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Abstract Biogeographical transitional areas are often
characterised by fluctuating environmental conditions
and high variability in species composition and abun-
dance. A 10-year summer sampling programme was
undertaken in the permanently open Breede Estuary,
situated between the winter and bimodal rainfall regions
and in the cool/warm-temperate biogeographical transi-
tion zone. This allowed for the collection of data
highlighting inter-annual changes in the fish community
of a transition zone estuary and relating these changes to
selected environmental variables (salinity, temperature
and flow). Although the abundance of individual spe-
cies varied on an inter-annual basis, the ranking of fish
taxa in the Breede Estuary varied little over the 10-year
period, indicating a fairly stable species composition.
Multivariate analysis showed that the fish communities
sampled in summer within each reach (upper, middle,
lower) remained similar, regardless of year, and this was
largely driven by salinity patterns which showed little
inter-annual variation during the low-flow summer
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period. The Breede Estuary is, however, subject to reg-
ular winter and spring flooding, where up to 50% of the
annual rainfall may occur over a few days. Although the
magnitude of flooding prior to sampling had little effect
on species abundance, changes in the frequency or
return-time of events did; such that when two floods
occurred in succession species abundance and richness
declined.
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Introduction

The interaction of fresh and marine waters in estuaries
gives rise to highly dynamic systems, which are
characterised by large fluctuations in environmental con-
ditions (Flint 1985). Estuaries provide a variety of benefits
to fish, including an abundance of food for juveniles,
sheltered nursery habitats and reduced predation risk in
shallow turbid waters (Claridge et al. 1986; Maes et al.
1998). Numerous environmental factors affect the
utilisation of estuaries by fish, including water temperature,
salinity and freshwater flow (e.g., Thiel et al. 1995;
Marshall and Elliot 1998; Harrison and Whitfield 2006;
Costa et al. 2007). Freshwater flow is a particularly impor-
tant driver of estuarine ecology in southern Aftica, as rivers
here and in eastern Australia exhibit amongst the most
variable flows in the world (Gillson 2011). Environmental
conditions in estuaries change on an hourly, daily, weekly,
monthly, annual and decadal basis (Flint 1985) and, as
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such, a long-term time series of data on both the environ-
ment and the fish community is required to establish a
sound understanding of temporal changes in fish commu-
nities within these systems (Cuesta et al. 2006). This is
even more important in estuaries situated in transition
zones where, due to the environmental unpredictability in
such zones, high variability in species composition and
abundance can be expected (Brodeur et al. 2003).

The Breede Estuary is an important nursery area for
many coastal fish species and contains a high proportion
of endemic taxa (Harrison 1999; Lamberth et al. 2008). It
is also the largest warm-temperate estuary along the
South African coastline (Turpie et al. 2002) and is in
close proximity to the biogeographic boundary between
the warm-temperate and cool-temperate regions, which
occurs at Cape Agulhas (Harrison 2002). Therefore, the
Breede Estuary falls within the warm-temperate and cool-
temperate transition-zone, a zone that is characterised by
species overlap between two biogeographical regions
(Konar et al. 2010). Species occurring in these
transition-zones are often near their range limit and typ-
ically show more variability in abundance between years
(Kling et al. 2003).

The ichthyofauna of the Breede Estuary has been well
studied over time scales that have varied from once-off
(Carter 1983; Harrison 1999) to seasonal studies over a
period of less than a year (Montoya-Maya and Strydom
2009) and short-term studies covering up to five years
(Coetzee and Pool 1991; Hutchings and Lamberth 2003;
Lamberth et al. 2008). However, the relationship between
inter-annual changes in the fish community and climatic
or environmental variables (including episodic events) in
the Breede Estuary is largely unknown.

The primary aim of this study was to assess changes in
the fish assemblage structure over a 10 year period and to
relate these changes to climate or environmental variabil-
ity. It was hypothesized that the Breede Estuary fish
assemblage undergoes inter-annual changes in composi-
tion, diversity and abundance as a result of variability in
key climatic variables, particularly water temperature,
salinity and river flow.

Materials and methods
Study site

The Breede Estuary (34°24'21.6"S,20°51'08.2"E) is a
permanently open estuary located approximately 7 km
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north of Cape Infanta (Fig. 1) and is fed by a river
322 km in length. The estuary has a total surface area
of 455 ha and a mean depth of 4.6 m, with 17 m deep
scour holes occurring in the middle and upper reaches
(Lamberth et al. 2008). The estuarine bed consists of
three distinct zones: an estuarine sand zone that extends
from the mouth to 5.5 km upstream, an estuarine mud
zone that ranges from 5.5 km to 18.5 km upstream and a
fluvial sand zone that extends from 18.5 km to 35 km
upstream (Carter 1983). The gentle gradient of the
coastal plain allows the tidal effects to penetrate 50 km
upstream, as far as the town of Malgas (Day 1981).

The Breede River is located within the transition
zone between the Western Cape bimodal and winter
rainfall regions, but most of the 12,600 km? catchment
falls within the winter rainfall area (Carter 1983). The
Breede Estuary thus experiences greater flow variability
than adjacent systems. Approximately 80% of the catch-
ment rainfall falls between April and September for the
Breede River (Steynor et al. 2009) and the estuary is
situated within an area that receives 400-500 mm per
annum (DWAF 2004). The mean annual run-off (MAR)
is 1785 x 10° m® per annum (van Niekerk et al. 2012)
but this has been reduced due to abstraction and off-
channel and in-stream impoundments on the river and
its tributaries respectively (Taljaard et al. 2001;
Lamberth et al. 2008).

Salinity in the estuary varies with river flow and tidal
state, with estuarine conditions (> 10) extending 30—
50 km from the mouth during low river flow (Lamberth
etal. 2008). During heavy winter floods the estuary may
be fresh from the surface to the bottom at low tide
(Lamberth et al. 2008).

River flow data

Hydrological data (flow rates) for the Breede River were
obtained from the South African Department of Water
Affairs (DWA) (www.dwaf.gov.za/Hydrology/). The
verified mean monthly flow rate data (January 1968 —
March 2012) were obtained from two stations that
contribute to the overall Breede River flow, namely the
Swellendam H7H006 (34°04'03"S, 20°24'20.16"E) and
Eenzaamheid Buffelsjas H7H013 (34°01'9.1"S, 20°34'
58.08"E) stations. Mean monthly flow rates were
compared to historical mean monthly values (1970—
2010) to determine higher than average flow rates
(above historical average) and lower than average flow
rates (below historical average).
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Fig. 1 Map showing the location
of the Breede Estuary on the
South African coastline and the
location of the 24 sampling sites
in the three estuarine reaches

12 Kilometers

Field sampling

The Breede Estuary has been sampled up to four times a
year since 1997 as part of a long-term monitoring pro-
gramme (S.J. Lamberth, unpubl. data). The summer data
(January — March) collected between February 2002 and
February 2012 from this monitoring programme were
utilised in this study. Autumn, winter and spring data
were excluded from the analysis as these seasons were
not consistently sampled each year. The Breede Estuary
was sampled at 24 sites on each occasion (Fig. 1), unless
impractical due to factors such as site flooding. At each
site water temperature (°C) and salinity (expressed ac-
cording to the practical salinity scale), were recorded
with a YSI multi-parameter probe.

A seine net (30 m X 2 m x 15 mm bar mesh seine net
with a 5 mm bar mesh in the middle 10 m including the

cod-end) was used to sample littoral habitats at the 24
sites during daylight hours. The seine net was deployed
using a row boat and placed in a semi-circle formation
and subsequently hauled to shore by four people. Fish
collected in the seine nets were placed into buckets of
estuarine water and then sorted to the lowest taxonomic
level (usually species). Once the fish were identified
they were measured (mm TL) and returned alive to the
system.

Data analysis
Richness and diversity
Species were allocated one of five estuary-association

categories, according to the classification system of
Whitfield (1994):
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» Estuarine resident species (Category I) which breed
in estuaries

* Euryhaline marine species (Category II) which usu-
ally breed at sea and whose juveniles show varying
degrees of dependence on estuaries

*  Marine species (Category III) which occur in estu-
aries in small numbers but are not dependant on
them

* Euryhaline freshwater species (Category IV) whose
penetration into estuaries is determined primarily by
salinity tolerance

» Catadromous species (Category V) which use estu-
aries as transit routes between the marine and fresh-
water environments.

Spatial and temporal trends

Catch per unit effort (CPUE) was used as the index of
relative abundance and was given as fish-per-haul.
Catch-per-unit-effort values per sampling occasion and
estuary reach for each species were calculated by divid-
ing the number of individuals by the total number of
seine hauls. The percentage contribution of individual
species to the overall summer fish community was
calculated by dividing each species CPUE by the total
species CPUE. To study changes in species diversity,
multivariate diversity indices based on taxonomic dis-
tinctness were calculated (A* and A*). Taxonomic di-
versity measures have been found to be more sensitive
to environmental change and less sensitive to sample
size or sampling effort than traditional diversity indices
(e.g. Simpsons, Shannon-Weiner and Pielou) (Warwick
and Clarke 1998). Taxonomic distinctness is expected to
decrease with increasing disturbance (Collie et al.
2004). Stability of the estuarine fish assemblage was
calculated using the non-parametric Kendall’s coeffi-
cient of concordance (W), which tested for significant
rank differences based on the relative abundance of
species in the ten years of sampling. Values ranged from
0 (no agreement) to 1 (complete agreement) (Kendall
1962). Spearman rank correlation coefficients deter-
mined the similarity of the fish assemblages between
years. A Bonferroni correction was applied to the level
of significance in order to account for multiple compar-
isons (corrected P < 0.001).

The association between summer fish assemblage
structure and environmental conditions in the Breede
Estuary were analysed using canonical correspondence
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analysis (CCA) from the CANOCO package (version
4.5). In CCA the ordination axes are restricted to linear
combinations of environmental variables, which allow a
direct relationship between community variation and
environmental variation (ter Braak 1986). The following
environmental variables were used in the CCA: mean
summer (January—March) estuarine temperature and sa-
linity per reach, mean monthly flow (six months before
sampling) and year. Annual summer fish abundance
data were used to calculate CPUE in the lower, middle
and upper reaches of the estuary. The data were log
transformed (CPUE +1) to reduce the influence of abun-
dant species on the analysis and rare species (species
with a mean CPUE <0.03 fish/haul) were excluded from
the analysis. Two-way crossed analysis of similarity
(ANOSIM) was carried out in PRIMER v 6.1.6 (Plym-
outh Routines in Multivariate Ecological Research) to
determine if there were significant differences between
estuary reach and year.

The significance of the relationships between species
and individual environmental variables were analysed
using t-value bi-plots with Van Dobben circles (ter
Braak and Looman 1994). These ordination diagrams
are based on #-values of canonical co-efficients from
CCA and are used to evaluate significant positive and
negative correlations between species and environmen-
tal variables. Species with arrows-heads ending inside
the Van Dobben circles have statistically significant
associations with the explanatory variable (t-value <
—2 or > +2) (as in the methods outlined in Garcia et al.
2012).

Results
Environmental variability

The combined monthly river flow rate (Swellendam and
Buffelsjags) for 1970-2010 showed obvious seasonal
patterns, with peak flow occurring in winter and spring
(peak flow = 91 m> s ') and low flow rates in autumn
and summer (low flow <7 m® s '). Flooding was re-
corded in winter or spring preceding sampling in August
(142 m’ s ") and October 2001 (140 m® s "), September
2002 (140 m* s '), September 2006 (281 m* s '), Au-
gust (130 m® s1) and October 2008 (307 m® s ') and
July 2011 (141 m* s ") (Fig. 2).

Summer sampling always occurred during low flow
periods (flow <7 m® s ') and as a result salinity during
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Fig. 2 Temporal variation of the monthly river flow rate (m®/s) plotted against average monthly river flow rate (m’/s) for 1970-2010

Arrows indicate flood events and black dots sampling occasions

summer sampling showed little inter-annual variation.
In most years, monthly flow during summer sampling
ranged between 2 to 6 m® s ' and the water column
ranged from well mixed to stratified, with estuarine
conditions (30-10) recorded up to 20 km from the
mouth (Fig. 3). The lowest monthly flow rate during
summer sampling was recorded in January 2004
(1.7 m* s") and in this month the estuary was marine
dominated, with marine conditions (>30) extending for
11 km from the mouth and estuarine salinities recorded
up to 30 km from the mouth.

Water temperature showed a spatial pattern of varia-
tion, with mean summer values showing a trend of
increasing temperature from the lower (23.8 °C) to the
upper reaches (25.1 °C). Similar to salinity there was
little inter-annual summer temperature variation and, in
most years, mean water temperature in the estuary was
approximately 24.0 °C. The warmest temperatures
(mean + 26.0 °C) were recorded in March 2003, Febru-
ary 2006 and March 2007 (Fig. 4).

Community change

A total of 41 species were documented in summer
during the period 2002-2012. The total number of spe-
cies recorded each year varied between 18 (2002, 2009,
2012) and 35 (2011) (Table 1). The species assemblage
was fairly similar each year, with six species consistent-
ly caught; these were Caffrogobius spp. (6.8-58.4%),
Galeichthys feliceps (Valenciennes, 1840) (0.6-62.5%),
Gilchristella aestuaria (Gilchrist, 1913) (0.5-36.0%),

Liza richardsonii (Smith, 1846) (7.1-42.7%), Liza
dumerili (Steindachner, 1870) (0.7-6.9%) and Solea
turbynei (Gilchrist, 1904) (1.3-12.9%). These species
together comprised more than 76% of the total catch in
all years (Table 2).

Caffrogobius spp. were not identified to species level
in the field but can assumed to be in the same propor-
tions determined from otolith identification of a subsam-
ple, which comprised 74% C. gilchristi, 15%
C. nudiceps, 8% C. natalensis and 3% C. saldanha
and C. agulhensis (Lamberth et al. 2008). Other domi-
nant species included Monodactylus falciformis
(Lacepéde, 1801), which comprised between 0% and
11.7% of the catch and Rhabdosargus holubi
(Steindachner, 1881), which comprised between 0.4%
and 10.8% of the catch (Table 2). Redigobius dewaali
(Weber, 1897), a subtropical estuarine species previous-
ly not recorded along the southwest coast, was recorded
in catches almost every year after 2004 in the upper
reaches (Table 1).

In terms of estuarine association categories, estuarine
resident species (Category I) contributed between
23.7% (2004) and 72.4% (2003) of the catch and dom-
inated the catch in 2003, 2005 and 2011. Estuary-
associated marine migrants (Category II) contributed
between 27.1% (2003) and 76.2% (2004) and dominat-
ed the catch in the other six years (Table 2).

Kendall’s coefficient of concordance (W = 0.74) in-
dicated that there was little change in the rank order of
abundance of individual species within the fish assem-
blage between years (xz, r = 265, P < 0.05). The
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%‘ « 2 S s g Spearman rank correlations showed a similar result with
Aleece oo o oo o= no significant differences between years, which indi-
< cates a similar rank order of abundance for the different
e Tow<tmuwauw § species each year. Taxonomic distinctness (A*)
Slsc5283532s3S2 (* = 0.258, P = 0.17) and average taxonomic distinct-
ness based on presence/absence data (A*) (* = 0.183,
§ 2 3 g = i P =0.25) showed no significant (P < 0.05) linear trends
N S O O O O O O o o o over tlme
- < - Total CPUE varied considerably between years and
§ § é § g o o % g § - & ranged from 89 fish per seine net haul in 2009 to 367
fish per haul in 2004, which mirrors the considerable
§ annual variation in the CPUE of individual species
§ E o § Er o o § é o o % (Table 1).
© Environmental influences on species composition
Slgrzgygs 54 =
D I The estuarine fish assemblage separated into three dis-
- 2 tinct estuary reaches, regardless of year, except for fish
= § - g § - - g § - - g assemblages sampled in 2002 and 2009 after two suc-
cessive high flow events (Fig. 5). Results from a two-
® way crossed ANOSIM revealed similar trends, with
§ @ T eER g highly significant differences among reaches
Nleee o~ e (R=0.76, P<0.01) and differences between years being
al o - v © less important (R = 0.32). The most dissimilarity oc-
§ R e N curred between the upper and lower reaches (Table 3).
Salinity was the dominant environmental variable struc-
z turing the fish assemblage in each reach, with the
%" Monte-Carlo test indicating that although there was a
t significant (P < 0.001) relationship between the mea-
g sured environmental factors and species abundance,
‘é’ only salinity was considered significant (P < 0.05).
f Fish assemblages from sites in the upper reaches
g were associated with low salinity and higher tempera-
5 S E_EEE tures and were grouped together on the right hand side
of the ordination (Fig. 5). There was a significant neg-
% ‘ ative correlation between salinity and abundance for
2 L% § . § L. richardsonii, L. dumerili, Hyporhamphus capensis
§ § §~ E go % § IS (Thominot, 1886), Myxus capensis, G. aestuaria, P.
§° § f?o = s f ; % 2 knysnaensis and M. falciformis (Fig. 6) as these species
i: = § % g 5 33 ‘é were more abundant in the upper reaches (Fig. 5). The
SEYYEE 8 £ = = fish assemblages from sites that were recorded in the
8 §0 §0 S 8 i :% 3 § E §0 E middle reaches were largely limited to the middle of the
g §: § f? E S § g ERES < ordination. The lower reaches sites were clustered main-
=) Al sEsEaaEa s <& E ly at the left of the ordination, with high salinity and
g . E lower temperatures. Amblyrhynchotes honckenii (Bloch,
§ £ fv; m ; 1785), Sarpa salpa (Linnaeus, 1758), Diplodus
: _ % _§ é é capensis (Smith, 1844), Heteromycteris capensis
2| E § § 5 'qé (Kaup, 1858), G. feliceps, Clinus superciliosus (Linnae-
gl & & e 2| F us, 1758), Rhabdosargus holubi, Liza tricuspidens
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E & (Smith, 1935) and Syngnathus temminckii (Kaup,
D I 1856), were more abundant in the lower and middle
reaches (Fig. 5), with their abundance significantly cor-
) ~ cn 0 0 o o © . .. .
Slessss.o28F related with salinity (Fig. 6). The abundance of
Amblyrhynchotes honckenii and S. temmickii was also
o . significantly correlated with low temperatures (Fig. 6).
§ oo oo o ool When flood events are viewed against the total
CPUE (Fig. 7), there is no obvious relationship between
_ - - o high flow rates and abundance except after two floods
SlecZ2cccacacss occurred within two months of each other in the winter
and spring of 2001 and in the winter and spring of 2008,
ol e < o the second flood in 2008 was a massive flood event,
SlZ22cccaccses with flow exceeding 300 m® s™! (Fig. 7). The lowest
total CPUE was recorded in February 2002 (98
0 o 0 9 fish/haul) and February 2009 (89 fish/haul), with these
S|lococococodoss years also separating out in the CCA ordination (Fig. 5).
This was as a result of low catches of most estuarine
=3 P resident species, with the exception of G. aestuaria
S|locococococococos (Table 1). The average size of both Caffrogobius spp.
(38 mm TL) and G. aestuaria (31 mm TL) was also
e = o lowest in 2002 and 2009 (Table 4). The severe flooding
S|Sococococodes in 2001 and 2008, also affected some marine species,
with the lowest abundance of G. feliceps recorded in
§ 3 2002 and 2009 (Table 1) and the average size of
Al e o< L. richardsonii decreasing in 2002 and 2009 (Table 4).
Interestingly, the single massive flood event
a (281 m® s recorded in September 2006 (late winter/
£ early spring) had no obvious effect on fish abundance or
é size during the subsequent summer.
2
< . .
2 Discussion
g
é EEEEEEEZ > Although aquatic communities in biogeographic transi-
tion zones are often characterised by high variability in
. species composition and abundance (Brodeur et al.
v 3 2003) the Breede Estuary summer fish assemblage
§ T 2 ~§ § § was relatively stable in terms of annual taxonomic dis-
s g &;3‘ T S § g . tinctness and annual and spatial species composition,
§ % S g § 2 5 i % with a similar assemblage recorded in each reach per
) g z § 8 5 § E § g year. The spatial distribution observed each year was
£ § Li § % % 3 § § < largely driven by the salinity profile in the estuary,
S|l E8SEL2 888 S which differs little during the low rainfall summer
= period.
é o . Estuaries are characteristically dominated by a few
é g o r§ é © species (e.g., Jackson and Jones 1999; Garcia et al.
ol ]2z 3 g £ 3 '§D E .5.3 2003; Paperno and Brodie 2004) and the Breede con-
2|lE|2 % 2 S g8 5= E] forms to that pattern (Harrison 1999; Lamberth et al.
ElElE&5C8E2330 3 2008). The majority of the Breede Estuary fish
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Fig. 5 Canonical correspondence analysis (CCA) ordination relating estuary-associated fish species composition to environmental
variables. Only species with a significant relationship with predictor variables are plotted

assemblage comprised six species that were consistently
caught throughout the study period, and that are com-
mon in most permanently open South African warm-
temperate estuaries (Harrison 2005). Assemblage stabil-
ity indicates resilience to disturbances through persis-
tence of species and relationships within a system
(Holling 1973; Dugan and Livingston 1982). This was
measured using Kendall’s coefficient of concordance
(W) and taxonomic distinctness indices (A* and A™).
Kendall’s coefficient of concordance (W) compared the
ranking among species per year and a consistent rank

Table3 Results of the Global R tests on the effect of estuary reach
and year, and the pairwise tests on the effect of reach, using a two-
way crossed ANOSIM

Main effect R-statistic
Global R
Estuary reach 0.76%*
Year 0.32%
Pairwise tests
Upper versus Middle 0.61%*
Upper versus Lower 0.97%*
Middle versus Lower 0.63%%*

*P <0.05, #P < 0.01

@ Springer

abundance amongst years indicates a natural persistence
of species in a system (Dugan and Livingston 1982).
The coefficient of concordance in the Breede Estuary
(0.74) indicates a 74% concordance of the rankings of
the species caught each year, which implies stability and
a persistence of species in the Breede Estuary fish as-
semblage structure over the study period, irrespective of
the year-to-year variation in relative abundance and
species richness.

Dugan and Livingston (1982) recorded a coefficient
of concordance of 0.65 among the ranking of the mac-
roinvertebrate species in the Econfina Estuary in
Apalachee Bay (USA), which indicated resilience to
natural disturbances. Similarly, stability in the fish as-
semblage structure of the temporarily open/closed East
Kleinemonde Estuary (South Africa) (James et al. 2008)
and Cedar Fork Creek (USA) (Meffe and Berra 1988)
occurred with coefficient of concordance values of 0.57.
Taxonomic distinctness indices can determine different
aspects of biodiversity, which can then be used to inter-
pret assemblage structure (Rogers et al. 1999). No sig-
nificant temporal changes occurred in the taxonomic
distinctness indices during this study despite several
large flood events recorded during the study period. This
implies a high degree of biotic resilience within the
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Fig. 6 Bi-plots of t-values with Van Dobben circles showing
pairwise relationships between fish species and environmental
variables. The species arrows ending with their tips within a circle

Breede Estuary fish assemblage. Similarly, over a four
year period Whitfield (1986) recorded major changes in
the biotic and abiotic environment in Swartvlei, a warm-
temperate estuarine lake, but relatively minor changes in
fish species composition and abundance. This was at-
tributed to the resilience of southern African estuary-
associated fish species and their ability to tolerate a wide
range of conditions so that only severe changes over
long time periods produce significant effects.

The fish communities in the lower, middle and upper
reaches were consistent irrespective of time, which
again demonstrates a fairly stable spatial and temporal
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are predicted to respond significantly to the particular environmen-
tal variable. Grey circles represent positive relationships and white
circles negative relationships

trend within the fish assemblage structure. In the Breede
Estuary, salinity recorded at the time of sampling strong-
ly influenced the spatial structure of the fish assemblage,
with the remaining environmental variables (tempera-
ture and winter and spring flow) being less important.
There was very little inter-annual variation in summer
salinity over the 10-year study period and this may
explain the stable pattern observed. In the sub-tropical
Patos Lagoon, Garcia et al. (2012) found relatively low
spatial variation in the fish community and inter-annual
patterns of fluctuation. In the Patos Lagoon, salinity
showed strong inter-annual variation, with different
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patterns observed in different years. In South African
estuaries, although most species are tolerant of a wide
range of salinities (Whitfield et al. 2006), the abundance
of 15 species has been positively correlated with salinity
while several tropical species showed a negative corre-
lation with salinity, occurring in lower salinities in sub-
tropical estuaries (Harrison and Whitfield 2006).

The fact that high winter and spring flow had little
impact on the overall fish assemblage was surprising.
The Breede Estuary is subject to regular winter and
spring flooding, where up to 50% of the annual rainfall
may occur over a few days (Fig. 2). Episodic flood
events play an important role in maintaining and en-
hancing biological productivity in estuarine systems
(Gillson 2011) and often play a driving role in structur-
ing fish communities. Wingate and Secor (2008) sam-
pled the summer-autumn fish assemblage in the Patux-
ent Estuary (USA) and found that environmental condi-
tions at the time of sampling had little influence on the
fish assemblage and it was mean winter flow preceding
sampling that affected the fish assemblage structure.
High flow was associated with high abundances of some
species, while the abundance of others were associated
with low flow conditions. (Wingate and Secor 2008).

In the Breede Estuary, the mean monthly flow pre-
ceding summer sampling showed no observable corre-
lation with the abundance of species, except in 2001 and
2008 when two anomalous floods with a 1/50 year
return period, followed quickly in succession. These
successive floods affected both abundance and diversity,
with CPUE and the number of species recorded being
lowest in the summer following these events. The first
flood cued good recruitment but the second appeared to
flush the new recruits out of the system. This result
indicates that these estuary-associated fish species are
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adapted to respond positively to one event but not two in
quick succession. This was also picked up in the bottle-
neck test for Argyrosomus japonicus (Temminck and
Schlegel, 1843), where the population bottleneck coin-
cided with these anomalous paired events (Mirimin et al.
2016).

The species most adversely affected by frequent river
flooding were estuary resident species, with catches of
Caffrogobius spp. lowest in 2002 and 2009. The average
length of G. aestuaria (31 mm TL) and Caffrogobius
spp. (38 mm TL) was also lowest in these years. These
lengths correspond to fish less than one year old (Talbot
1982; Bennett 1989; Whitfield 1998) and suggest that
estuarine resident species were flushed out of the system
during the floods, with catches in the subsequent summer
dominated by recently recruited 0+ juveniles. Strydom
et al. (2002) found that G. aestuaria larvae were flushed
out of the Great Fish River (South Africa) during periods
of high flow. Boucek and Rehage (2014) suggested that
flood events are likely to affect the abundance of indi-
vidual species depending on the resilience of the species,
rather than altering the overall species assemblage and
this appears to be the case in the Breede Estuary.

Floods can temporarily reduce species diversity and
abundance in estuaries (Gillson 2011), through the
physical removal of animals and plants and through
changes in factors such as salinity and turbidity
(Marais 1982). Habitat diversity can, however, reduce
the negative effects of a flood on fish species (Pearsons
et al. 1992). Pearsons et al. (1992) found that fish
assemblages in streams with complex habitats were
more resilient to floods than those in simple streams.
They attributed this to complex habitats dissipating the
power of high discharges and complex habitats provid-
ing refuges for fishes during flooding. The Great Fish
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Table 4 Average length and range (mm TL) of the eight most abundant species caught in the Breede Estuary between 2002 and 2012

2011 2012

2007 2009

2006

2005

2004

2003

EAS 2002

Species

Family

57 (16-116)
33 (20-56)

60 (21-130) 62 (11-122) 58 (22-135) 49 (23-126) 62 (24-130) 38 (18-81) 49 (21-125)
45 (16-70) 49 (32-73) 54 (26-71) 47 (15-68) 31 (19-42)

48 (27-80)

38 (19-42)
31 (19-42)

I
1

Caffrogobius spp.*

Gobiidae

44 (30-52)

Gilchristella aestuaria®

Clupeidae

127 (29-330) 80 (18-322)

43 (12-58)
52 (24-85)

66 (16-443)
57 (49-70)
44 (22-97)

108 (14-330) 96 (13-327)

59 (50-272)
52 (15-155)

126 (18-388)
58 (47-156)

107 (14-302) 83 (12-336)

56 (35-74)
51 (20-82)

63 (15-271)
56 (34-70)
44 (26-97)

I
I
I
I

Monodactylidae  Monodactylus falciformis 11

Liza richardsonii*

Mugilidae
Ariidae

55 (45-70) 54 (29-65)

51 (23-96)

56 (50-65)
54 (25-85)

Galeichthys feliceps*

52 (30-105)

42 (28-108)

Solea turbynei*

Soleidae

164 (97-271)
31 (10-52)

129 (52-230) 49 (17-193)

126 (76-259) 125 (42-271)
23

150 (64-320)
27 (18-44)

160 (90-295)
27 (12-113)

107 (34-284)
84 (24-150)
76 (26-190)

181 (54-300) 175 (79-265)
26 (9-154)

32 (17-230)

126 (76-259)

23

Liza dumerili

Mugilidae

58 (22-250) 131 (116-151)

64 (25-162)

78 (19-206)

131 (116-151) 48 (22-231)

I

Rhabdosargus holubi*

Sparidae

and Thukela estuaries (South Africa) contain limited
habitat diversity (Strydom et al. 2002; Van Niekerk
et al. 2012) and have shown a temporary decline in the
abundance of fish species following high river flow
conditions (Ter Morshuizen et al. 1996; Whitfield and
Harrison 2003). The diverse range of habitats present
within the Breede Estuary (Carter 1983) could explain
why only successive floods had an effect on the fish
community. The fish species occurring in the Breede
may also be well adapted to variable flow because of the
regular occurrence of floods in the estuary.

Marais (1982) compared the effects of floods on the
marine fish communities of the Swartkops Estuary
(South Aftrica), which has saltmarsh and extensive mud
and sand flats, and the neighbouring Sundays Estuary,
which has no saltmarshes and a narrow intertidal zone.
They found that flooding decreased fish numbers, partic-
ularly mullet, in the Sundays Estuary, whereas flooding
resulted in an increase in the abundance of mullet in the
Swartkops Estuary. In an estuary, such as the Sundays
which has limited habitat diversity, the decrease in abun-
dance of mullet was attributed to the physical removal of
silt, clay and benthic detrital material. In contrast, river
flooding deposited silt in the Swartkops Estuary and after
a lag period came food for mullet, which feed on diatoms
associated with these rich deposits. Even in the Sundays
Estuary, however, catches normalised within six months
after the flood.

Although the fish assemblage in the Breede Estuary
has been shown to be relatively resilient to extreme
events (e.g., single river flooding events), global climate
change will result in both altered freshwater flow and sea-
level rise, thus influencing salinity which is the most
important environmental variable governing structuring
of the Breede Estuary fish community. Such change is
likely to have profound effects on the species diversity
and composition of the Breede Estuary fish assemblage.
Future scenarios include an increase in the incidence and
intensity of heavy precipitation events, as well as an
increase in the frequency and duration of drought periods
and ultimately changes in flow and salinity (Fauchereau
et al. 2003; James et al. 2013). The Western Cape region
that incorporates the Breede Estuary is projected to have a
reduction of up to 10% in annual precipitation by the end
of the twenty-first century as a result of climate change
(De Wit and Stankiewicz 2006; Engelbrecht et al. 2009).

In addition, Lamberth et al. (2008) predicted that,
under various reductions in freshwater flow scenarios,
the Breede Estuary would shift from a freshwater rich
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to a marine dominated system. These authors suggested
that estuarine-resident, catadromous and freshwater spe-
cies would become less abundant and that estuary-
dependent marine species such as Argyrosomus
Jjaponicus and Pomadasys commersonnii (Lacepéde,
1801) could collapse by 50% of historical numbers in
association with an extreme river flow reduction of 64%.
However, overall fish abundance would increase as ma-
rine opportunistic species, such as Liza richardsonii, took
advantage of changed conditions and visual feeders be-
come more prolific as turbidity decreases in the system.
In turn, an increase in overall fish diversity is predicted
for the Breede Estuary as some warm-temperate and
subtropical estuarine species become established and
some stenohaline marine fish species overwinter in the
lower reaches of the estuary if seawater conditions prevail
for extended periods in this region with the end result
being range expansion.

Conclusions

The current medium-term study indicates that the
Breede Estuary fish assemblage remained relatively sta-
ble between 2002 and 2012. Salinity was identified as
the most important environmental variable responsible
for spatial variability in the summer fish assemblages,
and climate change is likely to directly and indirectly
influence this variable in the future. Further, changes in
the frequency of flood events may have a profound
negative effect on fish recruitment, diversity and abun-
dance whereas increases in the magnitude of single
floods will not.
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