biomass to be 31% of the unfished levels and 22%
(18-81%) higher than that required to achieve MSY. Based on
the pessimistic outlook, South Africa led the negotiations dur-
ing the 2019 ICCAT commission and managed to get consen-
sus on a wide range of measures to stop overfishing of bigeye
tuna. These include a reduction of total catch and a reduction
of effort related to fish aggregating devices (FADs), including
a closed season for fishing on FADs and a restriction in FAD
numbers.

Southern bluefin tuna

The most recent stock assessment of the southern bluefin stock
was conducted in 2020 at the Extended Scientific Committee
(ESC) of CCSBT. The stock, as indicated by relative total repro-
ductive output (TRO), is estimated to be 20% of the unfished
levels. There has been improvement since previous stock as-
sessments conducted in 2017 which indicated that relative
TRO was at 13%. The stock remains below the level estimated
to produce maximum sustainable yield (MSY; Figure 75). How-
ever, the fishing mortality rate is below the level associated with
MSY and the stock has been rebuilding by approximately 5%
per year since the low point in 2009. The Extended Scientific
Committee recommended that the global TAC in 2022 should
remain unchanged at 17 647 t.

Ecosystem considerations

South Africa’s large pelagic fishing grounds are in the proximity
of large seabird breeding colonies in the Southern Ocean and
at the boundary of two large marine ecosystems. This area is
home to a rich and diverse megafauna and, consequently, in-
creased potential for fishery-related impacts on these. Interac-
tions between fishing vessels and seabirds, turtles, sharks and
mammals are relatively common and do not necessarily reflect
high fishing pressure, but rather fishing within a global pelagic
biodiversity hotspot.

Extensive research and subsequent management advice
have contributed to mitigating the bycatch of seabirds, turtles
and marine mammals in the pelagic longline fishery. The most
frequently caught seabird bycatch species, all of which are

either Near Threatened, Vulnerable or Endangered on the
IUCN Red List of Threatened Species, are the white-chinned
petrel Procellaria aequinoctialis and albatrosses, the most
common being the shy-type (mostly white-capped Thalas-
sarche steadi, black-browed T. melanophrys and Indian yellow-
nosed T. carteri). Leatherback turtles Dermochelys coriacea
and loggerhead turtles Caretta caretta are the most common
turtle species caught as bycatch.

South Africa is regarded as a leader amongst developing
states in bycatch mitigation for longline fisheries and has, in
the last few years, consistently been among a handful of coun-
tries that are compliant with all bycatch-related conservation
measures imposed by the tuna RFMOs. South African longline
observer coverage is amongst the highest of all longline fleets
in the world and the resulting data are used to refine bycatch
mitigation measures and to investigate their impact.

Climate change

Although there has not been any specific research in South
Africa to investigate the effects of climate change on tuna and
other large pelagic species, considerable changes in distribu-
tion and abundance of several species are to be expected, as
South Africa is located at several oceanographic, climatic and
ecosystem transition zones that are expected to shift as a result
of the warming ocean. One predicted impact of climate change
on tuna populations is the change in the spawning habitat and
subsequent larval recruitment in equatorial ocean regions.
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On ocean basin levels, shifts of tuna abundance in all three
spatial axes, i.e. latitudinal, longitudinal and vertical within
the water column, have been suggested, based on modelling
scenarios. These shifts, if the predictions hold true, will have
implications for fisheries, but dedicated research is needed to
understand these potential impacts for large pelagic fisheries
in South Africa.
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West Coast rock lobster

Stock status Unknown Abundant

Optimal

Depleted

Fishing pressure Unknown Light

Optimal Heavy

Introduction

The West Coast rock lobster (Jasus lalandii) fishery is one
of the most important fisheries in South Africa due to its high
market value (more than R500 million per annum) and its im-
portance in providing direct and indirect employment (~4 300
sea- and land-based jobs), especially for impoverished com-
munities along the West Coast. The West Coast rock lobster is
a cold-water, temperate, spiny lobster species occurring from
Walvis Bay in Namibia to East London in South Africa. In South
Africa, the commercial fishery operates between the Orange
River mouth and Danger Point in waters up to 150 m in depth.
This slow-growing species inhabits rocky areas and exhibits a
seasonal inshore—offshore migration governed by its biology
and environmental factors. Currently the resource is harvested
by hoop nets from “bakkies” (small wooden rowing boats) in
the nearshore region up to one nautical mile offshore and by
offshore trap vessels operating in water depths greater than
100 m. The resource in the nearshore region is also harvested
by recreational fishers and small-scale or subsistence fishers
operating exclusively in the nearshore region during the sum-
mer months.

The invasion of West Coast rock lobsters into the traditional
abalone fishing zones east of Cape Hangklip marked the onset
of an eastward shift in lobster distribution. Commercially viable
quantities of lobster in this area resulted in the opening of three
new lobster fishing areas (areas 12—14; Figure 76). As a result,
the fishery on the West Coast, which historically landed the
bulk (60%) of the lobster catch, now lands only 40% of the to-
tal catch annually. This decline in catch has had a devastating
effect on coastal communities, with economic hardships expe-
rienced by most fishers on the West Coast. In the face of re-
source decline, an operational management procedure (OMP)
was developed which aims to rebuild the stock to sustainable
levels.

History and management

The commercial harvesting of West Coast rock lobster com-
menced in the late 1800s and peaked in the early 1950s,
yielding an annual catch of 18 000 t. Lobsters were predomi-

nantly caught with hoop nets prior to the 1960s and from 1965
more-efficient traps and motorised deck boats were also used.
Average catches declined by almost half to 10 000 t during
the 1960s and continued to decline sharply to around 2 000—
3 400 t in the first decade of this century. From about 2014,
there was a continuous decline in legal catches, reaching
720 tin 2021 (see ‘Useful statistics’). The decline in catches is
believed to be due to a combination of changes in fishing meth-
ods and efficiency, changes in management measures, over-
fishing, environmental changes, and reduced growth rates.

A number of management measures have been put in place
during the history of the fishery. A minimum size limit was in-
troduced in 1933 (89 mm carapace length), which protected a
large proportion of the slower-growing female component of
the population, and a tail-mass production quota was imposed
in 1946. However, catches declined sharply during the 1950s,
particularly in the northern areas, in response to overfishing.
A minimum legal size limit of 76 mm carapace length was im-
plemented in 1959, after which the average catch increased to
around 10 000 t until the mid-1960s. However, catches declined
again from 1966 and continued to decline during the 1970s,
when a minimum legal size limit of 89 mm carapace length
was implemented. In 1979, the tail-mass production quota was
replaced by a whole-lobster quota, which led to the introduction
of the total allowable catch (TAC) management system in the
early 1980s.

Under the TAC management system, annual catch limits
were subdivided for the 10 traditional West Coast fishing ar-
eas (Figure 76, zones A-D). A new fishing ground in False Bay
(zone E) was opened in 1987, and zone F was opened in 1999
following the eastward shift in distribution of lobster towards the
area east of Cape Hangklip. Currently the stock is managed on
a per zone (super-area) basis. The resource in zones A, E and
F are exclusively harvested by fishers operating with hoop nets
in the nearshore region.

Other management controls applied included protection of
females with eggs (berried females) and soft-shelled lobsters,
a closed winter season, and a daily bag limit for recreational
fishers. Average annual catches stabilised at around 3 500 to
4 000 t until 1989 when the resource started to decline further.
This continued decline in the resource during the 1990s and
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early 2000s was attributed to mass strandings of lobster and
reduced growth caused by low oxygen events along the West
Coast. During this period the size limit was decreased from
89 to 75 mm carapace length to reduce mortalities resulting
from discards of undersized lobsters. By 1996 catches had
declined to their lowest levels of 1 500 t and showed no marked
signs of recovery.

In the face of decreases in growth rates, catch rates and
biomass, an OMP was implemented in 1997 in an attempt
to rebuild the resource to sustainable levels (defined as
pre-1990). Since then, scientific recommendations for TACs
for the West Coast rock lobster resource have been based on
OMPs. Recommendations each year are calculated in a man-
ner that incorporates updated information from resource-mon-
itoring data according to formulae pre-agreed by scientists,
managers and stakeholders, and then adopted by the Branch:
Fisheries Management in the Department as the accepted
management basis for the fishery concerned. These data
provide for annual recommendations of a global TAC and a
TAC for each Zone (Figure 76). Each OMP is based on bio-
mass recovery targets for the resource within a defined period.
The OMP for West Coast rock lobster is revised in 3—4-year
intervals, the last time in 2015. The OMP also provides for
“Exceptional Circumstances” when the resource progresses
outside the range of the scenarios for which this OMP had
been tested. These circumstances permit TAC recommenda-
tions to be based instead on “best estimate” projections. Due
to worse-than-expected resource performance, “Exceptional
Circumstances” were agreed to apply for super-area 7 in
2013 and for the whole resource in 2016. Also in 2016, the
recovery target of 35% above the 2006 level by 2021, which
had been set for OMP-2011, was found to be unachievable,
even in the absence of any legal catches, and was replaced
by a 7% target. The 7% figure was a trade-off between
achieving at least some resource recovery, while maintain-
ing some fishing activities for socio-economic reasons. It is
noteworthy that in many years, for example for the 2019/20
and 2020/21 fishing seasons, the TAC was set substantially
higher than recommended by scientists.

In 2017, an effort-reduction strategy based on reducing
the fishing season length to three months was implemented
to assist in reducing the unacceptably high levels of poach-
ing. This was extended to four months in 2018. As a result of
the COVID-19 outbreak, the Minister granted an extension to
the 2019/20 season to allow ample time for the full TAC to be
landed; furthermore, in 2022, the season was extended by
two weeks in the offshore part of super-area 8+.

Further catch reductions have been necessary during the
last five years due to resource decline in most areas. In most
of these years, a phased-reduction approach was recommend-
ed to reduce socio-economic disruption.

Most recently, during the 2020/21 season, all relevant data,
except for the fishery-independent monitoring survey (FIMS)
data for super-area 8+ (due to administrative problems),
were collected and analysed. For socio-economic reasons,
a phased reduction of the TAC over a period of two seasons
was recommended (600 t in the first year, and 400 t in the
second and thereafter). However, a subsequent Consultative
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Advisory Forum for Marine Living Resources (CAFULR) pro-
cess recommended a three-year scenario (700, 550 and 400
t), which had been investigated, but less favoured, by the sci-
entific working group due to its lower likelihood of resource
rebuilding by 2025. Subsequently, a 700 t TAC was set for the
2021/22 season.

Research and monitoring

Research and monitoring of West Coast rock lobster contin-
ues to provide and improve essential data inputs for assessing
the sustainability of the stock, its management and setting an-
nual catch limits for the fishery. Indices of abundance such as
catch per unit effort (CPUE) derived from the FIMS and com-
mercial catch statistics (Figures 77 and 78), annual assess-
ments of somatic growth rate (Figure 79), and estimates of
recreational and interim relief catch, are used as input data to
the OMP assessment model.

Catch monitors record fishing effort and catch landed by
commercial nearshore and offshore Right Holders and interim
relief fishers on landing slips after each fishing trip. Recrea-
tional catch was estimated from catch and fishing effort statis-
tics reported during an annual recreational telephonic survey.
However, the last survey was conducted during the 2018/19
season and the survey was abandoned in the following years.
The reason was the huge reduction in the recreational season
which made this survey less meaningful.

Growth of West Coast rock lobsters is monitored by tagging
pre-moult male lobsters (>75 mm carapace length) along the
West Coast from July to November. Growth increment and
release-recapture times are incorporated into a “moult prob-
ability growth model” to estimate the growth per moult cycle.

Information on sex, reproductive state, size frequency and
bycatch are also recorded during FIMS and ship-based observ-
er monitoring surveys on board commercial vessels. These
statistics are used to derive abundance indices of subadult
and legal-sized male and female (>75 mm carapace length)
lobsters which are used as inputs into the size-structured
assessment model. This information, together with environ-
mental data, is also used in providing ongoing scientific ad-
vice for management of the resource. Historical FIMS data
and analysis methods have recently been re-checked, and
changes in weather conditions, most notably wind, have been
identified as a source of variation in CPUE. The associated
effects of changes in bottom-oxygen levels, temperature and
current speed on catch rates is also currently being investi-
gated.

The OMP assessment model provides projections of
future biomass under the assumption that future recruitment
and growth will follow trends similar to those observed in the
past. New research projects are being developed to provide
improved indices of future recruitment, growth and catch to
refine OMP projections of future biomass. Studies on the
recruitment of post-larval and juvenile lobster have been
initiated in the past to establish a long-term index of pre-recruit
abundance that could potentially be used in predicting future
recruitment and catch (6—7 years in advance). The function
of internal energy sources in regulating growth and reproduc-
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Figure 77: Standardised hoopnet CPUE indices per area (each index
has been standardised to its mean)
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Figure 78: Standardised trap CPUE indices per area (each index has
been normalised to its mean)

tion in females is also under investigation, to formulate energy-
growth-reproduction conversion factors for predicting future
trends in growth and reproductive potential.

Current status

The West Coast rock lobster resource is heavily depleted and
legal and illegal fishing pressure remains high. The decline of
the resource has continued since the turn of the century de-
spite reductions in TAC and introduction of effort control. The
most recent assessment in 2022 revealed that the resource
is appreciably more depleted than estimated in the previous
assessments for which the full input datasets were not avail-
able. The current male biomass above 75 mm carapace length
is now estimated to be 13 350 t, or only some 1.4% of the
corresponding pristine (1910) level. The spawner biomass is
24 020 t, 5.3% of pristine levels. It is noteworthy that, in the
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Figure 79: Annual somatic growth trends (estimated for a 70 mm
lobster) per area

most recent years, the allocated TAC was higher than that
recommended by the Scientific Working Group. However, in
the last eight years, the allocated TAC was not caught (see
‘Useful statistics’).

Ecosystem interactions

Bycatch is not an issue of concern in this fishery. However,
whale entanglements have become a challenge. Currently, the
WCRL sector accounts for the highest number of entangle-
ments of all fisheries (about 50%) in South Africa. Entangle-

ments are seasonal and are more prevalent towards the end
of the fishing season. This is somewhat mitigated by the cur-
rent effort control that ends the fishing season by the latest
at the end of July. Before effort control was implemented in
2017, the season only concluded at the end of September,
with a concomitant higher risk of whale entanglements. In addi-
tion, an awareness programme has been implemented that is
directed at encouraging lobster-trap fishers not to leave excess
trap rope untied during fishing operations.

Three major events, which are possibly linked to climate
change, have impacted the West Coast rock lobster fishery in
recent decades: (i) a sharp decline in lobster somatic growth;
(ii) a major increase in the number and severity of lobster
“walkouts” in the Elands Bay region; and (i) a large-
scale change in the spatial distribution of lobsters. This in-
cludes an influx of lobsters into areas east of Cape Hang-
klip that were previously not associated with high lobster
abundance. As a knock-on effect, the endangered bank
cormorant Phalacrocorax neglectus population, which re-
lies on lobsters as a major food source, has been nega-
tively impacted. These events have also led to social and
economic hardships. Fisheries management responded to
these resource changes with changes in minimum size limits
for the commercial fishery, reduced overall TACs, reduction in
lobster landings in the northern fishing areas and the open-
ing of new lobster fishing grounds in the area east of Cape
Hangklip. The widespread nature of the growth reduction was
indicative of a large-scale environmental perturbation (such
as productivity changes). In future, further habitat areas
suitable to West Coast rock lobster to the east could open up.
This is currently under investigation.

Future climate-change scenarios anticipate increasing
upwelling intensity and duration accompanied by an expect-
ed cooling and increased acidification of nearshore waters
along the West Coast. Recent research by DFFE has revealed
that juvenile and adult J. lalandii are physiologically well-
adapted to the highly dynamic nature of the Benguela Current
upwelling system and are therefore resilient to many aspects
of predicted climate change scenarios. Adult lobsters can
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rapidly and fully compensate for the extracellular acidosis
caused by sudden hypercapnia (high pCO,, causing lowered
pH) such as experienced during severe upwelling events. This
adjustment, which is reversible, is achieved by a sharp increase
in the bicarbonate levels in the haemolymph (the lobsters’
blood). This protects the pH-sensitive oxygen carrying capac-
ity of haemocyanin (the lobsters’ respiratory pigment) under
hypercapnic conditions that occur fairly frequently in its habi-
tat. Juvenile J. lalandii can maintain this bicarbonate buffering
of their haemolymph for several months of hypercapnia, which
provides optimum pH conditions for respiratory gas exchange.
In addition, the oxygen affinity of haemocyanin was improved
by an intrinsic modification of its molecular structure. Another
investigation has revealed that the immune system, too, is
resilient to acidification and warming. Despite chronic exposure
to combinations of reduced seawater pH and high tempera-
ture, captive juveniles still had normal haemocyte levels and
were capable of rapid clearance of injected bacteria. Further-
more, acidification does not affect embryonic development in
eggs attached to berried females, other than a slight delay.
Moreover, electron-microscope observation showed that calci-
fication of the exoskeleton of the females was not affected. De-
spite this general resilience of West Coast rock lobsters, some
uncertainty exists regarding future growth rates. It is possible
that expected cooling and/or possible metabolic costs asso-
ciated with adaptations to lower pH could further reduce the
growth rate of juveniles and adults. This would have serious
resource- and socio-economic consequences.

The larval period of West Coast rock lobsters is assumed to
be the part of the life cycle that is most vulnerable to climate
change. Despite this, little is known regarding the potential
impact of climate change on larvae. The long larval phase
makes them particularly vulnerable to climate variability and
hence climate-change impacts. Our limited understanding of
J. lalandii larval biology, ecology and behaviour complicates
speculation on the possible impacts on this phase of the life
cycle.

Further reading

Augustyn J, Cockcroft AC, Kerwath S, Lamberth S, Githaiga-Mwicigi
J, Pitcher G, Roberts M, van der Lingen C, Auerswald L. 2018.
South Africa. In: Phillips B, Perez-Ramirez M (eds), Climate
change impacts on fisheries and aquaculture: a global analysis.
Chichester, UK: Wiley & Sons. pp 479-522.

Eggers JM, Cochrane KL, Sauer WHH. 2022. Estimating the economic
income and social contributions derived from the South African
west coast rock lobster fishery. African Journal of Marine Science
44: 255-269.
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23: 587-600.
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ment procedures for the South African West Coast rock lobster
(Jasus lalandii) fishery. New Zealand Journal of Marine and
Freshwater Research 39: 687-702.
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rock lobster Jasus lalandii landings in South African waters.
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Useful statistics

Total allowable catch, fishing sector landings and total landings for West Coast rock lobster.

TAC (t)

Season Global Commercial Interim relief/ Commercial Interim relief/ Recreational Total

TAC offshore small-scale nearshore small-scale catch®

allocation offshore allocation nearshore

1998/1999 2 300 1780 258 2 051
1999/2000 2 156 1720 145 291 2152
2000/2001 2018 1614 230 174 2154
2001/2002 2 353 2151 1 202 2410
2002/2003 2 957 2713 1 244 2706
2003/2004 3336 2422 594 1 320 3258
2004/2005 3527 2614 593 1 320 3222
2005/2006 3174 2294 560 1 320 2291
2006/2007 2 857 1997 560 2 300 3 366
2007/2008 2 571 1754 560 2 257 2298
2008/2009 2 340 1632 451 2 257 2483
2009/2010 2 393 1632 451 180 129 2519
2010/2011 2 286 1528 451 200 107 2208
2011/2012 2426 1 541 451 251 183 2275
2012/2013 2276 1391 451 251 183 2308
2013/2014 2167 1356 451 276 83.5 1891
2014/2015 1 800.85 1120.25 376.1 235.3 69.2 1688
2015/2016 1924.08 1243.48 376.1 235.3 69.2 15244
2016/2017 1924.08 1204.48 376.1 274.3* 69.2 1564.3
2017/2018 1924.08 994.784 248.7 305.7 305.74 69.2 1355.7
2018/2019 1084 563.91 140.83 170.25 170.25¢ 38.76 908
2019/2020 1084 563.91 140.83 170.25 170.25* 38.76 898
2020/2021 837 435.9 108.97 131 131 30.1 719
2021/2022 700 351.6 87.9 119.5 119.5 21.6 532

" No Interim Relief allocated

2 Interim Relief accommodated under Recreational allocation

3 Total catch by all sectors

4 Allocations to small-scale cooperatives in the Northern Cape only
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Grunting in murky waters:
Investigating fish sounds to identify
subpopulations of spotted grunter

Pomadasys commersonnii from
different estuaries

Background

The spotted grunter Pomadasys commersonnii ranges
throughout the tropical and warm-temperate western Indian
Ocean from India to False Bay (Heemstra and Heemstra 2004)
and is one of the most important linefish species for estuarine
and shore-based subsistence and recreational fishers on South
Africa’s South and East coasts (Kerwath et al. 2005). Concerns
over commercial crustacean-trawl and beach-seine bycatch
led to spotted grunter being “decommercialised” and listed as
a no-sale species in 1992. Catching and keeping grunter is
only permitted for own consumption by small-scale and recrea-
tional fishers. Despite this, heavy fishing pressure and target-
ing of spotted grunter by these fisheries have seen it become
overexploited.

Spotted grunter spawn at sea in the nearshore and are
estuarine-dependent for at least their first year of life. Both
juveniles and adults display a high degree of residency in indi-
vidual estuaries. Historically, their core South African distribu-
tion was the warm-temperate and subtropical East Coast. Over
the last four decades, spotted grunter have gone from being a
rare occurrence to a dominant component of estuarine fishers’
catches on the Cape South Coast. Until the early 2000s, spot-
ted grunter in South African waters were regarded as a single
population due to little evidence of genetic differentiation or ob-
servations of reproductively active fish or spawning outside of
KwaZulu-Natal waters (Klopper 2005). Over the last 20 years,
the proportion of reproductively active adults has increased on
the Cape South Coast (Neesje et al. 2007). These fish appear
to be residential and spawning in this warm-temperate transi-
tion zone occurs during autumn as opposed to spring in the
eastern subtropical and tropical bioregions. Consequently, it
is hypothesised that we are witnessing a stock separation in
progress and the genesis of discrete, non-migratory, regional
estuarine subpopulations along the South Coast. In particu-
lar, the Breede Estuary subpopulation has become residential
and derived from a recent migratory parent stock. Key to our
understanding is to determine connectivity among estuaries
and to identify subpopulations with significantly different
traits. Because spotted grunter are sound-producing (sonifer-
ous) fish, one of the traits investigated was vocalisation and
communication.

Acoustic communication

Acoustic communication is found in a range of habitats; how-
ever, sounds generated in water have a rapid distribution and
a slow attenuation rate (Kasumyan 2008). Therefore, aquatic
and marine environments are well-suited for acoustic com-
munication as signals have a better chance of reaching the
receiver. Spotted grunter belong to the best-known soniferous
fish family, the Haemulidae. These fish produce sound through
stridulation of their pharyngeal teeth (Ladich 2004). Mem-
bers of the Haemulidae, commonly known as grunts, are well
known among fishers for the loud sounds that they produce
when captured and it is thought grunting occurs under distress,
in competitive feeding and territorial behaviour, and during
courtship and spawning (Bertucci et al. 2014; Millot et al. 2021).
Spotted grunter have a wide distribution that spans over many
different environmental conditions and different modalities of
communication will have specific costs and benefits associ-
ated with differing environments. Over time, different environ-
mental conditions may select for divergent dialects, increased
isolation, and ultimately distinct subpopulations.

An important environmental factor which has been shown
to affect communication modalities is turbidity (van der Sluijs
et al. 2011). Turbidity not only affects visual signals (Utne-Palm
2002) but also affects the attenuation of sound as suspended
particles reflect and diffract sound energy (Brown et al. 1998).
In individuals living in environments with high turbidity and
low visibility we would expect a higher degree of reliance
on acoustic communication compared to individuals living in
clearer environments which would rely more on visual signals.
This leads us to one of the aims of this study, which was to
investigate whether spotted grunter from two estuaries in differ-
ent biogeographic regions, with contrasting turbidities, differ in
their acoustic repertoires.

Study sites

The Breede River, situated on the Southwest Coast of South
Africa, is 322 km long and enters the Indian Ocean in San
Sebastian Bay. The estuary falls within the transition zone
between the warm- and cool-temperate biogeographical re-
gions and is one of the largest permanently open estuaries
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in South Africa (Emanuel et al. 1992). The catchment falls with-
in both the winter rainfall and bimodal rainfall areas and the es-
tuary experiences strong seasonal freshwater flows peaking in
winter. There is high temporal variability in the physicochemical
environment due to freshwater flow signals from the two rain-
fall areas and tidal exchange (Department of Water Affairs and
Forestry 2003). Turbidity in the estuary is higher in winter with
clearer conditions during the summer months. It experiences
strong tidal currents and high flows which ‘reset’ the system
within a tidal cycle (Lamberth et al. 2008). The estuary has a
high biodiversity and is a popular spot for recreational fishing
and boating activities.

The Kei Estuary, located in the Eastern Cape province of
South Africa, is 8 km long and falls within the transition zone
between the warm-temperate and subtropical biogeographical
regions (Plumstead et al. 1985). The catchment area is ap-
proximately 20 673 km? over the geological Karoo Supergroup,
which results in a high sediment load of silt and clays and high
turbidity. The Kei Estuary experiences year-round rainfall and
is permanently open but with highest flow occurring in the late
summer months. Boat activity is dominated by the Kei Mouth
ferry and recreational and commercial boats launching to go to
sea. Recreational boating activities are relatively low compared
to the Breede Estuary.

Do spotted grunter from the Kei and Breede
estuaries speak with the same voice?

The analysis of vocalisations of spotted grunter (Figure 80)
from both the Breede and Kei estuaries demonstrated that
there are significant differences in the acoustic parameters of
the sounds produced by these fish from two different estuar-
ies and biogeographical regions. However, these results were
contrary to the hypothesis that fish in the high turbidity and low
visibility environment of the Kei Estuary would be more vocal,
noisier, and louder compared to those individuals living in the
clearer Breede Estuary which would rely more on visual stimuli.
Specifically, the Breede Estuary spotted grunter seem to pro-
duce louder, lower-frequency sounds compared to those living
in the Kei Estuary. There are two a priori hypotheses that could
explain these results: the first hypothesis is related to anthro-
pogenic noise conditions while the second is related to spotted
grunter communication behaviour.

This study provided a successful first attempt at utilising
fish vocalisation for studies of population structure. The results
show, as hypothesised, that there are distinct differences in the
acoustic parameters of sounds produced by spotted grunter
from two estuaries with different environmental regimes. These
results can be used as a stepping-stone in understanding

Figure 80: Oscillograms (top) and spectrograms (bottom; colours indicate the relative sound intensity with red = high and blue = low) showing the
temporal features measured for sounds produced by spotted grunter Pomadasys commersonnii. Measured variables include: (a) grunt duration,

(b) series duration, (c) inter-grunt interval and (d) inter-pulse interval



how spotted grunter adapt to environmental changes, includ-
ing noise and other anthropogenic stress, which is important
for successful management of this species. Future efforts can
hopefully determine a greater understanding of the biological
functioning of these sounds. Environmental conditions are
known to influence fish communication modalities, and this has
been clearly demonstrated in the above study. Whether this dif-
ference in communication is a function of phenotypic plasticity
or has a genetic basis has yet to be determined. Regardless,
this study provides the first research on the acoustic repertoire
of spotted grunter in South Africa and successfully identified
differences in the acoustic features of spotted grunter living in
different environmental conditions.
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Unhappy Eddies? Potential impact of
ocean acidification on endemic
shark species

Global ocean acidification is expected to chronically lower the
pH to 7.3 (>2 200 patm seawater pCO,) by the year 2300.
Acute hypercapnia already occurs along the South African
West and South coasts. Frequent upwelling events in austral
summer cause periodic episodes of hypercapnia (pH levels
7.4—7.6) which can even reach pH 6.6 for several days during
low oxygen events in autumn (Dziergwa et al. 2019). Upwelling
takes place in 3—10-day cycles in spring and summer (Dzierg-
wa et al. 2019), moving cold (~10 °C), hypercapnic water closer
to the surface. As a result of climate change, upwelling events
in eastern boundary current systems, and in turn hypercapnic
episodes, are predicted to become longer, more frequent and
more severe in the near future. The potential impacts of these
changes on sharks are seldom studied, but a team of scien-
tists from the Department, in collaboration with international
partners, investigated potential impacts on an endemic shark
species during a series of experiments within the Department’s
research aquarium (Dziergwa et al. 2019).

The team investigated the impact of hypercapnia on the puf-
fadder shyshark Haploblepharus edwardsii, colloquially known
as the “Happy Eddie”, an endemic demersal shark species
(Figure 81). Happy Eddies are already adapted to a highly vari-
able environment and are restricted in their distribution to the
southern tip of Africa without a possibility of a range shift to miti-
gate against negative effects of climate change. The species
is well-suited for experimentation because it is relatively small,
easy to rear and can easily be obtained in sufficient numbers
for experimentation. At the time of the research, the species
was not protected. In the present study, acid-base regulation
during exposure of puffadder shysharks to (i) acute (32 h) and
(i) chronic (9 weeks) hypercapnia was specifically investigated
in laboratory experiments. Furthermore, the effects of chronic

Figure 81: Haploblepharus edwardsii, colloquially known as “Happy
Eddie”, is a demersal shark species endemic to the southern tip of
Africa. Although only occasionally caught in South African fisheries, the
species has recently been identified as Endangered according to the
IUCN Red List of Threatened Species. Climate change effects may
play a role in the decline of this species

hypercapnia on (iii) growth rates and (iv) denticle structure
were examined, the latter by means of scanning electron mi-
croscope (SEM) and elemental composition analysis. It was
hypothesised that Happy Eddies, due to their environmental
adaptation, are able to acclimatise physiologically to acute and
possibly chronic hypercapnia. It was further hypothesised that
physiological compensation during chronic hypercapnia will
come at an energetic cost that decreases somatic growth. Fi-
nally, it was investigated whether the lower pH would have a
detrimental effect on the denticle structure of the shy shark,
similar to human dental corrosion after exposure to carbonated
drinks.

The main findings of the study were: (i) Happy Eddies ad-
just well physiologically (i.e. through regulation of the acid-
base balance) to acute hypercapnia; (ii) this regulation can be
maintained through during chronic hypercapnic exposure; (iii)
the prolonged regulation is likely to be energetically costly but
no depression of somatic growth was observed in the pres-
ent study; and (iv) although the sharks can maintain their acid-
base balance, prolonged exposure to hypercapnia has detri-
mental chemical effects that cannot be compensated, namely
the dissolution of the surface of their denticles.As a result of up-
welling, the habitat of Happy Eddies is characterised by short
periods of strong hypercapnia. Acute environmental hypercap-
nia results in increased extracellular pCO, and a decline in pH
and, if uncompensated, would most likely impact gas exchange
of haemoglobin at the tissues. Here, it could be demonstrat-
ed that Happy Eddies possess the necessary compensation
mechanisms to react to a sudden onset of hypercapnia. A rapid
elevation of bicarbonate (+115%) after 24 h was observed,
with a near-doubling after just 90 min of exposure (Figure 82),
likely rapid enough to prevent a decline of arterial plasma pH.
At the same time, the arterial plasma pCO, was elevated by
a net 1.2 Torr (+50%). This increased the outward CO, gradi-
ent to 1.9 Torr, despite elevation of ambient pCO, by 1.4 Torr.
The 1.7 Torr of the latter was well within the range of resting
plasma pCO, and would have made gas exchange impossible.
In the normocapnic sample, the gradient was 1.2 Torr after the
same incubation period. Such a fast response is indicative of
exposure and adaptation of the species to frequently elevated
hypercapnia in its natural habitat (Heinrich at al. 2014). Af-
ter the sharks were returned to normocapnic conditions after
24 h, alkalosis (high pH) persisted regardless of a substantial
and rapid decline in bicarbonate concentration. Adjustment of
pH to initial levels takes longer, probably to allow cellular pro-
cesses to adjust. The rapid recovery indicates the reversibility
of this mechanism. Esbaugh et al. (2012) have hypothesised
that species that are adapted to low-level hypercapnia may no
longer rely on traditional short-term acid-base regulation and
use morphological changes (gill permeability, diffusion distanc-
es) instead or in addition.
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Figure 82: Henderson-Hasselbalch (pH-bicarbonate) diagrams for
blood of Haploblepharus edwardsii during (a) 24 h normocapnia (nor-
mal pH) and subsequent 8 h recovery (n = 5); and (b) 24 h hyper-
capnia (low pH of 7.3) followed by 8 h of recovery (n = 7). Red solid
line = normocapnic seawater isopleth, red dashed line = hypercapnic
seawater isopleth. Values are means * SD. Arrows indicate the course
of bicarbonate buffering from start to 24 h hypercapnic incubation
(blue) and recovery following 24 h of incubation (red). The green arrow
indicates alkalosis. Compensation by an increase in bicarbonate start-
ed immediately, buffering the blood and leading to an alkalosis (shift to
the right). In contrast, there is very little change in sharks exposed to
normocapnic conditions

In H. edwardsii, the physiological response shown after acute
exposure was maintained for a period of more than 60 days. In
both treatments, plasma pH levels were very similar and there
was no acidosis as would be expected if compensatory mecha-
nisms could not be maintained for prolonged periods, thus en-
suring that the outward pCO, gradient (0.6 Torr) is maintained
at a level found in normocapnia (0.8 Torr). However, long-term
compensation is likely to come at a cost: Lower metabolic
rates, and dissolution of hard structures such as shells and car-
apaces, have been found (Pane and Barry 2007; Spicer et al.

2007; Fabry et al. 2008). Although metabolic depression (Hand
1991) is an adequate, reversible strategy to mitigate against
short-term hypercapnic exposure, the concomitant reduction in
somatic growth and reproductive output might have negative
effects during chronic exposure.

Structural- and compositional changes of denticles under
chronic hypercapnic conditions were evident from structural
scans and elemental composition of samples. Weakening and
deformation of CaCO, shell and skeleton elements have been
observed in a host of different marine invertebrates (Orr et al.
2005) and fishes (Gagliano et al. 2008) and largely attributed
to the negative effects of increased pCO, on calcification or on
chemical dissolution. Shark denticles differ from invertebrate
shells and skeletal structures as they are composed of calcium
fluoro phosphate (fluorapatite) and calcium hydroxyl phosphate
(hydroxyapatite) (Enax et al. 2014). Although both materials are
only weakly soluble (Zhu et al. 2009), the H+ concentration of
50 nM in our experiment seems to have been sufficient to dis-
solve a measurable portion of the apatites. This is evident from
the lower concentration of Ca, P, and F in denticles exposed to
those conditions (Table 21). The observed changes here are
not the result of a physiological process, as the time it takes
to form new denticles is in the order of 4 months (Reif 1978)
and therefore exceeds the duration of the experiment. The ob-
served effects are thought to be the result of chemical disso-
lution, but there is no information on such an effect on shark
denticles under chronic hypercapnia. Our results suggest that
chronic exposure to severe hypercapnic (pH 7.3) conditions
causes the dissolution of fluorapatite and in turn corrosion and
weakening of the denticle surface (Figures 83, 84). However,
further research is needed to examine this hypothesis.

Conclusions

H. edwardsii are already well adapted to hypercapnic condi-
tions due to the frequent occurrence of these after coastal
upwelling and subsequent low-oxygen events. Despite these
adaptations, negative consequences during chronic hypercap-
nia were observed, i.e. denticle corrosion. Denticle corrosion
and the resultant increase in denticle turnover can potentially
compromise hydrodynamics and skin protection. As denticles
and shark teeth are structurally and materially identical, chemi-
cal dissolution of teeth at a similar rate can be expected. It was
speculated that a combination of these multiple effects might
negatively affect the populations of this and other endemic,
coastal elasmobranch species for which range shift is impos-
sible as they reside at the southern tip of the African continent.
This study suggests that these multiple stressors make chon-
drichthyans particularly susceptible to ocean acidification and
additional studies are urgently needed to elucidate the extent
of this effect on already vulnerable species.
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Table 21: Elemental composition (in wt %) of denticles from adult Haploblepharus edwardsii after chronic exposure to normocapnic and hyper-
capnic conditions for nine weeks. Values are means + SD and significant differences between the two treatments are indicated
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Figure 83: Scanning electron microscope (SEM) observations of a defined skin area, populated by denticles, from individual Haploblepharus
edwardsii after experimental exposure of 9 weeks. Groups of denticles from three sharks that were kept in normocapnia are depicted in panels of
the left column, those from hypercapnia in the right column. Size bars indicate 100 ym
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What’s in the basket?

An inventory of marine resources

harvestable by small-scale fisheries in
South Africa

Stock status* Unknown

Fishing pressure* Unknown Light

Ulva spp.

Depleted

Zebra
Blacktail

Heavy

Dusky kob
Spotted grunter
EIf
Zebra
Blacktail
Bronze bream
Stone bream

*With the exception of dusky kob and elf, only a subset of species that do not overlap with any other commercial fisheries are shown here.
Most high-value species as well as commercial species shared among several fisheries are already depleted and subjected to heavy fishing
pressure, as shown in the respective sections of this report. However, opportunities exist for niche products and new species with potentially high

commercial value
Introduction

In the South African context, the term “small-scale fishing”
is used for a range of fishing activities which usually are low
technology and labour intensive and employ manually set
artisanal gear, characteristics which distinguish them from fully
commercialised operations. Small-scale fishing encompasses
an entire spectrum of activities, from subsistence harvesting of
intertidal and estuarine invertebrates, fishes and seaweeds at
one end, to small, boat-based operations at the other. There
is considerable overlap with several other fishing sectors.
Shore-based activities such as subsistence harvesting of
invertebrates and angling, as well as subtidal collection of
invertebrates, intersect with recreational fishing, whereas boat-
based activities are similar to those of the smaller commercial
fishing sectors such as line, beach-seine, gillnet and nearshore
rock lobster. There are an estimated 25 000-30 000 small-scale
fishers active along the South African coastline. At least two
thirds of these reside in areas along the shores of the Eastern
Cape and KwaZulu-Natal. There are differences between
small-scale fishing operations along the coast. In general, true
subsistence activities reliant on intertidal and subtidal resources

increase towards the east, whereas motorised vessel-use and
targeting of nearshore fish and crustacean species is far more
common in the west. In the last two decades, starting with the
promulgation of the Marine Living Resources Act (MLRA) in
1998, there have been multiple efforts to formally recognise
this type of fishery, culminating in the development of the small-
scale fishing policy in 2012 and the formal recognition of small-
scale fishing cooperatives in 2021.

History and management

Subsistence harvesting of marine living resources has occurred
around South Africa for at least 100 000 years, well into the last
glacial period, although some of the archaeological evidence
might be obscured by being submerged due to the rise in sea
level after the last ice age. Still, available evidence, based on
excavations and analyses of coastal middens, suggests that
intertidal organisms such as shellfish were collected by hand or
with simple tools. This type of harvesting is still most prevalent
and has escalated along the Eastern Cape and KwaZulu-
Natal coasts, although methods and gear have changed to
incorporate more-modern techniques and materials, including
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diving equipment, spades, spears and crowbars. Most of these
activities persist despite regulations that deem much to be illegal
as they do not fit well into existing categories of commercial or
recreational fishing. There is less such activity on the western
part of the coast, which has been ascribed to lower population
densities and the added impact of colonialism and its effect on
the indigenous populations, who expanded their activities to
include bartering and sale of marine living resources. On the
other hand, the West Coast is the only area where line-fishing
(hook gorges made of thorns or shell) preceded colonialism.

The early colonial era saw the introduction of beach-seine
and line fishing to the Cape but it was limited under the strict
control of the Governor. Gillnetting only started in the late
1800s. The abolition of slavery was accompanied by the lifting
of restrictions on fishing activities, many fishing “rights” being
formally ceded to former slaves and indentured labour on their
emancipation. This also marks the time where fisheries started
to develop in which finfish constituted the main target. Then,
as now, fishers of either indigenous Khoisan or “Cape-Malay”
and Filipino descent traditionally made up the largest group of
fishers in the region. Despite the demise of slavery in the 1800s,
almost the entire 1900s were characterised by increasingly
restrictive discriminative policies that severely negatively
affected the opportunities for business ownership and that
restricted the mobility of non-white fishers, many of whom
engaged in fishing part-time, seasonally or opportunistically.
A small number became fully fledged commercial fishers
with ownership of vessels and processing facilities, but the
boundaries between the categories subsistence, recreational,
small-scale, traditional and commercial fishing remained
blurred.

Defining the different fishing categories proved to be among
the most controversial issues during the development of small-
scale fisheries management. Subsistence fishing had, for the
first time, been recognised formally in the MLRA of 1998 and
was distinguished from recreational and commercial fishing.
A Subsistence Fisheries Task Group (SFTG) was established
to collect information on the numbers, distribution, and socio-
economic status of “subsistence fishers”, as well as on which
organisms were targeted and what gear was used. During the
Long-term Rights Allocation Process of 2005-2006, individual
fishing rights were allocated in 22 fisheries, including small-
invertebrate-, line-, gillnet-, hake hand-line-, West Coast rock
lobster- and squid fisheries, all of which have elements of
subsistence and small-scale fishing. However, the process
was deemed too complex and too competitive for some of
the fishers in traditional fishing communities. Consequently,
“interim-relief” permits were granted to fishers along the West
and South coasts in 2007. After multiple rounds of stakeholder
engagements, including a national summit on small-scale
fisheries in 2007, small-scale fishers were formally recognised
with the adoption of the Small-scale Fisheries Policy in 2012,
followed by the small-scale regulations in 2016. The formal
establishment and recognition of small-scale fishing co-
operatives has not been completed for all provinces, but thus
far there are 109 small-scale fishing co-operatives with about
7 200 small-scale fishers that have received 15-year fishing
rights. Mussel, oyster and East Coast rock lobster, as well as
parts of the line-, net-, squid-, West Coast rock lobster- and
abalone fisheries, have been earmarked for allocation to the

small-scale sector. In circumstances where co-ops are targeting
commercial species, their fishing effort and catch are managed
within the commercial TAEs and TACs of these species. For
non-commercial species, and for estuarine fishing, small-scale
fisheries regulations resemble those of the recreational fishery,
with near-identical input and output controls. Input controls
include gear restrictions (e.g. fishing method, number of
hooks), closed seasons and protected areas, whereas output
controls comprise mostly bag and size limits, but management
regulations are not monitored and are seldom adhered to.

Several important species are already under considerable
exploitation pressure from recreational and commercial
fisheries, while others are already locally depleted by
unregulated small-scale effort. An overarching, workable
management plan needs to be developed urgently once the
remaining small-scale cooperatives have been allocated.
A wide range of new and innovative opportunities in product
beneficiation and development of new product from under-
utilised species exists to aid the small-scale fishers to become
sustainable and economically viable.

Research and monitoring

The small-scale fishery operates countrywide and includes a
range of shore- and boat-based activities and target species,
many of which overlap with commercial and recreational
fishing sectors. The “basket” of resources harvested by small-
scale fishers depends on the biogeographical distribution of
target organisms, their availability, the fishing method, and the
individual customs of the respective fishing communities. The
National Linefish Survey (1995-1996) indicated that, excluding
the former Transkei region, >20 000 households depended
on shore-angling to contribute to their subsistence (McGrath
et al. 1997). The first comprehensive account of subsistence
fisher distribution and targeted resources was the result of
surveys conducted by the SFTG and published in 2002. Just
under 30 000 people were identified as potential subsistence
fishers, distributed around the entire coast, with 75% residing
in KwaZulu-Natal and the former Transkei. This concurs with
the previous estimate, if the assumption is made that these
fishers represented an equivalent number of households.
Marine organisms are harvested for food, bait, and sales. A
comprehensive list of harvested species can be found in Clark
et al. (2002) and Cockcroft et al. (2002). This list, however,
predates the development of the small-scale policy, which
widened the definition of this category of resource users from
subsistence to include small commercial operations, which
overlap and are de facto identical to existing commercial
fisheries. Since the initial research efforts in around 2000,
culminating in a suite of papers in the African Journal of Marine
Science, research around small-scale fisheries, unlike with
most other South African fisheries, has moved away from
natural sciences towards social and socio-political research
and nationwide efforts with regard to resources research have
become less comprehensive and quantitative than the national
surveys that were carried out around the turn of the millennium.
With the increased focus on formalising the small-scale
fishery around the country, a national, shore-based monitoring
programme was implemented from June 2012 to May 2013;
however, analyses of the data gathered by this programme



have been limited. The resources that overlap with commercial
fisheries, such as linefish, netfish, small invertebrates, squid
and West Coast rock lobster, are routinely monitored, as
detailed in other sections of this report, but for most of the
organisms that are only taken under true subsistence or
under recreational permits, no long-term, routine monitoring
programme is in place. However, numerous local monitoring
programmes aimed at marine living resources and fishers exist
or have existed around the coast. Comparison between these
is useful but difficult as none have followed a standardised
approach; the latter now needs to be a priority (Sink et al. 2019).

Assessment

Assessments exist for most species with overlap with
commercial fisheries. These are presented in the respective
sections in this report. In general, data collection and the
complexity and frequency of assessments are a function of
the catch volumes and the value of the resource. Species that
are rare, low value, or localised typically do not have focussed
monitoring programmes and the assessments of their status,
where they exist, rely on simple indicators based on life-history
information, indices or on ‘data-poor’ models that require only
size or age frequencies and often assume a population in an
equilibrium state. Despite these limitations, very good life-
history information is available for many South African coastal
species and, together with existing surveys, these have been
used in assessments.

The data from the shore-based monitoring programme
in 2013 were used to assess stocks of seven of the most
important fish species targeted along the Eastern Cape coast,
one of the areas with the highest levels of subsistence effort.
Spawner biomass-per-recruit analyses revealed that two of
these species, bronze bream Pachymetopon grande and stone
bream Neoscorpis lithophilus, are sustainably fished, but that
the population status of dusky kob Argyrosomus japonicus
is estimated to be critical at only 1.3% of pristine spawner
biomass or breeding potential.

These assessments need to be considered during the
implementation of the small-scale fishery and in the selection
of the species baskets for co-operatives, as recovery of these
stocks is essential for growing the potential revenue of fishers
in this important sector. These data are also proving useful
in understanding the dynamics of the fishery. For example,
the two sustainably fished species in the analysis are almost
exclusively kept for own consumption whereas most, if not
all, of the fish from overexploited species, such as spotted
grunter, shad/elf and dusky kob, are of high-value and sold,
irrespective of being designated “no-sale” or not. The available
baseline assessments (Figure 85) can represent the first step
in the sustainable management of small-scale fishing and
the selection of appropriate organisms and quantities for the
basket of species.

In reality, small-scale fishing communities exist from
Alexander Bay to Kosi Bay, yet marine resources in harvestable
quantities are unequally distributed around the South African
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Figure 85: Representation of the stock status for seven important fish species targeted on the Eastern Cape coast, based on percentage spawner
biomass (%SBR) of unfished levels. The error bars denote 95% confidence intervals derived from Monte-Carlo simulations
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coastline. This highlighted the need for a comprehensive
account of the “basket” of marine species accessible to small-
scale fishers. To achieve this, available data and literature on
past, national and local-level shore-based monitoring were
reviewed. Based on a multivariate regression tree analysis of
the most mobile species, the coastline was divided into five
different zones, according to natural species breaks. For each of
these zones, we accounted for fish, invertebrate and seaweed
species that might form part of the “basket of harvestable
species”. Where available, we present basic information on
population status and trajectory and indicate which species are
exploited by existing fisheries.

Overall, we identified 188 species; 138 fish, 41 invertebrates,
and 9 seaweeds and marine plants that could possibly be
caught or collected in sufficient quantities by small-scale
fishers in one or more of five “bio-basket” geographical regions.
Available resources ranged from 61 species in Basket Area A
on the West Coast to 150 species in Basket Area D on the
Southeast Coast (Figure 86). Current designations of these 188
species are that 106 may be sold, 67 may be harvested for food
security or own use, 4 are already harvested by experimental
fisheries and 11 are prohibited across all fisheries. In turn, 94%
of these species are harvested by commercial fisheries, 92%
are harvested by recreational fisheries and more than 60%
are already overexploited or in decline.

Formal stock assessments of fish species in the small-

scale basket revealed 39% to be optimally exploited, 33%
overexploited and 28% collapsed (Figure 87). Trends in CPUE
showed 56% to be in decline, 26% stable, only 1% unexploited,
whilst the trends for the remaining 17% were unknown. Both
stock status and CPUE trend were largely a function of
vulnerability, range extent and relative exploitation throughout
that range (1-5 basket areas). Vulnerability was a measure
of eight vulnerable life-history characteristics (Lamberth
and Joubert 2014). These were estuarine dependence, sex
changes, spawning migrations, predictable aggregations, high
age at maturity, longevity, residency, and high catchability.
Other life-history characteristics such as fecundity were also
considered, but not included due to lack of data. General
trends were that collapsed stocks shared 5-8 vulnerable
life-history characteristics, overexploited 3—4 and optimally
and underexploited ones, two or less. Details regarding the
distributions, stock status, catch trends, and vulnerability
scores; the input and output controls and use limitations; and
relative catches across all fishery sectors of each of the 188
species are given in Tables 22, 23 and 24, respectively

Ecosystem interactions
As the small-scale fishery targets a wide range of species in

varying intensities, ecosystem interactions are dependent on
the individual fishing profile of small-scale fishing communities

Catch distribution suggests a division of the South
African coastline into at least five bio-basket
geographical regions
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Figure 86: The number of species available to small-scale fishers in each of five Basket Areas on the South African coast. The coloured dots show

the locations of identified small-scale fishing communities
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Figure 87: Current-use designation, stock status and CPUE trend of 188 species (138 fish, 41 invertebrates and 9 seaweeds and marine plants)
potentially harvestable by small-scale fisheries; and a histogram showing the frequency distribution (%) of the number of vulnerable history
characteristics of the of 188 potential basket species. Those species showing a decline in CPUE (56% of the total) had four or more vulnerable
life-history characteristics whereas a stable CPUE was confined to those with two or less

and the habitat characteristics of the harvested area. Intensive
subsistence mussel harvesting at rocky sites along the KZN
and former Transkei coasts has been well studied and is
known to locally deplete mussel populations and permanently
change habitat and species composition towards a more
algae-dominant community with cascading effects for the
entire ecosystem. These altered systems do not change back
to mussel-dominated communities, to the detriment of local
harvesters. Coastal marine protected areas (MPAs) have
been shown to enhance mussel recruitment within several
kilometres of their boundaries. In general, small-scale fishing,
when practiced in a traditional manner with artisanal methods,
has less impact on the ecosystem than its commercial
counterpart. Whereas true traditional methods such as the
fish traps in Kosi Bay have been practiced for generations
and found to have minimal ecosystem effects and negligible
bycatch, more-recent introductions of modern gear have
been shown to have a detrimental effect on target species
and ecosystems alike. Gillnets are known to have significant
negative effects such as removing fast-growing fecund fish
from the population and having high rates of unwanted bycatch
with high bycatch mortality, including birds, marine mammals
and even crocodiles. Abandoned or lost gillnet gear increases
coastal plastic pollution and constitutes a risk of ghost-fishing
and entanglement. Traditional stonewall fish-traps or visvywers
constitute permanent or semi-permanent structures, yet, if
harvested without the use of gillnets, there is little in the way of
effects on the ecosystem in the form of unwanted bycatch or
mortalities.

Climate change
Fishery, fisher, and fleet responses

Small-scale fishing operations are typically restricted to small
areas along the South African coast, the sizes of which range
from a few hundred metres for invertebrate collection, seine-net
operations or estuarine subsistence angling, to approximately
40 nautical miles in the case of the boat-based line-, lobster-

or squid fisheries. Their small fishing “grounds” make these
sectors particularly vulnerable to climate change. The main
direct physical impacts include changes in wind strength and
direction, combined with changes in storm surges, flooding and
erosion patterns. Unfavourable wind and tides prevent setting
of beach-seines and gillnets; strong surges and currents can
restrict angling from the shore and along estuaries; coastal
erosion can alter habitat and sever access to harvest areas, or
destroy them; and open boats can only operate up to a certain
wind speed, and launching and recovery are restricted by
weather and tides. Many of these impacts have already been
felt and have been documented and analysed. An analysis
of linefish boat launches in the Arniston area from 1985 to
2012, for example, revealed that wind strength is a significant
predictor for the proportion of boats that attempt to launch to
fish (Figure 88). A rapid decline in fishing outings occurs at
wind speeds of 5-9 m s™' or mean daily wind speeds above
6.6 m s™'. The proportion of days that exceed this value varies
substantially between years but has seemingly increased over
the last two decades. These results corroborate the local fishers’
perceptions that the number of suitable sea days is decreasing
due to an increase in unsuitable weather conditions. The
Fisheries Climate Change Task Team has identified the small-
scale fishery as being one of the most vulnerable and least
resilient to climate change effects, which are already felt by
some of the small-scale fishing communities along the coast.

Biological and behavioural responses

As with the physical impacts on fleet and fisher behaviour,
biotic responses to climate change vary in nature and
magnitude. Distributional changes — southwards for tropical,
subtropical and warm temperate species and northwards for
cool temperate species on both the East and West coasts —
are evident in more than 50 species (fish, invertebrates and
seaweeds) in the small-scale basket. Opportunities include
the development of new fisheries and/or the targeting of
new resources in zones where historically they did not occur.
Negative outcomes include the resource moving away from
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Figure 88: (a) Traditional linefish boats on the slipway in Arniston, a small fishing village 20 km east of Cape Agulhas. (b) Change in proportion
of days with wind speeds above the climatological average (6.68 m s') over the time-series 1985 to 2012. (c) The average daily wind speed is
a significant predictor of the mean daily proportion of outings at Arniston. (d) Difference in mean proportion of outings of Arniston fisher boats
predicted by wind strength for low wind years (1994, average daily wind speed 5.94 m s-') and high wind years (2008, average daily wind speed
7.48 m s7). After Augustyn et al. (2017)

those dependent upon it. Consequently, there is a need for ~ Agulhas Current is becoming more turbulent which may be
a shift away from proposed “turf systems” and the local-level ~ associated with an increase in the occurrence of offshore
fisheries management paradigm and the realisation that spatial ~ cyclonic meanders (referred to as “Natal Pulses”) and
planning in small-scale and other fisheries is crucial for their  the formation of Agulhas Rings, mechanisms driving heat
future. exchange and dispersal of marine organisms along the coast.
Changing meteorological and oceanographic conditions In early 2021, large fish- and invertebrate mortalities and
drive behavioural and physiological responses in the biota. ~ washouts as well as “bleaching” of seaweeds were observed
Fresh water flowing from land influences marine and estuarine  along South Africa’s East and South coasts. The mortalities on
fish, invertebrates, seaweeds and fisheries both directly and  the East Coast coincided with a very large (>125 km) meander
indirectly through the export of nutrients, sediment and detritus.  of the Agulhas Current and sequential marine heatwave, cold
Shifting rainfall patterns and altered freshwater inputs (riverand ~ upwelling and cyclonic eddies propagating down the coast.
groundwater flows) will lead to changes in the magnitude and  Biological responses included seaweed bleaching and die-
spatiotemporal distribution of these exports. Amongst other  off on the Wild Coast, a higher incidence of tropical species
responses in the biota, both extended droughts and changes  off the South Coast, fish aggregating in the nearshore and
in the frequency or return-time of flood events have led to  estuaries from False Bay to Algoa Bay, and mass strandings
recruitment failure and a decline in species abundance and and mortalities of >80 species on the East, South and West
richness, especially of estuary-associated fish and invertebrate ~ coasts. Fifty percent of these were in the small-scale basket
species. These species contribute more than 80% of the catch  of species.
mass of nearshore, shore-based and estuarine small-scale Harmful Algal Blooms (HABs) are increasing in occurrence
fisheries. in estuaries and the sea on the South and East coasts. South
Increased occurrences of major ocean weather anomalies  and East Coast fishers and coastal communities are relatively
are having direct and indirect impacts on marine life. The naive to HABs and HAB effects (e.g. shellfish poisoning),
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compared to those on the West Coast where these phenomena
frequently occur. The immediate fisheries management
response and mitigation needs to be the development of early
warning systems and the raising of awareness in communities
naive to HABs.

Challenges & opportunities

Development of the small-scale fishery can be guided by
analysis of existing markets. Of 458 fish species or products
traded within South Africa, 75% are locally caught, but less
than half of these in economically significant numbers. About
85 traded fish species are from aquaculture, of which 29
are from the local industry, but most of these are freshwater
species. Of more than 300 invertebrates, seaweeds and marine
plants traded in South Africa, only 20% are locally harvested,
even though many occur here. Several, such as samphire,
seaweeds, whelks and winkles, are also easily accessible from
the shore so require less capital outlay and have great potential
as cottage / boutique industries and niche markets.

In summary, the main challenges facing the implementation
of the Small-scale Fisheries Policy are overlap with existing
fisheries, stock assessment, monitoring and control of catch,
and compliance with regulations. Priorities and opportunities
include the identification and beneficiation of new products
and a move towards high-value, sustainable resources and
niche markets. Shore-based observer programmes need to be
implemented and small-scale catch reporting integrated into
existing catch-return systems. Stock status monitoring needs
to be extended to non-commercial, own-use species as with
priority commercial species that undergo regular assessments.

References

Augustyn J, Cockcroft A, Kerwath S, Lamberth S, Githaiga-
Mwicigi J, Pitcher G, Roberts M, van der Lingen C,
Auerswald L. 2017. South Africa. In: Phillips BF and Perez-
Ramirez M (eds), Climate change impacts on fisheries and
aquaculture: a global analysis, 479-522. Wiley and Sons Inc.
DOI: https://doi.org/10.1002/9781119154051.ch15

Clark BM, Hauck M, Harris JM, Salo K, Russell E. 2002. Identification
of subsistence fishers, fishing areas, resource use and activities
along the South African coast. South African Journal of Marine
Science 24: 425—437.

Cockceroft AC, Sauer WHH, Branch GM, Clark BM, Dye AH, Russell
E. 2002. Assessment of resource availability and sustainability
for subsistence fishers in South Africa with a review of resource
management procedures. South African Journal of Marine
Science 24: 489-501.

Lamberth SJ, Joubert AR. 2014. Prioritising species for research,
conservation and management: a case study of exploited fish
species. African Journal of Marine Science 36: 345-360.

McGrath MD, Horner CMM, Brouwer SL, Lamberth SJ, Mann BQ,
Sauer WHH, Erasmus C. 1997. An economic evaluation of the
South African linefishery. South African Journal of Marine Science
18: 203-211.

Sink KJ, Harris LR, van der Bank MG, Franken M, Skowno A,
Driver A, Atkinson LJ, Fairweather TP, Kerwath S, Majiedt PA,
Robinson T, Pfaff M, Rikhotso W, Smith C, Niekerk L. 2019. Key
findings, priority actions and knowledge gaps. In: Sink KJ, van
der Bank MG, Majiedt PA, Harris LR, Atkinson LJ, Kirkman SP,
Karenyi N (eds). South African National Biodiversity Assessment
2018. Technical Report, vol. 4: Marine Realm. Pretoria.
South Africa: South African National Biodiversity Institute.
http://hdl.handle.net/20.500.12143/6372




ZOW
a|inw padu suapidsnaLi} uoje
4 n A A A A A ‘NZM O3 “OM ‘ON ‘WYN 1l padug P! 1) uofey9
ZOW
19 Jeple IUOSpP.JeYIL UOJS
€ a uio A A A A A ‘NZ3 ‘D3 ‘OM ‘ON ‘WYN pleH lluospJieyoli uojaygy
z S shenins |esiswea(Q A A A A A ZOW ‘NZY ‘03 ‘OM preuing sisuaded sAypyojuopiieyo
S S A A A A N ZOW ‘NZY ‘03 ‘“OM Jsjues/IvIp|og Jejnu sniswiivy9
ZOW
Jeys oyl seleya.led uopo.leyole
A A A A A ‘NZM ‘0T “OM “ON ‘YN Jeys sHym ey poseyaied
ZOW
1eys yjooy-pabbels papod snunej snueyo.e
S a A A A A A ‘NZM ‘O3 “OM “ON ‘YN Jleys Yio03-p pajods } Sneyaied
S a A A A A N ZOW ‘NZX ‘03 ‘OM Meys Aysng $ninasqo snuiyieyoied
14 a A A A A N ZOW ‘NZY ‘03 ‘“OM yieys dippoelg snmjequij| shulyieyoied
S a A A A A N ZOW ‘NZX ‘03 ‘OM jeys 1Izequez seonsg| snulyieyoied
S a A A A A A NZM ‘O3 ‘OM ‘ON ‘WV¥N | deys Jeddoojisieym azuolg sninfAyoe.iq snuiyieyoied
L n A A A A N ZOW ‘Nz 03 ‘OM usybuiy ahabig Snjejosejxss xueiey
n A A N N N ZOW ‘NZX ‘D3 ysubuiy Asseig sisusnded xueie)
4 a A A N N N ZOW ‘NZX 03 ysybuny Juels sijiqoubi xueie9
a soshleue jIniosI-1od A A A A A NZM ‘O3 ‘“OM ‘ON ‘WV¥N ydesoris sisuaded snyoujyiojjed
4 n A A A A N NZM ‘03 ‘OM | Boojo04b |aiey/wepewsuel ejeulou] eapjosdoog
ZOW
IE) EY[EEE] suspinbee U00S0}oB
14 a uio A A A A A ‘NZ3 03 ‘OM ‘ON ‘WYN J8qiee P! 10sojoely
¥ a i) N A A A N 23 ‘OM ysipan(is/isuadien euozoifbie euozoifbiy
¥ a sasAjeue Jnioal-1ad A A N N N ZOW ‘NZY ‘O3 qoy [ieyesenbg 1adioy) snwosoifbiy
/ a sasAjeue ynioal-iad A A A A N ZOW ‘NZX ‘O3 ‘OM qoy Ajsng snojuodef snwosoifbiy
v a Jsy10 N A A A A O3 ‘OM ‘ON ‘YN qoy JanlIs sniopouy snwoso.ABiy
14 n A A A A N ZOW ‘NZX ‘03 ‘OM wealquaipjos bury J8jiuyds sdo.AB1y
r4 a A A N N N ZOW ‘NZX ‘03 ysyqol usaio susosaljA uoudy
n A A N N N ZOW ‘NZX ‘03 ysysuog sidsjobijo einqpy
a sasA|eue jJInJoal-Jad A A A A N ZOW ‘NZX ‘O3 ‘OM wealq Jonry snben snibedoyjueayy
4 n A A A A N ZOW ‘NZX ‘03 ‘“OM OOUep Hpuejos wniqAooyjueoy
3 a o} 3] A
2100s AjlIgessuinp puas cwﬂ_www_mw w”wuﬁm eale eale eale eale eale uoiboy
andd } v oS 1o)seg | 1oyseg | 1evseg | 1ovseg | 1ovseg
‘(payojdxaun = X ‘umouun = N b _
‘auljoap a|qels = S ‘e|gels = S ‘auljpep = q ‘pejojdxalspun __AMM_,_M%MMMﬁxluNmN_\,_v_ SWeu uowwoy sweu saloads
Ajualino = ND) puaJ) (8|qetaulnA Jsow = / ‘8|qelaujna L ‘ade) ulgjseq = D3
1589 = 0) 21008 ANlIGEIBUINA (INDO) HOYS-HUN-18d-Yo}eD (N'=ON A = S8A) uonqUSIp SlqeIsanier '2deg welsa = oM
] =
‘poyiaw pue (o = usaib .m_w_m_antn x<z“wz
‘payiojdxaiano = abuelo ‘pasde||0d = pai) SN)e}s JUBWSSISSY uoiboy :uopnquisiq

10)08S 90UBISISONS / 8|BOS-|lewWsS ay} 0} d|qejieAe Ajlenusiod saioads ysiy 8¢ 40 8109s AjjIqesaunA
pue ‘(s|ge|ieAe a1em elep aiaym seloads Joy) pualy JNdD ‘(pessesse alom jey seloads Joj) poylew JusWSSassSe ‘snjes %oo)s ‘(ealy joyseg jey Ul juesald 'e'l) uonpnguisip s|geseAley ‘uonnguisiq sezz algeL




€ a sasAleue ynioai-iad usal9) N A A A A 23 ‘OM ‘ON ‘ANVYN 3ieys uydnog snajeb snuiyiosjes)
v A A N N N ZOW ‘Nz 03 eys J4abiL 181AN2 0pJ8a203[es)

S |seshjeue ynioai-led I N A A A A O3 ‘OM ‘ON ‘WVYN usijeoess s}y sdeajjey sAyjoreies
€ S sosAleue Jinioas-1ad usal9 A A A A N NZX ‘03 “OM [8gJeq/ysyjeoess xoe|q 1038 sAypyoleleo
4 a A A N N N ZOW ‘NZX ‘03 Bun} a}))| ulelses siuye snuuAyng
14 a A N N N N ZOW ‘NZM sseq 0}ejod ejnxyny snjaydeurdy
€ IS sasAjeue }inJoal-lad usalI9) A A A A N ZOW ‘NZM ‘O3 ‘OM poOY00J UoOWyjeH snjeinal snjaydauidy
S a soasAjeue ynJoal-lad I A A A A N ZOW ‘NZM ‘O3 ‘OM pooY201 Al[8gMO||aA snjeulbiew snjpydauidy
14 a A A N N N ZOW ‘Nz) 03 pooX00. Jeqele snoueqejew snjeydeuidy

a A A N N N ZOW ‘NZX ‘03 sseqgo|pulg snjejosoue| snjpydeurdy
9 a sosAjeue ynioal-lad usal) A A A A N ZOW ‘NZM ‘O3 ‘OM pooyo01 8oejeD juostepue snjaydauidy
S a sasAjeue jnioal-iad I A A N N N ZOW ‘NZX ‘03 poo)201 pabpa-ajyp snjeuibiewoqje snjaydauidg

: : : Jopunodusy

4 n A A A A N ZOW 'NZX 03 OM J1eBuLidsBunyysiApe ejeuyoew sdojg

a A A A A N ZOW ‘NZX ‘03 ‘OM elgaz smojuspoy snpojdiq

S A A A A N |[ZOW ‘NZX ‘03 “OM ‘W¥N lrepoelg sisuaded snpojdig

S A A A A N ZOW ‘NZX ‘03 'OM SSeq aAe) 1sua39d eosedouiq

a A A A A N ZOW ‘NZX ‘03 ‘OM uaofjeb papueg snjelosejnw snisiyolg
S a sosAjeue Jinioal-iad A A A A A ‘NZ3 ‘O3 ‘OM ‘ON w,_w_\z,_ uaolleo sisuaded snisiyoiq
0 a A A A A A ‘NZY ‘3 "OM ‘ON w,_w_\z,_ AeiBuns anig ejouosAiyo snehseq
S a EECHe) A A A A N NZX ‘03 “OM doysusod snjnseu sdedojewA)
] a A A A A A | st 93 ot N opesop/ysyuiydioq snnddiy euseydAion
o] S sasA|eue }INJoaI-1ad A A N N N ZOW ‘NZY ‘03 J96ulS snaound snydsjqosAiyd
14 a A A N N N ZOW ‘NZX ‘03 uewysi|buz ssje4 snydoj snydsjqosAiyd
¥ a sosAjeue ynJosl-1ad IEEI) N A A A N 23 ‘OM uewoy pay sdaopel snydajqosAiyn
S a N A A A N 03 ‘OM asoudwinis pay sdao1qqib snydsjqosAiyo
S a sasAjeue ynioal-1ad I A A N N N ZOW ‘NZM ‘03 uewyslBug snojjbue snydsjqosAiyo
I a A A N N N NZM ‘03 uipebuy [ejeN | wniousiesyssaf snifjoepoliyd

21008 puai} poyjaw snjejs 3 d 0 8 v
AIGEISUINA 2Ndo JUBWSSassY Joo1S eale eale eale eale eale uoiboy
19%seg | 1ovseg | 1eyseg | 1eyseg | 1oyseq

‘(payojdxaun = X ‘umouyun = N

‘aul0ap a|gels = dS ‘e|ge)ls = S ‘auljoap = g ‘payojdxalepun
Apuaung = ND) pual; {(8]geIduINA Jsow = / ‘9|gelau|na

1ses| = 0) 8400s AjjIqeIBUINA (IND) Hoge-iun-ied-yored
‘poyjdw pue (3o = usalb

‘panojdxaiano = abuelo ‘pasde||od = pal) Snie)s JUBWISSISSY

(N = ON ‘A = SOA) UoNNQUISIP S|qeISaAIeH

(anbiqwezop = ZOW
‘[eleN-niInZemy = NZ)
‘adeD uleiseq = 03
‘ade) uwIg)sap = DM
ade) ulsyuoN = ON
‘elqIWEN = INVN)
uolbay :uonnquisig

aweu uowwo)

aweu sa0adg




S ad N A A A A 03 “OM ‘ON ‘NVN Jieys Mmoo snuejpadso snysuAiojoN
[ a sasA|eue ynioal-iad uaalg A A A A N ZOW ‘NZY ‘03 ‘OM weaiqgauols snjiydoyy sidioasosN
d A A A A A NZX ‘03 “OM ‘ON ‘WVN Aesjobe3 ejinbe speqoiAp
€ a sasA|eue }JInJoaI-1ad usalig A A A A A NZM ‘O3 ‘OM ‘ON ‘NVYN yJeyspunoy yjoows snjajsnw snjajsnyy
ZOW
9||Inw Jaburds/peayie snjeydea j16n,
€ a A A A A A ‘NZ3 D3 ‘OM ‘ON ‘WYN 18l as/pesuie| 1eyasa [Ionyy
Jlopow uononpold oy
L S painjonis usalg A A A A A NZY ‘03 “OM ‘ON ‘WVN i sisuaded snjooniepy
. J81em mojjeys
-abe ‘olweuiq
e n A A N N N ZOW ‘NZX ‘O3 uodie} akexQ sopioulidAo sdojebapy
4 a A A A A N ZOW ‘NZM ‘03 "OM uljew enig sueoubiu eltexep
S sasA|eue }InJoaI-1ad I A N N N N ZOW ‘NZM Jaddeus pal Jjosadw3 aeqas snuefing
14 ad A A N N N ZOW ‘NZM ‘03 Jaddeus poojg snauinbues snuefing
€ S A A N N N ZOW ‘NZX ‘03 Jaddeus papioads snjeinAu snuefjn
a A A N N N ZOW ‘Nz ‘03 Jaddeus anoibuepy snjejnoewusbie snuefing
ZOW
selquaajs pue snifwow snyjeuboy)
0 a A A A A A ‘NZ3 D3 ‘OM ‘ON ‘YN quas)s pueg Yj Ll
L a sosA|eue Jinioal-1ad A A A A A NZX ‘03 ‘“OM ‘ON ‘INVN Seiquesis ajym snyjeuboyyy| snyjeuboyyry
¥ a sasAjeue JInioal-1ad E N N A A A ON ‘INVN SBIqUOD)S JSEOD)SIAN neine snyjeuboyr]
€ a sosAjeue JIniosl-l1ad A A A A N ZOW ‘NZX ‘03 “OM ‘NVN youieh/sinies] eiwe eyyor
S n A N N N N ZOW ‘NZM Josadwsa enig snsojnqau snuLiy3e
ZON
19 usal eun} yoeldi siwejad snuomnsje
a uio 9 A A A A A ‘NZM ‘D3 ‘OM ‘ON ‘NYN ) Moelds ey 1eM
A A A A N ZOW ‘NZX ‘03 “OM uipew padig xepne epjifey
S A A N N N ZOW ‘NZX 03 qoy jlews Sijesiop snjuyor
ZOW
i) Jeys oye snyouAxo snins
14 ] uio I A A A A A ‘NZ3 D3 ‘OM ‘ON ‘WYN jieys oxely youl /
14 S A A A A N ZOW ‘NZY ‘03 ‘OM uysijles sniejdAeyd snioydoys|
A A N N N ZOW ‘N2X ‘03 Aeibuuys quiookauoH yeuien einjuewiH
z A A N N N ZOW ‘N2 ‘O3 AeibBuns asoudieys IpJsesisb einjuewiH
ZON
Aes puowelp/Ajpenn SIsus|ejeu einuA:
€ S A A A A A ‘NZM ‘D3 ‘OM ‘ON ‘NYN p Ip/AleRng Isusje} 9
4 S N A A A N 23 ‘OM umolug uyop suspInIng snydejosoouifs
9100S pual poyjaw snjejs 3 a 0 d v
AIlIGRIBUINA 2Ndo JUBLISSBSSY Joo1S eale eale eale eale eale uoiBoy
. 1o)seg | 1oyseg | 1ovseg 19seg | 19yseg

‘(payiojdxaun = X ‘umouyun =
‘aul0ap a|gels = dS ‘e|ge)s = S ‘auljoep = g ‘payojdxalspun
Apuaung = ND) pual} {(8]geIduUINA JsoW = / ‘9|gelaulnA
1se9| = () 2100s AyjiqessuinA (INdD) Hoge-pun-1ed-yoed
‘poyisw pue (o = usalb
‘pajojdxaiano = abuelo ‘pasde||0d = pal) Snjels JUBWISSISSY

(N = ON ‘A = SOA) UONNQUISIP S|qeISaAIEH

(enbiquezop = ZOW
‘[e1eN-nINZemy = NZ)
‘ade) uieyseq = O3
‘adeD useisapn = DM
ade) uleypuoN = ON
‘elgqiweN = NVYN)
uoiBay :uonnquisig

awieu uowwo)

aweu saloadg




L n A A A A N ZOW ‘NZX ‘O3 ‘OM e1qooyuos [ebipoid wnpeues uojuBdAYIRY
|opow
v S uononpoud painyonns N A A A N 23 ‘OM ebued snuejue| snuwAbois)d
-abe ‘ojweuiq
4 n A A N N N ZOW ‘NZ) ‘03 ysyqol Asoy snsojuswely seplowodstid
ZOW 'NZ3
19 Jeys an eone|b aoeuoll,
14 S wo A A A A A ‘53 “OM "IN ‘WYN Yeys enig / L
ad A A A A N NZMA ,Om_ _O>> yleysied U._maomn_ E::.tmﬁtm& euwispoliod
4 a N A A A N 03 .O>> yJeysied Uma_bm\v_._mr_w m_.cm.;n_ wnueodlije ewispolod
4 S A A A A N ZOW ‘NZ ‘03 ‘OM aueq ejejusp ewojsooiod
ZOW 'NZ)
sasA|eue }InioaJ-19 Xujejjes snwojeuwlo
14 a leue y d A A A A A ‘93 ‘M. “IN TYN 43 ey 1ewod
a sasA|eue }Inioal-1ad A A A A N ZOW ‘NZX ‘O3 ‘OM ABB14 SNaoeAljo sAsepewod
n A A N N N ZOW ‘NZ) ‘03 Joyunib uieaer ueyeey sAsepewod
n A N N N N ZOW ‘NZM J8yunub papueg snjeain) sAsepewiod
a sasA|eue }InJoal-1ad A A A A N ZOW ‘NZM ‘O3 ‘OM J8)unub paypodg 1UUOSJBUIWOD SAsepeuiod
9 a sasA|eue JIn1oal-1ad A A A A N ZOW ‘NZM ‘O3 ‘OM Inoj-Alusnag snsojnpun snuebejsAjod
9 a A A N N N ZOW ‘NZM ‘03 JBIP|OS |MeJyunisan|g | snjejoundoasjniood snuebsjsAjod
n A A N N N ZOW ‘NZ) ‘03 diueqqgnu pauegsium Hieyferd snyouyyioosid
z n A A N N N ZOW ‘NZ) ‘03 Uslj UOWDT | SMJEBNOBWOARY SNYOUIYIOJOS|H
n A A N N N ZOW ‘NZ) ‘03 dipaqani Axsng 19QNyd snyoujyIojo8|d
l n A A A A N ZOW ‘NZ) ‘03 ‘OM peayjey pajiepeq snaipus snjeydeoAield
9 a sasAleue }Inioal-1ad I A A A A N NZM ‘O3 ‘OM SeIquasls pay sLjsadni snijad
[ a A N N N N ZOIN ,ZNV_ wealq mwﬂo._a\._w___w:u— |IEIMO||BA einyjuex oilseeoeled
S A A A A N NZM ‘03 ‘“OM Jofi-10fy pay sisusjejeu snjjebed
14 S Jayi0 N A A A A O3 ‘“OM ‘ON ‘WVN J0JUSHOH 1yo0jq uodojowAyoed
9 S A A A A N NZX ‘03 ‘“OM Jo)UslOH 8nig wnause uodojewAyoed
z S sasA|eue JInIoa.-19d A A N N N ZOW ‘NZX ‘03 qoy Jeddeus J8qn saujijojo
I a A A N N N ZOW ‘NZX ‘03 mefopuy |ejeN tuosuiqos snyjeubejdo
14 a A A A A N NZX ‘03 ‘“OM mefoyuy aded 1Aemuoo snyjeubsido
28100s puas poujew snjejs 3 a 0 d v
>H___nm._®c_:> 3n4d0 JUSWSSaSSY 300}S eale eale eale eale eale co_mwﬁ_
w joyseqd joyseqg | 1oyseg | joyseg | i1oyseg

‘(payiojdxaun = X ‘umouyun =
‘aul0ap a|gels = dS ‘e|ge)s = S ‘auljoep = g ‘payiojdxalspun
Apuaung = ND) pual} {(8]geIduINA Jsow = / ‘9|gelaulnA
Jses)| = 0) 91098 AjliIqeIsuINA (INdD) Hoya-Hun-1ad-yojen
‘poyjdw pue (yo = usalb
‘pajojdxaiano = abuelo ‘pasde||od = pal) Sniels JUBWISSISSY

(N = ON ‘A = SOA) UonNQUISIP S|qeISaAIEH

(enbiqwezop = ZOW
‘[e1eN-nINZemy = NZ)
‘ade) uieyseq = 03
‘ade) uisisep = DM
ade) uleypuoN = ON
‘elgiweN = NVYN)
uolbay :uonnquisig

auwieu uowwo)

aweu sal0adg




14 a A A A A N ZOW ‘NZX ‘O3 ‘OM | eys pesyliswuwey yjoows eusebAz euifyds

a A A N N N ZOW ‘NZY 03 pesylawwey padojieos uime| ewiAyds
3 n A A A A N ZOW ‘N2X ‘03 ‘“OM epnoelieq s|pueyxold ojjef euseifyds
Z n A A N N N ZOW ‘NZX ‘03 epnoeleg epnoe.ieq euselfyds
S a A A A A N NZM ‘03 ‘OM Jayoelojessnw sjYA sisuaueqinp uopoteds
0 n A A A A N ZOW ‘NZM ‘03 "OM leymoyak uybuo eueljoll ejolss

S Jsyi0 A A A A A ‘NZY D3 “OM ‘ON hw,_w_\z,_ [1_IMO|[8A Ipueje| ejouss

n A A N N N ZOW ‘N2X ‘03 lreymoyoA [eardod ljuawinp ejolss
0 S sAanins |esiewaQg N N A A A NZM ‘O3 ‘OM Janadooepr sisuaded sojseqas
L S sasAjeue ynioal-1ad A A N N N ZOW ‘NZM ‘03 [2JexorW UBBNY |  SMesulLNid SNIOWOI8QUIOIS
I S sasAleue }InJoal-1ad A A A A N ZOW ‘NZM ‘03 ‘OM |1oJox0eW Bury U0SJBWIWOI SNIOWO0I8qQUIOIS

n A A N N N ZOW ‘NZX ‘03 ysyussnp m::MMMMMM:&WMM
z S 18UI0 A A A A A ‘N2 33 ‘OM ON w,_wﬂ |219)0BN snojuodef 1aquioas
€ a sosh|eue yniosi-1od A A A A N ZOW ‘NZ) ‘03 ‘OM aidess edjes edies

a A N N N N NZX03°OM pseyojid/euiples xebes sdouipies
0 S 3INdO N N N N A oM [9uoley / ojuoqg onuepy eples epies
0 S 3aNdO A A A A N ZOW ‘NZM ‘03 [93uo}ey / oyuoq padLls SijejusLio epieg
14 a A A N N N ZOW ‘NZ) ‘03 ysiepnbpiieyspues juels sisusppilp snjeqoyoufyy
} n A A N N N ZOW ‘NZ) ‘03 deysyiin snnoe uopououdoziyy
L a A A A A N NZ) ‘03 ‘OM ‘NVN | Heyspues/ysiennbt iesssT snjejnuue sojeqoulyy
¥ a sosAjeue Jniosl-1ad A A A A N ZOW ‘NZM ‘O3 ‘OM asoudwn}s |eleN eques snbiesopqeyy
v n A A A A N ZOW ‘NZX ‘03 ‘OM asoudwnys ade) 1gnjoy snbiesopqeyy
o] a sasA|eue }InJoal-1ad N A A A A 23 ‘OM ‘ON ‘YN asoudwnis s}y sda21qolb snbiesopqeyy

21008 puas poyjow snjejs 3 ~ 9 g v
AUIGEIBUINA 2Nd5 JUBWISSasSY 3o01S eale eale eale eale eale uoibey
1oxseg |1oyseqg | lovseg | jovseg | jovseqd

‘(payojdxaun = X ‘umouyun =

‘aul0ap a|gels = ds ‘e|ge)s = S ‘auljpap = g ‘payojdxalspun
Apuaung = ND) pual; {(8]geIduINA Jsow = / ‘9|gelaulna

Jses)| = () 81098 AjlIqeIsUINA (INdD) Hoga-Hun-1ad-yojen
‘poyjaw pue (o = usalb

‘panojdxaiano = abuelo ‘pasde||od = pal) Shiels JUBWISSISSY

(N = ON ‘A = SA) UoINGUISIP S|qeISaAIEH

(enbiqwezop = ZOW
‘[e1eN-NINZemy = NZ)
‘ade) uieyseq = 03
‘ade) uislsop = DM
ade) ulaypuoN = ON
‘elgiueN = NYN)
uoibay :uonnquisig

aweu uowwo)

aweu saloadg




|opow uononpoud ZON

S painjonys usaI9 A A A A A . ey b usypiomsg snipejb sejydix
-abe ‘olweuiqg NZX "03 'OM ON 'WVN

a sasA|eue }InJoal-1ad I A A A A N ZOW ‘NZX ‘O3 ‘OM uewpJleeg juosujqoJ euuquin

14 a N A A A A 03 'OM ‘ON ‘WVYN MieysA|Inb papods snuojdojeba spfeL|

l S sAanins oibejad usalio N A A A A ZOW ‘NZY ‘O3 ‘DM | |194930BW 8SI0y/Iexueqsee|p sisuaded sninyoe.|

Z S sasA|eue ynioal-iad usalo) A A N N N ZOW ‘NZX ‘03 ouedwod jodsabie ejoq snjouiyoel|

L S A A A A N ZOW ‘NZX ‘O3 ‘“OM ouedwod uisyinog snuealye snjoujyoes|

€ S Jaylo usai9 N A A A A 03 'OM ‘ON ‘YN Yooug unje seysiAy
|jopow uononpoud 2O

l S painjoniis usalo) A A A A A \ . \ . . eun) akabig Snseqo snuuny |
-ebe ‘oneuAq NZM ‘03 "“OM ‘ON ‘NVN
|[opow uononpoud 20W

o] S painonins usalo) A A A A A . . . . . Bun} UJMO|IoA SsaJeoeqle snuuny |
_eBe "onueuAq NZM ‘03 “OM 'ON ‘NV¥N
|opow uononpoud 20N

[ S painjonis A A A A A . . . . . alooeq|y ebunjeje snuuny |
-b& ‘olweuiq NZM ‘03 ‘“OM ‘ON ‘WVN

4 S A A A A N NZM ‘03 ‘OM slfuselg | wnjeuibiews ewosojfpuods

2100s puaJ} poyjew snjejs 3 a 0 g v
ANIGEISUINA NS JUSWSSossY O0IS eale eale eale eale eale uolbay
.. joyseg | loyseg | 1oyseg joyseq 19yseg

‘(payojdxaun = X ‘umouyun =
‘auljoap a|ge)s = S ‘a|gels = S ‘eulpap = g ‘pajojdxaispun
Apuaund = ND) puad} (8]geIBUINA JSOW = / ‘8|qetdu|nA
ises| = () 2400s AjjiqessuInA (3NdO) Hoye-jun-1ad-yoyed
‘poylaw pue (3o = uaalb
‘pajiojdxaiano = abuelo ‘pasde|0d = pal) SNJe}S JUSWISSISSY

(N = ON ‘A = S8A) uonnquisip s|gejsaniey

(enbiqwezop = ZON
‘leleN-ninZemy| = NZ)
‘ade) uleiseq = 03
‘adeD ulaisapn = DM
ade) ulsyuoN = ON
‘BlqIWEN = INVN)
uolbay :uonnquisig

aweu uowwo)

aweu sa10adg




3NdO Aanins ysyauj] [euoneN

s|ensiA ‘sejewse ssewolg

3INdD Asnin| ysyaul| [euoneN

JNdD oseqejep |mes} umesd 3440

o|Qojojaoln|wn

3NdD AeAins ysysul| [euoneN

(150D 1S9\\) SIojEDIpUI
K1aysly / Aanuns g (3se0D Yinos) |apowl
Juswssasse painjoniis abe R |eneds

3INdD Aenins ysieu| [euoneN

[a)]

INdO AeAins ysyaul| [euoneN

2
O

s|ensiA ‘sejewnse ssewolg

(S 2 BNSo B I T T I Vo)

s|ensiA ‘sejewnse ssewolg

[sp]

s|ensiA ‘sejewnse ssewolg

3INdD Aenins ysieul| [euoneN

3INdD Aenins ysyeul| [euoneN

S[ensIA ‘sejewnsa ssewolg

3INdD Aenins ysieul| [euoneN

3NdO AeAins ysyaul| [euoneN

(pasi|eo0]) shkaains |epiualu|

3INdO Aenins ysiyaul| [euoeN

Aiaysyy Aiojelojdx3

3NdO Aenins ysyaul| [euolieN

Ll oOolwvw| O | V|| || O[O

8400S
Ayngesauinp

oDl un |w

pua.
aNdO

3NdO Aeins ysyauy| [euoneN

poyjew
juswssoessy

snjejs
30015

A N N N N NZM pinbs uelpu jeonensp objo]
N N N A A OM eueuwe] dioy epijjed eueujwe]
N N N A A OM ‘ON 18)8qo] 001 }SB0D ISOM lipueje| snsep
A N N N N NZM 01| BOS/QEID BJO| ejfjoepe eddiH
A N N N N NZM |(imeny 1eyemdasp) umeld yuid snuypel) seploodijeH
N A A A N NZY ‘03 ‘OM SIS ea9/peds sfjoljeH
N N N N A 03 ‘OM usowsa|iad/auoleqy eepiw sHjoleH
N N N N N O3'OM | wiom joas ade)H/wiom |elo) sIsuadeo easeuunc
A N N N N ZOW ‘NZ) ‘03 ge.o %001 [ejeN B USBID) "dds snsdesg
N N N N A Aluo ease eyuep|es DA euejloeis euejloeio
N A N N N 03 ‘OM seplojstid wnipljen soplojstid wnipijeo
asuaded ‘wnijojipuayd
N A N N N 03 dds Jaujo wnipljeo "WINIOIOGQE WSS
N N N N N ZOW ‘NZX ‘O3 ‘OM | (wiom juewss) wiom jqqog siojipo.yde sang
A N N N N ZOW ‘NZM 990|| B8S / qeJO 3|0\ euealyjeoljsne ejliswig
N N N A A OM eiuopog digy euwiixew ejuopog
N A A A A 23 ‘OM (EESYITESIITIY eles xeuoQq
N A A A N 03 'OM uoyyd Juel sebib xejdoulq
A A A A A ZOW ‘NZX ‘03 'OM jo0AepIad / sjadwi "dds ejnquifo
A A A A A NZM ‘03 ‘OM ume.d yuid/pues ‘Issnesy esseueljjed
N N N |emng| auming 03 'OM ‘ON ‘WVN IIBYs ybnojdsBUM euwssinoe) elling
N N A A A NZM ‘03 ‘OM wIom poolg 1uanoj ejootualy
N N N A N 03 'OM WLIOM BUIYSUOO[| J0j0oL] ejjaqely
3 a 2 g v
eale eale eale | eale | eale uolbay
Jovseq | Joyseq |joyseq |joyseg | joyseg

‘(payiojdxaun = X ‘umouun = N

‘auljoap a|gels = (S ‘e|gels = S ‘aulpap = g ‘payiojdxaispun
Apuaung = ND) puall {(8]geIduUINA Jsow = / ‘9|gelaulnA
ises| = () 2400s AjjiqessuInA ((3NdO) Hoye-jun-1ad-yoyed

‘poyjsw pue (o = usalb

‘panojdxaiano = abuelo ‘pasde||od = pal) Snjels JUBWISSASSY

(N = ON ‘A = S8A) uonnquisip a|qejsaniey

(enbiquezop = ZONW
‘[e)eN-NINZemy| = NZM)
‘ade) uieiseq = O3
‘adeD ulsisapn = DM
ade) ulsyuoN = ON
‘elqiueN = WYN)
uolbay :uonnquisig

aweu uowwo)

aweu sa10adg

10J08S 80UL)SISqNS / 8|BOS-{|ews 8y} 0} 8|qe|ieAe Ajjenusjod seioads jue|d suliew pue paamess g pue 8)eIqalaAUl i JO 8100S AJljIgessulnA pue
‘(e|qe|ieAe alem ejep aisym sal0ads 10j) pualy JNdD ‘(pessesse alem jey) seloads J0y) poyjeW JUSUSSaSSE ‘snjels Xo0ls ‘(ealy Joysegq jey) ul Juasaid "a'1) uolnqgulsip a|geiseAley ‘uonnguisiq :qze alqel




3NdD AeAins ysyauy [euoeN

S|ENSIA ‘SBjRWIISD Ssewolg

3NdD AeAins ysysuy| [euoneN

SISuaUIs ‘0
10} INdD Aeans ysyaul| jeuoneN

<
DO |Oo(X| 0o

3NdD AeAins ysyauy [euoneN

[t}
[a)]

INdO eseqejep Jeysho 3440

(o]
o
2

3NdO Aenins ysysui| [euoneN

3NdD AeAins ysyauy [euoeN

(9661 uosuagoy) INdO

S[ENSIA ‘SBjRWIISE Ssewolg

S|ENSIA ‘SBjeWIIse ssewolg

NZMX -
KaAINS 8)BIqaLIBAUI [BUOIEI0DY

3NdO Aenuns ysiaull [euoneN

3NdO Aenins ysysui| [euoneN

S|ENSIA ‘SBjRWIISD Ssewolg

3NdD AeAins ysysuy| [euoneN

3NdD AeAins ysyauy [euoeN

O IW[([OIL L | WL| W |Wv|W|©|©| ©

3NdD AeAins ysysuy [euonen

ool X|aojn|D|D|D|0|jaof 0

3NdO
aseqejep mesj umesd 3440

[ce)

3NdD AeAins ysyauy| [euoeN

©
[a)]

3INdO Aemns ysysuy [euoneN

o)

AISysly
aym Asojesoldxa Jo yoyeohg

3NdO Aenuns ysiaul| [euoneN

3NdD AeAins ysysul| [euoneN

3INdD Aemns ysyau| [euoneN

3ANdO
aseqgejep |meJy umeld 344Q

© || w|lw|w
o|lo|ojn|aol>D| A0

3NdD AeAins ysyauy [euoeN

o}

g S 3NdO Asmins ysyaul| [euoneN

9100Ss
Ayigessuinp

puan
aNdO

poylew
JusWISSassy

uaalb
-abueio

snjejs
30013

N A A A A ZOW ‘NZ) ‘03 'OM sumeud pny eueoliye eigabodn
N N N A A oM 20N)9| BOS ‘dds ea|n
N N A A N 03 ‘OM [EXUER 7 snojew.es oqinj
N N A A A 03 ‘OM lIdYs uequn} yjoows SuepIo sleplo oqing
N N N A A 03 ‘OM esjpues sisuaded epsayolore]
A A A N N ZOW ‘NZM ‘03 ‘OM 191840 o001 ade) eooejuebiew eassoL)S
A N N N N ZOW ‘NZY 03 jeq |1ousd snoLpulifo usjos
N A A N N 03 ‘OM jieq |1ousd sisuades usjog
A A A N N ZOW ‘NZX ‘03 qeJo eusAuyj/enolbuew/pniy eje.liss ejjfos
N A A A A NZY ‘O3 ‘OM spomsse|b ‘asydwes ‘dds ejui0902./e8
N A A A A NZM ‘03 ‘OM spomsse|6 ‘aaydwes "dds ejuiooles
A A A N N ZOW ‘NZX ‘03 18180 Y001 |ejeN 2]2/N22N2 B8.I}S020ES
A A A A A NZX ‘03 ‘“OM leq pay ©J8jIUu0jO}S BInfd
N N A A A NZX ‘03 ‘OM wliom [assnjy ejebalien sieieuopnasd
N N N A A OM eJAydiod ‘dds erdoif4/eifydiod
N A A N N ZOW ‘NZX ‘03 wJom uoqqu/wiomade] 1Aep snyouAyiolyoeighjod
N N N A A 03 ‘OM qeJo ool paljeden sniqeyo eisnbejd
A A A A N ZOW ‘NZM ‘03 |essnw umoug euwiad eulad
A A N N N ZOW ‘Nz ‘03 umesd BuiwIms auymn Snaipul snesusd
A A N N N ZOW ‘NZX ‘03 1818qO] %001 }se0) jseq snJewoy snijjnued
N N A A A 03 'OM | lIeysdoy paddil-uid / apjuimiiad sisuaus oj9jsAxO
N N N A A 23 ‘OM ‘ON ‘WVN geJo Buiwwims payods-aaiy | snjejnoewl sadiiearQ
A N N N N ZOW ‘Nz) ‘03 sqeJo jsoyo "dds spodfo0
A A A A A ZOW ‘NZX ‘03 ‘OM sndojQ suebina sndojo
N N A A A O3 ‘“OM ‘ON [essnwi xoe|g snjpAwoioyd ‘sniphn
A A N N N NZM ‘03 umeud Buiwwims umolg soJaoouow snaeuadejsopy
N A A A A ZOW ‘NZY ‘D03 ‘'OM WJIOM JOPUOAN eauinbues esAydieyy
N A A A N 03 ‘OM pinbs exyoyd lipneufe. obljo]
3 a o} <] A4
eale | eale | eale | eale | eale uolbay
joysed | Joyseq |19y)sed|}eysed| joyseg

‘auloap a|gels

as ‘e|qels = S ‘euljoep = g ‘payojdxasspun

Apuaino = ND) pualy ‘(8|gelauinA jsow = / ‘a|gelaujna

1ses)| = 0) 84008 AyjiqessuinA (INdD) Hoye-jun-sad-yored
‘poyiaw pue (3o = usalb

‘pajiojdxaiano = abuelo ‘pasde||0d = pal) sn)e}s JUSWISSASSY

(N = ON ‘A = SOA) UONNQUISIP S|qeISOAIEH

(enbiqwezop = ZOW
‘[eyeN-ninzemy = NZM
‘ade) useiseq = 03
‘ade) uwigysop = DM
ade) ulaypoN = ON
‘elqiWeN = NVYN)
uoibay :uonnquisiq

aweu uowwo)

aweu salpadg




IS AJuo aui| pue 3ooy Ypm a1oys ysyaur] aloys ysyaui QaUON QaUON 0S 19|INW paduys suapidsnaLy uojpyD
S Jau)seo/aul| pue Yooy UM 810ys ysyaul] | Jaulses/aioys ysyaur SUON SUON 0S JopieH HuoSpJeYdL UojayD
S Buijbue jeog jeoq ysyaur QauUON QUON ol pJeuing sisuaded sAypyoIuoplaYD
S Ajuo aui| pue ooy yum buibue jeog Jeoq ysyaur SUON 71 wo 0g S Jajues/JeIp|oS Jejnu snuswioyD
d sajoads pajqiyold aloys/yeoq ysyaur VIN BUON 0 sleys oYM selleyo.Jed uoposeyoien
4 Ajuo aul| pue 300y Ypm a10ys ysyaur] aJoys/1eoq ysyaur BuoN SuoN L sjleys yjoo}-pabbel papods sninej snueyoie)d
o) AJuo Ul puE 300y UM 10ys/jeod ysiyaul] aloys/yeoq ysyaur QUON SUON L seys Aysng SNIN9SQO snujyieyaied
4 Ajuo aul| pue 300y YIm a1oys/eoq ysiaul aJoys/1eoq ysyaur SUON SUON L sueys dipyoelg snjequuyj snujyseyaie)
d AJUo U] puUE 300y Y)IM 810YSs/}eoq yslyaul aloys/yeoq ysyaur SUON BUON L sleys 1zaquiez seoNa| snulyieyoe)
S AJuo aul| pue 300y Y)IM 810ys/1eoq ysiyaul aloys/1eoq ysyaur SUON SUON L sueys Jaddoosisjeym szuoig sninAyoe.iq snuiyieyoie)d
4 AJUo BuI| puE 300y YlM 810YS Ysaur] 2J0ys ysyaur BuUON QUON e ysubuny akebig Snjeroseyxes xuelreD
4 AJUO BuUI| puE Y00y YlIM 810YS ysiaul] aI0ys ysyaui BUON BUON o] ysybuny Asseig sisusnded xueie)
4 AJUo Ul puE 300y Y)M 810YS Yyslaur aloys ysyaur SUON N S ysybuny yuern siiqoubr xueied
S Aeg eus|aH 1S ul Ajuo jaujib/aulas yoeaq 1y Joyseq 810ys/}eoq ysyaui BUON QUON 1 ydasor s sisuaded snyaujyiojed
S Ajuo aui| pue ooy yum Buibue yeog 1eoq ysyaur SN N ol 60030016 |a18Y/WEpPEBWSUERI4 ejeuloul eaplosdoog
S Ajuo aui| pue ooy yym BuiBue yeoq yeoq ysyaur BUON L wo 09 2z NEDEET) suapinbae uolsooey
IS Aluo auy| pue ooy yym Buibue yeog Jeoq ysuaul QUON 7L WO G¢ ol ysipaa|is/iejuadie) euozo.ifbie euozoifbiy
S AJUO Ul puUE 300y Y)IM 8I0YS Yysiaul] aloys ysyaur BUON L wo of L qoy| |leyesenbg 1edioy} snwosofbiy
4 Ajuo aul| pue 300y Yjm aI0ys ystaul aloys ysyaur N 9L wo 09 L qoy Aysng snojuodef snwosofbiy
IS Ajuo aul| pue ooy yym BuiBue yeoq Jeoq ysyaur QUON 7L wo 0§ L qoy| JaAIIS snJopoul snwosoifbiy
S Aluo auy| pue ooy yym Buibue yeog Je0q ysuaul QUON EIeIN| ol wealiqlaip|os Bury Jayiuids sdoifbiy
IS Ajuo aul| pue ooy yym BuiBue yeoq Jeoq ysyaur QuUON QUON ol yshqgol usain suaasaliA uoudy
4 AJuo Ul puUE 300y Y)IM 3I0YS ysiaul aloys ysyaur N N ol ysyauog sidsjobijo ejnqy
4 AJUO U] puUE 300y Y}IM BI0YS Yyshaul aloys ysyaur QUON LW GZ S wealq Janry snbBea sniBedoyjuedy
S Aluo auy| pue Yooy yum Buijbue jeog Je0q ysuaur EIeIN| QuoN ol ooyep Lpuejos wniqAooyjuedy
- ] s
FETES suone|ngal Jean Adaysy Adewd MMMMW W[ 3ZIS WNWIUIA wi| Seg

(plos oq ueo = g ‘papue| aq jou

Aew jey) sapads pajiqiyold = 4 ‘ow sy} Je 19ySeq adudlsIsSqns / 9|eds-||ewsS 8y} 10} papUsWILWLIOdal Jou = N ‘AJIndas pooy Joy Ajuo = 4
‘podxa J0oj Ajuo ‘|erosawiwod = 9) i8les ,suonenbal seab pue ‘Alaysy Arewnd ‘(sywi uoseas pue eale ‘azis ‘6eq) yoeoidde Juswabeuepy

sweu uowwo)

Qweu sa103dg

10}08S 80UBISISQNS / 9|BOS-||BWS

ay) 0} a|qe|ieAe Ajjenusiod saloads sl g¢| o4 suoneyiwi| ajes pue ‘suopenBbal seab ‘Jojoss Aisysy Arewind ‘(suoseas pasopo ‘[yibuaT [elo] = 1] sHwi| 8zis pue Beq) sjol3uoo Indino pue Jndu| :egz ajqeL



S Ajuo aul| pue jooy yum Buijbue yeog jeoq ysyaur SuUON auoN ol |9gieq/ysijeoess yoe|g Joje sAypyoleren
S Ajuo auij pue yooy yym buibue jeog 1e0q ysyaur QUON BUON ol Bun} syl uislse] siulye snuuAying
d ssjoads pajqiyoid aloys/reoq ysyauri VIN V/N 0 sseq ojejod einynj snjaydsuidy
S Ajuo auj| pue yooy yum buibue jeog 1eoq ysyaur SuoN SuoN o] POO3400J UoowWyeH snjeinau snjaydsuidg
S AJUO BUl| PUE 300y Y)iMm 810Us Yysiaul aIoys ysyaui SUON 71 wo 09 1 POOX00. A||2gMO|[BA snjeuibrew snjaydsuidg
S Ajuo aui| pue yooy yum buibue jeog Jeoq ysyaur QuoN SuoN S pooyo0. Jeqee snoueqejew snjaydsuidy
d sal0ads payqIyold aloys/jeoq ysiyaui V/N V/N 0 sseqs|pulg snjejoeoue| snjpydauidy
S Ajuo aul| pue Yooy yym aIoys ysiaur aloys yshaur SUON 71 wo 0§ S po23}00. 22ejje) 1uos.iapue snjaydsuidg
S Ajuo aul| pue jooy yym Buijbue jeog Jeoq ysyaur BUON 71 wo o S poo¥o0. pabpa-ajiyi snjeuibrewoqye snjaydsuidg
4 AJUo BUl| pUE 300y Y)iMm 810ys ysiaul aI0ys ysiaur SuUON BuoN S pioBu %mhw_w“m_wmu:mm.ﬂ ejeuyoew sdojg
4 Ajuo aul| pue 300y yym aioys ysiyaui aIoys ysyaui SuoN 71 wo 0g S eigaz snjojuapoy snpoydig
4 AJUO BUl| PUE 300y Y)iM 810Us ysaul aJoys ysyaul BUON 1 wo 0z S [lepoelg sisuaded snpoydig
S Ajuo aui| pue yooy yyum buibue jeog 1e0q ysyaui QUON BUON ol sseq ane) 1s48389d eossdoulq
4 AJUo BUl| PUE 300y Y)IM 810Us ysiaul] aIoys yshaul BUON BUON S uaoljeb papueg snjeroseiinuw snisIyoIq
4 AJuo aul| pue ooy Y)im aioys ysiaul aI0ys ysyaul |MMH_mF wo Gg z uaoljen sisuadeo snisiyoIq
4 Ajuo aul| pue 300y yym a10ys ysyaui aloys ysuaur QUON BUON l AeibBuns anig ejouosAiyo snehseq
4 AJUO BUl| PUE 300y Y)IM 810Us ysiaul] aJoys ysyaui BUON 1 wo 0§ 1 doysusod sninseu sdaoojewif
S Ajuo aui| pue yooy yum buibue jeog 1e0q ysyaui QUON QUON ol opeJop/ysiuiydioq snunddjy euseydAio)
S Ajuo aui| pue yooy yym buibue jeog Jeoq ysyaur QUON L wo Gz o] 19bulS sneaojund snydsjqosAiy)
S Ajuo aul| pue jooy yum Buijbue jeog Jeoq ysyaur SUON SuUON oL uewyslbu3 asje4 snydoj snydajqosAiyo
S Ajuo aul| pue yooy yum Buijbue jeog 1eoq ysyaur SUON 71 wo 0g z uewoy pay sdaonel snydsjqosAiyd
S Ajuo au| pue yooy yym Buljbue jeog Jeoq ysyaur SUON 71 wo 0g L asoudwnis pay $d901qqI6 snydsjqosAiyD
S Ajuo aui| pue yooy yym buibue jeog 1e0q ysyaur QUON 7L wo oy z uewysibug snojjbue snydsjqosAiyD
S Ajuo aui| pue yooy yum Buljbue yeog Jeoq ysyaur SUON SuoN ol uiabuy [eyeN wnious|esjssaf snifjoeposiyd
édles suone|ndau Jean Asaysy Asewud _MMMM.H HWI| 3ZIS WNWIUNA Hwi| Seg

(pjos aq ueo = g ‘papue| aq jou
KRew jel) seads payqiyosd = 4 ‘owi Sy} 1e JoySeq a0Ua)sISqns / 9|edS-||eWS 8U) 10} PapUSWIWOIaL Jou = N ‘AJINoas pooy Joj Ajuo = 4
‘Hodxalo} Ajuo ‘|elolawwod = 9) /8|es ,'suonejnbal seab pue ‘Aiaysy Arewnd, (sywi uoseas pue eale ‘azis ‘Beq) yoeoidde juswabeuely

aweu uowwo)

aweu saadg




IS AJuo aul| pue ooy YIm a1oys ysiaul aJoys ysyaul BuUON BuoN ol uodie} ahexQ saplouldAo sdojebapy
4 Ajuo aui| pue ooy yum bBuibue jeog Je0q ysyaui QuoN SUON S ulew an|g sueolbiu eliexepy
S Ajuo aui| pue yooy yum buibue jeog aI0ys/jeoq ysyaui QUON QUON ol Jaddeus pal Josadw] oaeqos snuefing
S Ajuo aui| pue yooy yum buibue jeog 1e0Q ysyaur QUON QUON ol Jaddeus poo|g snauinbues snuefing
IS AJuo aul| pue ooy YIm 8I0ys ysiaul] aJoys ysyaui BuUON QuoN ol Jaddeus papioadg snjeinAl snuefing
4 Ajuo aul| pue xooy yym Buijbue yeog Jeoq ysyaur SuoN 1 wo O z Jaddeus anoibuepy snjenoewuebie snuefing
IS AJuo aul| puE ooy YIMm 8I0ys ysiyaul] aJoys ysyaui BUON SuUON ol Selquas)s pues snufuuow snyjeuboyy]
4 AJuo aul| pue ooy Ylm a1oys ysiaur aloys ysyaui BuoN 71 wo 09 1 Selquaa)s alIYM snyjeubouyjy| snyjeuboyi]
4 AJuo aul| pue ooy Y)m aioys ysiaur aJoys yshyaui BuoN >m_um._._. wo 69 ol SBIqUaa)S }SB0D SO jjaine snyyeuboyjry
Jano z Ajuo ‘71 wo ot
4 AJuo aul| pue ooy Ym aioys ysiaur aJoys yshaui auoN 1 wo 0/ z souleb/siniea] ejwe ejyor]
S Ajuo auj| pue yooy yum Buijbue jeog 810ys/jeoq ysyaui SuUoN SuUON ol Josadws anig s$Nso|ngau snuLIY}a7
IS Ajuo aul| pue yooy yum Buijbue yeog Je0q ysyaul BuUON auUoON ol eun) yoelds siwejad snuomnsiey|
4 Ajuo aui| pue yooy yum buibue jeog 1B0Q ysyaui BUON QUON [ ulew padig xepne enjifey|
IS Ajuo aul| pue yooy yym Buijbue yeog Je0q ysyaui BuoN QaUON ol qoy |lews sijesJop snjuyopr
d Ajuo aui| pue yooy yum buibue jeog 1B0Q ysyaur BUON QUON [ ysujies snus)dAyeid snioydoisy
d AJuo Bul| pue Yooy Y)Im 810ys/}eoq ysyaul aloys/ieoq ysyaui BuoN SUON L KeiBuys quiooAsuoH yeulen einjuewH
d AJuo aul| pue 300y yjm a10ys/}eoq ysiaui 810ys/1eoq ysyaui BUON QUON 1 AeibBuns asoudieys IpJseisb einjuewiH
d AJuo aul| pue ooy yymaloys/;eod ysyaul aloyspeoq ysyaui] | duoN QUON L Kels puowelp/Ajenng sisusjejeu einuwifo
d Ajuo aulj pue 300y yym a1oys ysiaui aloys ysuyaul QUON QUON [+ umolg uyor SuapinIng snydejosoouwife)
S AJuo Bul| pue 300y Y)IM 810ys/}eoq ysyaul aioysfjeoq ysyaur | suoN SUON L seys uydnos snajeb snujyiosjes
d Ajuo aul| pue 3ooy Y)im a10ys/jeoq ysyaul aloys/jeoq ysyaur] | suoN QUON L sleys Jabi 18IAND 0pJe20s|es)
18U(116 %9 BUIBS-YoEa( }SE0D
S Y58 “AIUIO SUI| PUB JOOY UM SJOUSABOY YSUBUIT aloysfyeoq ysyaur | SuoN SUON ol ysijeoeas ajypn sdaaljey sAyoiefes
é9les suone|ngau Jean Asaysy Asewnud Mwwwﬂm HWI| 9ZIS WNWIUNA Hwi| Seg

(pjos @q ued = g ‘papue| aq jou
Aew jey) saads pajqiyold = 4 ‘owi sy} Je 19ySseq a0ua)sISqns / 9|eds-||BwsS 8y} 10} POpUSWIWOIAI Jou = N ‘AJINdas pooy Joy Ajuo = o
‘podxa Joy Ajuo ‘[erolawwod = 9) ¢,9|es . suonenbai seab pue ‘Aiaysi Asewud, (syuwi uoseas pue eale ‘azis ‘beq) yoeoidde yuswabeuepy

sweu uowwo)

aweu saadsg




AON L€

S AJuo aul| pue ooy Ym aioys ysiaur aIoys ysiaur 90 1 71 wo 0g ¥ 13 XLjejjes snwojewod
S AJuo aul| pue ooy Ym aioys ysiaur aI0ys yshaur SUON qLWO G, ol ABBId snaoenljo sAsepewod
S Ajuo aui| pue yooy yum buibue jeog 1e0q ysyaur QUON BUON ol Jayunib uleaer ueyeey sAsepewod
S AJUo aul| pue ooy Y)Mm 810ys ysiaul aIoys yshaur BUON auoN ol J8junub papueg snjea.nj sAsepewod
4 Ajuo aul| pue 300y yym aioys ysyaui aloys ysuaur QUON 7L wo of ] Jayunib papods HUU0SJIBWIWOI SAsepewiod
d sa|0ads pajiqIyold aloys/jeoq ysiyaur V/N V/N 0 Inoj-Alusnes snsojnpun snuebajsAjod
S Ajuo aul| pue ooy yym Buljbue jeog Jeoq ysyaur BUON BuoN ol JaIp|os |mesyupisan|g | snjejoundosinieod snuebejsAjod
S AJuo aul| puE ooy YIm 810ys ysiaul] aIoys ysiaur SUON BuUoN ol diraqanJ pasegayyin urejferd snyouiyioos|d
S Ajuo aui| pue 300y yym aioys ysyaui aJoys ysyaul QUON QUON oL ysi uowa Snje[noewoAe|j Snyaujyio3o9|d
S Ajuo aul| pue ooy yym Buijbue jeog Jeoq ysyaur SUON BuoN ol dipagani Asng 19Qnyd sNYauIYI0}o8|d
S AJuo aul| pue ooy Yyim aioys ysiaur aI0ys ysiaur SUON BuoN oL peayje}s pajleneg snojpul snjeydaofield
d sa|0ads pajqiyoid aJioys/jeoq ysyaur V/N V/N 0 Selquas)s pay supsadna snijad
IS Ajuo aul| pue yooy yym Buljbue yeog Jeoq ysyaul SUON auoN ol wealq eajold/al|isny |IEIMO||BA einyjuex ojseeoeied
S Ajuo auj| pue ooy yum Buijbue jeog aI0ys/jeoq ysyaur QuoN wo gz oL JOJUSOH 11yo0|q uodojawifyoedq
IS Ajuo aul| pue ooy yym Buijbue yeog Jeoq ysyaul SUON auoN S J03UayjoH an|g wnause uodojawAyoed
4 Ajuo aui| pue yooy yum buibue jeog 1e0q ysyaui QUON BUON ol qoy Jaddeug Jaqnu sayjijoj0
4 AJuo aul| pue ooy Yim aioys ysiaur aloys ysyaur SUON BuoN S mefajiuy |ejeN juosujqo. snyjeubajdo
4 AJuo aul| pue 300y yjm aioys ysyaui aloys ysuaur QUON BUON S mefdyuy aden 1Aemuoa snyjeubsjdo
4 AJuo aul| pue ooy Ym aioys/eoq ysiau aloys/jeoq ysiyaur BUON BuUoON L s}eys moo snuejpaded snysuAiojoN
4 AJuo aul| pue ooy yim a1oys ysiaui aIoys ysyaur] SUoN SuoN S weaiqauols snjiydoyyy s1dioasosN
4 AJuo aul| pue ooy Yim aioys/eoq ysiaui] aloys/jeoq ysiyaur] BUON BUON L Keis|beg ejinbe sipeqoln
S AJuo aul| pue 3ooy yim a1oys/eoq ysiaui aJoys/eoq ysyaur] SUON SUON L sleyspunoy yjoows snjajsnw snjaisnyy
IS 1au)seD/ aul| pue Yooy YlIM 8I0ys UsiaulT |1oulseo/aioys ysyaul BaUON SUON 0S 19|Inw JaBunds/peayie|4 snjeydao [1Bnyy
S Ajuo aui pue yooy yum bBuibue jeog 1e0q ysyauil QUON QUON o] ayey Jajem mojleys sisuadea snjoonjspy
é9les suone|ngas uean Asaysy Asewud MMM.MH HWI| 3ZIS WNWIUNA Hwi| Seg

(plos aq ueo = g ‘papue| ag jou
Aew jeyy sapads payqiyosd = 4 ‘awi Sy} Je }9ySeq aduajlsisqns / 9|eds-||BWS aU) 10} PAPUSBWIWOIAI Jou = N ‘A}INdas pooy Joy Ajuo = 4
‘podxa 4oy Ajuo ‘|erosawiwod = J) ¢,9|es ,‘suonenbai seab pue ‘Aiaysi Arewnud, ‘(sywi| uoseas pue eale ‘azis ‘beq) yoeoidde juswabeue|y

aweu uowwo)

aweu saadg




S Ajuo auij pue yooy yym buibue jeog 1B0Q ysyaur QUON BUON ol JlewojieA uybuo] BUBIJOALI BOLIBS
S aules yoeaq ‘Ajuo aui| pue yooy yum Buibue jeog jeoq ysyaur SUON BuoN ol |1eIMO|IBA Ipueje| ejoLes
S Ajuo auij pue yooy yyum buibue jeog 1e0q ysyaur QUON BUON ol lewoyaA jeaidol jjuawinp ejouss
S Ajuo aul| pue yooy yym Buijbue jeog Jeoq ysyaur BUON BuUON ol Janadooep sisuaded sajseqas
S Ajuo aui| pue yooy yyum buibue jeog 1e0q ysyaur QUON BUON ol |[918)0BW USAND snjesuyjunid sniowossquioos
4 Ajuo aul| pue yooy yym Buijbue jeog Jeoq ysyaur BUON BuUON ol [2Jox0eW Bury UOSJBWILIOI SNIOWO0IEqUIOIS
S Ajuo aui| pue 300y yym a1oys ysyaui aloys ysuaul QUON QUON oL ysyueanp | SnuejuuosIsuIuod Saploiaquiods
S Ajuo aul| pue yooy yym Buijbue jeog Jeoq ysyaur SUON BUON 0S EIENELEIN snojuodef 1oquiods
S Ajuo aui| pue 300y yym a1oys ysyaui aloys ysuaui QUON JLwWo Gl oL aldass edjes edies
S S}EOJ MOJ/PaSLIOJoW |[BWS ‘BUlas yoeaqd aules yoeaq 0S pJeyojid/aulples xebes sdouipies
S aules yoeaq ‘Ajuo aui| pue Yooy yum Buijbue jeogq aloys/jeoq ysiaur QUON SUON oL |93 uo}ey/0HU0q OUBRY epJes epJes
S aules yoeaq ‘Ajuo aul| pue Yooy yum Buijbue jeogq aioys/jeoq ysyaur SUON SUON ol |93uojey/onuoq paduls sijejuslio epies
d sal0ads pajiqiyold aloys/jeoq ysiaur auUON SUON L ysiueynbyyleyspues juel sisuappllp snjeqoyoufyy
S AJuo aul| pue ooy Yim a10ys/eoq ysyaul 1eoq ysyaur SUON SUON L seysy|IA snjnoe uopououdoziyy
S AJuo aul| pue ooy Y)m a1oys/jeoq ysyaul aloys/jeoq ysiyaur UON SUON L seyspues/ysipelnb Jassa shjejnuue sojeqoulyy
4 AJuo aul| pue Yooy yim a10ys ysiaur aI0ys ysyaur SUON 7L wo GZ S asoudwnss [ejeN eques snbiesopgeyy
4 AJuo aul| pue ooy YIm a1oys ysiaul aloys ysiaur QUON 71 wo 0Z S asoudwnys ade) iqgnjoy snbiesopqeyy]
S AJuo auj| pue 3ooy yum aloys/}eoq ysyaui a10ys/jeoq ysyaui QuoN 7L WO Gg 0l asoudwnis Sy sdaoiqolb snbiesopqeyy
IS Ajuo aul| pue ooy yym Buijbue yeog Jeoq ysyaul SUON SUON oL elqoo/uos |ebipoid wnpeued uojuadfyoey
S Ajuo aui| pue ooy yum bBuibue jeog Jeoq ysyaul QuoN QuoN 0l ebueyq snuejue| snuwAboiald
IS Ajuo auy| pue ooy yym Buijbue jeog 1eoq ysyaul QUON SUON ol ysiqol Asoy snsojuawejy saplowodysiid
S Ajuo aui| pue ooy yum buibue yeog 1eoq ysyaur QUON QUON 1 3Jeys anig eone|b aoeuoLd
4 AJuo aul| pue Yooy YIMm 810ys/eoq ysyaul aloys/yeoq ysyaur] | 8uoN SUON L sleysyeo pJedos wnusyjued euwisapoiod
4 AJuo aul| pue ooy Ym 810ys/1eoq ysyaul aloys/jeoq ysyaur] | suoN QUON L seysyeo paduispieys ewelhd wnueslye eulispoiod
IS Ajuo aul| pue ooy yum Buijbue jeog jeoq ysyaur] | suoN SUON ol aueq BjejUBP BULIOJSO2I0
édles suonelngau Jesn Asaysy Atewnud Mwwww HWI1| 9IS WNWIUIA Hwi| Seg

(plos aq ued = g ‘papue| aq Jou

Kew jeyy saroads paygiyold = 4 ‘awi) sy} Je 19¥Seq aoualsIsgns / 9|edS-||ewsS 8y} JO} papuawwodal Jou = N ‘AJinoas pooy 4oy Ajuo = 4
‘Hodxa Joj Ajuo ‘|erosawwod = D) ,9|es ,'suone|nbal seab pue ‘Aisysy Aewnd, ‘(sywi uoseas pue eale ‘azis ‘Beq) yoeosdde Juswabeuel

sweu uowwo)

aweu saads




S Ajuo suj| pue xooy yim buyjbue yeog jeoq ysyaury [ SuoN S usypioms snipeyb seyaix
4 AJUo BUl| puE 300y Y)im 810ys ysiaul aJoys yshyaui SUON wo Ot S uewpieeg juosuiqoJ eunquin
4 AJuo aul| pue Yooy Yim a10ys ysyaui aloys/1eoq ysyaui QUON QUON L yieysA|nb papods snusjdojebaw spjeL |
S Jau||Ib faules yoeaq :bujbue yeog Jeoq ysyaui auou BUON 0S Jayueqgseep sisuaded sninyoes|
4 AJuo aul| pue Yooy yim a10ys ysiaul aloys ysuaui QUON QUON o] ouedwod jodsabie B[}0q snjouiyoe.|
4 AJUo Bul| pUE 300y Y)iMm 810Us ysiaul aJoys yshaul BUON SUON S ouedwod uiayinos snuesLye snjoujyoes|
S Ajuo auij pue yooy yum buijbue jeog 1e0q ysyaui QUON 7L wo 09 oL }ooug unje saysiAy |
S Ajuo auj| pue jooy yum bujbue jeog Jeoq ysyaur SuoN 6% gz ol eun) akabig snsaqo snuuny |
IS Ajuo aul| pue yooy yum Buljbue jeog Jeoq ysyaur UON (u1081 %9 WwWod) BY Z'¢ oL eun} UYMO||IBA saJeoeq(e snuuny|
IS Ajuo aul| pue yooy yum Buijbue jeog 1eoq ysyaur SUON SUON ol 2100Eq|Y ebunjefe snuuny|
IS Ajuo aul| pue yooy yum Buijbue yeog jeoq ysyaur auUON auoN oL alfjusslg wnjeuibiews ewosoljApuods
d sa10ads pajqiyold aJoys/jeoq ysiyaur SUON SUON L pesylswwey padojess uma| euifyds
IS Ajuo aul| pue yooy yum Buijbue yeog Jeoq ysyaur QUON BUON ol epnoeJleq a|pueyyold ojjef euseifyds
S Ajuo aui| pue yooy yyum buibue jeog 1eo0q ysyaur QUON BUON oL epnoelieg epnoe.lieq euselfyds
4 Ajuo aui| pue 300y yym a1oys ysyaui aloys ysiaul QUON 71 wo 09 Z Jayoeuojassnu sSHYAA sisusueqinp uoposeds
é9les suone|ngas uean Asaysy Atewnd MMMM.M HWI| 3ZIS WNWIUNA Hwi| Seg

(pjos aq ued = g ‘papue| aq jou
Aew jey) seoads pajiqiyold = 4 ‘ew sy} Je 19)seq 80ud)sISqns / 8]eds-|[ews ay} 10} papuUsWIWLIOdal Jou = N ‘AlInoas pooy Joy Ajuo = o
‘Hodxa Jo} Ajuo ‘|erolawwod = D) i,9|es ,'suone|nbal seab pue ‘Aisysy Atewnd, ‘(sHwi uoseas pue eale ‘azis ‘Beq) yoeoidde Juswabeuely

Qweu uowwo)

aweu saads




uoI1}09]|02
4 dey} Jenbuels Jo puey Ag o1EIGEeAUI [[BWS auoN auoN 0¢ 991| BOS/qEID 3|0\ e/fjoepe eddiH
co_.uow__oo
S o181q0MOAI [EWS QUON QUON 0S (imely Joyemdasp) umeld yuid sniypel) sepioJodijeH
co_.«om__oo
d sa10ads pajqiyold s1RIGaLIaAUI [[EWS SUON ww gg Sl QYIS eaojpeds soleH
S wajsAs Buiyyeaiq yesooy yum Buiaip paseg-jeoqg auojeqy mwoz,qvm MS WW 1| auoN usowsalad/auoleqy aepiw snoljeH
uey Aq Aju LOR08|00 auo auo deuleluoo wJiom joal adedH/wliom |eso sisuaded easeuun
E| puey Aq Aluo S1BIGaLISAUI [[EWS N N W 0SZ 10 01 4 o)} |el0D ! 9
uoI}09]|02 ]
4 puey Ag Aluo S1EIGOeAUI [[BWS auoN TN Gl gelJo 3201 |ejeN g usali9) dds snsdeio
o) $4520pIINg "Si1ojyond ‘puey paameas SuoN auoN |Ajuo jseo-yoeag elIB[IoBIo) eLe|oelo
Ag "sAeg eusjaH 1S ¥ eyuepjes ‘Ajuo 1seod-yoeag o o
o) puey Aqg Bumoid poameag auoN TN V/N sapiojsud wnipije sapiojsud wnipife)
uey Aq Bupjol S9MED auo auo -dds Jayjo wnipije osusdeo ‘wnjjoipusld
o} puey Aq buoid p S N N V/IN yy 1pI1eD ‘wnJomogqe wniples
uey Aqg Aju L0109]|09 auo auo Joutejloo (wJom juetsd) wiom 31qqo sioypo.yde ao1un
E| puey Aq Aluo sleIGaLIaAUl [[EWS N N W 0SZ 10 01 ¥ }qqog 10}ipoIY ung
uoI1}09]|09
4 deyy Jejnbuewy Jo puey Ag S1BIGOeAUI [[BWS auoN BUON 0¢ 99I1| BOS/QEID B|O|\ eueoLjeoljsne ejiswg
S (g ety Auo paameas SuoN SUON oVl ejuopiog digyy ewixew ejuopog
1eogq) "yoeaq Jo }09]|09 10 JISAIP Ag ‘}eoq Jo }sanieH ’ ’ ’
S |00} payoads e yum Jo puey Aq AluQ |[@ssnw a)jIypA auoN ww G¢g 0S |[@ssnw a)jypA ellss xeuoq
4 puey Ag Alup Qmﬁmtmﬂm__ﬂw_ﬁﬁm QUON QUON 9 uojyo el sebib xejdouig
uoI1399]|09 .
4 100} pauioads e yum Jo puey Ag AluQ S1R1GEUOAUI [[BWS auou BUON Gl 190A8pJad/siadwi dds einquifn
:o_.uom__oo .
S dwnd uonons Jo puey Ag AluQ S1eIGOHeAUI [[EWS auoN BuoN 0S umeud yuid/pues ISsne.ly esseueljjed
boum.co_axm
N Aiaysyy Aiojelojdxa dedy Jo Jou Bul paseg-jeog /EusLuLedxT QUON BUON QUON l1I8Ys ybnojdpdym euwiIssinaeg| eljing
4 aam Jo/pue dwnd uonons ‘puey Aq AluQ co_.uom__oo auoN BauoN S wJiom poojg 1UBAO| BjodIUBIY
: : a)elgapanul |lews ’ ’
dwnd uonons Jo puey Ag Aju L0R089]09 auo auo JoUlEoo WJOM 8UIYSuoo Jojoau ejjeqe.
E| i puey Aq Aluo S1BIGELISAUI [[EWS N N W 0SZ 10 0L Iy N /00L] ejjoqely
uoseas
éales suone|ndau Jean Asaysy Asewnud HWI| 9ZIS WNWIUIA 1wl Seg
paso|d
Sweu uowwo) aweu sapads
(plos ag ueo = g ‘papue| aq jou
Aew jeyy sa0ads pajiqiyosd = 4 ‘8w SIy} Je }oyseq aous)sisgns / 9|eds-||ewsS 8y} J0} PSPUSWIWOIBI Jou = N ‘A}INdas pooy Joj Ajuo = 4
‘Jodxa Joj Ajuo ‘|elolswwod = ) ¢9|es ,'suone|nbal seab pue ‘Aisysy Arewnd, (sywi uosess pue eale ‘azis ‘6eq) yoeoidde juswabeuey

J10}08s 80Ud)SISqNS / 9]eds-|[ews 8y} 0} 8|qe|ieAe Ajleijuajod saioads jue|d sulew
pue paamess g pue ajelqauaAUl {7 JO} SUOIe)iWI| 8|es pue ‘suofejnbal Jeab ‘Jojoes Asaysy Arewnd ‘(suoseas paso|d ‘[UIPIM IIBUS = MS] sHwi| 8zis pue Beq) sjos3uo jndino pue jnduj :qgg alqel




4 100} pauoads e yum Jo puey Ag AluQ voosljoo BUON QUON [o74 19]SA0 3001 [eJEN ©]8]N29N2 B8I}S0IIES
- : 9)jelgapaAUl |[ewS
4 1001 UO UBLUS) 0} 153} AIUO Usal U08]100 auoN QUON | |IBUS o/m By g Heq pay ©48J1u0j0}S BINfd
10 |eAroway '|00} payoads e yum Jo puey Aq Alup ajelgapanul [lews : ;
4 puey Aq Alup LORS]I00 BuoN SUON | |w QGZJo 0L WwJOM [8SSN|A| ejeboaLieA s|aiouopnesd
ajelgapaAUl |[ewS : ’
o} (ysoniey payjwi g eaiy) puey Ag Bunyoid paameas BUON QUON JVL eiAydiod -dds eidoif4/eifydioqd
4 dwnd uonons Jo puey Ag AluQ LORS]100 BuoN SuUON Jouteloo wJom uoqqujwiomade| 1Aep snyosuAyioiyoeiqhjod
’ sjelgaueAul [lews W 0GZ 10 0L ) ) )
4 puey Aq Alup uotosIjod BUON QUON Gl qeud ool pasaden sniqeya eisnbejd
a)jelgapaAUl |[lews ’
4 |00} pauoads e yum Jo puey Aq AluQ U008]100 QUON TN 0¢ |Jessnw umoug eusad euiad
& ; ajelqapanul [lews
S Wo0GX0G UBU} 8Iow Bupnsesw LORS]100 SUON SuUoN 0S umeld Buiwwims alypn snajpuj sneausd
Jou }8u-doo9s pjay-puey Jo puey Ag AluQ a)eJigaloAUl |leWS T : A
Ja)owelp uo1309)|09 ge4
S Ul WO Qg UeY} aJow Jou }au Jenalio Jo puey Agq AluQ 9)elgauaAUl [|[ewS | pua-AoN | wu g9 8 181SG0I %00115€07 1583 snieuioy sninued
4 puey Ag Alup LORoS]100 SUON auoN 0S J1Ioysdoy paddi-yuid/apjuimiad sIsuauis aJ8)sAxQ
ajelqapaAul [lews R o : ’
yojeoAq Aiojelojdxa
N - fiaysyy Aiojesojdxa dey Jo Jou Buu paseg-jeog /leyuswiiadx3 ge.o Buwuims payods-a1y L smejnoewLy sadijeno
uo109||09 ]
4 puey Ag Alup SIEIGENBAUI [[BWS QUON QUON Gl sgeJo }soys dds spodAop
4 yeb ‘aul| Jo/pue pou ‘puey Aq AlUQ uotosijod QUON QUON z sndojQ suebina sndojoQo
: 9)elqalaAul [[ews :
4 100} pauoads e yyum Jo puey Ag AluQ U0109]109 QUON QUON 0¢ |assnw yoe|g sniAwoioyd ‘sniAw
& : a)elgapaAul |lews ’ ’
S WoGX0G UBU} 8Jow Bupnseaw L0Ro3]100 SuoN auoN 0S umeld Bulwwims umoig sosaoouow snaeusadejapy
jou }8u-doods pjay-puey Jo puey Ag AluQ | SjeigapaAul lews
4 dwnd uonons 1o puey Ag AluQ LoosIjod QUON QUON 1oulguoo WJIOM JOPUOAA eauinbues esAydiepyy
: a)eIqauaAUl [[BWS Iw 0GZ 40 01 i
S Bif prey-puey Aq Aluo pinbg >MM Mm SUON 0z pinbs exyoyo lipneuAes obljo]
S aul| Jo/pue pos Ag AluQ yojeoAg QUON QUON 0z pinbs ueipu lj@onensp o0bijo7
S YOS 40 196/|00 4O __AM_>HUP_>M \MMMLMMQMMMM_“ paameas QUON QUON IVL eueujwe] digy epijjed eueujwe]
S OV1 Bunsixa uiylipn "siau dooy pue sjeoq |[ews 18)Sq0| 420y unr oe Wbus7 OVl J18}SqO| %201 }SE0D }SOMA lipuele| snsep
o i —AON G| aoedese) wwg/ ¢
édles suone|ngas Jean Asaysy Atewud uoSseas paso|) | 9ZIS WNWIUIA Hwi| Seg

(pjos eq ued = g ‘papue| aq Jou

Kew jey) seioads payqiyoid = 4 ‘oW SIY} Je }9X3Seq 80US}SISNS / 9BdS-|[BWS 8y} 10} PapUBWIWODal Jou = N ‘AJnoas pooy oy Ajuo = 4

‘podxa 4oy Ajuo ‘erolewwod = D) ¢8|es ,'suonejnbal seab pue ‘Aiaysy Arewnd, (s

1| uoseas pue eale ‘azis ‘Beq) yoeoidde Juswabeuey

aweu uowwo)

aweu saads




uo1308||00

S uf} papaaul Jo dund uonons ‘puey Aq AluQ 61e1GONEAUI [[EWS QUON QUON 0S sumeld pnpy eueolye eigabodn

o) (ysoney pajwi g eaiy) puey Ag Bunoid paameas QUON QUON oVL aon)o| eag -dds eain
uey Aq Alu L0§09]09 auo ww g’ aynay snoneules oqin

E| puey Aq Aluo S1BIGOPAAUI [[EWS N g'e9 S N8Iy 1} qing
uey Aq Aju LOR09]0 auo auo ays ueq.n) yjoow SLBpIo SlLepid oqin

E| puey Aq Aluo S1BIGaLIaAUI [[EWS N N 0S 1’y q4ny Yy S 11eplo slieplo oqinj
uey Aq Aju 1013991100 auo auo auo eajpue sisuaded ensaya.iole

S puey Aq Aluo sleIgaLIaAUl [[EWS N N N lipues ! sayaiole]
00} panoads e yum Jo puey Ag Aju 10181100 auo, auo 19)sA0 yoo0u ade eoopjLebiew eajsoL

S 100} pay! Y puey Aq Aluo S1BIGOPBAUI [[EWS N N [*14 1SAO X o) i 1SOLS
aaim Jo/pue dwnd uonons ‘puey Ag Aju LoRosII0o auo| auo 1eq [10Ud, SnaLpullAo us|o

E| ! /P 1} puey Aq Aluo sleIGaLIaAUl [[EWS N N (14 jeq |1ousd Lpull. [0S
aum Jojpue dwnd uonons ‘puey Aq Aju L009]]09 auo auo 1eq |1oud sisuaded usjo

E| ! /P i puey Aq Aluo S1BIGOPAAUI [EWS N N 0¢ Jleq |loued ! [0S
aul| Jo/pue pou ‘puey Aq Aju LoRosII0o auo| ww e.0 eusAuyj/enoibuew/pn ejelias ejjfo

E| 1] 1o/pue pod ‘puey Aq AjuQO S1BIGELISAUI [[EWS N orlL 9 q M/ /PN } A0S

S puey Aq Bupjold uo1399)|02 ysiewles QUON BUON QUON suomsse|b ‘aliydwes ‘dds ejui0002/e8

S puey Aq Bunjold uo1}09]|02 ysiewyes QUON BUON QUON syomsse|b6 ‘asydwes ‘dds ejuiooles

iae suope|ngal Jea AJaysy Auewis uosess W] 9IS wnwijul 1w Se:
édles ne| 9 ysy 1d pasop Hwi| 9zl IUIA Hwi| seg

(plos aq ueo = g ‘papue| aq jou
Aew jey) sapads pajqiyold = 4 ‘w sy} Je 19ySeq aduajlsIsqns / 9|eds-||BWS 8} J0} PaPUSWILLOIAI Jou = N ‘A}INdas pooy Joy Ajuo = 4
‘podxa 4oy Ajuo ‘|erosawiwod = J) ,9Jes ,‘suonenbai seab pue ‘Aiaysi Arewnd, ‘(sywi uoseas pue eale ‘azis ‘6eq) yoeoidde Juswabeuepy

aweu uowwo)

sweu saads




siiqoub;

¢£,8/eos-||ews u|

Aiojelo|dxsyjejuswiiadxy

2loys |elnJawwWo)

aloys 90us}sIsqng

ajod eun)

Buiysy jeadg

aulbuo| yieys

aloys |euonealosy

180q [UONE8IO8Y

aulas asind

melt; umeld

aulbuoj oibejad

sjou|Ib oibejad

[MEL} J81EMPIN

sjoulIb auenisa/aIoysu|

aulbuo| ayeH

aulpuey exeH

sjaulib yua

(s1oysyo) |meyy [esIBWLQ

(a1oysui) mey) [esiswaq

180q |BDJBWIWOD

aules yoeag

Je0q [euesiY

aWeu uowwo)

A ysybupy uein XUEIED
doso sisuades

A 4 ris snyauiyioled
B0o0j00.6 |aley ejeuloul

A /wepewsuel espiosdoog
5a105 suspinboae

A Heq8e0 uojosojoey
USIBA[IS euozo.ifbie

A J1eyuadie) euozoifbiy
1adioy;

A g0 iejelenbs snwosoifbiy
oy Asisn snajuodef

A 9 qo1 sna Snwosoifbiy
ox JOAI sniopou

A 03 JeAIIS SnNwosoufbiy
wealq Jsjiuids

A Jaipjos Bury sdoufbuy
SUB9SaUIN

A usiqol usai woudy
sidajobijo

A usyedod enqly
wealq JaAl snben

A qIonY snubedoyjueay
ooue Lpuejos

A Uem wnigAooyjuedy

aweu sa0adg

sa10ads yoea Jo saydleo }samo| ay} Buiesipui (anq 1sa1ybij) g 03 sayojed 1saybiy ay) Buneosipur (an|q isaylep) | wouy abues pue
Buryues aaije|a. ayy 8yeoipul Buipeys JNoj0d pue siaquinu 8y "J0}0as a0Ud)sIsqns / 8eds-|[ews 8y} 0} a|qe|ieAe Ajjeiuajod sseioads ysiy 8¢ | 10} s10joas Buiysly || Ssoloe sayojed aAleal jo dew jesH :epyg alqeL




asoudwnys pay

sda21qqib

A € snydsjqosAiyn
uewysi|bu snojjbue
A € ustbul snydsjqosAiyn
UILeBUIL [e1e wniouajeaissaf
A l ij1abul [eleN snifepoiyo
suapidsnaL
A 19|Inw padiys uojeyn
A 8 6 y) 9 JapleH |nuospieyou uojpyd
ewn sisuades
A w P ° sAypyoiuopliayd
A Jayues/IaIp|os | Jejnu snuswieyd
1BUS o1l seueyosed
N PHEUS SHUM uopo.eyaie)
»Jeys yjoo} snunej
A -pabbes payodg snueyoie)
1BUS Aysn $nJnasqo
A Heus dsna snuiyseyaie)
smequill
A eys dipjoelg snuiyeyosed
Jeys 1zaque seangy
N Heys izequiez snuiyseyaied
yieys Jaddoo sninfAyoeiq
A 8 L 9 6 [lajeym azuolig snuiyseyaie)
snjerosejxes
A usbuiy akebig XUEED
sybury Assel stsuended
A Usyoud 4 xueien
5 m 0 9] = » () by ) ) R i) T 2 5 T T o @) ) e} w > ) (%)
s |5 S|5| 5|8 |2|8|8|5|2|5|&8/5|8/8/%8|2|/3/9/9/¢8]32 : E
) =3 3 @ = =~ @ @ o 5 Q Q ) S ° Q ) @ 3 S ) 3 Q.
o 3 @ Z K = <) 9 9 @ o o o ) @ S 3 5 g g o @ B s G
) 9] a o I3 @ = I} o . o o Q = ) 3 = S L L 3 @ = o
& 5 Q. S ® = @ S S 5 S = - @ Q a @ Q. 3 o 5 2
© 5 o 3 > = o o o = Q@ 5 3 b= 5 = @ =1 = o 2 o) > w
@ = 4] n @ % - — = @ s o o) = Q Q o o 3
) @ > 4 g 3 @ = =3 o z £ o @
= 3 3 Z 9 ] 5 = | = o ®
3| 8| 8 e | = 3 s | 3| 2
o @ @ «@ =R @
S = | 3
g 2 5] e
3 @ s |2




juos.iepue

A poo¥001 82ejeD snjoydods
pooY204 snjeulbiewoqe
A pabpa-ajypn snjaydsuidg
Japunodua)
A J1abuudsbury ejeuyoew sdojg
Jusihpen
snjojuajoy
A Loz snpojdiq
eoe sisuadeo
A l'epioe|g snpoydig
A sseq ane) | Isuse3ad easadouiq
snjeroseynw
A uaoljeb papueg -
usolie sisuades
A 189 snisiyolg
ejouosAiyo
A Aesbuns an|g sneAseq
doysuso snjnseu
A i’ d sdeoojewfn
opelop snunddiy
A Jysyuiydiog euseydAion
LoBul snaojund
A 1s snydsjqosAiyn
uewysibug ssje snydoy
A usibu3 esjed snydsjqosAiyn
uewoy pa sdeone|
A 9 € o oY snydsjqosAiyn
5 m ) ) = () (%) Py Py T o o T = 5 T T o @] @) 0 w > 0 ()
e | 5| 5| 5|58 3| 8|8 5|8|g|s|g|2|s|2|2|3|s|8|¢8]|¢ g 3
3 e 3 @ o g = ) @ ® g Q Q m [s) o o @ o) o) 3 S o 3 Q.
S 5| 3| 2|8 =~ 5| 2| 2| o| =z| & | 5| 7 s | | g| | 8| g | = 2 3 3
! = 0] = [ ] = = [} o = @ o > L =] Q) Q = @ o S @
1] @ 0. > © > =4 s} s} = Q [$] Q. = ® @ = D ok 2 S, . o =1
8 | g | 2| 8 5| S| 3| = 3| 2| 3 S| 35 g 5| &| & | 5| 5|2 3 S 3 g
o8 o = @ a 5 o o Q 3 Q c =] 5 o S = ] 8 ) 3
) > & i ® o o 5 b3 = o ® @ = = o L 3 2
51 8|2 3| 8 I E) =1 Z 18 ®
S) o) =
=2 o 3 = = [ o 5 -
o o Q 7 @
o = = 3
o % o =
3 73 s |2




A
A
A €
A
N
A €
A
A
N
A
A
A
N
— | m el 2192 2
35 < MV c 5 ® 8
%) ° 3 @ S 8 E
3| g 2 | g | 2| 2
o = 3 @ 3 = >
2 3 m. 3 @ = Q
8 = [~ ® 3 5
QO o @ 3
o = j g °
-~ [0) =3 3

x =] S

=1 @ @

2 @

o

5]

<

2J0ys |euoljealday

jeoq |euonesiosy

Kesbuns IpJeliob
asoudieys einjuewiH
fel siIsus|ejeu
puowelp/Aluenng sinuwAo
umolig uyo oo
BUUOT | snydejosouwihs
snajeb
Yeys uydnos snujyi09[es)
J81An2
Aeys JebiL 01820885
sdaaijsy
: ysijeoeas ajlypm sAyjoreen
lequeq
/ysijeoess yoe|g o1 ofiorIeD
siuye
eun) e ulsiseqy snuuAying
e|nyn}
sseq 0jejod snjaydauidy
pPOo¥00. snjenAl
uoowyeH snjpydeuldy
pooY00. snjeulbiew
Allogmoljon snjeydeuldy
snoleqejew
pooyo0. Jeqeely snjaydauidy
snjejosoue|
sseqajpulg snjaydauidy
sl slelzlslelelelelelglele]z] ¢ .
6158|8525 |e|ze|e|3|%2)%¢ w ;
o = | © 5| 3 e g | 8| 5| ¢ @ 2 g 5 5 :
@ o <} s : : ]
2| g 5 Q | 5 2| @ 3 3 9 | 9 3, 2 T = e
3 | 2 5| =z @ = 2 @ g s = s 8 : :
Q @ m S @ =] 2 S g ? : m w
2 2 g 5 3 = 2 o - 3 ®
3 3 g1 3"
«Q z 2
5 9 @
73 = (




Jaddeus

snjenAL snuefing

A
A
A
A 9
A
A
A
A
A
A
A
A
5 | m »w | 4 0o | »
S| ool 2 ) g 21 7 2
e | 8| 3| og| 3| o o | o| o
3 | @ o | D | | a1 a
| 2| 3| @ | - | = Z1 81 8
= | 3| @ | g | 6 | = | ©| =| =
& o] 3 | S > | & = | &
s | 3| &l a |l ®| 2| a@|] 3| 3
o A Il 3 5| 2| 2
o | = | 9 | o | o | o
N o | T =T > | o
X | © | ©o
S | 3| = S| 9
g | ®| @ @
<]
L
o
<

papoadg
Jaddeus snjejnoewusbie
anoibuepy snuefing
snifwuow
Selquas)s pues smgeubour]
snyjeuboyj)
SBIquUas)s SUYA w:c%m: mo:%..“
selquasls neine
}SEO0D 1SN snyjeuboyjr]
Jojadwsas an|g snsojnqeu
snuuye7
siwejad
Bun} Yoefdpis snuomnsjey

ulew pading

xepne epjifey

qoy lews sijes.iop snjuyopr
l Neys ode | snyoulAxo sninsy
snie)dAyeld
ysyjies
snioydons|
AeiBuins yeuien
quiooAauoH einjuewH
) o o) T 5 T T w > w
c 3 @ @ m 2 ) ) g g & g @ 3 g S
@ | B » | 2 S| a3l 3| F| 2| 3 3 2 @ 3 2
o 5 Q, Q ) =4 ® @ Q@ o) @ 3 S ) 3 Q,
® - 53 o = @ o) 3 = @ @ @ o 3 S &
o o 53 Q = ) 3 S 32 ) 5] 3 @ = =1 5
3 = = [} Q o @ - = O, = o
s > = “@ = — - © =] =) [
o® = Q 2 o c =1 5 * 3 S = ® I o 3
5 | £ o ® @ s S g ~ 3 ®
@ 3 = | = | 8 ®
) =) =5 -
Q z o
= 2| 2
@ 8 a
s @ 2o




A ' H qoy Jaddeug JaqnJ sayjijoj0
melajiuy [eje juosuiqol
A ALY [EIEN snyjeubs|do
mefayiuy ade Hemuod
A ol o snyjeubsjdo
1BUS MO snuejpadad
A HeY o snyouAiojoN
snjiydoyyy
weaiqauo
A qeuals S1d109S08N
A Aeis|beg ejinbe speqolAy
3}Jeyspunoy
snjejsnw snjajsn
A 9 L 8 yroows 18} 183SNN
19|Inw
snjeydao 16n,
A J8bunds/peayie|q ey 1o
ove sisuaded
A PEH sniponspy
seplouLdAo
A uodiey akexQ prout
sdojebopy
A I H uldew an|g | sueaubiu eliexepy
4oddeus aeqes snuefin
A € paJ Josadwg q T
Jaddeus poo snoujnbues
A € pooig snuefing
— 4 —
sl glelel|g|¢| 2 & B 2 3| 2|2|5|8|35|3|3|9|8[8|¢F|z g g
21 3 3|1 8| 38|93 2 Q| 9 a | 2| 8 2 | 2 gl 3| 5| F| 3] 3 3 2 @ 3 2
o = 3 7 o = x @ @ @ = Q Q o 2 i Q. @ @ 3 S © 3 .
= 3 ) o S = 5 9 9 13 = o o -y o} ] < = @ @ ) s 3 S &
8|38 8|8 8| 5| g| & d|g|e|f|glc|i|3|LlE|3|8]Z > :
8| g | 28 g| S| 8| 8| 8| 2/&8| 3|8 | |5 5|“|§|5|2|3]g B g
Sl g %] % @ @ o 5 | = T 3 = 2 T 8 3 3
Y] 3 = > I} @ 5 = = 8 ]
s | g8 5| = a | = |2
2 ® ® Q | 2
e —
g 3 s | 3
< @ o A




Jayunib papue Ssmealny
A } pepueg sAsepewod
Le1uniB panod 11UUOSJBLILIOD
A 9 1 pepods sAsepewoy
Jnoj-Ajuana snsonpun
N N S snuebojsAjod
JaIp|os | snjejoundosjniood
A |meJyunisan|g snuebajsAjod
diyaqqnu Liejferd
A paliegaiypn snyouyIojoa|d
<1l UoWs snjejnoewioney)
A usy L snyauyIo3os|d
1qqnyo
A dipagqnu AysnQg SYOUILIOJOBI
eayje|} pajiene snoipul
A pesuje|} psjleyeg snjeydoofiely
N ! Selquasls pay supsadni snijed
wealiq eajosd einyjuex
A J4a1[ISN} |IBIMO||DA olsaeoeled
Jof-1oh pa Sisusjereu
A 1-10} Py snjjebed
1yoojq
A . ! 10jueNoH uodojswifyoed
wnause
A Jojusnoy enig uodojswifyoed
5 e (%) = [4)) () ) byl o Ry o o 2 5 T T o @) @) @) w > e) (%)
. S £ §§ z & &8 5 ¢ £ g5 2 ¥ &8 3 g5 g ¢ § 2 : 5
5 5 ¢4 - = * g ¢ © 5 @ @ 5 & 2 5 o & & 3 5 9 3 5
o = ¢ & & § 5 5 &€ § 3z ¢ 2 g g2 & 3= & § §F g B S ¢
8 s 3 EX e 3 3 =@ - 5 3 2 5 & & 5 =z & 3 g 2 2
@ > = @ 5 3 5 ) ) o) 3
g, 2 2 ® g g : s = 3 ® = = i ) : :
g 3 5 2 ® s 3 =2
@ «Q =h @
= & By
=] o
@ <] 3
73 R ~

Asojesojdxs/eyuswiiadxg




> l
A
A
A €
A
A
A
A
A
A
A [4 8
A [4
A €
5 m w — (2] ()]
> b % c c ° > %
(2] © o 3 [0] ] o
w D w » Q [} =i =
[o) =. 3 o ke - = %
= 3 [¢] o o = <) =
O o 3 ) o [ 5 o
o 5 & 3 o = Q@ S
s | 41| @ 3 5| 2
o = [7) » ) 0
-~ [¢] =2 > =
X o o o
° = = <]
o ® @ @
<]
o
=
o
<

Je0q [euoealosy

asoudwn)s [eleN

BqIES |

snbiesopqeyy]
qnjoy
asoudwnys ade) snBIBsopgelyy
sdoaoiqolb
L 9 asoudwnis ajypn SnBIeSOPqELY
wnpeues
e1qoo/uos |ebipoid uonueoAyoRy
ebue snuejue|
d snuwAbo.ie}d
snsojuswejy
usygol Asoy seplowodisiid
l yeys anig eonejb aoeuoL4
wnuusyued
yJeysieo piedoa] eWLIOPOIOY
syieysieo paduys wnueoLye
pleys ewelfd euLIspo.Iod
oue ejejuop
a BuWojS02.104
XLjejes
9 L a3 snwojewod
661 SnoaoeAljo
'd sAsepewod
Jsunib uleaep S Ammmmwwomu
2 3 2| 2| 5| 5| £/ 2| 8|% | ¢8|¢8|z g g
= [ = = =) = ] > @
85| &l &|5| 3|88 a|lza|a|3|s]¢8 5 3
® o 5] ) = o 9] 3 = @ @ @ ® 3 S &
2l gl gl el 2| &l 8| 2|2 L2 s 2| S 2 3
S| ®2le| 3| 2| §|3|5|“| 8|8 2|3]¢%§ g 5
A K =12 8 ) @ i
: N
[72]
2. 7]
s 3| g
7 | <




Jaxoelojessnw sisuaueqinp
A SlYM uopo.eds
IemmoyjoA BUBIJOALI BOLIS
A uybuo] fonu Bjouss
A 8 L 9 |IEIMO[IBA Ipueje| ejoss
emmolioA ljuswinp ejoLs
A jeoidou] 1/l P ejoLss
siIsuades
A Janadooer ’
sojseqes
[EIENR]=0 snjeauyjunid
A L 9 usanp snJowotsquiods
|21 W uoSJaWIWO?
A 9 L Bury snJowoisquiods
Susen SnueILUOSIBaUWILWOD
A usy O S8pI0IaqUI0IS
SIos0e snojuodef
A 9 € L 8 [919%0E N\ 18qUI09S
A H aldens edjes edies
A pseyojid/auipies xebes sdouipies
U0 epJes epie
A 5 L /0)uoq dluey P pies
|uolex sijejusLio ep.e
A 9 L Jonuog padiis ljejuslio epies
ysipeynb sisuappllp
N peyspues juels snjeqoyoufyy
eussl snnoe
A PHEUSAIIN uopououdoziyy
yJeyspues snjejnuue
A Jysieynb Jasse] sojeqoulyy
g
3| a| 2| 8| | 8 = 3| 3| €| | & | & 2 g| &3 | s | a| 2|3 3] 8] 8 E S
8 3| 3| 2| 38| 2| 5| 8| &) o 2| 35| 5| 8| el a|lz| S| 3|lal3]| als 3 2
& o s | S > | & > 5| o 2| g g | a| % o | 32 S z » | o 3. 8 2 5 e
Q =3 o Q = Q =} =} 3 s =} = = @ = [=% =3 = - > S =3 > )
53 5 o 3 5 | B ® = g 3| @ = = 5 @ 3 3 = @ 8 o 3
o S @ @ o o o 5 = £ 8 ® ® = S g - 3 ®
=3 o] ) 5 g = @
X o 2 ° S =1 — = ol
j=A o 3 = - ® o 5 -~
9 @ = g | o
) 5 3 3
ol [e)
s o) = b
< @ o 2




A ' ysypioms snipelb seiydix
A uewpJleeg | Juosuiqos euuquin
yieysA|nb snusjdojebeiu
’ penods snjel|
Jayueqgsee stsuedeo
A UBqsEEN sninyoe.|
oueduiod B[joq snjoulyoe.
A jodsabie 1noq 1oel
ouedwod snueouyje
A ujayinos snjoulyoei|
A 9 L yaoug unje sayisiAy |
A eun) akabig snsaqo snuuny |
A BUN} UYMO||BA | Sesedeqre snuuny |
A alooeqly | ebunjeie snuunyj
oihuos wnjeulbiews
A feals ewosolfpuods
Meys
N peaylawwey eusebAz euifyds
yjoows
Neys
N 9 pesylJawwey 1ume| eulfyds
padojjeas
epnoelieq
ojjaf euseifyd
A 8lpueyld e 4as
epnoeue epnoeLieq
A P g euseifyds
5 m %) = [ ) 5 w )
;2| gl 2 2% ¢ 7 7 2\3/ 2 2|8/ 2 5 3|2/ 59/¢2 §|¢|: g :
S| 2| 3| | 2| = = s| 8| &| 35| &| &| = 8| | 8| o| a| a| 3| 8| 8 2 8.
2 3| 5| &| 8| z| 5| 2| 2| g| =| | 3| &| 2| 3| | 5| ¢| | a| | 3 S &
& 5] 3 g a| & 3 | 3| 2| 8| z| e = | 3 g 3 ® | | 3 3 2 5 2
8 = o 3 5 < 3 3 3 = = = = aQ = o s = o o 5 g = o
153 5 2 o 3 5 | B ® = @ 3| ¢© = > 5 @ 3 3 = @ 8 o 3
ol 5| 2| o 3 0 T 5 #| = 2 @ ) S E g - 3 ®
X 5] 3 = Q o 5 = oy S o
he] = = o Q [0} \m/ = —
=3 b 3 = 58 E
] ® Q i 2
= 5 3 <]
=} @ = @
< @ o 2




soplojsud soplojsud
A wnipje9 wnipje9
asuaded
dds ‘wnijoyipliayd
A Jayjo wnipife ‘wnuonjoqqe
wnipljeo
(wiomjue.s) sjojipoayde aajun
A S wiom yqgog | ¥ Jpoly ung
90| BOS eueoLjeosisne
A § /qelo s ejuowg
A eluopog diey ewjxew ejuojyog
A [+ |@ssnw )Y ellss xeuoq
A uoiyo jJueln sebib xejdouig
190A8pJad
A ss1edwn dds einquifo
Issneuy
A umeld yuid/pues esseueyen
N leys ewjssinoe| eljing
ybnojdpjeum o i
A [+ wlom poolg JUBAO] BJODJUBIY
WJOM BUIYSUOO| Jojoou ejjeqely

£,9|eos-|[ews u|
ajod euny
Buysyy seads
aulbuo| yieys
aules asind
|Mmesy umeld
auljbuoj oibejag
sjau||ib o16ej9d
|med} Jojempl
aulbuo| ayeH
sulpuey aeH
syoulib yua
aules yoeag
jeoq |euesiuy
aWeu uowwo)
aweu sa1oadg

2I0ys |eloIswwo)

aJoys 9oudlsisgqng
2I0YS |euoljealoay

1e0q |euonjesloay
sjau||Ib aulenysa/aIoysu|
(aJoysul) |medy [eslawag
1e0(q |e1oJawwoD

Aojelo|dxa/eyuswiiadxg
(a10ysyo) |meuy [esiswaq

sa10ads yoea Jo saydeo 1samo| ay) Bunesipul (an|qg 1sa1ybl|) g 03 sayoled 1saybiy ayy Buneoipul (an|q 1sexlep) | woly abuel pue Bupjues aAle|al sy} ayedipul Buipeys Jnojod
pue slequinu ay] "I0}0as 9oUB)SISqNS / B]eds-||lews 8y} 0} a|gejieAe Ajjenusiod ssajoads jueld sulew pue peemMesS § pUB 8)elgqalaAUl | 0} S10}0as Bulysl || SSoJoe sayojeo aAje|al jo dew jesH :qpg alqeL



£9|eos-|lews u|

Aiojelo|dxs/jejuswiiadxg

2loys |eloJaWWo)

8I0ys 80Ua)sIsqNg

ajod eun)

Buiysy seadg

auljbuoj yeys

2l0ys |euoneaioay

jeoq |euonjealosy

aules asind

[Mesy umeld

aul|buo) o1bejed

sjou|Ib oibejad

[MEJ} J81EMPIN

sjoulIb auenisa/aIoysu|

auljbuo| ayeH

aullpuey axeH

syouIb yua

(aJoysyo) |mey) [esiswa

(a10ysul) |meJy |esIswLg

1e0q [e10J8WWOoD

aules yoeag

1e0q [euesiuy

aWeu uowwo)

Gracilaria

Green & Natal
rock crab

Coral worm/

Cape reef worm

Abalone/

perlemoen
Siffie

Pink prawn

(deepwater trawl)
Mole crab/
sea lice

West Coast rock

lobster

Kelp Laminaria

Indian squid

Chokka squid

Wonder worm

aweu sal0adg

Gracilaria

Grapsus spp.

Gunnarea
capensis

Haliotis midae

Haliotis spadicea

Haliporoides
triarthrus

Hippa adactyla

Jasus lalandii

Laminaria pallida

Loligo devaucelii

Loligo reynaudii

Marphysa

sanguinea
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SCIENTIFIC OUTPUT OF THE BRANCH: FISHERIES MANAGEMENT OF THE
DEPARTMENT OF ENVIRONMENT, FORESTRY AND FISHERIES (DEFF)

2020

This section lists the scientific output of the Fisheries Management Branch for 2020, arranged by output category. Figures in
brackets represent the output for the previous two years, 2019 and 2018, respectively, and are included for comparison. From
late March 2020 onwards, travel and physical meetings were severely curtailed by restrictions associated with the COVID-19
pandemic, which affected certain categories of output. In the category ‘peer-reviewed publications’ there were 56 (41, 30) papers,
a substantial increase compared with the previous two years. Given the time-lag associated with the publication process, it
is possible that output in this category does not reflect the effects of the pandemic to the same extent as that in certain other
categories. There were 11 (12, 9) documents in the category ‘theses/dissertations/tertiary projects’, none of which were DEFF-
authored but all of which were DEFF-supervised or co-supervised. There were 20 (50, 11) documents in the category ‘book
chapters, published reports and popular articles’. Although this represents a considerable decline compared with 2019, the output
in that year was strongly influenced by two particular types of periodic published report, The IUCN Red List of Threatened
Species and the South African National Biodiversity Assessment 2018. There were only 11 (40, 27) ‘contributions to symposia
and conferences, and public presentations’, a category of output that was severely affected by the pandemic. Presentations
were made in person prior to the lockdown of late March 2020, or virtually thereafter. There were 17 (64, 53) ‘contributions to
workshops, short courses, and management and scientific bodies, and unpublished technical reports’, another pandemic-affected
category. Of these, 8 were contributions to virtual meetings of regional fisheries management organisations, the Indian Ocean
Tuna Commission (IOTC) (6) and the International Commission for the Conservation of Atlantic Tunas (ICCAT) (2). Finally, there
were 55 (59, 68) unpublished working group documents. This last category represents the output of the research component of
the Branch in terms of its line function to provide scientific advice for resource management. The number of contributions is very

similar to previous years, suggesting that the output of the working groups was consistent, despite the pandemic

Peer-reviewed Publications (names of
DEFF staff shown in bold)
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in Microbiology 11: article 577481.
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Science 45: 65-82.

Cyrus MD, Bolton JJ, Macey BM. 2020. The use of stable 5°C
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Tripneustes gratilla. Aquaculture 26: 174—-185.

Daly R, Parker D, Cliff G, Jordaan GL, Nomfundo N, Bennett
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31: 777-788.
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science-based decision-making when listing marine
species. Fish and Fisheries 21: 13-31.
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spatial structure in an endangered, endemic South African
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of Marine Science 42: 295-306.
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Kerwath SE. 2020. Relict and contemporary influences
on the postglacial geomorphology and evolution of a
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Marine Geology 427: article 106230.

Haupt M, Winker H, Parker D, Kerwath SE. 2020. Are South
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to overexploitation? African Journal of Marine Science 42:
261-273.
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flow variability and storm events shape the ecology of the
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Science 45: 131-151.
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Kainge P, Kirkman S, Estevao V, van der Lingen CD, Uanavi U,
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C, Mqgogi M, Hamukaya H. 2020. Fisheries yields,
climate change and ecosystem-based management of the
Benguela Current Large Marine Ecosystem. Environmental
Development 36: article 100567.

Lindberg C, Griffiths CL, Anderson RJ. 2020. Colonisation of
South African kelpbed canopies by the alien mussel Myftilus
galloprovincialis: extent and implications of a novel bio-
invasion. African Journal of Marine Science 42: 167-176.

Lipinski LR, Mwangombe CH, Durholtz D, Yemane D,
Githaiga-Mwicigi J, Sauer WHH. 2020. Age estimates
of chokka squid Loligo reynaudii off South Africa and
their use to test the effectiveness of a closed season
for conserving this resource. African Journal of Marine
Science 42: 461-471.

Madibana MJ, Fouché CH, Mnisi CM. 2020. Challenges
facing aquaculture entrepreneurs in South Africa and
possible solutions. African Journal of Agriculture, Nutrition
and Development 20: 16689-16702.

Madibana MJ, Mlambo V, Lewis B, Uys L. 2020. Dietary
seaweed does not alter fatty acids profile and concentration
in South African juvenile dusky kob (Argyrosomus
Japonicus, Sciaenidae) fillets. Journal of Applied Animal
Research 48: 7-13.

Madibana MJ, Mwanza M, Lewis BR, Toefy R, Fouche CH,
Mlambo V. 2020. Black soldier fly larvae meal as a fishmeal
substitute in juvenile dusky kob diets: effect on feed
utilization, growth performance, and blood parameters.
Sustainability 12: article 9460.
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Systematics and Biodiversity 18: 633—-645.
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H. 2020. Interannual decrease in pulse rate and peak
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Scientific Reports 10: article 8121.
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Change Biology 27: 220— 236.
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protection and management. African Journal of Aquatic
Science 45: 199-216.
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M, Sharma R, Booth AJ, Kerwath SE. 2020. JABBA-
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into surplus production models. Fisheries Research 222:
article 105355.
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and abundance patterns of two parapagurid hermit crabs
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Theses/Dissertations/Tertiary Projects

Beukes B. 2020. Examining intra- and interspecific variability in
the diet and carbon and nitrogen stable isotope ratios of
kingklip and monkfish caught off the West and South coasts
of South Africa. MSc thesis, University of the Western
Cape, South Africa. Supervisors: Gibbons MJ, van der
Lingen CD.

Brink M. 2020. Genetic studies for sustainable aquaculture of
the sea urchin, Tripneustes gratilla. PhD thesis, University
of Stellenbosch, South Africa. Supervisors: Macey BM,
Wilding RR, Rhode C, Cyrus MD.

De Jager K. 2020. Microorganisms associated with Ulva grown
in abalone effluent water: implications for biosecurity. MSc
thesis, University of Cape Town, South Africa. Supervisors:
Macey BM, Bolton JJ.

Maapea AD. 2020. Microbiome of dusky kob (Argyrosomus
Japonicus) eggs and hatchery water and efficacy of various
chemicals for egg disinfection. MSc thesis, University of
Fort Hare, South Africa. Supervisors: Macey BM, Vine
NG.

Meiklejohn A. 2020. Spatial mapping to identify ichthyofaunal
conservation hot spots in the Knysna Estuary. BSc Hons
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SJ.

Nashima FP. 2020. Trophic ecology and interactions of marine,
freshwater and estuarine fishes along the Orange River
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Nicholle N. 2020. Managing Ichthyophonus in multi-species
exhibits at the Two Oceans Aquarium. MSc thesis,
University of the Western Cape, South Africa. Supervisors:
Christison KW, Cole G, Gibbons MJ.

Senyolo T. 2020. Assessment of selected DNA quantification
methods for reliable and rapid tetraploidy verification in
larval Clarias gariepinus (Teugels, 1982). MSc thesis,
Stellenbosch University, South Africa. Supervisor: Fouche
CH.

Sigam S. 2020. Age and growth, sexual maturity, and carbon
and nitrogen stable isotope ratios of chub mackerel
(Scomber spp.) off South Africa. MSc thesis, University
of the Western Cape, South Africa. Supervisors: Gibbons
MJ, van der Lingen CD.

Thibeli N. 2020. Qualitative and quantitative analysis of
the carotenoid composition of the cultured sea urchin
Tripneustes gratilla gonads in relation to gonad colour. BSc
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Wurdeman BM. 2020. The evaluation and development of
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KW, Cole G, Gibbons MJ.

Book Chapters, Published Reports and
Popular Articles
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South African National Parks.
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Oceanographic Research Institute.
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fisheries. In: FAO (2020) Report of the Workshop on Use
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and Management of Sharks. Report prepared for the
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state-space surplus production model JABBA. Collective
Volume of Scientific Papers. International Commission for
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Contributions to Symposia and Conferences,
and Public Presentations

Becker F, Gridley T, Shabangu F, Wittmer H, Marsland S. 2020.
Bioacoustics research in Africa: a systematic review. 2
African Bioacoustics Community Conference, 2—5 November
2020, online virtual conference. (oral presentation)

Coetzee V, Parker D, Kerwath SE, Lamberth S. 2020.



Grunting in murky waters: morphological and ethological
discrimination among functional stocks of spotted grunter,
an estuarine-dependent fish. 2 African Bioacoustics
Community Conference, 2-5 November 2020, online
virtual conference. (oral presentation)

Cyrus MD, Bolton JJ, Wozniak D, de Vos B, Macey BM. 2020.
Echinoculture development in South Africa: an overview.
Aquaculture America 2020, 9-12 February 2020, Hawaii,
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Macey BM. 2020. Ensuring food security in Africa through
sustainable aquaculture: the role of Integrated Multi-Trophic
Aquaculture (IMTA) systems. Ensuring food security in
Africa through sustainable aquaculture, 14" October
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of Ulva in land-based aquaculture systems: benefits, risks
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America 2020, 9-12 February 2020, Hawaii, USA. (oral
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Mansfield L, Pitcher G, Seanego K. 2020. Phytoplankton
biodiversity of the southern Benguela. 32nd Congress of
the Phycological Society of Southern Africa, 12—16 January
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Pitcher GC. 2020. HABs — their prevalence and impacts in the
southern Benguela. 32nd Congress of the Phycological
Society of Southern Africa, 12—16 January 2020, Wavecrest,
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Purdon J, Pienaar M, Shabangu FW, Somers MJ, Findlay KP.
2020. Modelled sound exposure levels for marine fauna
encountered during a seismic survey in Algoa Bay, South
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2020. Phytoplankton communities and the productivity of
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van der Lingen CD. 2020. Dynamics of key fish species and
top predators in the two Benguela Current sub-systems.
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and Management and Scientific Bodies;
Unpublished Technical Reports

Coetzee JC.2020. Economic considerations forforage fisheries.
AEWA Benguela Current Forage Fish Virtual Workshop,
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da Silva C, Mketsu Q, Kerwath SE. 2020. South Africa —
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Githaiga-Mwicigi J. 2020. Squid research at DEFF. SASMIA
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independent populations of the blue shark Prionace glauca.
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Parker D. 2020. Preliminary stock assessment of the Indian
Ocean Swordfish (Xiphias gladius) using the Bayesian
state-space surplus production model JABBA. Indian Ocean
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Parker D, Winker H, Kerwath SE. 2020. Standardization of
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2—4 November 2020, (oral presentation)
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estuaries: extent, condition and ecosystem services accounts.
Report produced by the Council for Scientific and Industrial
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state-space surplus production model JABBA. International
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meeting of the Albacore Species Group, 29 June—8 July
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Unpublished Working Group Documents
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Ntiyantiya D, Mxunyelwa N, Nkwenkwe M, Rademan
J, Mhlongo J, Louw A, Merkle D, Geja Y. 2020. Results
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Githaiga-Mwicigi J. (with the Squid SWG members).
2020. Squid 2020-2021 scientific recommendation. 27
March 2020. FISHERIES/2020/MARCH/SWG-SQ/03.
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Department of Environment, Forestry and Fisheries, Cape
Town.

Shabangu FW. 2020. Ad hoc recommendation of the Small
Pelagic Scientific Working Group to increase the initial
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Shabangu FW. 2020. Initial recommendation of the Small Pelagic
Scientific Working Group for the sustainable management of
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final report. FISHERIES/2020/AUGUST/SWG-SQ/15.
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van der Lingen CD. 2020. A possible way to estimate the
length frequency of anchovy caught during April-June
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SCIENTIFIC OUTPUT OF THE BRANCH: FISHERIES MANAGEMENT OF THE
DEPARTMENT OF FORESTRY, FISHERIES AND THE ENVIRONMENT (DFFE)

2021

This section lists the scientific output of the Fisheries Management Branch for 2021, arranged by output category. Figures in
brackets represent the output for the previous two years, 2020 and 2019, respectively, and are included for comparison. For the
second consecutive year, travel and in-person meetings were severely curtailed by restrictions associated with the COVID-19
pandemic, which limited certain categories of output. In the category ‘peer-reviewed publications’ there were 37 (56, 41) papers.
There were 12 (11, 12) documents in the category ‘theses/dissertations/tertiary projects’, none of which were DFFE-authored
but all of which were DFFE-supervised or co-supervised. There were 24 (20, 50) documents in the category ‘book chapters,
published reports and popular articles’, and only 18 (11, 40) ‘contributions to symposia and conferences, and public presentations’,
a category of output that, as was the case in 2020, was affected by the pandemic. Easing of lockdown restrictions allowed some
presentations to be made in person, rather than virtually, towards the end of the year. There were 22 (17, 64) ‘contributions to
workshops, short courses, and management and scientific bodies, and unpublished technical reports’, another pandemic-affected
category. Of these, 10 were contributions to virtual meetings of the Indian Ocean Tuna Commission (IOTC). Finally, there were 51
(55, 59) unpublished working group documents. This last category represents the output of the research component of the Branch
in terms of its line function to provide scientific advice for resource management. As in 2020, the number of contributions was

similar to previous years, suggesting consistent output of the working groups, notwithstanding the pandemic.

Peer-reviewed Publications (names of
Fisheries Management staff shown in bold,
Ocean & Coasts in italics
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Rummer J, Schmechtig C, Schmidtko S, Seibel B, Slomp



C, Sumalia UR, Tanhua T, Thierry V, Uchida H, Wanninkhof
R, Yasuhara M. 2021. A global ocean oxygen database
and atlas for assessing and predicting deoxygenation and
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