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The South African sardine boom in the early 2000s coincided with
anomalously warm SSTs off the west coast
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Introduction

Recent genomic analysis of South African sardine has indicated that this population consists
of two components, referred to as cool temperate sardine (CTS) and warm temperate
sardine (WTS) hereafter, which are hypothesized to have different environmental affiliations
and are found primarily off the west and south coasts, respectively (Teske et al., 2021). The
two components are thought to mix via (i) passive transport from the south to the west
coast of a proportion of WTS sardine early life stages (ELS; i.e., eggs and larvae) that were
spawned off the south coast; and (ii) active movement of WTS on the west coast from there
to their preferred thermal habitat on the south coast, as well as of some CTS from the west
to the south and east coasts (de Moor et al., 2022).

Initial outputs from a simple multi-stock assessment model presently in development (de
Moor, 2022) to incorporate this new sardine stock structure hypothesis include estimates of
the biomass and recruitment of sardine off the west and south coasts, the numbers of ELS of
WTS that are passively transported from the south to the west coast, and the numbers of
age 1 WTS and age 1 CTS that move from the west to the south coast. These outputs
indicate that the sardine boom of the early 2000s arose from high recruitment on the west
coast and observed during annual surveys that comprised primarily WTS that were spawned
on the south coast and high numbers of which were passively transported to the west coast
(Figure 1a). Large numbers of these WTS subsequently moved back to the south coast
(Figure 1b), as indicated by the survey-estimated high biomass levels off the south coast
between 2001 and 2004 that did not appear to arise from local recruitment (de Moor,
2022).

Sardine recruitment, WTS movement, and SST anomalies

The proportion of the total sardine biomass that is found off the west coast (Pwest) during
annual Pelagic Biomass Surveys is significantly correlated with average SST anomalies for the
west coast shelf over October-December (the period immediately before and during which
the PSB occurs), with lower Pwest values associated with positive SST anomalies (van der
Lingen and Lamont, 2022). And whereas there is no evidence for a long-term trend of
warming or cooling of surface waters off the west coast, a 7-year period (1999-2005) of
anomalously warm (>0.5°C) shelf water was observed (Figure 1c). This period occurred at
the turn of the century and coincides with the years in which the revised multi-stock sardine
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assessment model estimated high numbers of WTS ELS that were passively transported
from the south to the west coast (1997-2002), high west coast recruitment (2000-2003; not
shown), and high numbers of age 1 WTS moving from the west to south coast (1998-2003).

Increased west coast SSTs during October-December would likely reflect less upwelling at
that time and hence a reduced likelihood of advective loss of WTS ELS during their transport
from the south to west coasts, with potentially more WTS that were spawned off the south
coast recruiting to the west coast. Observations indicate that cumulative upwelling off the
west coast was below average during the period 2001-2004 (McGrath et al., 2020). In
addition, the increased west coast October-December SSTs may also indicate a generally
warmer west coast at the turn of the century that persisted for some years, during which
conditions would have been more favourable for the WTS there (because of their affiliation
to warmer waters and assumed increased survival during warm compared to cool
conditions) than periods before or after. Hence the SST change in the west coast
environment to a “warm period” at the turn of the century may have facilitated the growth
of the WTS component relative to that of the CTS component.

References

de Moor CL. 2022. An initial simple model of the revised stock structure hypothesis for
South African sardine. MARAM/IWS/2022/Sardine/P4.

de Moor CL, van der Lingen CD, Teske PR. 2022. A new hypothesis for South African sardine
stock structure. MARAM/IWS/2022/Sardine/P3.

McGrath AM, Hermes JC, Moloney CL, Roy C, Cambon G, Herbette S, van der Lingen CD.
2020. Investigating connectivity between two sardine stocks off South Africa using a high-
resolution IBM: Retention and transport success of sardine eggs. Fisheries Oceanography 29:
137-151.

Teske PR, Emami-Khoyi A, Golla TR, Sandoval-Castillo J, Lamont T, Chiazzari B, McQuaid CD,
Beheregaray LB, van der Lingen CD. 2021. The sardine run in southeastern Africa is a mass
migration into an ecological trap. Science Advances 2021; 7: eabf4514

van der Lingen CD, Lamont T. 2022. Can the relative distribution of small pelagic fishes be
related to SST anomalies off the South African West Coast? FISHERIES/2022/JUN/SWG-
PEL/13.



MARAM/IWS/2022/Sardine/WP1

" ! ! !
- Loy 1 1 :
2 = (a) i ; Sto W of
v = _| i i
£7% S | i WTS ELS
0.2 5 ]
== = i
g 8 i :
49T ! :
E <= : !
=1 I i
= g i :
-5 | | i
= 1 1 1
5 5 | | |
= ! b g '
= ¥ — | i
£ i ' WTS Age-1
=] 1 [ 1
£ 8 — ! B |
o 1 = - 1
= i i : i
® = s FoL
S ! L0 : |
3."* : - :- ]
s < 7 : |
» i ! 3
=13 I T
=2 o= — ¥ H !
§ T f T T q T ]
1985 i 1995 i 2005 i 2015
1 | | |
0,75 | (C) i ! i
£ 05} § i i
- I I
i - 1 i 1
20 e Al AL T
= 0 ol il B ] |
(@] i | UU ]
= | !
< 025 i !
B -05 ! !
© : :
-0,75 i i
-1 1 |
00 O O S Oy © O O O =™ = = = = ™~
G O O G v Oy O Oy O O O O O O O QO O O o
Lo T T . B I I TR IR o (Y ot Y o R o A o Y VY o I Y Y o Y o (R ¥

Figure 1: The revised model (a) estimated numbers of CTS recruits (black) and WTS recruits (turquoise)
that were spawned off the west coast and recruited there, compared to the numbers of WTS recruits that
were spawned off the south coast and passively transported to the west coast (light green) and those that
were spawned off the south coast and recruited there (dark green) and (b) numbers of age 1 CTS (solid line)
and age 1 WTS (dotted line) which are estimated to actively move from the west coast to the south
coast from 1984 and 2019 for one (where the parameter R = 5) of the options modelled (b; both
from de Moor, 2022); and (c) a time-series of average October-December SST anomalies for the west
coast shelf (histograms) and 5-point running mean (line) for 1984-2020 (from van der Lingen and
Lamont, 2022).



