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ABSTRACT: Cape anchovy Engraulis encrasicolus is an ecologically and economically important
pelagic fish species occurring along the coast of South Africa. A recent eastward shift in Cape
anchovy distribution indicates that environmental conditions are becoming more favorable for the
species on the east coast. This shift is particularly important in the sheltered Algoa Bay region, a
nursery area for fish larvae. However, the relatively low productivity of the Agulhas Current
Large Marine Ecosystem on the eastern coast of South Africa may result in an anchovy population
in poorer nutritional condition and with slower growth rates than the west coast population. Using
otolith and nucleic acid analyses, the growth rates of anchovy larvae from the western and south-
eastern coasts of South Africa were compared. The otolith analysis results indicated that, at any
given age, individual growth rates for anchovy larvae were higher on the southeast coast than on
the west coast. The RNA:DNA values also indicated that instantaneous growth rates of anchovy
larvae were higher in Algoa Bay than on the west coast. At the time of sampling, chlorophyll and
zooplankton productivity were higher at sampling sites in Algoa Bay than sites on the west coast,
potentially due to favorable oceanographic features in the bay. As such, the results suggest that
Algoa Bay is a suitable and potentially favorable nursery area for the early stages of anchovy, high-
lighting the importance of separate management of the southeast coast region in a changing world.
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1. INTRODUCTION

Small pelagic fish species are essential in marine
ecosystems because of their relatively high biomass
and their trophic role in oceanic food chains (Cury et
al. 2000). Fluctuations in these fish populations seem
to be primarily caused by environmental variability,
thus permeating up to the higher trophic levels and
influencing the whole ecosystem through bottom-up
forcing (Checkley et al. 2009). Therefore, knowledge
of the growth and survival of different life history
stages of these species is needed to understand
trophic dynamics in pelagic ecosystems. The 2 most
commercially and ecologically important small pe-
lagic fish species in South Africa are Cape anchovy
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Engraulis encrasicolus (also known as European
anchovy) and southern African sardine Sardinops
sagax (also known as pilchard) (Fairweather et al.
2006, Van der Lingen et al. 2006). Anchovies and sar-
dines represent South Africa's second largest fishery
next to demersal hake, providing ~375000 tons of
catch per annum, predominantly on the west coast
(Fairweather et al. 2006, Van der Lingen et al. 2006,
Coetzee et al. 2019). Anchovies and sardines caught
in purse-seines are usually juveniles, which are
either canned or frozen for consumption or processed
for fishmeal and oil (Fairweather et al. 2006). Ecolog-
ically, these 2 species are among the most important
prey for several marine bird species, such as Cape
gannets Morus capensis, Cape cormorants Phalacro-
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cocax capensis and African penguins Spheniscus
demersus; for marine mammals like Cape fur seals
Arctocephalus pusillus, common dolphins Delphinus
capensis and common Bryde's whales Balaenoptera
brydei; and for many predatory fish species in the
region (Crawford et al. 1992, Van der Lingen et al.
2006, Pichegru et al. 2009). Consequently, these
pelagic fish species provide a vital trophic link from
planktonic primary producers and zooplankton spe-
cies to these top predators (Cury et al. 2000).

Historically, the bulk of reproduction and recruit-
ment of Cape anchovy and South African sardine in
southern Africa occurred off the Atlantic coast, in the
Benguela Current system (Hutchings et al. 1998,
2002, Twatwa et al. 2005). This large marine eco-
system (LME) is mainly characterized by the up-
welling of colder nutrient-rich waters which supports
high productivity and a high biomass of planktonic
species, favorable conditions for anchovy (Van der
Lingen et al. 2006, Pichegru et al. 2009). In the mid-
1990s, however, an eastward shift in the recruitment
patterns of Cape anchovy was detected, along with
higher adult biomasses (Roy et al. 2007). Moreover,
some authors have suggested that there are separate
sardine and anchovy populations from the west coast
off the south and southeast coasts of South Africa and
these multiple stocks are now even being considered
in management (Fairweather et al. 2006, de Moor &
Butterworth 2015, de Moor et al. 2017). On the south-
east coast, high anchovy larvae density has been
found in Algoa Bay waters in recent years, highlight-
ing the importance of this area as a nursery (Pattrick
& Strydom 2014, Costalago et al. 2018). This shift in
distribution could be due to changes in environmental
variables in the south and southeast coasts, driven by
climate change (Lamont et al. 2018, Augustyn et al.
2018), and the occurrence of more suitable conditions,
such as a decline in water temperature and increase
in upwelling occurrences, in this region of the Agul-
has (Roy et al. 2007, Costalago et al. 2018). While the
effect of environmental variables on the ecology of
both sardine and anchovy has been studied exten-
sively in the Benguela Current system (Van der Lin-
gen et al. 2006), less is known about the larval compo-
nent of their life cycle in the Agulhas Current system.
Specifically, Algoa Bay, in the southern range of the
influence of the Agulhas Current system, is a region
where both larval anchovy and sardine can be found
completing the planktonic phase of their life cycles
(Pattrick & Strydom 2008, Costalago et al. 2018).

For engraulid species such as E. encrasicolus, the
adults spawn upstream of upwelling areas (i.e. along
the Aghulas bank) and the eggs and larvae are trans-

ported passively to suitable habitats for feeding,
growth and metamorphosis. The juveniles recruit
into the fisheries in regions with lower temperatures
and higher productivity, such as the Benguela LME
north of Cape Columbine, compared to the competi-
tively warmer oligotrophic Aghulas LME on the east
coast (Hutchings et al. 1998, 2002, Kirkman et al.
2016, Coetzee et al. 2019). This is similar to Peruvian
anchovy E. ringens in the Humboldt Current LME
(Hernandez et al. 2014). The recruitment of anchovy
into viable populations is often dependent on the
growth rate and condition of the individual larvae
(Garcia et al. 2003, Takasuka et al. 2007). For exam-
ple, Garcia et al. (2003) showed that for E. encrasi-
colus, higher recruitment into the Bay of Mdélaga
coincided with higher growth rates. Meanwhile,
Takasuka et al. (2007) indicated that E. japonicus lar-
vae with lower growth rates were more susceptible to
predation and thus larvae with higher growth rates
showed higher recruitment success. As such, the
assessment of the growth and nutritional condition of
larvae is integral to understanding recruitment
dynamics in these fish populations. Also, while the
life histories of Cape anchovy have been studied
extensively in the Benguela current LME on the west
coast of South Africa, this is not the case for the south
and southeast coast.

During the larval phase of the life cycle, otolith
microstructures reflect daily growth patterns in fish
and can be used to determine the age and daily
somatic growth rate of early life history fish (Brothers
et al. 1976). For example, a larva that is growing rel-
atively faster would show wider daily increments in
its otoliths than a larva with slower growth (Molony &
Choat 1990). Complementarily, the nutritional condi-
tion of pelagic fish larvae can be assessed through
the estimation of the fish's nucleic acid ratios
(RNA:DNA). The amount of DNA in an organism is
correlated with the number of cells and is considered
constant in somatic tissues. In contrast, the amount of
RNA is directly related to the cell's protein synthesis
and hence highly dependent on the quantity of food
(Catalan et al. 2007). Thus, the RNA:DNA ratio is
an index of the organism's protein-synthetic capac-
ity and has been proven to be a useful indicator
of nutritional condition (Ferron & Leggett 1994, Cata-
lan et al. 2007). In several fish species, RNA:DNA-
derived nutritional condition has been shown to be
related to food density and somatic growth (Buckley
1984, Clemmesen 1994, Costalago et al. 2015). For
example, the growth and condition of eastern Medi-
terranean E. encrasicolus was higher during seasonal
periods of high temperature and productivity (Schis-
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menou et al. 2013). Even more recently, Do Souto
et al. (2019) found seasonal patterns in the growth
and condition of E. anchoita. Even factors such as
regional climate and relatively sheltered waters may
play integral roles in determining nutritional condition
of engraulids in different regions (Bergeron 2000,
Takahashi & Watanabe 2005).

It is not known whether potential nursery areas in
the lower-productivity oceanographic conditions of
waters off the south and east coast of South Africa
can support the growth and survival of pelagic fish
larvae as well as the nutrient-rich waters off the west
coast. A major hypothesis regarding the effects of
environmental forcing on the survival and condition
of fish larvae is Bakun's 'Ocean Triad' hypothesis
(Bakun 1996, Teodosio et al. 2017). This hypothesis
consists of 3 factors relevant to the condition of fish:
(1) nutrient enrichment due to upwelling or fresh-
water discharge, (2) concentration of food due to sta-
bility and convergence and (3) drift toward or reten-
tion of larvae in suitable habitats. The west coast of
South Africa, including the Benguela Current sys-
tem, provides these conditions for anchovy with sea-
sonal nutrient-rich upwelling, as well as transport to
and retention of food and pre-recruits in nursery
areas north of Cape Columbine (Hutchings et al.
1998, 2002, 2009, Kirkman et al. 2016). Alternatively,
Algoa Bay also provides all 3 of these oceanographic
conditions. River discharge from the Sundays and
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Fig. 1. Map indicating the sampling stations (red points) for
oceanographic variables (i.e. temperature, salinity, O, con-
centration and chl a concentration from surface to 30 m),
Cape anchovy larvae and zooplankton off the west coast of
South Africa and in Algoa Bay (inset). Black stars indicate
the stations in Algoa Bay where only measures of oceano-
graphic variables and zooplankton, but no fish larvae, were
collected. Mapping sources: GEBCO, NOAA, CHS, OSU,
UNH, CSUMB, National Geographic, DeLorme, NAVTEQ,
and © Esri

Swartkops estuaries provides nutrients, and strong
summer easterly winds create upwelling events
(Schumann et al. 1991, Pattrick & Strydom 2008,
Costalago et al. 2018). Winds also move water from
the Agulhas Current into Algoa Bay where fish lar-
vae may be retained due to local oceanographic fea-
tures (Pattrick & Strydom 2014). As such, the waters
of Algoa Bay may provide an ideal nursery area for
Cape anchovy (Pattrick & Strydom 2014). However,
the west coast offers a significantly larger area with
significantly higher productivity (Hutchings et al.
1998, 2002, 2009). In order to determine the quality of
the anchovy nursery area provided by Algoa Bay on
the southeast coast, the present study tested the
hypothesis that Cape anchovy larvae in Algoa Bay
are in poorer nutritional condition and have slower
growth rates than larvae in the productive west coast
upwelling system.

2. MATERIALS AND METHODS
2.1. Specimen and environmental sampling

Anchovy larvae were collected from 4 sampling
sites in nursery areas off the west coast of South
Africa in February 2014, during the second pilot
cruise of the Integrated Ecosystem Programme:
Southern Benguela (IEP:SB) on the RV ‘Algoa’
(Fig. 1). Temperature, oxygen concentration, salinity
and chlorophyll a values in the top 30 m, and the zoo-
plankton biomass in the entire column, were meas-
ured at the 4 sampling stations and averaged for the
sampling area. Oceanographic data (temperature,
oxygen concentration, salinity, chlorophyll) were
taken using a CTD Sea Bird SBE 11 plus. A pair of
bongo nets (diameter 750 mm and 500 pm mesh size)
and Hydro-Bios MultiNets (200 pm mesh size) were
towed from 500 m to the surface to collect zooplank-
ton and fish larvae. Stepped oblique tows were done
at a speed of ~2 knots with all net types. Zooplankton
samples were stored in formalin and the zooplankton
biomass as dry weight (as mg DW m) calculated in
the laboratory. Anchovy larvae were stored in
RNAlater® for nucleic acids analysis (n = 49) and in
ethanol (70 %) for otolith analyses (n = 52).

Similarly, oceanographic data and anchovy larvae
were collected in the Algoa Bay nursery in early
March 2014 (Fig. 1). Oceanographic data (taken with
a CTD Sea Bird SBE 19 plus) and zooplankton
biomass (as mg DW m™) were obtained by the
South African Environmental Observation Network
(SAEON) during an Algoa Bay Long Term Monitor-
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ing and Research Programme (LTER) cruise on the
RV '"uKwabelana'. Temperature, oxygen concentra-
tion, salinity and chlorophyll a values in the top 30 m,
and the zooplankton biomass in the entire column,
were measured at 6 sampling stations and averaged
for the sampling area. Anchovy larvae and zooplank-
ton were collected with a ring net (diameter 750 mm
and mesh size 500 pm) on the same day as the oceano-
graphic data. Stepped oblique tows were made at a
speed of ~2 knots. Zooplankton samples were col-
lected from all 6 Algoa Bay stations, but anchovy lar-
vae were only found at 2 of the stations (Fig. 1). Larvae
were collected and stored in RNAlater® for nucleic
acid analysis and in ethanol (70 %) for otolith analyses.
A total of 83 larvae from Algoa Bay were used (total
length [TL] range 4.17-25.53 mm, average 10.70 =
5.44 mm), 40 of them for otolith analyses and 43 of
them for nucleic acid analysis. A total of 101 larvae
from the west coast were used in this study (TL
range 5.12-22.76 mm, average 9.62 = 3.32 mm), 52
for otolith analyses and 49 for nucleic acid analysis.

2.2. Otolith extraction and analysis

Extraction of otoliths was carried out at GEOMAR,
Kiel (Germany). Larvae were photographed with a
digital camera attached to a Leica MZ95 microscope,
and TL of each larva was measured to the nearest
0.01 mm with ImagePro® Insight software. Using the
polarized filter in a binocular microscope, otoliths
were located and extracted with fine needles. Only
the sagittae were extracted in this study because the
microstructures of the lapilli were not as clear as
those of the sagittae. The otoliths were individually
mounted on microscope glass slides with epoxy resin
and photographed using a light microscope at 100—
1000x magnification (oil immersion was required at
the highest magnification) coupled to a digital cam-
era and ImagePro® Insight software.

Using the ImageJ software with the ObjectJ plugin
v.1.03 and its ‘Tree Rings' extension (Ferrieria & Ras-
band 2019), modified to analyze otolith rings, the total
number of daily increments (DI) from the first feed-
ing check (described by Palomera et al. 1988) was
counted along the longest axis from the nucleus, and,
when the rings were not clearly visible all along this
axis, marking was continued along the axis where
rings could be clearly identified. Additionally, the in-
dividual growth rate (IGR, mm d!) from the time of
hatching until the time of capture was calculated us-
ing the equation proposed by Takahashi & Watanabe
(2005) for Japanese anchovy E. japonicus:

(TL-TL,) 1)
Age

IGR =

where TL is the measured larva total length cor-
rected using the method of Theilacker (1980), TL, is
the standard larva length at hatching, estimated to
be 2.5 mm according to laboratory studies on Cape
anchovy (Regner 1985), and Age = DI

2.3. Nucleic acid quantification

Homogenization and quantification of RNA and
DNA were carried out at GEOMAR following the
methods described in Malzahn et al. (2003). Larval tis-
sue cells were lysed to dissociate proteins using
sodium dodecylsulfate (SDS 0.01%) in a buffer con-
taining 0.05 M Tris, 0.01 M EDTA, and 0.1 M NaClata
pH of 8.0 (TE buffer). After centrifuging the samples,
2 aliquots of the supernatant were added to a micro-
plate containing the fluorophore Ethidium Bromide
(EB). RNase was added to the second aliquot, and the
plate was incubated for 30 min at 37°C and then
cooled to room temperature before the fluorescence
of both aliquots was recorded with a microplate fluo-
rometer. The fluorescence from the RNase-treated
aliquot was attributed to DNA. RNA concentrations
were calculated from the difference in fluorescence
between the 2 aliquots. The RNA:DNA ratios were
then standardized (sRD) using the reference slope ra-
tio of 2.4 (Caldarone et al. 2006). In order to eliminate
possible bias due to the differences in temperature
between the Algoa Bay and west coast sampling sta-
tions, the sRD values were incorporated into a multi-
species growth model (Buckley et al. 2008) used to
calculate larval instantaneous growth rate (Gj):

G;=0.0145 x sRD + 0.0044 x (sRD x T)-0.078 (2)

where T is the average sea temperature in each
region as estimated above (i.e. mean surface to 30 m
depth).

2.4. Statistical analysis

After testing for normality, independent sample t-
tests were used to verify differences in the log-
transformed environmental parameters (tempera-
ture, salinity, oxygen concentration, and chlorophyll
a) and the zooplankton biomass between the west
coast sites and Algoa Bay. Linear regressions were
performed to test the relationships between TL,
increment width, against DI, and of sRD and G;
against TL within each area. The significance tests
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for differences in growth (i.e. variables IGR, TL and
increment width) and nutritional condition (i.e. vari-
ables sRD and G;) between west coast and Algoa
Bay larval groups were done by applying
ANCOVA, using DI and TL as covariates. The bio-
logical variables were log-transformed prior to sta-
tistical analysis when necessary to obtain linearity
and variance homogeneity (Sokal & Rohlf 1981).
Values are presented as mean + standard deviation
(SD). All statistical analyses were performed using
R (CRAN R v3.6.1).

3. RESULTS
3.1. Environmental parameters

Temperature was significantly lower (t= -26.36,
p< 0.001) in Algoa Bay than at west coast sites
(15.61 + 2.61 and 18.28 + 3.25°C, respectively)
(Fig. 2). Salinity was also significantly lower (t =
-16.53, p <0.001) in Algoa Bay than on the west coast
(35.08 = 0.09 and 38.18 + 0.26 PSU, respectively)
(Fig. 2). Oxygen concentration was significantly
lower (t =-14.92, p < 0.001) in Algoa Bay than on the
west coast (6.45 + 2.60 and 6.92 + 1.51 mg 17}, respec-
tively) (Fig. 2). Chlorophyll concentration in Algoa
Bay (3.79 + 5.01 mg 17!) was significantly higher (t =
16.27, p < 0.001) than on the west coast (1.17 =
2.48 mg 17!y (Fig. 2). Zooplankton biomass in Algoa
Bay (38.14 mg DW m™) was significantly higher (t =

43.99, p < 0.001) than on the west coast (11.68 =
8.14 mg DW m™3) (Fig. 2).

3.2. Otolith analyses

We detected strong evidence of an increase in IGR
with TL in both areas (p < 0.001; Table 1). However,
the relationship between IGR and the number of DI
was only positive for larvae from Algoa Bay (Table 1,
Fig. 3A). The ANCOVA test indicated that, after con-
trolling for the effect of the DI covariate, there was a
significant effect of sampling area on the IGR (F; g3 =
34.47, p < 0.001), with IGR being higher in the Algoa
Bay larvae.

The linear relationship between TL and the num-
ber of DI was positive and statistically significant for
both Algoa Bay and the west coast (p < 0.001; Table
1, Fig. 3B). The ANCOVA test indicated that, after
controlling for the effect of the DI covariate, there
was a significant effect of sampling area on the TL
(F1 88 =48.65, p < 0.001). For a given age, larvae from
Algoa Bay were larger than larvae from the west
coast. Therefore, for any given age, IGR was higher
in larvae from Algoa Bay than in larvae from the west
coast (Table 1, Fig. 3A).

The average increment width increased signifi-
cantly with DI for fish in Algoa Bay (p < 0.001), while
there was no discernable trend for west coast speci-
mens (Table 1, Fig. 3C). The ANCOVA test indicated
that, after controlling for the effect of the DI covari-
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Table 1. Estimated coefficients of the linear regressions (dependent variable [DV] = intercept + covariate x a). SE = standard error,
IGR = individual growth rate, sRD = standardized RNA:DNA, G; = instantaneous growth rate, TL = fish total length, DI = daily
increments. Asterisks indicate significance thresholds: *p < 0.05, **p <0.01, ***p < 0.001

Individual growth rate (mm d-')

DV Covariate Intercept (+SE) a (+SE) r? P
Algoa Bay
IGR TL 0.17 (+0.06)** 0.03 (+0.003)*** 0.69 <0.001***
IGR DI 0.25 (+0.13) 0.02 (+0.008)**
TL DI -3.86 (+1.88)* 1.10 (£0.11)*** 0.71 <0.001***
Increment width DI 0.48 (+0.53) 0.14 (£0.03)*** 0.32 <0.001***
sRD TL 1.52 (£1.16)*** 0.05 (+0.02)* 0.12 0.013*
G; TL 0.05 (£0.01)*** 0.004 (+£0.001)* 0.12 0.013*
West coast
IGR TL 0.08 (+0.06) 0.04 (+0.007)*** 0.39 <0.001***
IGR DI 0.53 (+0.08)*** —0.007 (+0.005)
TL DI 3.31 (£1.04)** 0.36 (+0.07)*** 0.34 <0.001***
Increment width DI 1.72 (£0.31)*** 0.003 (+0.02) 0 0.86
sRD TL 0.86 (+0.15)*** 0.07 (£0.01)*** 0.36 <0.001***
G; TL —-0.02 (£0.009)* 0.004 (=0)*** 0.35 <0.001***
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Fig. 3. Relationship between (A) individual growth rates (derived from otolith analyses), (B) total body length, and (C) increment
width and the otolith's number of daily increments (i.e. age) of Engraulis encrasicolus larvae sampled in Algoa Bay and on the
west coast. Shaded areas indicate 95 % confidence interval for each area

ate, there was a significant effect of the sampling
area on the increment width (F; gg = 26.64, p < 0.001).

3.3. RNA:DNA analysis

The linear regression indicated a statistically sig-
nificant increase in sRD with TL in both areas
(Table 1, Fig. 4A). The ANCOVA test indicated that,
after controlling for the effect of the TL covariate,
there was a significant effect of the study area on the
sRD (F; g9 = 48.15, p < 0.001), with the slope being

steeper for the west coast samples. In addition, the
sRD-TL intercept was almost twice as high in the
Algoa Bay model than in the west coast model (1.52
and 0.86, respectively).

The linear regression also indicated a statistically
significant increase in G; with TL in both areas
(Table 1, Fig. 4B). The intercept was significantly
higher in Algoa Bay than in the west coast, but the
slope was steeper for the west coast samples, accord-
ing to the ANCOVA test (F; go = 138.04, p < 0.001).
Further, at any given larval length, the sRD and the
G; values for Algoa Bay anchovy were much higher
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than those of anchovy caught on the west coast (p =
0.001 and p < 0.001 for sRD and Gj, respectively).

4. DISCUSSION

The present study aimed to compare the growth
and nutritional condition of larval Cape anchovy on
the west and southeast coasts of South Africa.
Growth rates and nutritional condition of fish larvae
were inferred using otolith analyses and RNA:DNA
(Clemmesen 1994, Bergeron 2000). The results indi-
cated that in terms of nutritional condition, anchovy
larvae might do as well, if not better, in Algoa Bay,
situated along the Aghulas Current LME, than in
the west coast sampling locations occurring along
the comparatively eutrophic Benguela Current
LME. This indicates that the environmental condi-
tions in Algoa Bay at the time of sampling may be
favorable for the recruitment of anchovy larvae.
However, at the time of sampling, average chloro-
phyll and zooplankton biomass were higher at the
Algoa Bay sampling sites than the West Coast sam-
pling sites. Thus, the high productivity in this spe-
cific area may have counteracted the potential neg-
ative effects of relatively nutrient-poor waters
arising from the Aghulas Current. However, these
results may only represent a snapshot in time of the
potential differences between sample sites on the
west coast and Algoa Bay and may not be indicative
of the entire Benguela Current or Aghulas Current
LMEs. More detailed sampling of larval condition
and environmental parameters across spatial and
temporal distributions in the 2 areas may provide
further clarity. However, the data indicate that the
conditions and oceanographic features in Algoa Bay
may provide an ideal nursery for viable anchovy
recruitment in a southeast coast population.

Stable oceanic conditions allow for aggregations
of food which further support larval survival
(Lasker 1978, 1981, Santojanni et al. 2006). Algoa
Bay is relatively protected from turbulence and is
an oceanographically more stable habitat than less
sheltered areas (Pattrick et al. 2013), hence provid-
ing an adequate nursery area for fish larvae
(Lasker 1981, Bergeron 2000). The timing of the
availability of food corresponding to the timing of
the presence of larvae is integral to determining
recruitment success of fish populations (Cushing
1990, Garcia et al. 2003, Takasuka et al. 2007).
However, high food availability in certain regions,
such as the west coast, may lead to higher inter-
and intra-specific competition which may decrease
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individual body condition in larvae despite higher
abundances. For example, Diaz et al. (2018) showed
that, for E. anchoita in the southwestern Atlantic
Ocean, larvae were in better condition during low-
productivity years than high-productivity vyears
with high densities. Similarly, favorable feeding
and environmental conditions also occur seasonally
for engraulids, as previously indicated by Garcia et
al. (2003), Schismenou et al. (2013) and Do Souto et
al. (2019). Somarakis & Nikolioudakis (2007) found
higher densities of E. encrasicolus during periods of
cooler, freshwater-rich high productivity in the
Thermaikos Gulf arising from high riverine dis-
charge. This potential reduction in intra-specific
competition in Algoa Bay, combined with favorable
conditions for the larvae and their food sources,
may explain the similarity in body condition
between the sample sites in this study. Given the
oceanographic features of Algoa Bay, such as local-
ized upwelling, river discharge and wind-driven
retaining countercurrents, it may be an ideal eco-
system for the retention, survival and condition of
fish larvae such as anchovy, supporting the hypoth-
esis that the bay is important as a nursery area
(Pattrick & Strydom 2014) by fulfilling the criteria
of Bakun's Ocean Triad hypothesis (Bakun 1996,
Teodoésio et al. 2017).

Alternatively, feeding differences may explain an-
chovy larvae growth and nutritional condition pat-
terns in oligotrophic areas (Clemmesen 1994, Berg-
eron 2000). For instance, Quintanilla et al. (2015)
showed that the larvae of E. encrasicolus exhibited
prey selectivity in low-productivity areas, whereas
generalist feeding behavior was seen when food was
readily available. Anchovy populations are also
known to select larger prey of higher trophic position
when it is available in the northwest Mediterranean
Sea (Quintanilla et al. 2015, Intxausti et al. 2017). This
may also be possible for Algoa Bay and other pelagic
fish nurseries along the Aghulas Current LME during
periods of low productivity; however, in the present
study, zooplankton prey items were not differentiated
by type or size so data on differences in feeding pref-
erences between west and southeast coast popula-
tions are not available. Also, average chlorophyll and
zooplankton densities were higher in Algoa Bay than
on the west coast during sampling at this single point
in time, which further calls into question potential
feeding differences as an explanation for the results
of this study over wider spatial-temporal scales with
further feeding information such as prey size, but
provides a basis for future work as the environment
continues to change along the coast.

The results of this study indicate that, although
Algoa Bay is situated in a comparatively low-
productivity current system, it provides conditions for
anchovy larvae growth and survival comparable to
west coast nursery sites. The relatively recent
creation of these conditions has resulted in conse-
quences for the biology and life history of the Cape
anchovy, such as the eastern shift in recruiting popu-
lations or potentially 2 entirely distinct populations
(Roy et al. 2007, de Moor & Butterworth 2015, de
Moor et al. 2017 Costalago et al. 2018). A pertinent
question that arises is how these populations should
be managed from a fisheries and conservation stand-
point going forward in a changing world. de Moor &
Butterworth (2015) showed that a 2-stock system may
better reflect abundance data for sardines between
the west and southeast coasts of South Africa than a
single stock system. The same may be true for an-
chovy, as these species are managed and targeted to-
gether in South Africa. Separate stock assessments
and total allowable catches for the 2 regions do exist
in the most recent procedures, which came into effect
in 2018 (de Moor 2018, Coetzee et al. 2019). The envi-
ronmental data and oceanographic conditions dif-
fered between the sampling sites on the west and
southeast coasts, which may explain the differences
in nutritional condition of larvae. Algoa Bay is more
sheltered and retentive, with fewer incidences of up-
welling and a higher reliance on freshwater flow,
than the nursery sites on the west coast (Schumann et
al. 1991, Pattrick & Strydom 2008, Costalago et al.
2018). Biologically, this may mean different feeding
and growth rate strategies as seen by Quintanilla et
al. (2015); however, more information is needed to
adequately assess the feeding status of the population
in Algoa Bay. Also, the nursery sites on the west coast
provide significantly more high-productivity areas for
anchovy than the potential pockets of appropriate
nursery habitat such as Algoa Bay along the south
and southeast coast (Hutchings et al. 2009, Kirkman
et al. 2016). The physical, biological and socioeco-
nomic differences such as human population density
and economic activity between the 2 systems may,
however, also warrant an ecosystem-based approach
to management (Kirkman et al. 2016, Siple et al.
2019). Ultimately, due to shifts driven by global
change, the results of this study highlight the impor-
tance of the management of unique nursery areas
such as Algoa Bay and thus the separate management
of pelagic fish stocks in the 2 distinct LMEs of the
south/southeast and western regions of the South
African coastline, where different physical and bio-
logical factors are at play.
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