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Summary: Mangroves in tropical and subtropical regions have been well documented in terms of the advantages they pro-
vide and their role in structuring ichthyofaunal assemblages, but little is known about their warm temperate counterparts.
The study aimed to investigate the importance of warm temperate mangroves by comparing the abundance, diversity and
distribution of small fishes in mangrove and non-mangrove estuaries in warm temperate South Africa. A 50x2 m (12-mm
mesh) seine net was used over three summer seasons to sample small fishes in the Gonubie, Qora, Nahoon and Xhora estuar-
ies (the latter two being mangrove estuaries). Fish abundance and diversity showed little variation among estuaries, despite
the presence of mangroves. Estuaries in warm temperate areas are not only at the edge of mangrove distribution, but also
offer alternative habitats which lend similar advantages to fish survival. It appears that warm temperate ichthyofauna have
not yet evolved a dependence on mangrove systems in terms of the food, refuge and other ecological services they provide.
Understanding the function of habitats and their value in enhancing fish survival in estuarine nursery areas is essential for
fish conservation.
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Abundancia, diversidad y distribucion de juveniles de peces en estuarios con y sin manglares en areas templadas de
Sudifrica

Resumen: El papel de los manglares en la estructuracion de las comunidades de peces en regiones tropicales y subtropicales
estd bien documentado, sin embargo, es poco conocido en las zonas templadas. El estudio investiga la importancia de los
manglares de zonas templadas comparando la abundancia, diversidad y distribucién de juveniles de peces en estuarios con
y sin manglares de Sudafrica. Se utilizé una red de cerco de 50 m (12 mm de malla) durante tres veranos para muestrear
juveniles de peces en cuatro estuarios: Gonubie, Qora, Nahoon y Xhora (los dos dltimos con manglares). La abundancia y di-
versidad de peces mostré una escasa variacion entre estuarios, a pesar de la presencia o ausencia de manglares. Los estuarios
de las zonas templadas estdn en los limites de distribucion de los manglares y pueden, ademads, favorecer la supervivencia de
los peces. Estos resultados implicarian que la ictiofauna no ha evolucionado todavia en sistemas de manglares en funcion de
las ventajas (ej. alimento, refugio) que pueden proporcionar estos ecosistemas. El estudio de estos hébitats y su valor como
refugio de los juveniles de peces es esencial para la conservacion de estas especies.

Palabras clave: ictiofauna; uso de los estuarios; juveniles; guarderia; reclutamiento, refugio, pneumaté6foros.
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INTRODUCTION stricted to the 20°C winter seawater isotherm in both
the southern and northern hemispheres (Duke 1993).

Mangroves are distributed throughout the tropical In the southern hemisphere, mangroves extend further
regions of the globe, where their distribution is re- southward on the eastern sides of continents into warm
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temperate climatic regions (Hogarth 2015). These
warm, temperate mangrove stands typically contain
fewer species (sometimes only a single species) than
stands in the tropics (Hogarth 2015). The complex
prop-roots and pneumatophores of mangrove trees
form a solid substrate within the intertidal and subtidal
zones in estuaries, where they provide suitable habitat
for a wide diversity of other floral and faunal life (El-
lison and Farnsworth 1992).

Mangrove forests are considered one of the most
productive of all marine and coastal ecosystems (Du-
arte and Cebrian 1996), contributing high levels of nu-
trients into estuarine ecosystems through detrital food
chains starting with the decomposition of leaf litter
(Nagelkerken et al. 2008). Kristensen et al. (2008) not-
ed that detritus from mangroves and benthic microalgae
are typically the greatest contributors to autochthonous
carbon sources in tropical estuarine ecosystems. This
high nutrient input, coupled with the refuge and habitat
which mangrove forests provide, lends an explanation
for the high abundance and diversity of fishes associ-
ated with mangrove estuaries (Laegdsgaard and John-
son 2001, Blaber 2007).

Mangroves form a vital component in the life his-
tory of many fish species in both tropical and sub-
tropical regions (Mahesh and Saravanakumar 2015).
Up to 30% of commercial fishery species globally
have been found to be dependent on mangroves (Nay-
lor et al. 2000), which produced a total annual catch
of approximately 30 million t in 2002 (FAO 2004).
In the Gulf of California fishery catches have been
positively related to the abundance of nearby man-
groves, which are utilized by numerous fishery spe-
cies as a nursery and feeding area (Aburto-Oropeza
et al. 2008). Mumby et al. (2004) also found that the
biomass of important commercial fishery species is
more than doubled when mangroves are utilized at
some point in the fish’s life cycle. Numerous stud-
ies show similar findings, asserting that mangroves
play a crucial role in sustaining production in fisher-
ies (for example, see Ronnbick 1999, Manson et al.
2005, Aburto-Oropeza et al. 2008). This typically
forms the foundation for any management decisions
with regard to the conservation and reestablishment
of mangrove stands, as well as other important coastal
wetland habitats (Manson et al. 2005). Commercially
important fish species commonly found utilizing
mangroves as a nursery habitat include, among others,
snappers (Lutjanus spp.), barracuda (Sphyraena bar-
racuda), mullets (Chelon and Mugil spp.), groupers
(Epinephelus spp.) and catfish (Arius and Tachysurus
spp.) (Ronnbéck 1999, Lugendo et al. 2005).

Despite their economic and ecological importance,
mangroves are under threat globally. Approximately
90% of mangroves occur in developing countries,
where they are critically endangered and on the brink
of local extinction in 26 known countries (Kathiresan
2008). Experts suggest that ecosystem services of-
fered by mangroves may be lost within the next cen-
tury (Kathiresan 2008). Threats to mangroves include
habitat clearing for aquaculture and development, har-
vesting of wood for fuel and timber, hydrological al-

terations within estuaries, pollution and climate change
(Alongi 2002, Gilman et al. 2008).

In South Africa, mangroves are restricted to the
eastern coastline and can be found in 37 estuaries cov-
ering almost 1700 ha (Adams et al. 2004). Dominant
mangrove species in South Africa include the white
mangrove (Avicennia marina), the black mangrove
(Bruguiera gymnorrhiza) and the red mangrove (Rhiz-
ophora mucronata), with the former extending to the
southeastern warm temperate coast (Macnae 1963).
The southeastern coast forms home to the majority of
mangrove estuaries in South Africa, and the lack of
infrastructure and scientific knowledge in the region
makes conservation and management of this habitat
type difficult.

The role of mangroves in warm temperate regions
remains relatively unstudied in terms of the advantages
they provide (including a refuge/nursery habitat for
larval- and juvenile-stage fishes and feeding opportuni-
ties). It is therefore important to investigate the role of
warm temperate mangroves for fishes utilizing estuar-
ies as nursery areas, especially since these vegetation
types are under threat. This knowledge of ecosystem
value will help to enable the proper conservation of
habitats for fishes. The aim of the study was to inves-
tigate catches of juvenile and small adult fishes during
the peak summer recruitment period in mangrove and
non-mangrove estuaries to determine whether differ-
ences in catches exist, and whether mangrove presence
lends an advantage to fish survival in warm temperate
South Africa. It was hypothesized that mangrove estu-
aries would have a greater abundance and diversity of
young fishes than non-mangrove estuaries.

MATERIALS AND METHODS
Study site

Four estuaries (Nahoon, Gonubie, Qora and Xhora),
all of which drain into the Indian Ocean, were selected
within the warm temperate region of the Eastern Cape,
South Africa (Fig. 1). Estuarine selection was based
on similar geomorphological and biological features:
All four estuaries had permanently open mouths and
similar drainage basin areas, river and estuary sizes,
and available habitats. The Nahoon Estuary (32°59'S;
27°57'E) is situated furthest south of the four estuar-
ies sampled, and falls on the edge of the southern limit
of mangrove distribution in Africa (Quisthoudt et al.
2013). Three mangrove species have been introduced
into the Nahoon Estuary from Durban Bay since 1969,
including the white, black, and red mangroves (Sainti-
lan et al. 2014, Hoppe-Speer et al. 2015). The Gonubie
Estuary (32°56'S, 28°02'E) is situated 10 km to the east
of Nahoon Estuary and can be found north of the city of
East London. The Gonubie Estuary is relatively similar
to the Nahoon Estuary in terms of watershed size and
available habitat, but there are no mangroves in the
Gonubie Estuary. The Nahoon and Gonubie estuaries
are situated within urban development areas, and this
has led to the anthropogenic alteration of both systems.
Whitfield and Baliwe (2013) described both the health
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Fig. 1. — Geographical locations of the four estuaries sampled on the
south eastern coast of warm temperate South Africa.

and condition of the Nahoon Estuary as fair, and the
same parameters of the Gonubie Estuary as good. The
Qora Estuary (32°27'S, 28°40'E) is situated approxi-
mately 80 km northeast of Gonubie Estuary, and the
literature shows no historical evidence of mangroves in
this estuary (Ward and Steinke 1982). The Xhora Estu-
ary (32°10'S, 29°00'E) lies north of the Qora Estuary,
roughly 290 km northeast of East London, forming the
northern boundary of this study. A number of mangrove
stands are present in the lower reaches of the Xhora Es-
tuary (Ward and Steinke 1982). The Qora and Xhora es-
tuaries are located along the rural Wild Coast (formerly
Transkei), where infrastructure and development are
lacking, so humans have little impact on these estuaries.
However, due to poverty and lack of management in the
region, mangrove and salt marsh habitat are often cut
down for wood and grazed by livestock. Whitfield and
Baliwe (2013) described the Qora and Xhora estuaries
as being in excellent and good condition respectively,
and the health of both estuaries as good.

Data collection

Field sampling took place over a three-year period
from 2015 to 2017, with data collected over the first-
quarter moon phase in January of each year. Prior to
sampling, five fixed sites were chosen remotely along
the length of each estuary and marked using a GPS. Sites
were spaced at one-kilometre intervals, with the first site
being situated approximately 500 m from each estu-
ary mouth. Physico-chemical measurements including
temperature (°C), turbidity (NTU), salinity (PSU), con-
ductivity (S m™), pH, dissolved oxygen (mg L), and
total dissolved solids were measured at each site using a
YSI-6600 multimeter. Habitat type was also recorded at
each site based on sediment and vegetation type. Six dif-
ferent habitat types were identified, including mud, mud
and mangrove, mud and rock, mud and Nanozostera,
sand, and sand and mangrove. Habitat types in the upper
reaches of each estuary were characteristically muddy
and rocky, while the lower 2 km were mostly sand. The
middle reaches were mostly muddy, with mangroves
present in the Nahoon and Xhora estuaries and absent in
the Gonubie and Qora estuaries.

Small fishes in mangrove and non-mangrove estuaries * 83

Small fishes were sampled at each site using a
50x2 m seine net with a 12-mm stretched mesh. The
seine net was deployed from a boat and pulled ashore,
covering an estimated area of 400 m?. A consistent de-
ployment of the seine net was maintained at each site,
while a heavy sinker line allowed the net to be dragged
through eelgrass (Nanozostera capensis) beds and over
the pneumatophores of mangroves in order to obtain
quantifiable results among sites and estuaries.

All fishes were identified in situ to the species level,
measured (in millimetres) and quantified prior to being
released back into the estuary. Individuals which could
not be identified in the field were placed in sample jars
containing a 10% formalin solution for further identi-
fication in the laboratory. Fishes were identified in the
laboratory by doing lateral line scale counts, as well as
teeth counts for Mugilidae species following van der
Elst and Wallace (1976). Once identified, all fishes
were categorized into estuarine usage guilds following
Potter et al. (2015), with categorization determined fol-
lowing Whitfield (1994b).

Statistical analyses

Prior to statistical analyses, all factors were tested
for normality and homogeneity of variance using the
Shapiro-Wilk test and Levene test, respectively. Of the
environmental variables, temperature and dissolved
oxygen met the assumptions of normality and homoge-
neity of variance, and so did turbidity after square-root
transformation. Therefore, parametric tests (one-way
ANOVA and Tukey test) were used for these variables.
The remaining environmental variables did not meet
parametric assumptions, even after transformation, so
non-parametric tests were used. The Kruskal-Wallis
test was used to compare non-parametric environmen-
tal variables among years, estuaries, sites and habitats.
The Mann-Whitney test was then used to further ex-
plore the data if the Kruskal-Wallis test returned a sig-
nificant p-value (p<0.05). The Bonferroni Correction
was applied for post hoc use of Mann-Whitney tests at
a 0.025 level of significance.

Catch data were separated into marine and estua-
rine usage guilds, which were analysed independently
to avoid any confounding effects of different estuary
use by fishes that are resident versus immigrant. Fish
communities were explored using diversity indices
(Margalef species richness and Shannon-Wiener diver-
sity) in PRIMER v.6 (Clarke and Gorley 2006). Catch
data did not meet the assumptions of parametric tests,
so non-parametric tests were used. The Kruskal-Wallis
and Mann-Whitney tests were used to compare species
richness, abundance and diversity among years, estuar-
ies, sites and habitats.

Generalized additive models were used to explore
trends of species richness, abundance and diversity
in relation to physico-chemical variables, as well as
the influence that mangrove presence or absence and
habitat type had on the same catch parameters. Catch
data of fishes from each guild and of dominant species
were added to the generalized additive models using
a negative binomial distribution with log link. Rare

SCI. MAR. 82(2), June 2018, 81-93. ISSN-L 0214-8358 https://doi.org/10.3989/scimar.04744.31 A



84 « S. McGregor and N.A Strydom

(I9-29) (1-0) (OdIN)
0 0 - 0 0 1 8'LE 00 0 0 - 0 0 0 - 0 punuvpfianf snuvfing oepruefing
(08-08)  (1-0) (@am)
0 0 - 0 0 I 008 00 0 0 - 0 0 0 - 0 pnnba snypuso1 ] SepIyIRUSo]
()49 (€-0) (S01-8¢)  (L£-0) (€ri-zp)  (Lr0) (OFN)
0 € €8¢ 00 0 0 - 0 14 901 L'19 71 € L 199 01 §129D41]0 SASOPPUIOG
(oge-ve)  (95-0) (S6T-+1)  (1L1-0) (ogr-9t)  (I1S-0) 06Tv¢)  (#1-0) (@gam) 1u
Sl (4! 1°¢8 0¢C Sl 91¢ 6'1¢CI (44 € 08 8'88 'l C SY I'8TI L0 -UOSIIUIULOD SESDPDUIO] QeplnueeH
(§6-59) (L0 (s8-8)  (1-0) [(e517N)
0 0 - 0 0 L 9'89 o 0 0 - 0 0 I 0°¢8 00 SNSOIUIUD]L $2.1425) QEpIaLIRD
(S9-¥9) (1-0)
0 0 - 0 0 < Sv9 00 0 0 - 0 0 0 - 0 (SIW) pospjap snimyovi
(Lyr-68) -0 961-06)  (€-0) #91-19) (1-0)
0 0 - 0 0 S 9 ILI 10 0 14 ¢otl 10 0 1 0°0TI 00 (@am) pruv vryory
(To1-19) t-0) (ST1-¢€9) (¢-0) (#-0) (IL-LY) (9-0) (OFN)
I 01 0'0L o 0 ¥ 0’18 o 0 € - 00 0 L 9'LS [0 SHIDIISDIXS XUDIDD) sepidueie)
(¥6-76) (1-0) (IL-0L) (T-0) (SIN)
0 1 0'¥6 00 0 C SoL 00 0 0 - 0 0 0 - 0 snuriypuvd snyjog sepryloq
($L-95) 9-0) FP1-¥S)  (#€-0) (0an)
0 0 - 0 0 9 0'%9 10 C LE 199 S0 0 0 - 0 sdaonjaf s€ypyorapo QBpIly  QULIBJA
(av-Le) (€0 (trv0)  (0T-0) (6v-80)  (L-0) (09-00) (6-0) (IN291) S1suavu
I € £'8¢ 00 1 0¢ L'1g €0 € I 1'9¢ 1I'o C 1T TLE €0 -sduy smqosoununs
($6-09) (€-0) (gs)
I S 8L 10 0 0 - 0 0 0 - 0 0 0 - 0 sisu12y sKyyLNxQ
(19-¥$) (z-0) (1-0) (9L-9L) (4S)
1 14 0'6S 10 0 1 - 00 0 0 - 0 0 0 09L 0 stuuadinov s1dajos8i0
(8L-9) (z-0) ((e)2E0)
0 4 SIL 00 0 0 - 0 0 0 - 0 0 0 - 0 s1N18 s11qOZ0SSO1D
(18-5¢) (6-0) (S6-8%)  (+5-0) 06-80)  (9¢-0) (8L-€9) (€-0) (N®A)
S T 819 €0 L 9¢l L'1L 81 €C 18 €S9 | 0 S 969 10 snpIpd s11qoZ0ssolD
(S1-0) @9¥v)  (T-0) (LL-T¥) (L-0) (N99)
0 0 - 0 ! Sl - 0 ! 14 Sve 10 1 14! L'9S 0 sdaoipnu snqoso.ffv)
(#6-L9) (€-0) (S6-61) (6-0) OL-1t) (¢-0) (N2A)
1 S 9'8L 1'0 0 6 8'L9 1'0 0 0 - 0 0 € €96 00 SISU2]DIvU SNIGOSOL[f)
(06-870)  (6T-0) (86-80)  (96-0) F6-L0)  (Fr-0) (08-z0)  (T1-0) (N®A)
0c 01 £9¢ 7'l 8 49! 6'6S 0¢C (474 4! 89¢ 0 € LE 1'9¢ S0 USLIYIJIE SN1qoSOoLf[D) QeplqoH
(06-08)  (001-0) 06-12)  (£¥6-0) (8L-00) (L-0) (08-62) (L-0) (as)
29 0ce 979 (9874 €8 08ST 609 1'1T 8 8T %Y 70 0¢ LIT 029 6'C DLIDNISID D]]2ISIAYI[1D) sepradni)
($8-89) (TT-0) (68-09)  (€¥-0) (¢8-90)  (0v1-0) N®3)
S LT S'L9 0 0 0 - 0 €T 78 9'0L 'l 91 LT 99 € sdad142.4q vuLIYLY epruyly
(109-0) (N293)
0 0 - 0 0 0 - 0 0 0 - 0 9¢ 109 - 0’8 Monunssnp Si1SSvquiy
Lo-zv)  (ST-0) (as-19)  1-0) (€L-LY) (N23)
S Y4 [ 49 €0 0 1 0'1s 00 0 0 - 0 0 0 6'8S 0 SISUIIDIDU SISSLGULY Qepissequiy  QuLIBMSH
(o3uer) (o3uer) (o3uer) (o3uer)
(%) () (e3uer) (%) () (e3uer) (%) (ww)  (dBuer) (%) () (a3uer)
o1ed M3ug| HNdD o3ed M3ug| HNdD o3ed M3ug) HdNdD  yored q3udl H0dD
®I0L, N UBQIA UBIN [el0L, N UBQIAl UBIN [el0L, N UBIIN UBdN  [RIO], N UBIN UBIN saroadg A[uueq prnon
rIOUX rI00) Iqnuon UooOyeN

'SI9[33ens auLIBW ‘SIA

‘syuopuadop-ouLIen)so JuBISIW duLrew ‘A ‘sistuniioddo urren)se JuBISIW QULIEW ‘OFIA (QULIBW PUB QULIBNISY ‘29 ‘QuLIenms? A[o[os ‘gS ¢sistumroddo surrensa 10jemysalj ‘Ogd "L10T PUe S1(7 Udam)
-aq pardures £1enisa yoea 10J PapIooalI Yoied [230] Jo Juadrad pue (N) JySnes S[enprarpur Jo 1oquinu [e30) ‘qisud] uedw ‘(g dD) Hoxe yun 1od yojed ‘prns oSesn ouremysa 1od uonisodwoos seroadg — 1 9[qe],

SCI. MAR. 82(2), June 2018, 81-93. ISSN-L 0214-8358 https://doi.org/10.3989/scimar.04744.31 A



Small fishes in mangrove and non-mangrove estuaries * 85

(06-89)  (T1€-0)

0 0 - 0 0 0 - 0 €1 €1¢ T'IL v 0 0 - 0 (OFN) pdjvs pdivg
(0€1-82)  (€TH-0) #81-21)  (90%-5) 0zr-11)  (6¥5-0) (Loz-€0)  (L8Y-0) (@@
L 5L 679 86 SL 98T 6L 11T 0S 01Tl €¢8 191 L LO9T 798 Y1z 1qnjoy sn3.vsopqoyy
($6-59) 011-08) (-0 0L1-9¢)  (F1-0) (0FaN)
0 0 008 0 0 0 - 0 0 v 8'8L 10 I Y1 806 TO  $daciqois snsivsopgpyy
(Sy-sy)  (1-0) (061 (T-0) (Aam) snyivu
0 0 - 0 0 0 - 0 0 I 0y 00 0 T -S9ODSLLT 00 -Soyny snyipusoyny
sz1-1v) (-0 8L1-¥S)  (1-0)
0 0 - 0 0 0 - 0 0 L 9LS 10 0 14 0911 00  (SW) smutai22 snpojdiq
(as1-10)  (SL-0) (z9-89)  (61-0) (0FN)
0 0 - 0 0 0 - 0 S STl L'6S L1 € 8¢ 1°0S 80 sisuadpo snpojdiq sepredg
LL9)  (61-0) (S6-€0) (420 (L67SE)  (91-0) (08-€9)  (Ly0)
L vL  9TS 01 € IL €LS 60 14 oF 0°LS 90 S 601 (4SY Sl (@A) 1oudquny vajog
#91-€0)  (9-0) 09-L8)  (€2-0) (0FN)
0 0 - 0 0 0 - 0 I 1T 9GS €0 14 0S L'Ly L0 sisuadpo su2108wi0.12)9 sepo[os
w9y  (T0)
0 0 - 0 0 0 - 0 0 0 - 0 0 4 Sop 00 (SIN) omms snuvsig sepruesig
(06€-19) (sor-601) (-0 (98¢ (1-0) (@@
I T sz81 (S010 0 3 612C 10 0 0 - 0 0 € PEVEE9T 00  svowodnl snuosoilsty SepIUSEIdS
(09L-09L)  (1-0) (ozL (¢-0) (SW) sm
0 0 - 0 0 0 - 0 0 I 0°09L 00 0 T -0TL00TL 00 ~DJUUD SNIDQOLIIOLDY  JRPHRQOUTTY
(901-88)  (T-0) oLy (-0 (¥8-09)  (S€1-0) (0FN)
0 € L6 00 0 I 0°L9 00 9 8¢€1 SHL 81 0 0 - 0 XLUDJIDS SMUOIDUIO]  JBPIWOTEWO]
(015-05¢)  (T-0) (1-0) (0FN)
0 T 00Sk 00 0 0 - 0 0 0 - 0 0 I - 00 snotpuy smpydaskivgd Jepreqdaokied
(zLzy) (-0 (S
0 0 - 0 0 I 0TL 00 0 0 - 0 0 0 - 0 SNISUD SNQUIOYLOpNIS FPIAYIYDITeIe]
Srve) (10 (98z-€0) (670 (Tr1-80)  (LE-0) (SL1-29)  (-0) (@@
0 € 01y 00 I ¥T Al €0 € 9 T66 80 0 L $'86 10 sisuadpo snx{uopnasq
00z-08)  (T-0) (9z1-9¢1)  (1-0) (9sz-€9)  (1-0) (8ST (z-0) (@@m)
0 T L1101 00 0 I 0921 00 0 14 Sypl 0 0 T -8CDOErl 00 s1dajo.oput vijIUv]
(as1-180)  (1-0) (L9-69)  (s-0) 9L1-SP)  (#-0) Ler+9) (o)
0 I 0181 00 0 S 9€9 10 0 L T'SL 10 0 v Sv6 10 (@@ smyvydas j18npy
@re-y) (90 (801-19) (-0 (06£-0¢)  (¥1-0) (18z-58)  (€1-0) (0FN)
I 1T ¥6I1 10 0 8 €66 10 4 oy Sopl S0 I € 9LLT €0 suapidsnori uojay)
(081-99)  (+0) (Lyz09)  (92-0) 01759)  (LT0) (SL1-¢v)  (s20) (0FaN)
0 S $'S6 10 I 8T T'LL 0 € 8 L9TT 'l 14 S $'86 L0 HUOSPADYILL UO0JIYD)
(T6ze)  (1-0) 08z-8L) (670 01€-09)  (0S-0) (962-08)  (€v-0)
0 I 076 00 I 0T €661 €0 € 89 0°L6T 60 9 621 69€1 LT (@) yraump uojoy) SepIISNN
(9L-LS) (¢-0) (agm)
0 € 089 00 0 0 - 0 0 0 - 0 0 0 - 0  snauadip snj{1oopouopy
(L-SD) (¢-0) (8z-61)  (T-0) oy-100  (S1-0) (Qgm) st
0 0 - 0 0 8 v'8t 10 0 4 g€t 00 I ST 8°0¢ 0 ~10f1opf snGoppouopy epyAIoepPOUOlN  SULIBIA
(o3ue1) (o3uer) (o3uer) (o3uer)
(%) (ww)  (Fuer) (%) (ww)  (Fuer) (%) (ww)  (oSuer) (%) (ww)  (oSue)
yojed W3l FNdD  yored WSl gNdD Yoo MW gndD Yoo Wsuwl  AndD
MNHO,H Z CNOE Gmwz ﬂmHOrﬁ N ﬁwoz Gmwz ﬂmHOrﬁ N ENDE EN@E TNHO,H N Eﬁuz GNOE moﬂooﬁm %EEME UT&.O
rIOUX eI00) Iqnuon UoOyBN

's19[33ens auLrew ‘SN ‘syuopuadap
-QULIEN)S? JURISTW ouLIewW ‘(qHIA ‘Sistuniroddo surren)se JueISIu ouLrew ‘QHJA QULIEW UL SULIENISS ‘JA29H ouLren)sa A[o[os ‘g§s sistunjzoddo ourrenise 1ojemysary ‘Ogd "L 10T PUt 10T Ueamieq pardures
ATen)so 4oea 10J PIPI0dI YdIed (810} Jo Juadiad pue (N) 1Y3ned S[enplalpul Jo Ioquinu [e10} ‘YISud] uedw ‘(FNJD) Moy un Jod yoes ‘prmg oSesn surrenyso 1od uonisodwod sarvadg — *(1u09) | 9[qe],

SCI. MAR. 82(2), June 2018, 81-93. ISSN-L 0214-8358 https://doi.org/10.3989/scimar.04744.31 A



86 ¢ S. McGregor and N.A Strydom

Xhora
Mean

Qora
Mean

Gonubie
Mean

dependents; MS, marine stragglers.

Nahoon

Table 1 (cont.). — Species composition per estuarine usage guild, catch per unit effort (CPUE), mean length, total number of individuals caught (N) and percent of total catch recorded for each estuary
Mean

sampled between 2015 and 2017. FEO, freshwater estuarine opportunists; SE, solely estuarine; E&M, estuarine and marine; MEO, marine migrant estuarine opportunists; MED, marine migrant estuarine-

N Total

Mean

Total

N

Mean

Total

N

Total Mean

N

Mean

Species

Family

Guild

catch

length
(mm)

(range)

CPUE

(range)

catch
(%)

length
(mm)

CPUE
(range)

(range)

catch

length
(mm)

(range)

catch CPUE

length
(mm)

(range)

CPUE

(range)

(%)

(%)

(%)

(range)

0.0 310.0 1 0.0 2870 1
(310-310) (0-1)  (287-287)

(0-1

0

Acanthopagrus vagus

(MED)

Sparidae

Marine

97.3
(90-110)

0.0
©0-2)

0

Sphyraenidae  Sphyraena jello (MEO)

1

75.0
(75-75)

0.0

(0-1

0

68.0
(25-120)

0.1

166.0 (148- 2

0.0

Terapon jarbua (MED)

Terapontidae

(0-3)

184)

0-2)

55.0
(55-55)

74.0
(74-74)

56.0
(32-93)

0.1

0.0

Tetraodontidae Arothron immaculatus

(0-4)

0-1

(MEO)

67.0
(67-67)

0.0

0-1

0

Arothron hispidus

(MEO)

45.0
(43-47)

0.0

0-1

34

107.4
(61-170)

301.0

0.5

(0-21)

Geneion honckenii

(MEO)
Torpedinidae  Torpedo sinuspersici

0

321.0
(308-348)

0

3

0.0
(0-2)

0.0

(33-440)

(0-1)

(MEO)

0.1
0-4)

Trichiurus lepturus

(MS)

Trichiuridae

species were removed from the model. The physico-
chemical variables for each GAM were determined us-
ing forward stepwise variable selection. When habitat
type was added to the model, dispersion was tested
with ‘dispersiontest’ by Cameron and Trivedi (1990).
A Poisson distribution with log link was used when
there was under-dispersion and a Quasi-poisson distri-
bution with log link when there was over-dispersion.
The Akaike information criterion was used to select the
model with the best fit. Statistical analyses were con-
ducted using R and RStudio (R Core Team 2017) with
the packages mgcv, VEGAN, and ggplot2 (Wickham
2009, Wood et al. 2016, Oksanen et al. 2017).

RESULTS
Environmental variability

Within estuaries, horizontal physico-chemical vari-
ables exhibited a relatively uniform gradient (Fig. 2).
Temperature in the Gonubie Estuary was the only vari-
able with significant variability among sites, with up-
per sites (Sites 1 and 2) being significantly warmer than
lower sites nearest the mouth (Sites 4 and 5) (p<0.05).

Among the estuaries, the variables temperature,
salinity, pH and dissolved oxygen varied significantly,
though all four estuaries shared a similar climate regime
due to their geographical location. Mean temperatures
were significantly warmer in the more northern (Qora
and Xhora) estuaries than in the Gonubie Estuary in the
south of the study area (p<0.01). Mean salinity varied
significantly between the Nahoon and Qora estuaries,
as well as between the Gonubie and Qora estuaries
(p<0.025), with the Nahoon and Gonubie estuar-
ies exhibiting a more uniform mean salinity gradient
throughout the sites sampled. The Xhora Estuary had a
significantly higher mean pH than the remaining three
estuaries (p<0.025). Mean dissolved oxygen (mg L")
was only significantly higher in the Qora Estuary than
in the the Nahoon Estuary (p<0.025). Physico-chem-
ical variations in these parameters were also evident
inter-annually among estuaries (p<0.025).

Species composition and estuary association

Over the three-year study period, a total of 11625
fishes were caught among all four estuaries sampled,
including fishes from both the marine and estuarine
guilds. Catches consisted of 52 taxa represented by 26
families, with only 17 taxa making up 97% of the total
catch (Table 1). The most speciose families were Gobi-
idae, Mugilidae and Sparidae, which were comprised
of eight, seven and six species respectively. The marine
guild made up 67% of the overall catch, representing
7763 individuals from 40 taxa. The estuarine guild had
a lower overall abundance and species richness, com-
prised of 3862 individuals from 12 taxa. Rhabdosargus
holubi was the most abundant species, with a total of
5136 individuals captured, accounting for 44% of the
overall catch. Gilchristella aestuaria was the second
most abundant species, with 2145 individuals account-
ing for 18% of the catch.
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Fig. 2. — Environmental variables averaged over 2015-2017 per site within each of the four estuaries sampled (bars=range).
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Fig. 3. — Mean species diversity (H’) in each habitat type between 2015 and 2017. Gonubie and Qora estuaries: mangroves absent; Nahoon
and Xhora estuaries: mangroves present. M, mud; MM, mud and mangrove; MR, mud and rock; MZ, mud and Nanozostera; S, sand; SM,
sand and mangrove (bars=range).

Within the estuarine guild, significant differ-
ences in size were recorded among estuaries for G.
aestuaria and Glossogobius callidus. The mean size
of G. aestuaria caught in the Gonubie Estuary was
significantly smaller (54.4 mm mean length) than
that of those caught in the Nahoon, Qora and Xhora
estuaries (p<0.01), which had mean lengths of 62.0,
60.9 and 62.6 mm, respectively. The mean size of G.
callidus individuals caught in the Qora Estuary was
significantly larger (71.7 mm mean length) than that
of individuals caught in both the Gonubie and Xhora
estuaries (p<0.01), which had mean lengths of 65.3
and 64.8 mm, respectively.

In the marine guild, significant differences in
length were recorded for Pomadasys commersonnii,
the mugilids Chelon dumerili, C. richardsonii and C.
tricuspidens, and R. holubi. The largest mean size of
P. commersonnii was recorded in the Qora Estuary
(121.9 mm) and the smallest in the Xhora Estuary
(83.1 mm). Within the Mugilidae, similar size ranges
were recorded in all the estuaries sampled. The larg-
est mugilid species was C. dumerili, with the greatest
mean length being recorded in the Gonubie Estuary
(197.0 mm). The smallest mean length of a mugilid
species (C. richardsonii) was recorded in the Qora
Estuary (77.1 mm). The mean size of the dominant
sparid R. holubi was greatest in the Nahoon Estuary
(86.2 mm), followed by the Gonubie Estuary (83.3
mm), with the Xhora Estuary having the smallest
mean size (62.9 mm).

Fish community composition and habitat use

Species diversity showed a decreasing trend from
the mouth towards the upper reaches within each estu-
ary, but there were no significant differences among
estuaries or among habitats (Fig. 3). The Gonubie
Estuary had the greatest species diversity (H'=1.4)
and the Qora Estuary the lowest (H’=1). The Gonubie
Estuary also had the highest mean species richness
(ten species), closely followed by the Nahoon Estuary
(nine species). The Qora and Xhora estuaries both had
a mean species richness of seven species.

Nahoon Estuary had the greatest habitat complex-
ity at the sites sampled, with a total of five different
habitat types. The Qora and Xhora estuaries each had
four recorded habitat types, while the Gonubie Estuary
showed the lowest habitat complexity with only three
habitat types. The sand and mangrove habitat in the
Nahoon Estuary had the greatest mean species diver-
sity (H’=1.8), followed by the sand and mud habitats in
the Gonubie and Qora estuaries, respectively (H’=1.6).
Mud habitat had the most consistently high mean spe-
cies diversity across all four estuaries sampled.

There was no significant difference in the catch per
unit effort (CPUE) of fishes within both the estuarine
and marine guilds among habitat types (Fig. 4). Marine
species, especially the marine estuarine-dependents,
exhibited a high degree of habitat plasticity and domi-
nated the catch throughout all habitat types. Fishes clas-
sified within the estuarine and marine category, as well
as solely the estuarine category, also displayed habitat
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Fig. 4. — Percentage of total catch per unit effort (CPUE) per guild

recorded in each habitat type (2015-2017). M, mud; MM, mud and

mangrove; MR, mud and rock; MZ, mud and Nanozostera; S, sand;

SM, sand and mangrove. FEO, freshwater estuarine opportunists;

SE, solely estuarine; E&M, estuarine and marine; MEO, marine

migrant estuarine opportunists; MED, marine migrant estuarine-
dependents; MS, marine stragglers.

plasticity throughout the habitats sampled. Marine
stragglers and marine estuarine opportunists were more
abundant in the lower reaches of the estuaries sampled,
where the sand habitat was predominant, than further
upstream, where mud and rocks were predominant.

The habitats contributing the highest percentage
of the total CPUE (combining fishes from all guilds)
included mud and Nanozostera (26.5%), mud and rock
(25%) and mud (21.1%). Mangrove habitats made lit-
tle contribution to the total CPUE, with the mud and
mangrove and sand and mangrove habitats contribut-
ing only 7.6% and 4.6%, respectively, to the overall
CPUE combining fishes across all guilds.

When the CPUE of dominant species from the es-
tuarine guild was compared between habitat type, it
was found that mud and rock habitat contributed the
highest percentage of the overall CPUE of dominant
species (13%), followed by mud (8%) and mud and
Nanozostera (6%) (Fig. SA). Dominant fishes from the
estuarine guild exhibited habitat plasticity, barring A.
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dussumieri, which can be explained by a single, large
capture event at one site in the Nahoon Estuary.

Within the marine guild, mud and Nanozostera
habitat contributed the highest CPUE of dominant
species (19% overall), followed by the mud and sand
habitats, which each contributed 13%, closely fol-
lowed by the mud and rock habitat, which contrib-
uted 12% (Fig. 5B). Dominant marine species also
displayed a high degree of habitat plasticity, although
the majority of marine species were recorded at habi-
tats nearest to the mouth of the four estuaries sam-
pled. These habitats included sand, and habitats with
mangroves in the two respective mangrove estuaries.
Fewer marine species were found further upstream,
which was characterized by habitats of mud or the
combination of mud and rock.

Relationship between fish abundance and environ-
mental variables

Generalized additive models were used to explore
the influence of physico-chemical parameters and
habitat type on species distributions. The presence of
mangroves was included as a factor in all generalized
additive models. The response variables analysed were
species richness of all taxa and within guilds, as well as
the abundance of dominant species. Species diversity
was excluded from the models due to the high similar-
ity among estuaries and habitat types.

The abundances of fishes within the marine guild
were best described by a model using conductivity
(Table 2 and Fig. 6). Peaks in species abundance were
observed at conductivities between 41 and 48 S m™!
for species in the marine guild. The model that best
fitted the abundance of fishes from the estuarine guild
included temperature, salinity, dissolved oxygen and
habitat type. Peaks in abundance for the estuarine
guild were observed between temperatures of 22°C
and 24°C, with a smaller peak occurring at 26.5°C.
Within the same model, there was a peak in abundance
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Fig. 5. — Percentage of total catch per unit effort (CPUE) of dominant species recorded in each habitat type (2015-2017). A, estuarine species;
B, marine species. M, mud; MM, mud and mangrove; MR, mud and rock; MZ, mud and Nanozostera; S, sand; SM, sand and mangrove.
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Table 2. — Generalized additive model outputs for abundance data of fishes from all taxa, per guild and for dominant species recorded in all
estuaries sampled between 2015 and 2017. Temp, temperature (°C); NTU, turbidity; sal, salinity; DO, dissolved oxygen (mg L"); TDS, total
dissolved solids; con, conductivity; hab, habitat type. (Significance codes *** p<0.001; **<0.01; *<0.05).

Grouping (no. species) Deviance explained (%) Significant variable(s)
Abundance
All taxa (52) 31.1 con*
Estuarine (12) 65.1 temp* sal** hab***
Marine (30) 17.5 con*®*
Dominant species
Atherina breviceps 70.6 temp** DO** hab***
Gilchristella aestuaria 79.4 temp*** sal*** DO*** hab***
Caffrogobius gilchristi 68.1 NTU** TDS*
Pomadasys commersonnii 65.9 temp*** sal*** hab*
Pomadasys olivaceus 44.5 sal*
Chelon dumerili 63.7 temp** sal***
Chelon richardsonii 75.6 con*
Chelon tricuspidens 13.4 temp*
Pseudomyxus capensis 81.5 temp*** sal**
Solea turbynei 74.2 NTU#** DO *** hab**
Diplodus capensis 23.3 sal**
Rhabdosargus holubi 14.5 temp**
=)
A < 7] B
©
[se) o
o‘ } —
o
S 7] A
ﬁl: _ -
Q
N
o o
d N -
o | e 4
S o T T T T T
10 20 30 40 50
Conductivity (S m™)
e
_ %
o o
0
§ @ |
T ©
5
<
§ 31
£ o
R
e
a
e 4
@
2 -
(s}
@ -
]
o
o
o
o
2

5 10 15 20 25 30 35
Conductivity (S m'1)

Fig. 6. — Relationships between fish abundance and environmental variables in all estuaries sampled over the period 2015-2017. GAM output
plots include estuarine fish abundance (A) and marine fish abundance (B), and correspond to the results in Table 2.
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between conductivity readings of 29 and 31 S m~!, with
a smaller peak between 10 and 15 S m~!. Although dis-
solved oxygen was not significant in the model, abun-
dance was shown to increase with increasing dissolved
oxygen concentrations.

For the dominant species within the estuarine
guild, the abundance of Atherina breviceps was best
explained by models incorporating temperature, dis-
solved oxygen and habitat. For G. aestuaria, a model
with temperature, salinity, dissolved oxygen and habi-
tat best explained abundance, while a model including
turbidity and total dissolved solids best explained C.
gilchristi abundance. Within the marine guild, tempera-
ture and salinity were significant variables influencing
the abundances of P. commersonnii, C. dumerili and
Pseudomyxus capensis. Temperature also influenced
abundances of C. tricuspidens and R. holubi, while
salinity had an impact on P. olivaceus and D. capensis.
Habitat type also affected the abundances of both P.
commersonnii and S. turbynei, the latter of which was
also influenced by turbidity and dissolved oxygen. C.
richardsonii was the only species for which conductiv-
ity had the greatest influence on abundance.

DISCUSSION

The study aimed to investigate the importance of
mangroves for small fishes in warm temperate South
Africa. This was the first study of its kind in the re-
gion, and it was unknown whether mangroves play
an important role in structuring fish communities as
their tropical and subtropical counterparts do. Physico-
chemical variables measured showed little variation
among the four estuaries sampled, because the estu-
aries fall within the same climatic region (Whitfield
and Baliwe 2013). There was low variation in species
abundance and diversity between mangrove and non-
mangrove estuaries for fishes from both the estuarine
and marine guilds. Therefore, the hypothesis that man-
grove estuaries would have a greater abundance and
diversity of young fishes than non-mangrove estuaries
is rejected. Generalized additive models indicated that
temperature, conductivity and dissolved oxygen were
the most important variables structuring the abundance
and distribution of fishes from the estuarine guild,
while conductivity was the most important for fishes
from the marine guild.

The regulation of freshwater flow into estuaries has
been identified as a potential threat to estuarine ecosys-
tem structure and function, and to the productivity of
fisheries in particular (Saintilan and Wen 2012). Both
the Gonubie and Nahoon estuaries had lower freshwater
input due to water abstraction and the presence of dams,
weirs and causeways along their rivers than the Qora
and Xhora estuaries (Wiseman et al. 1993, Whitfield
and Baliwe 2013). This reduced freshwater input in the
Gonubie and Nahoon estuaries could explain the greater
intrusion of marine fishes in these two estuaries, which
is indicated by the higher species richness and diversity
of fishes from the marine guild. These findings differ
from those of Whitfield (1994a) and Pattrick and Stry-
dom (2014), who recorded greater densities of larvae
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and juvenile marine fishes in more turbid estuaries with
a higher freshwater input and moderate to high axial sa-
linity gradients in studies conducted in warm temperate
South African estuaries.

Beck et al. (2001) assert that environmental pro-
cesses functioning in nursery habitats need to provide
greater contributions to juvenile survival and adult
recruitment from a combination of the following four
factors: growth, density, juvenile survival and migra-
tion to adult habitats. Mangrove stands are associated
with high abundance and diversity of fishes and have
the well-known function of forming essential fish
nurseries in estuaries (Robertson and Duke 1987,
Laegdsgaard and Johnson 1995, Mumby et al. 2004),
because they contribute to the four factors mentioned
above by Beck et al. (2001). According to Whitfield
(2017), different juvenile fish assemblages are sup-
ported within different aquatic plant habitats, with
some fish species selecting a particular habitat when
given a choice of nursery areas within an estuary.
However, when a particular preferred nursery area
is not present within a system, juveniles will have to
use another littoral habitat or move elsewhere. For
example, some marine estuarine-dependents such as
the flathead mullet (Mugil cephalus) are able to use
nearshore coastal waters as alternative nurseries to es-
tuaries (Lenanton and Potter 1987). The flathead mul-
let has a strong propensity to enter estuaries, but can
also make use of coastal waters as a nursery habitat
in regions where estuaries are absent and still recruit
significant numbers of individuals into adulthood
(Lenanton and Potter 1987).

Although numerous studies note that the abundance
and diversity of fishes is greater in mangrove habitats
in tropical areas (Robertson and Duke 1987, Nagel-
kerken et al. 2001), additional literature suggests that
other habitats within estuaries also account for high
abundance and diversity of fishes, while offering simi-
lar nursery functions as mangroves. For example, some
studies have shown that seagrass beds, salt marshes and
reed beds have an important nursery function for fishes
while also providing feeding opportunities (Beck et
al. 2001, Nagelkerken et al. 2002). The presence of
alternative habitat types in the four estuaries sampled
may therefore be a possible explanation for the low
variation in species abundance and diversity between
mangrove and non-mangrove estuaries. All estuaries
had eelgrass (Nanozostera capensis) beds, which Pat-
erson and Whitfield (1997) identified as an important
feeding area for fishes in the Kariega Estuary in South
Africa. Weerts and Cyrus (2002) also found that eel-
grass beds actually support a higher abundance and di-
versity of fishes than neighbouring mangrove habitats
in subtropical South African estuaries. Salt marsh is
another important habitat type that is commonly found
in warm temperate South African estuaries and often
contains Phragmites reeds, among other floral spe-
cies. The stems of Phragmites spp. typically house a
significant biomass of epiphytic algae (Karosiené and
Kasperovicien¢ 2012), which offer an additional food
source for fishes, while the reeds themselves offer ref-
uge from predators.
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Additionally, all four estuaries sampled had a num-
ber of shallow mud and sand banks, both of which
made large contributions to the overall percentage of
CPUE of dominant species. It is thought that these
shallow habitats could offer a refuge for young fishes
that are vulnerable to predation. Paterson and Whit-
field (2000) provide evidence that shallow portions
of estuaries provide a refuge for small fishes, because
shallow areas are often more turbid than deeper areas
and are also typically inaccessible to larger piscivorous
fishes. Sheaves et al. (2015) also noted that during an
ebb tide submerged macrophytic vegetation can drain
and become exposed, thus forcing small fishes into ad-
jacent deeper water where the likelihood of encounter-
ing larger piscivorous fishes is greater.

Ultimately, estuaries with an availability of a va-
riety of nursery habitat types are more beneficial to
the survival of young fishes and are able to support a
greater abundance and diversity of ichthyofauna than
estuaries with low habitat complexity (Gratwicke and
Speight 2005). Estuaries in South Africa offer a range
of complex juvenile nursery habitats (Whitfield 2017).
This habitat complexity, coupled with steep gradients
of environmental variables (such as turbidity), may
improve the recruitment and survival of larvae and
juveniles within these systems and thus promote high
species richness and diversity in comparison with es-
tuarine systems that are near void of littoral vegetation
(Gratwicke and Speight 2005, Whitfield 2017).

Although no significant differences in abundance
and diversity were found between mangrove and
non-mangrove estuaries in the study, it is important
to not write off mangroves as significant refuge and
habitat providers in warm temperate regions. The loss
of habitat provided by mangroves has been found to
significantly reduce the abundance and diversity of
ichthyofaunal assemblages, which could potentially
have cascading effects at higher trophic levels, leading
to severe consequences for fisheries and food produc-
tion (Manson et al. 2005, Aburto-Oropeza et al. 2008).
In the present study, fish abundance and diversity was
spread across a range of habitats, including mangroves.
The loss of mangroves in warm temperate regions
would therefore still have significant impacts for fishes
utilizing estuaries. Mangroves are at the edge of their
distributional range in warm temperate regions, and as
a result cover less area than their counterparts in tropi-
cal and subtropical areas (Stevens et al. 2006). Warm
temperate ichthyofauna have thus not yet needed to
evolve a dependence on mangroves and their services,
because other estuarine habitats offer similar refuge
and feeding advantages. Furthermore, food is the lim-
iting factor in seasonally mediated ecosystems (Short
et al. 1990), making specific niche use a limitation in
the broader foraging regimes typical of many marine
fishes using estuaries.

The present study provides preliminary insights
into the use of warm temperate mangroves by small
fishes. In the event of future studies, it is suggested that
a greater number of warm temperate mangrove estuar-
ies be sampled to provide a larger database to assess the
importance of mangroves in warm temperate regions in

greater depth. Knowledge on the function of habitats
and their role in enhancing fish survival in estuarine
nursery areas is a crucial asset for fish conservation.
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