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COMPOSITION, ABUNDANCE AND SEASONALITY OF FISH LARVAE IN
THE MOUTH OF DURBAN HARBOUR, KWAZULU-NATAL, SOUTH AFRICA

S. A. HARRIS*T and D. P. CYRUS*

Ichthyoplankton samples were collected every six weeks at night on consecutive ebb and flood tides over an
18-month period (June 1991-December 1992) at surface, middle and bottom depths near the entrance of
Durban Harbour to investigate the composition, abundance, seasonality and developmental stages of fish larvae
in the harbour. In all, 8 797 fish larvae, representing 144 species and 64 families were collected. The Clupeidae
and Gobiidae were the dominant families, representing 30 and 15% of the total catch respectively. The most
abundant larvae were the blueline herring Herklotsichthys quadrimaculatus, which contributed 29.7% of the
total catch. Larvae of estuarine-independent species dominated the total catch, both in terms of density (78%)
and number of species (81%). In all, 28 species dependent on estuaries at some stage in their life cycle were
recorded; of these 13 were species totally dependent on estuaries. Temperature and salinity accounted for 31%
of the variation in larval densities of estuarine-dependent species. Turbidity was a significant variable for estuarine-
independent species, larval densities of the abundant species being negatively correlated to turbidity. Larval
density peaked mainly in August 1992 (winter), with a mean larval density of 118 larvae:100m-3. Larvae of
estuarine-associated species were mainly at the flexion and postflexion developmental stages, whereas most larvae
of estuarine-independent species were at preflexion and flexion stages. Larval densities of certain estuarine-
associated species (e.g. Argyrosomus sp.) were significantly higher in bottom samples, mainly on flood tides but
also on ebb tides, suggesting that selective tidal stream transport is a recruitment mechanism used by these
species. The impact of harbour development is shown by the dominant marine component of the larval fish
assemblage in the harbour. However, despite the seminatural estuarine environment of Durban Harbour, the
high species diversity of fish larvae in the system indicates that the harbour is in a relatively good ecological
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condition.

Durban Harbour is situated at 29°53°S and 31°00°E
on the KwaZulu-Natal coast and is one of the busiest
shipping ports in Africa. Prior to its development in
the late 1800s, the system was called “Port Natal”
and was described as a large bay with freshwater
flowing into it (Holden 1855). The bay was perma-
nently open to the sea and shallow (<3 m), with the
depth varying depending on the state of the sandbar
in the entrance channel (Hay et al. 1995). Two rivers,
the Umbilo and Mhlatuzana, enter the bay through
canalized inlets on the south-west side of the harbour
and supply minimal freshwater input, except during
floods, resulting in essentially marine conditions
(Forbes et al. 1994). The surface area of the bay is
approximately 8 km? and has a maximum depth of
12 m, with a shoreline perimeter of some 27 km (Begg
1978, Forbes et al. 1994). In its pristine state, the bay
of Port Natal must have functioned as a typical estuarine
and nursery habitat with a diverse ichthyofauna.
Currently, Durban Harbour is better defined as an
“embayment” (Begg 1978), because the system is tidally
dominated with near-marine salinities. Continuing
developments and increased pollution inputs and
recreational activities have contributed to consider-

able degradation of Durban Bay and therefore its
function as an estuarine habitat (Begg 1978, Guastella
1994, Hay et al. 1995).

Early biological surveys of the bay (Day and
Morgans 1956, Wallace 1975a, b) found that, despite
the impact of the harbour developments, a surprisingly
rich ichthyofauna persisted, with many of the fish
being euryhaline species typical of other KwaZulu-
Natal estuaries. More recent studies show that, despite
the prevalent stenohaline marine component, many
of the fish species found in the bay are still euryha-
line estuarine species (Hay et al. 1993, Beckley et al.
1994, Cyrus and Forbes 1994, 1996, Graham 1994,
Guastella 1994), indicating that Durban Harbour still
serves as an important nursery site for these fish species.
All previous fish surveys have examined only adult
and juvenile life-history stages (Day and Morgan
1956, Wallace 1975 a, b, Begg 1978, Hay et al.
1993, Beckley et al. 1994, Cyrus and Forbes 1994,
1996; Guastella 1994), with no studies on the larval
life-history stages, with the exception of some non-
quantitative work by A. D. Connell, CSIR, pers.
comm.). To further understanding of the utilization of
estuarine nursery areas by estuarine-associated fish
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Fig. 1: Location of Durban Harbour on the KwaZulu-Natal coast, and the sampling site near the entrance of the

species, it is important to examine the early life-
history stages of these fish (Whitfield 1989). Marine
fish species utilizing estuaries as nurseries are recruited
at an early life-history stage, particularly as postflexion
larvae (Whitfield 1989, Gaughan et al. 1990, Harrison

harbour

and Whitfield 1990, Tzeng and Wang 1992, Neira et al.
1992, Harris and Cyrus 1995, 1997, Harris et al. 1995).

The present study investigates the composition,
abundance, seasonality and developmental stages of
fish larvae occurring near the Durban Harbour entrance,
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Table I: Summary of the sampling programme at the study
site in Durban Harbour

Sampling programme Details

Sampling dates (spring tides) June 1991 — Dec. 1992

Number of sampling trips 13

Mean (+ 1SD) sampling depths (m)
Middle depth
Bottom depth

Number of samples
Ebb tide 110
Flood tide 119

Mean (+ 1SD) volumes of water
filtered (m3)
Surface 108.0 = 33.5
Middle 113.8 £354
Bottom 106.1 + 33.8

i.e. the lower reaches of the estuarine system. Estuarine-
associated species were identified and discussed in terms
of recruitment into the harbour.

MATERIAL AND METHODS

Sampling programme

Ichthyoplankton samples were collected at a sampling
site in the dredged channel near the entrance of
Durban Harbour (Fig. 1). Samples were collected
approximately every six weeks from June 1991 to
December 1992, over spring tides at night, on con-
secutive ebb and flood tides (see Table I). A 500-pum
mesh plankton net (57-cm mouth diameter and 2.5 m
long), equipped with a flowmeter (General Oceanics),
was towed about 10 m behind a launch into the current
(average speed 1 mrs-1). The depth fished was controlled
by varying the length of the rope and the number of
weights and floats. Three series of three hauls were
taken at approximately 11-h intervals at the surface,
middle and near-bottom depths. The depths of the middle
and bottom samples varied depending on the state of the
tide. Samples were preserved in 4% buffered formalin.
Temperature (°C), salinity (><10‘3) and turbidity (nephe-
lometric turbidity units — NTU) were measured during
the collection of each sample.

Laboratory procedures

Larvae were identified to the lowest possible
taxon according to Fahay (1983), Leis and Rennis
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(1983), Moser et al. (1984), Smith and Heemstra
(1986), Okiyama (1988) and Leis and Trnski (1989).
Fish body lengths were measured (notochord length
in preflexion and flexion larvae and standard length
in postflexion larvae) using an eyepiece micrometer
for larvae <10 mm and vernier calipers for larger
individuals. The term “fish larva” was used to designate
that stage in the life history from hatching to attain-
ment of complete fin ray counts and the beginning of
squamation, at which stage the fish becomes a juve-
nile (Kendall et al. 1984). Terminology to designate
larval developmental stages follows Kendall ef al.
(1984) and includes: leptocephalus (Le), preflexion
(Pr), flexion (FI), postflexion (Po) and juvenile (Ju).
Older larvae are defined as postflexion, and younger
larvae as both preflexion and flexion (Leis 1991).

Estuarine-association categories

For the purpose of this study, the term “estuarine-
dependent” refers to those fish species for which estu-
aries form an essential habitat for at least one stage of
their life cycle (Blaber et al. 1989). Each taxon was
categorized according to the degree to which the
species is dependent on estuaries in its life cycle. All
species were then grouped into one of the following
three groups (adapted from Whitfield 1994a, b):

Estuarine-dependent species

Ia Estuarine species which only breed in estuaries,
e.g. estuarine round herring Gilchristella aestuaria;

ITa Euryhaline marine species which usually breed
at sea, but the juveniles are dependent on estuaries
as nursery areas, e.g. ladyfish Elops machnata;

Va Obligate catadromous species which need estuaries
as conduits to and from freshwater catchment
areas (i.e. require a freshwater phase in their devel-
opment), e.g. longfin eel Anguilla mossambica.

Partially estuarine-dependent species
Ib Estuarine species which breed in estuaries as well
as the marine or freshwater environment, e.g. river
goby Glossogobius callidus and longsnout pipefish
Syngnathus acus;

IIb Euryhaline marine species which usually breed at
sea, but the juveniles occur either in estuaries and/
or at sea, e.g. groovy mullet, Liza dumerilii;

IIc Euryhaline marine species which usually breed at

sea with the juveniles more abundant at sea, but

occasionally in estuaries, e.g. thorny anchovy Stole-
phorus holodon;

Facultative catadromous species which do not re-

quire a freshwater phase in their development, but

juveniles are often strongly associated with estu-
aries, e.g. oxeye tarpon Megalops cyprinoides.

Vb
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Fig. 2: Mean monthly variations (+ 1SE) of (a) salinity, (b) temperature and (c) turbidity for surface, middle and
bottom samples in Durban Harbour during the study period

Estuarine-independent species
IV Euryhaline freshwater species, e.g. barebreast goby
Silhouetta sibayi,
[Ila Marine species which occur in estuaries in small

numbers, but are not dependent on them (includes
shore- and reef-associated neritic species), e.g.
piggy Pomadasys olivaceum and queenfish Scom-
beroides spp.;
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Others (13.5%)

Haemulidae (3.1%)

Myctophidae (3.7%)

Sparidae (5.7%)

Tripterygiidae
(8.9%)

Blenniidae (10.1%)
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Clupeidae (30.0%)

Gobiidae (14.8%)

Engraulidae (10.2%)

Fig. 3: Percentage contribution of the dominant families for all species collected during the study

IIIb Marine species which occur in estuaries in small
numbers, but are not dependent on them (includes
oceanic species, epi-, meso- and bathypelagic), e.g.
lanternfish Diaphus spp. and lightfish Vinciguerria
spp-

Analyses of data

For all statistical analyses, a significance level of
p < 0.05 was used. Before testing, larval density data
were log-transformed [log;y (x + 1)] to conform to
normality and homogeneity of variances. Where
necessary, turbidity and salinity data were also log-
transformed. Significant differences in environmental
variables (current velocity, salinity, temperature and
turbidity) and density of fish larvae between surface,
middle and bottom samples, and between sampling
dates were detected by means of a two-way or three-
way analysis of variance (ANOVA — Tukey test).
Duncan’s Multiple Range test was used to identify
where significant differences occurred. Multiple linear
and stepwise-regressions were used to ascertain

whether the environmental variables showed any
statistical relationship with larval densities.

The total number of larvae for all taxa caught in all
the samples (surface, middle and bottom) was recorded
and converted to density (number of larvae-100m-3).
These adjusted numbers were used to calculate the
percentage contribution of each species to the total
catch. The total mean catch (Table II) is the sum of
the mean densities each month divided by the number
of sampling periods.

RESULTS

Environmental variables

During the study period (June 1991—December 1992)
water conditions at the sample site in Durban Harbour
were essentially marine. The mean monthly salinity
reached a minimum of 34.0 x 1073 in June and late
October 1991 and a maximum of 35.0 x 107 in July
1991 and from May to December 1992 (Fig. 2). No
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Table Ill: Stepwise regression statistics of larval fish densities versus environmental variables per estuarine-association
group and most abundant species in each group collected at the study site in Durban Harbour (adj = R? coefficient
of determination; R = correlation coefficient; F = F statistic)

Estuarine-association group AdjR? R F Significant variables
Estuarine-dependent 0.31 0.56 50.96%*%* —teHE; g FEE
Rhabdosargus sarba 0.42 0.65 55.80%** —te®HE; gaEE
Pomadasys commersonnii 0.09 0.30 24.37%%% —te
Partially estuarine-dependent
Croilia mossambica
Solea bleekeri 0.14 0.37 19.29%*:* —teHE;
Arygyrosomus sp. NS NS NS NS
Stolephorus holodon NS NS NS NS
Estuarine-independent 0.22 0.47 22.58%%:* saFFE; _uFEE; _te*
Herklotsichthys quadrimaculatus 0.22 0.47 22.52%%* —te Rk, gaEE,
Tripterygiid 1 0.04 0.20 10.88%* —tu*
Blennid 1 0.23 0.48 24 23%%* saFFE; _uFEE; _redF
Gobiid 12 0.08 0.28 10.75%%#%* —te®**; sa*
Scopelopsis multipunctatus 0.15 0.39 21.09%%#* —te**E; —tu*
All taxa 0.22 0.47 21.91%#%%* sakHE; _pukEE; —edE
sa = salinity; te = temperature; tu = turbidity
*p <0.05
**p <0.01
*#% p <0.0001

NS = not significant (p>0.05)

significant differences in salinities were found between
ebb and flood tides or with depth, but significant differ-
ences were found between sampling dates (p < 0.0001).
Mean monthly water temperature reached a maximum
of 24.3°C in December 1991 (summer, Fig. 2) and
was lowest during winter in July 1991 (19.2°C) and
June 1992 (20.0°C). Temperature values were not sig-
nificantly different between ebb and flood tides, but
were significantly higher at surface and middle depths
than at bottom depths (p < 0.0001), and differed sig-
nificantly between seasons (p < 0.0001). Turbidity
peaked in January 1992 (10.2 NTU) and was at its
minimum (1.0 NTU) in August 1992 (Fig. 2). Turbidity
was significantly higher on ebb tides (p < 0.05) and was
usually higher in bottom and middle water depths, al-
though this was not significant. The overall range in tur-
bidities was small, but mean turbidities were signifi-
cantly different between months (p < 0.0001).

Assemblage composition and relationships to
environmental variables

In all, 8 797 fish larvae, representing 64 families and
144 species, were collected between June 1991 and
December 1992 (Table II and Appendix). Clupeidae
was the most abundant family, comprising 30% of the
total catch (Fig. 3), followed by Gobiidae (14.8%),

Engraulidae (10.2%), Blenniidae (10.1%), Tripterygiidae
(8.9%), Sparidae (5.7%), Myctophidae (3.7%) and
Haemulidae (3.1%). Other families contributing 1%
and more were Sciaenidae (1.9%), Soleidae (1.5%) and
Leiognathidae (1.0%).

The most abundant species was the blueline herring
Herklotsichthys quadrimaculatus, which accounted
for 29.7% of the total catch, followed by Stolephorus
holodon (9.8%), Blenniid 1 (9.3%), Tripterygiid 1
(8.8%), Gobiid 12 (6.7%), Gobiid 27 (6.3%) and
Rhabdosargus sarba (4.5%). The larvae of Pomadasys
commersonnii, Solea bleekeri, Argyrosomus sp. and
Scopelopsis multipunctatus each contributed between
1 and 4% of the total (Table II).

Multiple regression analysis for fish larvae in each
estuarine-association group showed that different
combinations of environmental variables accounted
for some of the variation in larval densities, and was
species-specific (Table III). With all species in the
regression model, 22% of the variation in larval den-
sities was accounted for by salinity, turbidity and
temperature, with densities being greater at higher
salinities and lower turbidities and temperatures.
Temperature and salinity accounted for 31% of the vari-
ation in larval densities of estuarine-dependent species,
whereas densities were greater at lower temperatures
and higher salinities (p < 0.001). Larval densities of the
sparid R. sarba, an estuarine-dependent species, were
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(a) Density of larvae

- Estuarine-dependent

Estuarine-independent (reef and shelf)
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(b) Number of taxa

Partially estuarine-dependent

Estuarine-independent (oceanic)

Fig. 4: Percentage contribution of the estuarine-association categories, in terms of (a) density of larvae and
(b) number of taxa, for all species sampled during the study

significantly correlated to salinity and temperature
(p <0.001) and turbidity (p < 0.05). In contrast, densities
of the haemulid P.commersonnii, also an estuarine-
dependent species, were only correlated to temperature
(p < 0.001). There was no correlation between envi-
ronmental variables and larval densities for species
partially dependent on estuaries, except for S. bleekeri,
for which temperature was the most significant variable
(p <0.001). Density variations of species not depen-
dent on estuaries were explained by all three environ-
mental variables, to varying degrees (4—23% of the
model, Table III). Salinity was positively correlated to
larval densities of the dominant estuarine-indepen-
dent species, whereas temperature and turbidity were
negatively correlated. (Table III).

Estuarine association

Larvae of species that are marine spawners and are
not dependent on estuaries (Categories Illa, IIIb)
dominated the total catch, both in terms of density
(78.0%) and number of species (80.6%, Fig. 4). In
all, 28 species dependent on estuaries to some degree

(Categories I and II) were recorded and contributed
to 22.0% of the total density. Of the 28 species, 13 are
totally dependent on estuaries at some stage in their
life cycle (Categories Ia and Ila), but were not particu-
larly abundant (2.2% of total catch). No larvae of
catadromous or euryhaline freshwater species were
collected in this study.

Temporal and spatial trends in larval fish density

Densities of all species generally peaked in
August 1992 (118 larvae:100m-3) and was lowest in
early October 1991 (2 larvae-100m-3, Fig. 5a). The
mean density of estuarine-dependent species was
largest in June 1992 (18 larvae:100m-3) and lowest in
early October 1991 (0.2 larvae-100m-3, Fig. 5b). The
peak in June 1992 was a result of the presence of larval
R. sarba and P.commersonnii, with the former
species contributing to a smaller peak in July 1991
(14 larvae-100m-3, Fig. 6). Densities of partially
estuarine-dependent species were highest in late
October 1991 and December 1992, reaching a maximum
of 20 larvae-100m-3 (Fig. 5¢), consisting mainly of
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S. holodon (Fig. 6). Estuarine-independent species
were most abundant in August 1991 (109 larvae-100m-3)
and least abundant in early October 1991 (2 lar-
vae'100m-3, Fig. 5d). The peak in abundance in
August 1992 was mainly as a result of the presence
of H. quadrimaculatus and, to a lesser extent,
Blenniid 1, Gobiid 12 and Tripterygiid 1 (Fig. 6).
Three-way ANOVAs showed that larval densities
of the abundant estuarine-associated species, (except
R. sarba) had significantly higher densities on flood
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tides (Table IV). All six of those species had signifi-
cantly higher densities in middle and bottom strata
(p > 0.001) for both flood and ebb tides (Fig. 9). This
was particularly evident for the sciaenid Argyrosomus sp.,
whose larvae were abundant on flood tides and near
the seabed, with few larvae in surface waters on the
ebb tides (Fig. 9). Of the five most abundant estuarine-
independent species, only two (Tripterygiid 1 and
Gobiid 12) showed some trend with tide, with
significantly higher densities on ebb tides (p < 0.05,
Table IV). Estuarine-independent species (except for
Gobiid 12 and Scopelopsis multipunctatus) densities
were highest near the seabed on either flood or ebb
tides (Table IV, Fig. 9). Although month had a signifi-
cant effect for all groups and individual species, the
mean squares were relatively small (Table IV). The
tide x depth interaction was significant for S. bleekeri
(p <0.01), Argyrosomus sp. and S. holodon (p < 0.05),
which are all partially estuarine-dependent. The tide
x month and depth X month interactions were signifi-
cant, particularly for P. commersonnii, S. bleekeri,
Argyrosomus sp., Tripterygiid 1, Blenniid 1 and
H. quadrimaculatus (p < 0.001, Table IV). The mean
squares for all the interactions were generally small
(p <0.50).

Developmental stages

Developmental stages in the estuarine-dependent
group were predominantly young larvae (65.0% of
the total), with 30.2% of the larvae at postflexion
stages (Fig. 7). The leptocephalus larvae from the
estuarine-dependent group were Elops machnata.
Marine spawners, which are partially estuarine-
dependant, were present in all developmental stages,
but mainly as postflexion larvae (55.5%). Marine
stragglers, which are not dependent on estuaries, were
predominantly preflexion and flexion larvae (72.5%).
The yolk sac stages comprised H. quadrimaculatus,
the juvenile stages of Blennid 6, Caranx sexfasciatus,
Melanostomiid 1 and Schindleria praematura, and the
adult stage of S. praematura (see Table II and Appen-
dix). The leptocephali in this category were eel
species.

The proportions of developmental stages changed
between months. Young larvae (preflexion and flexion)
were most abundant in late October 1991 and from
August to December 1992, i.e. late winter, spring and
early summer (Fig. 8). Postflexion larvae were domi-
nant in December 1991 and in March 1992. The lep-
tocephali were present in summer (December 1991 and
January 1992), the adult S. praematura in late
October 1991, and the yolk sac stages of H. quadri-
maculatus in August 1992.
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The proportion of developmental stages did not vary
with tide or depth for all the estuarine-association
categories (Fig. 9). Young and old larvae of two of
the most abundant estuarine-dependent species,
R. sarba and P. commersonnii, were collected on
both flood and ebb tides and throughout the water
column (Fig. 9). A similar situation was found for
partially estuarine-dependent species, except that
only preflexion larvae of Argyrosomus sp. were collected
in the surface samples on the ebb tide.

DISCUSSION

Composition of the larval fish assemblage

Biological surveys during the 1950s showed that
Durban Harbour supported a very diverse fauna, with
186 fish species being recorded (Day and Morgans

1956). Many of the marine fish species recorded in
the bay were euryhaline estuarine species typical of
other estuaries in KwaZulu-Natal (Wallace 1975a).
More recent surveys in the harbour have shown that
fish are still abundant, but fewer species are present
(Hay et al. 1993, Beckley et al. 1994, Cyrus and Forbes
1994, 1996, Graham 1994, Guastella 1994). The most
abundant species, as juveniles and/or adults, which
were recorded in those surveys were P. commersonnii,
R. sarba, Acanthopagrus berda, Argyrosomus
hololepidotus (now A. japonicus — Griffiths and
Heemstra 1995), Leiognathus equula, Gerres fila-
mentosus, Hilsa kelee and mugilid spp. Wallace
(1975a) suggested that the fish assemblage in
Durban Harbour is merely an extension of the marine
inshore population because the species composition
was representative of the nearshore community. This
was confirmed by the above-mentioned studies, as
well as the present study, in which 81% (116 species)
of all the species collected and 78% of the total
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Table IV: Mean squares and significance levels for three-way ANOVA of densities of the most abundant species in each
estuarine-association group collected at the study site in Durban Harbour

Main effects Two-way interactions
Estuarine-association
group Tide (F/E)A Depth (S,M,B)® | Month (1-12)C |Tide x Depth| Tide x Month| Depth x Month
dr=1) (df=2) (df=11) @=2) | =11 | (=22
Estuarine-dependent 0.19 1.45%**(B>M>T) 1.32%%* 0.06 0.15% 0.13*
Rhabdosargus sarba 0.25*(E>F) 0.45%**%(B>MT) 1.33%%% 0.002 0.08 0.09*
Pomadasys commersonnii 1.19%#%(F>E)| 0.20***(B>MT) 0.65%#%* 0.05 0.18%#* 0.04
Partially estuarine-dependent 1.91##%(F>E) | 4.11***(B>M>T) 0.84 %% 0.49* 0.22% 0.19*
Croilia mossambica 0.28**(F>E) | 0.32***(B>M>T) 0.10%#* 0.07 0.03 0.05*
Solea bleekeri 0.47%**(F>E) | 0.22*%**(BM>T) 0.37%%** 0.13%%* 0.07%*** 0.07%**
Arygyrosomus sp. 0.62*%#*(F>E)| 0.32***(B>MT) 0.13%%* 0.08* 0.09%#* 0.04
Stolephorus holodon 0.52*%(F>E) 1.73*%%%(BM>T) 0.95%#* 0.47* 0.18 0.14
Estuarine-independent 0.08 2.24%%¥(B>M>T) 2.93%4% 0.11 0.29%%* 0.22%*
Herklotsichthys quadrimaculatus | 0.01 1.70%**(B>M>T) 5.0%%* 0.26 0.21% 0.23%#%
Tripterygiid 10.42*(E>F) | 0.84***(B>M>T) 1.28%%* 0.16 0.427%%** 0.09
Blenniid 1 0.22 0.55***(B>MT) 2.07%%** 0.12 0.33%%* 0.07
Gobiid 12 0.53*(E>F) |0.25 1.05%%* 0.09 0.10 0.13
Scopelopsis multipunctatus 0.04 0.01 0.39%#* 0.06 0.04 0.01
All taxa 0.1 2.87%%%(B>M>T) 2.06%#* 0.10 0.21* 0.19%*

A Tide where densities are significantly higher is indicated in parenthesis. F = flood tide; E = ebb tide
B Depths where densities are highest are indicated in parenthesis and Figure 5 (groups only). S = surface; M = middle; B = bottom
€ Months where densities are highest are indicated in Figure 5 (groups only)

*p < 0.05
**p < 0.01
*** p < 0.001
df = degrees of freedom

abundance were marine stragglers. Compared with
the juvenile and adult fish assemblage, larvae of
different species dominated the catch (H. qaudri-
maculatus, S. holodon and Blenniid 1), with larvae
of P. commersonnii, A. berda, Argyrosomus sp. and
L. equula being relatively abundant (Table II).
Mugilids are one of the most abundant fish species in
KwaZulu-Natal estuaries (Wallace 1975a, Whitfield
1994a), particularly during the juvenile stage of their
life cycle. Mugilid larvae were relatively abundant in
Durban Harbour (ranked 18th overall), but they have
not been found in large numbers in other large Kwa-
Zulu-Natal estuaries, e.g. St Lucia Estuary (Harris
and Cyrus 1995), or in Richards Bay Harbour (Harris
and Cyrus 1997). However, mugilid larvae were abun-
dant in the surf zone adjacent to the St Lucia Estuary
mouth (Harris and Cyrus 1996), suggesting that, in
KwaZulu-Natal, mullet species enter the estuarine
habitat at a later developmental stage.

Kob (Argyrosomus spp.) are important recreational
and commercial fish species in South Africa. Griffiths
and Heemstra (1995) identified three species, A. japoni-
cus, A. thorpei and A. inodorus, which have different
distribution ranges along the southern African coast.
The Argyrosomus larvae collected in the present
study are most likely that of A. japonicus, because

the species is often found inshore and in estuaries on
the KwaZulu-Natal coast. A. thorpei is a more off-
shore species and usually does not enter estuaries,
and A. inodorus is a cold-water species, generally
found south of East London (Griffiths and Heemstra
1995). The only description of early life-history
stages of kob in South Africa was done by Beckley
(1990), who described A. hololepidotus larvae from
Algoa Bay. Those larvae were probably what is now
known as A. inodorus.

Begg (1978) listed four main impacts of the harbour
development on Durban Bay: (1) elimination of margi-
nal vegetation, (2) removal of suitable substrata as
feeding grounds, (3) industrial pollution and (4) in-
creased tidal exchange. The increased tidal exchange
would influence most the composition of the ichthyo-
plankton in the harbour and explains the dominance of
marine straggler larvae in the present study. Studies on
the bays and estuaries off California indicated size of
the opening of an embayment to the sea is the best
predictor of the number of species in the embayment
(Horn and Allen 1976). The amount of water entering
Durban Harbour over a spring flood is estimated to
be 13.5 x 106 m3 (Forbes et. al. 1994). Richards Bay
Harbour (190 km north of Durban Harbour) has a
larger tidal volume of 25 X 100 m3, with 72 % of all
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species being marine stragglers (Harris and Cyrus
1997). St Lucia Estuary has only 2 x 106 m3 entering
the system, with 44% of the species being larvae of
marine stragglers (Harris and Cyrus 1995). By compari-
son, the Durban Harbour marine straggler assemblage
constitutes 81% of all species. Whangateau Harbour,
in northern New Zealand, is a small (9.2 km?), bar-built
estuary with extensive tidal flushing, and therefore
having essentially marine conditions (Roper 1986)
and a composition of fish larvae similar to the adjacent
nearshore marine environment. In contrast, Neira and
Potter (1992) found a paucity of marine-spawned larvae
in the Wilson Inlet (South-Western Australia), which
they attributed to the restricted tidal exchange through
the narrow and shallow entrance channel of that system.

Another reason to explain the dominance of
marine-spawned larvae found in the present study is
that sampling took place mostly in the lower reaches
of Durban Harbour. Neira et al. (1992) found that

most larvae caught in the lower reaches of the Swan
Estuary, South-Western Australia, belonged to marine
species, whereas those in the upper estuary almost
exclusively represented estuarine spawner species.

Recruitment of marine species into Durban Harbour

Are the dominant marine species in Durban
Harbour recruiting at the larval developmental stage?
The studies by Wallace (1975a, b) and Wallace and
Van der Elst (1975) suggested that active recruitment
of juveniles into KwaZulu-Natal estuaries is quanti-
tatively more important than recruitment of larval
stages. However, their sampling of larval stages was
not adequate. Of the 144 larval species collected during
the present study, 27 have been recorded as juveniles
and/or adults in Durban Harbour (Table II). Of those
species, 21 (78%) are species that are dependent or
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partially dependent on estuaries and were collected
as larval stages in the present study, e.g. R. sarba and
P. commersonnii. This suggests that certain estuar-
ine-associated species utilizing Durban Harbour as a
nursery area are recruiting into the system as larvae.
There is evidence of inshore spawning by P. commer-
sonnii and R. sarba (Wallace 1975b), which may
explain the abundance of their larval stages within

Durban Harbour. Similarly, in Richards Bay
Harbour, a high percentage (84%) of the estuarine-
associated fish species recorded as juveniles and/or
adults in the system were also recorded as larvae
(Harris and Cyrus 1997). By comparison, in estuaries
of South-Western Australia, there is an absence of
larvae of most of the marine estuarine-opportunists
(equivalent to partially estuarine-dependent species
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in the present study) abundant as juveniles and/or
adults (Neira and Potter 1992, 1994). These fish
therefore are recruited into these estuaries (Nornalup-
Walpole Estuary and Wilson Inlet) as juveniles or
adults, rather than as larvae. Because the majority of
marine straggler larvae were sampled on both flood
and ebb tides (Table II, Appendix), it would appear
that the majority of those larvae that enter the
Durban estuarine system on flood tides get swept out
of the bay on the ebb tide.

Larval fish abundance in relation to environmental
factors

In its natural state, Durban Bay was more estuarine
in character, with a shifting sandbar situated at the
entrance channel (Begg 1978). With the development
of Durban Bay into a shipping port, the entrance
channel was dredged and consequently increased the
tidal exchange into the system substantially, resulting
in the almost marine conditions which exist today.
Day and Morgans (1956) found that the salinity, tempe-
rature and turbidity of the water in the bay resembled
marine conditions, i.e. small ranges in environmental
variables. This study and those of Hay et al. (1993),
Beckley et al. (1994) and Graham (1994) have shown
that these conditions still prevail, with high salinities
(>30 x 10-3), temperatures that vary seasonally
(18—-27°C) and generally low turbidities (1-22 NTU).
Such conditions are therefore suitable for marine and
euryhaline estuarine fish.

In the present study, larval densities were signifi-
cantly correlated to temperature, salinity and turbidity,
accounting for 22% of the variation in larval densities
of all species combined. However, this implies that more
than 70% of this variation is unexplained. Similarly,
in Richards Bay Harbour (Harris and Cyrus 1997)
and the St Lucia Estuary (Harris and Cyrus 1995),
temperatures, salinity and turbidity correlated
significantly with larval densities and were species-
specific. In Durban Harbour, abundances of dominant
species peaked during autumn and winter when the
water temperatures were lowest. Salinity and turbidity
are important factors associated with larval and juvenile
fish abundances (Cyrus and Blaber 1987a, b, Whitfield
1994a). However, Boehlert and Mundy (1988) suggested
that it is a suite of factors associated with tidal flux at
particular locations that acts as cues for recruiting
fish larvae.

It is noteworthy that larvae of the dominant estuarine-
independent species (e.g. H. quadrimaculatus)
avoided highly turbid waters in Durban Harbour
(Table III). Conversely, in the St Lucia Estuary,
where estuarine-dependent species (e.g. Glossogobius
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callidus and G. aestuaria) dominated the catch, densities
were significantly higher at higher turbidities (Harris
and Cyrus 1995). Correlations between larval densities
and environmental variables seem to be revealed
only for the dominant species present in a particular
system.

Temporal and spatial trends in larval fish abundance

Two important recreational and commercial linefish
species on the KwaZulu-Natal coast are the dusky
kob A. japonicus and the grunter P. commersonnii
(Van der Elst 1981). A. japonicus spawn between
winter and spring (Griffiths and Hecht 1993), with
subsequent recruitment of juveniles (§—15 cm total
length) into the estuarine environment (Wallace and
Van der Elst 1975). The Argyrosomus sp. larvae in
the present collections were relatively abundant in
Durban Harbour during spring and early summer
(Fig. 6). Their size range of 2.5-11.0 mm (mean 5.5 mm,
see Table II) suggests that spawning takes place near
the harbour mouth. Similarly, P. commersonnii is
known to spawn in winter (Wallace and Van der Elst
1975, Van der Elst 1981), the period when their larval
stages (size range 3.0—13.0 mm, mean 5.9 mm, Table II)
were abundant in the harbour (Fig. 6).

There were different peaks in larval abundance in
Durban Harbour throughout the study period, depending
on the seasonality of the different species in each
estuarine-association group. Fish larvae of estuarine
species in temperate and subtropical estuaries tend to
be more abundant in spring, summer and early autumn
and less abundant in winter (Melville-Smith and
Baird 1980, Whitfield 1989, Harrison and Whitfield
1990, Tzeng and Wang 1992, Neira and Potter 1994).
Larval abundance of estuarine species in Durban
Harbour appeared to peak at similar times. The peaks
in winter were attributable to the presence of marine
species such as H. quadrimaculatus, Blenniid 1 and
B. atlanticus.

Although Durban Harbour is not a typical estuary,
the abundance of estuarine-associated fish in the bay
suggests that patterns of recruitment and maintenance
of those species in the system are similar to those
reported for typical estuarine environments. Whereas
some field studies have postulated passive mecha-
nisms of recruitment, the majority of studies have
suggested species-specific behavioural patterns
(Boehlert and Mundy 1988, Leis 1991). When fish
larvae attain the postflexion developmental stage, the
caudal fin is formed (Leis and Trnski 1989) and they
are therefore capable of swimming. The stage of
development at which fish are present in inlets or es-
tuaries may largely determine their ability to alter
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their distribution (Boehlert and Mundy 1988).
Recruitment and retention mechanisms in relatively
deep estuaries that have a two-layered water column
utilize tidal-stream transport (Weinstein et al. 1980,
Fortier and Leggett 1983, Boehlert and Mundy
1988). In these systems, larval stages of estuarine
fish are often stratified within the water column and
many are most abundant near the bottom (Able 1978,
Weinstein et al. 1980). This two-layered pattern does
not exist in some estuarine habitats, such as Whangateau
Harbour (8—9 m deep), but certain species, e.g. the
goby Rhombosolea plebia, do settle on the bottom to
avoid being swept out on ebb tides (Roper 1986).
The entrance channel into Durban Harbour is about
13 m deep (129 m wide), so similar retention mecha-
nisms and patterns of recruitment there may be ex-
pected.

In the present study, the tidal exchange of larvae
into and out of Durban Harbour showed clear
species-specific trends in abundance with respect to
tide and depth. The larval densities of the dominant
estuarine-associated species were highest on flood
tides, suggesting a net input into the system (see
Table IV). However, densities of these species were
highest in middle and bottom waters (where currents
are reduced) on both flood and ebb tides, indicating
that the larvae were avoiding both tides. This pattern
was particularly evident for the sciaenid Argyrosomus
sp. (see Fig. 9), but because very few larvae (and
only preflexion stages) were found in the surface
samples on the ebb tide, there appears to be some
degree of retention within the system as a result of
selective tidal stream transport. In estuaries on the
east coast of the USA, larvae of sciaenids (Atlantic
croaker Micropogonias undulatus and weakfish
Cynoscion regalis) have also been shown to be more
abundant in middle and bottom depths on both flood
and ebb tides, and to use selective tidal stream transport
to effect retention in the estuary (Hettler and Barker
1993, Rowe and Epifanio 1994). However, the tidal
pattern found by larvae moving in and out of a system
can depend on the time and part of the tidal cycle
sampled (Rijnsdorp and van Stralen 1985, Holt and
Holt 1995). In other words, there are substantial
daily differences in patterns of larval movement in
out of an estuarine or harbour system. Future tidal
exchange studies should take cognisance of this fact.

CONCLUSIONS

The impact of harbour development on the original
estuarine system of “Port Natal” into the present day
shipping port of Durban Harbour is clearly indicated
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by the composition of its larval fish assemblage. The
presence of a permanently open, deep harbour en-
trance has resulted in increased tidal exchange of
seawater, hence the dominance of marine species in
the present study. The implication of this is that
Durban Bay no longer functions as a “true estuarine”
system. However the present sampling site was near
the entrance channel of the harbour, in the lower
reaches of the system, and it is likely that a more typical
estuarine larval assemblage would be found in the
middle and upper reaches of the estuarine system.
Despite the semi-natural estuarine environment of
Durban Harbour, the high species diversity of fish
larvae in the system indicates that the harbour is in a
relatively good ecological condition, as was shown
for its juvenile and adult fish populations (Hay et al.
1995).
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Taxa contributing <3% of the total catch of all estuarine-independent fish larvae collected at the study

site in Durban Harbour

Total catch

Body length (mm)

Juvenile
Species M . Developmental Presence | and adult
Number ean density | % of total Mean Rance stages resentA
(-100 m3) catch & P
Reef and shore taxa
Decapterus sp.2 25 0.13 0.3 3.6 2.0-5.0 Pr,Fl F*E
Iso natalensis 22 0.10 0.3 9.2 4.5-15.0 Pr,F1,Po F*E
Pagellus bellottii natalensis 24 0.10 0.3 4.3 3.0-8.0 Pr,Fl,Po FE
Pomadasys olivaceum 27 0.10 0.3 11.5 7.0-22.0 Po FE +
Scombrid 4 16 0.10 0.3 3.6 2.5-5.0 Pr FE
Platycephalid 1 13 0.07 0.2 5.1 2.8-9.0 Pr,F1,Po EE
Gobiid 28 16 0.06 0.2 5.2 3.0-7.0 Pr,F1,Po FE
Mugulid 2 13 0.05 0.1 42 2.5-6.0 Pr,F1,Po FE
Engyprosopon grandisquama 10 0.05 0.1 8.7 5.0-17.0 Pr,F1,Po FE
Carangid 4 11 0.05 0.1 44 3.0-5.0 Pr,F1,Po FE
Gobiid 29 10 0.05 0.1 11 9.0-16.0 Po FE
Apistus carinatus 8 0.04 0.1 5.1 3.5-8.0 Pr,Fl,Po FE
Lutjanus argentimaculatus 9 0.04 0.1 4.6 3.5-6.5 Pr,Fl FE +
Brama sp. 8 0.04 0.1 4.5 3.0-5.0 Pr F
Etrumeus teres 9 0.04 0.1 18. 10.0-29.0 Pr,F1,Po EFE
Minous sp. 1 9 0.04 0.1 42 2.5-6.5 Pr,Fl FE
Trachinocephalus myops 8 0.03 0.1 8 4.0-20.0 Pr,F1,Po FE
Bothid 1 7 0.03 0.1 4.6 3.0-6.0 Pr,Fl
Scorpaenid 10 7 0.03 0.1 3 2.5-4.0 Pr EE
Trichiurus lepturus 6 0.03 0.1 7.1 5.0-9.0 Pr,Fl FE +
Pempheris sp.2 6 0.03 0.1 29 2.0-4.0 Pr FE
Cheilodactylid 6 0.03 0.1 4.3 Pr F
Bregmaceros nectabanus 4 0.02 0.1 3.1 2.5-4.0 Pr FE
Pempheris sp. 1 6 0.02 0.1 4.6 3.0-5.0 Pr,Fl,Po FE
Stephanolepis auratus 5 0.02 0.1 73 2.5-18.5 Pr, Po FE
Pseudorhombus sp. 5 0.02 0.1 53 3.0-8.5 Pr,Fl FE
Carangoides sp. 5 0.02 0.1 5.1 2.5-14.0 Pr,Po FE
Rhabdamia gracilis 4 0.01 <0.1 7.7 54-12.0 Po E
Gempylid 1 3 0.01 <0.1 4.8 3.5-6.0 Pr,F1 F
Caranx sexfasciatus 3 0.01 <0.1 12.8 4.5-29.0 Po,Ju FE
Ophichthys sp.2 3 0.01 <0.1 17 9.0-30.0 Le F
Apodocreedia vanderhorsti 1 0.01 <0.1 14 Po F
Tripterygiid 2 2 0.01 <0.1 4.8 4.5-5.0 Pr,Fl F
Apogonid 11 1 0.01 <0.1 4.8 Fl E
Scarus sp. 3 0.01 <0.1 8.5 8.0-9.5 Po FE
Trichonotus marleyi 3 0.01 <0.1 17.3 12.0-22.0 Po FE
Soleid 2 2 0.01 <0.1 3.5 3.0-4.0 Pr FE
Cepolid 1 2 0.01 <0.1 3.7 3.0-4.3 Pr FE
Diagramma pictus 2 0.01 <0.1 10 Po
Carangid 8 2 0.01 <0.1 4 Pr,Fl FE
Sphyraena sp.4 2 0.01 <0.1 3.8 3.5-4.0 Pr F
Gobiid 5 2 0.01 <0.1 9.5 7.0-12.0 Po FE
Syngnathid 2 2 0.01 <0.1 18.5 14.0-23.0 Po FE
Mene maculata 2 0.01 <0.1 6.5 5.0-8.0 Po FE
Xyrichthys sp.2 2 0.01 <0.1 14 Po E
Hippocampus sp. 2 0.01 <0.1 9 8.5-9.5 Po F
Schindleria praematura 2 0.01 <0.1 13 11.0-15.0 Ju,Ad FE
Histrio histrio 2 0.01 <0.1 3.9 3.8-4.0 Fl FE
Opichthid 1 2 0.01 <0.1 96 94.0-98.0 Le E
Pellona ditchela 1 0.01 <0.1 10 Pr F
Blenniid 8 1 0.01 <0.1 4.5 Pr F
Callogobius sp. 1 0.01 <0.1 55 Fl F

(Continued)
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App. (continued)
Total catch Body length (mm .
Speci y length () Developmental Juvenile
pecies . and adult
mean density | % of total Mean Rance stages resentA
(100 m3) catch g pres
Labrid 3 1 0.01 <0.1 4 Po F
Carangid 5 1 0.01 <0.1 5 Pr F
Opichthid 4 1 0.01 <0.1 4 Le F
Chaetodontid 1 2 <0.01 <0.1 3.8 3.5-4.0 Pr E
Scombrid 3 1 <0.01 <0.1 7 Po F
Sphyraena sp. 3 1 <0.01 <0.1 5.5 Fl F
Sparid 5 1 <0.01 <0.1 8 Po F
Priacanthid 1 1 <0.01 <0.1 6 Pr E
Coryphaena hippurus 1 <0.01 <0.1 6.5 Pr E
Omobranchus banditus 1 <0.01 <0.1 5.5 Fl F
Limnichthys nitidus 1 <0.01 <0.1 12 Po E
Opichthid 3 1 <0.01 <0.1 4 Po F
Cirrhitid 1 1 <0.01 <0.1 7 Po F
Scomberoides sp. 1 <0.01 <0.1 4.5 Fl
Anthias sp. 1 <0.01 <0.1 5.5 Po E +
Mugilid 1 1 <0.01 <0.1 5 Fl F
Gempylid 2 1 <0.01 <0.1 22 Pr F
Muraenesox bagio 1 <0.01 <0.1 4.5 Le E
Bothid 2 1 <0.01 <0.1 35 Pr +
Labrid 21 1 <0.01 <0.1 5 Po F
Gobiid 14 1 <0.01 <0.1 7 Po E
Labrid 19 1 <0.01 <0.1 10 Po F
Lutjanid 3 1 <0.01 <0.1 3.8 Pr E
Gobiesocid 3 1 <0.01 <0.1 4 Pr
Oceanic taxa
Lampandena sp. 14 0.06 0.2 6.1 3.5-9.0 Pr,Fl1,Po F*E
Melanostomid 1 13 0.05 0.1 19 7.0-32.0 Pr,F1,Po,Ju k)
Lampanyctus B 11 0.05 0.1 3.6 3.0-5.0 Pr,Fl FE
Triphoturus nigrescens 7 0.03 0.1 6.7 4.0-10.0 Pr, Po F
Ceratoscopelus warmingii 4 0.02 0.1 5.2 4.0-6.0 Pr,F1,Po F
Scopelosaurus sp. 4 0.02 <0.1 13.3 12.0-16.0 Pr,Fl,Po F
Paralepid 1 3 0.02 <0.1 9.7 7.0-12.0 Pr F
Diogenichthys panurgus 2 0.01 <0.1 5 4.5-55 Pr FE
Diaphus brachycephalus 2 0.01 <0.1 5.8 5.5-6.0 Po F
Pollichthys mauli 2 0.01 <0.1 24.5 23.0-26.0 Po F
Bathylagus bericoides 1 0.01 <0.1 6 Pr F
Ceratid 2 1 <0.01 <0.1 5 Pr,Fl,Po FE
Astronesthes sp. 1 <0.01 <0.1 13 Fl E
Benthosema pterotum 1 <0.01 <0.1 5 Po E
Lestidium atlanticum 1 <0.01 <0.1 11 Po F
Psenes sp. 1 <0.01 <0.1 7 Po F
Chauliodus sp. 1 <0.01 <0.1 10 Pr F
Lobianchia gemellari 1 <0.01 <0.1 7 Po F
Champsodon capensis 3 <0.01 <0.1 4 2.0-6.0 Pr,Po FE

AWallace (1975a), Hay et al. (1993), Beckley et al. (1994),Guastella (1994)
Le = leptocephalus; Ys = yolk sac; Pr = preflexion; Fl = flexion; Jv = juvenile; F= flood tide; E = ebb tide

* Abundant
*% Very abundant



