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Floodplain wetlands pans are considered important ecosys-
tems hosting fish, macroinvertebrate, plant and microbial 
communities which cumulatively facilitate the provision of 
various ecosystem services (Acosta et al. 2020; Dube et al. 
2020; Petsch et al. 2022). Within these temporal floodplain 
pans, macroinvertebrates are good predictors of wetland 
health and potential to sustain other components of biodi-
versity, such as fish and birds (Kärnä et al. 2019; Guareschi 
et al. 2015). As such, macroinvertebrates and fish can be 
used as bio–monitoring agents for water quality and eco-
logical status of aquatic environments (Kaban et al. 2018; 
Pandiarajan et al. 2019; Kunwar et al. 2022). Environmental 
conditions such as water temperature, salinity, and habitat 
structure all determine which types of fish and macroin-
vertebrate taxa occur in floodplain wetlands systems. Less 
sensitive macroinvertebrate taxa in such habitats include 
chironomid midges and oligochaete worms, while less 
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Abstract
Floodplain wetlands remain important habitats for most macrophytes, macroinvertebrates, birds, fish, amphibians, wildlife 
and in particular large mammals. They are dynamic in nature and provide many ecosystem services even to humans. The 
present study was undertaken to assess water and sediment chemistry as drivers of macroinvertebrates and fish com-
munities in Makuleke floodplain wetlands in north Kruger National Park, South Africa. Water, sediments, macroinverte-
brates and fish samples were collected across different hydroperiods (i.e., Low water period and high water period) from 
six floodplain pans. Macroinvertebrates were dominated by (Notonectidae, Libellulidae, Gerridae, Chironomidae larvae, 
Belostomatidae, gomphidae, dytiscidae and Baetidae, while fish were dominated byTilapia sparminii, Gambusia affinis, 
Coptodon rendali, Oreochromis hybrid, Oreochromis mossambicus, Enteromius palludinosus and Clarais gariepinus. 
Generally, fish and macroinvertebrate abundances and diversity were elevated during high water levels as compared to low 
water levels, suggesting that hydroperiod plays a significant role in structuring aquatic faunal communities. Redundancy 
and canonical– correlation analysis identified salinity, TDS (water) and Zn, C and B concentrations (sediment) as the 
major drivers of macroinvertebrate community structure, while pH, TDS (water), and K, Ca and Mg concetrations (sedi-
ment) were the major drivers of fish communities. In addition, pelagic chlorophyll –a was strongly positively associated 
with fish, particularly Gambusia affinis, during the high water level period. The results of this study provide important 
baseline information on the ecology of the Makuleke pans.

Keywords River floodplains · Biodiversityt · Fish · Macroinvertebrates · Sediment · Kruger National Park · 
Hydroperiod
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sensitive fish taxa include catfish (Clarias gariepinus) and 
numerous cichlid species among others (Kanu et al. 2022; 
Raphahlelo et al. 2022; Edeh et al. 2023).

Numerous factors operating at multiple spatial scales 
influence the distribution and abundance of fauna in flood-
plain pans systems (Nhiwatiwa et al. 2017; Sarkar et al. 
2020). Predator–prey dynamics have been identified as an 
important biological driver of fish assemblages, but com-
petition for food resources also plays a significant role 
(Svanbäck et al. 2008; Munyai et al., 2022). These biotic 
interactions operate together with environmental conditions 
such as water and sediment chemistry to drive macroinver-
tebrates communities in aquatic environments (Florencio et 
al. 2014; Dalu et al. 2017; Farooq et al. 2022). Numerous 
studies (e.g., Ward et al. 1999; Frisch et al., 2005; Pilière et 
al. 2014) have demonstrated that aquatic organisms’ groups 
such as zooplankton, macroinvertebrates, fish, amphibians, 
and macrophytes, respond differently to changes in ecologi-
cal and hydrological conditions of aquatic ecosystems.

The hydrological regime of a river floodplain ecosystem 
plays a significant role in determining habitat connectivity 
between the river channel and its floodplain, with impli-
cations for the system’s ecological functioning and biodi-
versity patterns (Nhiwatiwa et al. 2011; Hayes et al. 2018; 
Dube at al., 2019). Floodplain pans strongly rely on natu-
ral patterns such as the hydrological connection with the 
river which can provide water through surface or subsur-
face flow, sustainig biota and ecosystem processes such as 
organic matter decomposition and nutrient cycling (Heath 
and Plater 2010; Smit et al. 2016; Gordon et al. 2020). 
According to Dube et al. (2019), the exchange of organisms 
in river–floodplain ecosystems is heavily influenced by the 
distance of the floodplain from the river and the existence of 
hydrological linkages between the river and the floodplain 
pans. This implies that wetlands that are closer to main riv-
ers are more likely to be influenced by exchanging organ-
isms, nutrients and sediments and vica–versa (Tockner et 
al. 1999; Weigelhofer et al. 2015; Paillex et al. 2015). Com-
promised catchments, however, have implications for rivers 
and how they interact with their associated floodplains.

The present study aims to determine the relationships 
between fish and macroinvertebrates assemblages and vari-
ous environmental variables in floodplain pans on the Lim-
popo river catchment in South Afirca. Aquatic biodiversity 
is under severe stress all over the world, and many river 
systems in the southern African region are no exception. 
Habitat loss is widely acknowledged as a major contribu-
tor to decreased biodiversity, particularly in freshwater eco-
systems (Ayyad 2003; Laurance 2007; Gulzar et al. 2023). 
In many instances habitat is altered or lost, reducing diver-
sity and complexity. Freshwater ecosystems are no excep-
tion. According to Hussain (2010), an estimated 39% of 

all freshwater species of the global aquatic ecosystem are 
extinct, endangered, or vulnerable due to habitat distur-
bances. uman–mediated alterations of environmental condi-
tions can have implications for population and community 
structure and functioning of the food web in floodplain 
pans (Rask et al. 2020; Verma and Prakash 2020; Volkoff 
and London 2018). Recent environmental changes, declin-
ing water quality, and fishing pressure have, for example, 
made freshwater fish species more vulnerable. Numerous 
fish species found in floodplains, rivers, and estuaries have 
consequently become threatened or extinct due to the latter 
pressures (Boelee et al. 2019; Chen et al. 2020). HMacro-
invertebrates are similarly negatively affected both directly 
and indirectly by changes to aquatic ecosystems, with 
implications for theircontributions to ecosystem function-
ing (Höök et al., 2020).

The main aim of this study was to determine the macroin-
vertebrates and fish community structure within the selected 
Makuleke pans across hydroperiods. In achieving this objec-
tive, the study focused on identifying the potential causes of 
macroinvertebrates and fish communities by assessing spe-
cies diversity metrics and abundances as well as other driv-
ers such as water and sediment quality. We hypothesized 
that (i) the abundance and diversity of macroinvertebrates 
and fish in the floodplains pans are driven by hydroperiod 
(their dependence on receiving enough water during the 
summer rainfall season), whereby fluctuation in water level 
affect the diversity metrics and abundance of species within 
the pans and (ii) differences in the richness and diversity of 
macroinvertebrate and fish species are attributed to varia-
tions in water and sediment chemistry, since changes in 
these variables can have a significant impact on communi-
ties within pans.

Materials and Methods

Ethical Clearance and Permits

Fish and macroinvertebrates samples were collected in 
accordance with the Kruger National Park permit (KNP 
Permit Reference no. DALT1635) and ethical clearance 
for the present study was approved by the University of 
Venda Research committee (Ethical clearance No. SES/20/
ERM/14/1611).

Site Description

Six floodplain pan wetlands systems namely; Nya-
vadi, Mapimbi, Mambvumbvanyi, Nghila, Jachacha and 
Nwambi, were studied within the Makuleke Ramsar site at 
Pafuri, North of Kruger National Park (Fig. 1). From each 
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pan, three sites were chosen as sampling points for environ-
mental variables with sampling taking place in September 
2020 (LW1), April 2021 (HW1), December 2021 (LW2) and 
March 2022 (HW2). September 2020 and December 2021 
were considered low–water (LW) periods, while April 2021 
and March 2022 were considered high–water (HW) peri-
ods. The Makuleke Wetland Concession is a region of land 
with an extent of 20 000 ha and is found between the Luvu-
vhu and Limpopo rivers in the northern and eastern parts 
of the Limpopo Province, South Africa (Malherbe 2018). 
The area receives annual rainfall of around 500–800 mm 
and is dominated by woodland. The underlying geology of 
the pans is composed of sedimentary rocks such as sand-
stone, several acidic, intrusive granites, and gneisses, with a 
majority of the pans covered by sandy soils and a clay soil 
lens. In 1969, the Makuleke area was proclaimed as part of 
the KNP to conserve fauna and flora that are found in the 
northern region of the park. In 2007, the Makuleke wetlands 
received the Ramsar recognition status as wetlands of inter-
national importance (Pretorius 2013; Dyamond 2017). This 
area was the first Ramsar site to be owned and co–managed 

by a local community (Makuleke community) and the Kru-
ger National Park in South Africa. The area has prominent 
floodplain features including flood pans, floodplains and 
river channels, which are intermittently filled from floods 
and rain that support a high diversity of birds and wildlife 
(Dzurume et al. 2022; De Necker et al. 2023).

Environmental Variables of Water

During each sampling event, at each site environmental 
parameters such as pH, oxygen redox potential (ORP), elec-
trical conductivity (EC), total dissolved solids (TDS), salin-
ity, resistivity and temperature (°C) (n = 3 per site) were 
measured by immersing a portable multi–parameter probe 
(PCTestr 35, Eutech/Oakton Instruments, Singapore) into 
the water and results recorded in–situ at each sampling site.

Determination of Pelagic Chlorophyll–a

For determination of pelagic chlorophyll–a (chl–a) in the 
laboratory, 250 mL water samples from each pan (n = 3 

Fig. 1 Location of six study pans (Nyavadi, Mapimbi, Mambvumbvanyi, Nghila, Jachacha and Nwambi floodplain pans) within the north Makuleke 
wetlands within Pafuri area, Kruger National Park, South Africa
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Determination Benthic Chlorophyll‒a

A Perspex sediment corer of 20 mm internal diameter was 
used to collect wet sediments in the littoral zone by inserting 
a hand into the sediment (n = 3 sites per pan). About 10 mL 
of 90% acetone was inoculated into the sediment sample, 
swirled in the vortex, and frozen at − 20 °C for 24 h for 
chlorophyll–a extraction. After 24 h, samples were removed 
from the freezer and were covered with a dark cloth and 
centrifuged at 3000 rpm for 10 min. All chl–a samples were 
handled inside a dark room. The 2 ml elutes were then put 
into a vial to measure absorbance at 665 and 750 nm using a 
SPECTRO star NANO (BMG LabTech GmbH, Ortenberg). 
The following formula was used to calculate the concentra-
tion of chlorophyll–a:

Calculating benthic chlorophyll–a;

Chl − a
(
mgm2) =

11.4 × ((665b − 750b) − (665a − 750a)) × V e

V f × L

Where, L – cuvette light–path (cm) (1 cm), Ve – extraction 
volume (mL) (10 mL), Vf – filtered volume (L) (250 mL) 
and K = 2.43.

Macroinvertebrates Sampling

Macroinvertebrates were sampled quantitatively using a 
nylon handheld kick net (dimension, 30 × 30 cm; mesh size, 
500 μm) with an aluminum rim and a 1.5 m rod handle fol-
lowing a procedure by Dalu et al. (2021). At each sampling 
pan (water depth 0.1–0.6 m), macroinvertebrates were col-
lected (n = 2 samples) by submerging the sampling kick net, 
kicking benthic substratum to dislodge any attached taxa 
in sediment and/or rocks, sweeping and dragging the net 
through aquatic vegetation, along the 10 m length transect 
inside the pan. The kick net was then carefully lifted out of 
the water to prevent the escape of macroinvertebrates. The 
macroinvertebrates were transferred into 250 mL plastic jar 
containers and preserved in 70% ethanol, then transported 
to the laboratory for further identification, according to 
Gerber and Gabriel (2002). Macroinvertebrates samples in 
70% ethanol were poured into a tray and identified to family 
level, and all species were recorded.

Fish Sampling

Two techniques (i.e., Seine net and cast net) were used to 
sample fish communities depending on the habitat charac-
teristics of the floodplain pan. In shallow pans, a 5 m long 
seine net was deployed into the pan in a straight–line motion 
and hauled by swiping all fish found in the pan (n = 2). 
Following Malherbe et al. (2016), in deep pans a cast net 

samples) were filtered (vacuum < 5 cm Hg) through GIC 
Scientific glass fiber filters with a pore size of 0.7 μm 
(47 mm diameter). After filtration, chl–a was extracted by 
placing the filter in a 15 mL centrifuge tube containing 10 
mL of 90% acetone solution and keeping it in the freezer for 
24 h. After 24 h, the samples were centrifuged at 5 000 rpm 
for 5 min. Approximately 2 mL was extracted from each 
sample to measure absorbance at 665 and 750 nm using a 
SPECTRO star NANO (BMG LabTech GmbH, Ortenberg) 
following Human et al. (2018). To measure the absorbance, 
a 1 cm quartz cuvette was used before and after acidification 
with two drops of 0.01 N hydrochloric acid. Chlorophyll–
a concentration was calculated based on Lorenzen (1967) 
using the following formulas:

Calculating pelagic chlorophyll–a;

Chl − a (µgL) =
(a

v

)
× (FO − Fa) × C

where “a” in fraction is the quantity of acetone used for 
extraction in µg L− 1, v is the quantity of filtered water in 
µg L− 1, Fo is the chl–a reading before acidification with 
1 N HCl (hydrochloric acid), Fa is the chl–a reading after 
acidification with 1 N HCl (hydrochloric acid), and C is the 
constant value (0.325).

Sediment Chemistry Variables

The benthic sediments (n = 2 per pan) were collected from 
each pan using acid–washed wooden splints and each inte-
grated sample was placed in new polyethylene Ziplock bags 
to avoid cross contamination. The composite sediment sam-
ples were immediately packed in a cooler box with ice and 
transported to the University of Venda pollution laboratory 
for processing within 24 h. In the laboratory, the samples 
were oven–dried at 60 °C for 72 h to constant weight before 
being disaggregated in a porcelain mortar. The dried sedi-
ment samples were then homogenized using a riffle splitter, 
and thereafter a sediment subsample of 0.5 kg was sepa-
rated and sent to BEMLAB, Cape Town, for further analy-
sis. The pH, phosphorus (P), ammonium (NH4

+), potassium 
(K), calcium (Ca), magnesium (Mg), sodium (Na), copper 
(Cu), zinc (Zn), Manganese (Mn), boron (B), iron (Fe), Car-
bon (C), Sulphur (S), SOM concentrations were quantified 
in sediment for each pan and hydroperiod. Briefly, for each 
sediment core, elements such as K, Mg, Na Ca, Cu, Zn, Mn, 
B, Fe and S were measured using an Inductively coupled 
plasma atomic emission spectroscopy (ICPMS) instrument 
(see Rice, 2012 for detailed methodology), while the ammo-
nia and phosphorus were analysed using a SEAL AutoAna-
lyzer 3 high resolution and Bray–2 extract as described by 
Bray and Kurtz (1945).
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non–significant (p > 0.05) across pans, hydroperiods and 
their interaction (pans × hydroperiod) (Table 2).

Macroinvertebrate Communities

Twenty–three macroinvertebrate families were identified 
within Makuleke floodplain pans (see Table S1). Macroin-
vertebrates (i.e., Notonectidae, Libellulidae, Gerridae, Chi-
ronomidae larvae, Belostomatidae, Gomphidae, Dytiscidae 
and Baetidae) were found within all floodplain pans and 
were dominant during both hydroperiods (low– and high–
water period). However, macroinvertebrates families such 
as Dryopidae, Noteridae, Ceratopogonidae, Tabanidae and 
Hydropsychidae had a low relative abundance, with most 
of these macroinvertebrates dominating during low water 
period than during high water period (Table S1). When 
looking at individual pans, Mambvumbvanyi pan had the 
highest species diversity, followed by Nwambi pan, both of 
which had a slarge species diversity which varied between 
hydroperiods (Table S1).

Macroinvertebrate taxa richness increased with changes 
in hydroperiods (from low to high water level). The diversity 
indices (i.e., abundance, Shannon–Wiener, Simpsons), were 
low especially during low water, however, increased dur-
ing high water period in all pans except in Nyavadi, Jacha-
cha and Mambvumvanyi which were zero for Simpson’s 
diversity (Table 3). Based on macroinvertebrates diver-
sity matrices on two–way ANOVA, significant differences 
were observed across sites and hydroperiods (p < 0.001) 
(Table 4). We further observed significant differences in 
macroinvertebrates diversity metrics over a combination of 
sites and hydroperiods.

Analysis of similarities (ANOSIM) showed significant 
differences across all pans and hydroperiods in the macro-
invertebrates communities (Global test R = 0.56, p < 0.05) 
(Table 5). Similarity percentages (SIMPER) revealed that 
the average dissimilarity across pans and hydroperiods in 
macroinvertebrates communities was 45.57%. The SIMPER 
results indicated that macroinvertebrates such as Libelluli-
dae, Notonoctidae, and Chironomidae larvae were the main 
dissimilarity contributing taxa across pans and hydroperiods 
(Table 5).

Macroinvertebrate Communities in Relation to 
Environmental Variables

The differences in environmental variables as driving fac-
tors for the macroinvertebrate communities were combined 
for both hydroperiods (low and high–water period) and rep-
resented in Fig. 2. Based on RDA and CCA analysis, envi-
ronmental variables (two water parameters, i.e., salinity and 
TDS; and three sediment metals – Zn, C and Boron) were 

(diameter = 1.85 m, mesh size = 2.5 cm) was thrown into 
the pan (n = 5) and pulled back in a slow motion to allow 
smooth removal of fish from the pan and avoid kills. Dif-
ferent fish species were identified on site following Skelton 
(2001), and species names were recorded; then fish were 
released back into the pans.

Data Analysis

Significant differences in environmental variables among 
floodplain pans (i.e., Nyavadi, Jachacha, Mambvumbvanyi, 
Nghila, Mapimbi and Nwambi) and across hydroperiods 
(i.e., low–water and high–water period) were assessed using 
a two–way ANOVA in SPSS v25.0 (SPSS Inc., 2007). This 
was done after the data was found to meet all the paramet-
ric tests, i.e., homogeneity of variances and normality. To 
assess for differences in species diversity among floodplain 
pans and hydroperiods, diversity metrics (species richness, 
species evenness, Simpson and Shannon–Weiner) were 
calculated per site, using the macroinvertebrate commu-
nity dataset in PAST version 2.0 (Hammer et al. 2001). A 
non–parametric Kruskal–Wallis test was used to test for dif-
ferences in diversity metrics among study pans and hydro-
periods using SPSS v16.0 (SPSS Inc., 2007). We further 
examined the differences in macroinvertebrates and fish 
communities and identified the primary species that con-
tributed to the differences using the analyses of similarities 
(ANOSIM) and similarity percentages–species contribu-
tions (SIMPER) in PRIMER 5.0.

We used canonical–correlation analysis (CCA) to deter-
mine the major environmental and sediment variables that 
drive fish communities across floodplain pans and hydro-
periods. Consequently, redundancy analysis (RDA) was 
used to determine the major environmental and sediment 
variables that drive macroinvertebrate communities across 
floodplain pans and hydroperiods. We used the forward 
selection method with the Monte Carlo permutation test 
(9999 permutations) for both CCA and RDA, where water 
and sediment parameters were put as explanatory variables.

Results

Environmental Variables

The results of this study indicate high levels of conductiv-
ity, salinity and resistivity and high concentrations of sedi-
ment parameters such as P, K, Fe and S during high water 
periods (Table 1). Most of the water and sediment quality 
assessed using two–way ANOVA indicated significant dif-
ferences across pans (p < 0.05) and between hydroperiods 
(p = 0.05) with the exception of pelagic chl–a, which was 
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pans were full of water (during the high–water period), we 
observed high diversity of fish species across all the pans. 
The fish diversity indices generally showed an increased 
trend from low to high water period, however, Nghila pan 
had zero fish diversity indices in the low water period. High 
fish abundances were found across all the pans, whereas 
high species richness (mean = 7.5) was found in two pans 
(Jachacha and Mambvumbvanyi) and high species even-
ness (mean = 0.8) was found in Jachacha and Nyavadi dur-
ing the low and high–water period, respectively (Table 3). 
Shannon–Wiener diversity for fish highlighted a steady 
decline from low water to high water period, with the high-
est recorded mean of 1.6 in Jachacha and the lowest mean 
of 0 in Nghila (Table 3).

ANOSIM further revealed a significant difference across 
all pans and hydroperiods in the fish communities (Global 
test R = 0.681, p < 0.05) (Table 6). The average dissimilar-
ity across pans and hydroperiods in fish communities was 
61.95%. Fish species such as Enteromius paludinosus, Tila-
pia sparrmanii and Oreochromis mossambicus were the 
main dissimilarity contributing taxa across pans and hydro-
periods (Table 6).

found to be the major drivers in explaining the variation of 
macroinvertebrate community structure across all sample 
pans and hydroperiods. According to the results of RDA 
Axis 2, salinity and TDS in water were the main drivers 
for the communities of Aeshnidae, Corixidae and Gyrini-
dae, while metals Zn – C – and B were the major drivers 
of macroinvertebrates (i.e., Gerridae, Libellulidae – Noto-
nectidae, gomphidae, belastomatidae – Beatidae, Velidae, 
dyctiscidae, respectively) (Fig. 2a).

Fish Communities

A total of sixteen fish species were found in six sampled 
floodplain pans of the Makuleke wetlands (Table S2). The 
results from this study indicate that high fish abundance was 
found during the high–water period compared to a very low 
abundance during the low water period. We further observed 
that, in most cases, during low–water period (which is con-
sidered dry season due to low rainfall), most pans were 
found with little or no water resulting in the absence of fish. 
During the low–water period, pans such as Nghila were 
found with no water at all, whereas Nyavadi pan was found 
with very little turbid water and dominated by only one fish 
species (catfish – Clarias gariepinus). In contrast, when the 

Variables Units LW HW
Range Mean Range Mean

Water 5.57 ‒ 9.33 7.28 ± 2.6 6.46 ‒ 9.6 8.2 ± 0.7
pH
ORP mV 39.8 ‒ 162.3 96.05 ± 48.3 53.4 ‒ 239.7 107.5 ± 47.9
Cond µS cm‒1 173 ‒ 3915 1023.38 ± 1369.5 181.4 ‒ 988.3 451.2 ± 260.7
TDS mg L‒1 4.1 ‒ 2746 113.61 ± 806.3 93.3 ‒ 544.8 248.9 ± 144.6
Salinity mg L‒1 86.4 ‒ 1837 416.22 ± 554.3 98.7 ‒ 570.6 322.6 ± 117.9
Resistivity Ω 116.9 ‒ 1971 473.35 ± 554.8 121.1 ‒ 932.6 296.3 ± 217.4
Temp °C 24.5 ‒ 39.9 407.98 ± 9.9 23.5 ‒ 31.5 26.74 ± 1.9
Pelagic chl‒a µg L‒1 0.24 ‒ 12.6 3.87 ± 3.8 0.79 ‒ 21.2 5.92 ± 5.2
Sediments
pH 4.8 ‒ 8.5 7.5 ± 0.91 4.9 ‒ 7.7 6.6 ± 0.8
P mg kg ‒1 21.7 ‒ 343 111.3 ± 85.8 20.4 ‒ 333 131.8 ± 109.5
NH4 mg kg ‒1 5.5 ‒ 179 75.5 ± 54.3 6.6 ‒ 205.2 106.5 ± 54.5
K mg kg ‒1 179 ‒ 941 448.1 ± 200.9 783 ‒ 196 412.4 ± 225.9
Ca mg kg ‒1 5 ‒ 31.7 16.4 ± 8.2 5.6 ‒ 34.2 16.8 ± 7.9
Mg mg kg ‒1 1 ‒ 30.4 10.9 ± 7.9 12.3 ‒ 4 10.4 ± 6.5
Na mg kg ‒1 0.2 ‒ 26.8 6.6 ± 8.1 0.3 ‒ 8 2.0 ± 2.2
Cu mg kg ‒1 2.5 ‒28.5 11.8 ± 7.1 1.4 ‒ 32.4 13.6 ± 8.5
Zn mg kg ‒1 0.6 ‒ 3 1.3 ± 0.7 1.1 ‒ 2 1.4 ± 1.1
Mn mg kg ‒1 21.7 ‒ 343 111.3 ± 85.3 59.6 ‒ 576 261.2 ± 175
B mg kg ‒1 0.4 ‒ 4.7 1.4 ± 1.3 0.1 ‒ 1.8 0.8 ± 0.4
Fe mg kg ‒1 18.8 ‒ 1030 339.0 ± 288.5 46.4 ‒ 1070 397.9 ± 306.4
C mg kg ‒1 0.3 ‒ 3.5 1.3 ± 0.9 0.19 ‒ 5.5 1.7 ± 1.3
S mg kg ‒1 7.8 ‒ 614 101.9 ± 136.8 3.6 ‒ 151 38.1 ± 34.3
SOM % 1.3 ‒ 29.2 7.8 ± 5.8 1.4 ‒ 20.0 9.1 ± 5.0
Benthic chl‒a mg m2 3.5 ‒ 1907.8 28.8 ± 688.7 42.0 ‒ 1533.3 561.9 ± 472.8

Table 1 Range and mean (± stan-
dard deviation) for environmental 
variables recorded in Makuleke 
floodplain pans. Abbrevia-
tion: ORP – oxygen reduction 
potential, Cond –conductivity, 
TDS – total dissolved solids, 
Temp – water temperature, chl‒a 
– chlorophyll‒a and SOM – soil 
organic matter, LW – Low water 
period, HW– High water period
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study, high fish abundances were associated with high mac-
roinvertebrates abundances facilitating high biodiversity, 
especially during the high water periods. Furthermore, water 
chemistry variables (i.e., pH, TDS, salinity) and metals (i.e., 
K, Ca, Zn, C, B) accumulated in benthic sediments were 
found to be the major drivers of macroinvertebrates and fish 
community structures within the floodplains pans. It can be 
noted that macroinvertebrate community structure followed 
the observed water quality changes among the floodplain 
pans and hydroperiods, with the effects of sediment chem-
istry being integrated into the overall macroinvertebrate 
community structuring (Bere et al., 2016). Therefore, the 
present study showed that macroinvertebrate variability 
with regard to environmental tolerances and preferences 
within the different taxa were sufficient to disguise any pat-
terns of spatiotemporal structuring, as shown by ordination 
results (Fig. 2). Different macroinvertebrate taxa respond 
differently to hydroperiods (low and high–water period), 
resulting in community structure shifts (Batzer et al., 2015).

Water and sediment quality varied from one pan to 
another, with high concentrations recorded during the high 
water period. The sources of nutrients and metals are, how-
ever, unclear and require further tracing. Nutrient dynamics 

Fish Communities in Relation to Environmental 
Variables

Both water and sediment variables were found to have an 
influence on fish communities with floodplain pans sys-
tems. The results from CCA axis 1 indicated that pelagic 
chlorophyll–a had a greater influence on one fish species 
– Gambusia affinis, during high–water period across pans 
(Fig. 2b). Other water parameters such as pH and TDS were 
the major drivers of fish species such as Oreochromis mos-
sambicus and Enteromius palludinosus, which were the 
two species that were generally abundant in all six sampled 
pans (Fig. 2b). Sediment metals such as K, Ca and mag-
nesium were the major drivers of fish species (i.e., Labeo 
rosae, Cyprinus carpio and Enteromius unitaeniatus) across 
hydroperiods (Fig. 2b).

Discussion

The results support our first hypothesis, which stated that 
the abundance and diversity of macroinvertebrates and fish 
in the floodplains pans are driven by hydroperiod. In this 

Table 2 Two–way analysis of variance (ANOVA) based on water and sediment and chlorophyll–a. Variables for sites and hydroperiods
Variables Sites Hydroperiod Sites x Hydroperiod

Df F p Df F p Df F p
Water
pH 5 44.244 < 0.001 2 52.754 < 0.001 9 3.448 0.008
ORP 5 17.046 < 0.001 2 6.192 0.007 9 35.496 < 0.001
Cond 5 100.208 < 0.001 2 1023.086 < 0.001 9 82.03 < 0.001
TDS 5 176.194 < 0.001 2 1167.33 < 0.001 9 231.294 < 0.001
Salinity 5 254.879 < 0.001 2 1873.823 < 0.001 9 438.587 < 0.001
Resistivity 5 141.837 < 0.001 2 239.695 < 0.001 9 124.275 < 0.001
Temp 5 13.096 < 0.001 2 56.849 < 0.001 9 12.444 < 0.001
Pelagic chl‒a 5 0.942 0.473 2 3.854 0.036 9 1.387 0.250
Sediments
pH 5 48.024 < 0.001 2 11.871 < 0.001 9 11.871 < 0.001
P 5 65.214 < 0.001 2 6.763 0.005 9 0.625 0.764
NH4 5 1.863 0.140 2 7.483 0.003 9 3.78 0.005
K 5 23.402 < 0.001 2 2.679 0.09 9 3.379 0.009
Ca 5 22.884 < 0.001 2 5.721 0.010 9 10.35 < 0.001
Mg 5 59.869 < 0.001 2 5.282 0.013 9 8.242 < 0.001
Na 5 20.615 < 0.001 2 1.531 0.238 9 13.156 < 0.001
Cu 5 32.549 < 0.001 2 33.951 < 0.001 9 7.352 < 0.001
Zn 5 38.76 < 0.001 2 0.532 0.595 9 1.217 0.332
Mn 5 38.624 < 0.001 2 15.564 < 0.001 9 3.538 0.007
B 5 2.837 0.039 2 5.075 0.015 9 3.092 0.014
Fe 5 20.832 < 0.001 2 9.325 0.001 9 2.699 0.026
SOC 5 6.37 0.001 2 11.215 < 0.001 9 1.681 0.151
‒S 5 7.101 < 0.001 2 2.123 0.143 9 4.517 0.002
SOM 5 0.874 0.514 2 15.036 < 0.001 9 3.125 0.013
Benthic chl‒a 5 2.032 0.112 2 15.666 < 0.001 9 1.004 0.465
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in systems engineered by megaherbivores are particularly 
complex. For example, elephants and other wildlife regu-
larly utilise the pans’ water facilitating allochthonous nutri-
ent transfer from terrestrial to aquatic environments, with 
implications for productivity (Wasserman and Dalu, 2023). 
These nutrients tend to dissolve in water and settle in ben-
thic sediment, accumulating and changing the pans’ func-
tionality. Previous studies (i.e., Gereta et al. 2004a, b; Kühn 
et al. 2013) have similarly observed the same results in 
wetlands whereby nutrients within the pans originated from 
animal droppings and urine instead of anthropogenic inputs. 
With regards to metals concentrations, source tracing is dif-
ficult in river systems as far–removed catchment activites 
often have implications for downstream concentrations. 
High concentrations of metals (i.e., B, Mn, Zn, Ca) can, 
however, also occur naturally as is observed in the igneous 
and sedimentary rocks found within the Pafuri region. Jiang 
et al. (2017), for example, observed that metals such as Mn 
recorded within wetlands sediments, originated from natu-
ral processes such as weathering of soils and bedrock within 
the local vicinity where the pans are located.

Water quality had a high implication for macroinverte-
brates’ community structure as there were significant dif-
ferences among various study pans and hydroperiods. 
Macroinvertebrates abundances declined with water changes 
resulting in high concentrations of metals and nutrients as 
the pans dried out. Parameters such as conductivity and TDS 
were high in the low water period, which seriously impacted 
the macroinvertebrates’ taxa richness. Similar trends were 
also observed with fish species, where the decline in fish 
abundance was associated with water chemistry variable 
changes.Demeke and Tassew (2016) similarly observed 
that fish populations in aquatic environments declined with 
changes in water variables, however, in most instances, 
some fish were highly tolerant to the changes and thus could 
survive the harsh conditions. Therefore, the macroinverte-
brates and fish taxa in the present study can be used to deter-
mine water quality, on the other hand, the results presented 
here indicated that water quality could also be used to deter-
mine macroinvertebrates and fish community structure and 
assemblages.

The results of the present study showed that chl‒a con-
centrations significantly changed with hydroperiod for both 
the pelagic and benthic samples. From the CCA analysis, 
only pelagic chl‒a concentration significantly affected the 
fish community structure within the pans as it could poten-
tially affect the dissolved oxygen concentration, thereby 
affecting fish diversity, and also it could have been a 
source of food for some fish species such as O. mossam-
bicus, Enteromius spp., C. carpio and C. rendali (Frank-
lin 2014; Poole; Kuang et al. 2020). From both RDA and 
CCA results, TDS was found as a major parameter driving 
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Table 4 Two–way analysis of variance (ANOVA) based on Fish and macroinvertebrates diversity metrics, variables for sites and hydroperiod. p 
is significant at < 0.001
Variables Sites Hydroperiod Sites × Hydroperiod

Df F p Df F p Df F p
Macroinvertebrates
Abundances 5 6.99 < 0.001 3 40.61 < 0.001 15 4.61 < 0.001
Simpson 5 34.71 < 0.001 3 5.91 < 0.001 15 3.07 0.007
Shannon–Wiener 5 40.12 < 0.001 3 8.61 < 0.001 15 2.81 0.001
Evenness 5 10.48 < 0.001 3 17.42 < 0.001 15 8.94 < 0.001
Richness 5 30.32 < 0.001 3 14.87 < 0.001 15 3.73 0.002
Fish
Abundances 5 23.75 < 0.001 3 10.45 < 0.001 15 7.37 < 0.001
Simpson 5 20.47 < 0.001 3 11.56 < 0.001 15 6.80 < 0.001
Shannon–Wiener 5 15.87 < 0.001 3 9.42 < 0.001 15 15.80 < 0.001
Evenness 5 8.81 < 0.001 3 9.46 < 0.001 15 9.77 < 0.001
Richness 5 16.18 < 0.001 3 10.31 < 0.001 15 26.97 < 0.001

Groups Global 
Test R

Pair-
wise 
test 
R

Pairwise 
test R

Dis-
similarity 
Distance

Main dissimilatity contribute taxa

Pans 0.56
Jachacha × 
Mambvumbvanyi

0.94 p = 0.012 39.24 Libellulidae (9.19%), Gerridae (8.48%), Tetrag-
natha (6.07%), Hydrophilidae (5.94%)

Jachacha × 
Nghila

0.75 p = 0.037 60.89 Gomphidae (10.41%), Chironomidae larvae 
(9.78%), Notonoctidae (9.29%), Tetragnatha 
(6.73%)

Jachacha × 
Mapimbi

0.63 p = 0.037 35.08 Belostomatidae (6.45%), Tetragnatha (6.16%), 
Gerridae (6%), Libellulidae (5.88%)

Jachacha × 
Nwambi

0.75 p = 0.012 43.09 Belostomatidae (8.46%), Corixidae (6.16%), 
Tetragnatha (6.13%), Hydrophilidae (5.26%)

Jachacha × 
Nyavadi

0.83 p = 0.037 46.84 Notonoctidae (7.13%), Corixidae (6.1%), Veli-
idae (5.9%), Gomphidae (5.82%)

Mambvum-
bvanyi × 
Nwambi

0.75 p = 0.012 45.77 Nepidae (7.08%), Belostomatidae (6.74%), Ger-
ridae (6.56%), Hydrophilidae (5.96%)

Nghila × 
Mapimbi

0.75 p = 0.037 59 Chironomidae larvae (7.19%), Libellulidae 
(6.38%), Gyrinidae (5.96%), Gerridae (5.7%)

Mapimbi × 
Nwambi

0.63 p = 0.049 39.21 Hydrophilidae (6.64%), Nepidae (5.56%), Libel-
lulidae (5.48%), Gomphidae (5.46%)

Hydroperiod 0.61
LW1 × HW1 0.7 p = 0.004 38.92 Chironomidae larvae (8.12%), Gyrinidae 

(7.89%), Aeshnidae (6.32%), Coenogrionidae 
(6.15%)

LW1 × LW2 0.65 p = 0.004 45.66 Notonoctidae (7.08%), Belostomatidae (6.77%), 
Corixidae (6.67%), Tabanidae (6.56%)

LW1 × HW2 0.81 p = 0.012 43.57 Chironomidae larvae (9.34%), Gyrinidae 
(7.94%), Dytiscidae (6.36%), Aeshnidae (5.68%)

HW1 × LW2 0.58 p = 0.008 43.71 Belostomatidae (6.98%), Chironomidae larvae 
(6.54%), Gomphidae (5.95%), Hydrophilidae 
(5.69%)

HW1 × HW2 0.75 p = 0.008 48.55 Dytiscidae (7.82%), Baetidae (6.99%), Libel-
lulidae (5.96%), Gomphidae (5.65%)

LW2 × HW2 0.7 p = 0.004 48.47 Gomphidae (8.4%), Notonoctidae (7.89%), 
Libellulidae (7.32%), Belostomatidae (7.07%)

Table 5 Two–way crossed ANO-
SIM and SIMPER for testing the 
groups on macroinvertebrates 
communities in Makuleke flood-
plain pans and main dissimilarity 
contribute taxa
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these periods (Lyon et al. 2010). Macroinvertebrates taxa 
richness varied among the six floodplain pans, being gen-
erally high in Mambvumbvanyi and Jachacha pans, which 
may have been due to low number of predators observed 
during sampling. The relatively low diversity in the Ngh-
ila and Nyavadi could possibly be explained by low or no 
water found in those pans during both hydroperiods which 
reduced habitats and increased predation and competition 
for the available niches. High abundance and taxa richness 
of fish and macroinvertebrates also demonstrate that the 
area is well conserved as most of the ecological processes 
have not been altered as compared to Nylsvlei Ramsar site 
where the diversity of macroinvertebrates was low (Dalu et 
al., 2021). Based on ANOSIM, we found that macroinver-
tebrates and fish were significantly different in all pans and 
across hydroperiods, although in macroinvertebrates such 
as Libellulidae, Notonoctidae, and Chironomidae and fish 
species such as Enteromius paludinosus, Tilapia sparrmanii 
and Oreochromis mossambicus were the main dissimilar-
ity contributing taxa across pans and hydroperiods. These 
results may imply that such species are the major drivers of 
community structure within floodplain pans since they also 
responded to changes in environmental variables as per the 
results of RDA and CCA analysis.

fish and macroinvertebrates community structure, respec-
tively. It is evident that TDS can be used as a predictor for 
aquatic biomass (Prepas 1983), thus, in this study, it was 
observed that an increase in TDS resulted in high primary 
productivity and reduced fish populations within the pans. 
The results further highlighted that the pans had high TDS 
and chl‒a concentration during the high–water period, and 
this was likely due to increased nutrients which came from 
runoff, wildlife and natural processes. Previous studies (i.e., 
McFarland et al. 2019; Müller et al. 2020) have shown that 
in shallow water bodies, rainfall runoff is considered the pri-
mary vehicle for nutrient additions.

Previous studies on the Makuleke wetlands highlight 
their variability in community structure. For example, a 
recent study by De Necker et al. (2023), revealed large dif-
ferences in macroinvertebrate community structure across 
temporal scales with high diversity among pans. A study 
on aquatic invertebrates community structure (i.e., macro-
invertebrates and zooplankton) in the Makuleke floodplain 
pans by Dyamond (2017) highlighted that the most domi-
nant macroinvertebrate family was the notonectids (83%) 
in all pans during high water periods. In the present study, 
Shannon–Weiner index indicated that macroinvertebrates 
communities were heterogeneous within the pans. Taxa 
richness for both macroinvertebrates and fish was found 
to be high during high water periods suggesting that taxa 
were more likely to be reproducing and dispersing during 

Fig. 2 (a) Redundancy analysis (RDA) of major environmental and 
sediment variables in relation to macroinvertebrate communities 
across floodplain pans and hydroperiod. (b) Canonical– correlation 
analysis (CCA) of major environmental and sediment variables in 

relation to fish communities across floodplain pans and hydroperiod. 
Abbreviations: TDS – total dissolved solids, K – Potassium, Ca – Cal-
cium, Mg – Magnesium, Zn – Zinc, C – Carbon, B – Boron
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communities, highlighting the importance of water quality 
integrity through sound cathment management. The results 
of this study are important as they can be used as baseline 
information to inform decision–makers on monitoring and 
conservation measures wetlands in protected areas like 
Kruger National Park. We further recommend future stud-
ies on the assessment of allochthonous and autochthonous 
contributions tofoodweb structures of these largely pristine 
wetlands systems.

Conclusion

In conclusion, the macroinvertebrates and fish commu-
nity matrices in the Makuleke floodplain pans showed 
high taxa diversity, suggesting that the pans are still mini-
mally impacted by direct human activities, facilitated by 
falling within a protected area. It was further identified 
that the assessed biotic and abiotic variables in this study 
were important in structuring macroinvertebrate and fish 

Groups Global 
Test R

Pair-
wise 
test 
R

Pairwise 
test R

Dis-
similarity 
Distance

Main dissimilatity contribute taxa

Pans 0.681
Jachacha × 
Mambvumbvanyi

0.88 p = 0.012 54.28 Enteromius paludinosus (26.0%), Clarais 
gariepinus (10.2%), Oreochromis hybrid 
(9.5%), Coptodon rendalii (8.4%)

Jachacha × 
Mapimbi

0.75 p = 0.025 55.5 Tilapia Sparrmanii (15.0%), Enteromius 
afrohamiltoni (14.7%), Clarais gariepinus 
(13.%), Gambusia affinis (10.4%)

Jachacha × 
Nwambi

0.63 p = 0.037 51.33 Tilapia Sparrmanii (17.67%), Coptodon 
rendalii (12.43%), Oreochromis mossambicus 
(11.36%), Enteromius afrohamiltoni (8.81%)

Mambvumbvanyi 
× Mapimbi

0.81 p = 0.025 53.18 Enteromius paludinosus (24.2%), Tilapia 
Sparrmanii (13.0%), Clarais gariepinus 
(11.6%), Enteromius afrohamiltoni (10.5%)

Mambvumbvanyi 
× Nwambi

0.88 p = 0.012 42.08 Enteromius paludinosus (24.2%), Coptodon 
rendalii (15.75%), Clarais gariepinus (9.2%), 
Enteromius afrohamiltoni (8.51%)

Mambvumbvanyi 
× Nyavadi

1.00 p = 0.037 83.13 Enteromius paludinosus (31.52%), Clarais 
gariepinus (16.69%), Enteromius afroham-
iltoni (8.5%), Oreochromis mossambicus 
(8.24%)

Mapimbi × 
Nyavadi

0.92 p = 0.037 82.22 Tilapia Sparrmanii (19.42%), Enteromius 
afrohamiltoni (13.88%), Clarais gariepinus 
(13.1%), Coptodon rendalii (10.88%)

Nwambi × 
Nyavadi

1.00 p = 0.037 82.55 Enteromius paludinosus (16.76%), Cop-
todon rendalii (15.9%, Clarais gariepinus 
(13.47%), Tilapia Sparrmanii (13.36%)

Hydroperiod 0.813
LW1 × HW1 0.94 p = 0.012 52.23 Oreochromis mossambicus (18.14%), Tilapia 

Sparrmanii (14.76%), Enteromius afrohamil-
toni (14.44%), Oreochromis hybrid (10.82%)

LW1 × LW2 0.94 p = 0.012 55.84 Coptodon rendalii (14.1%), Tilapia Sparrma-
nii (12.04%), Clarais gariepinus (11.95%), 
Enteromius paludinosus (11.79%)

LW1 × HW2 0.81 p = 0.012 57.3 Tilapia Sparrmanii (15.19%), Enteromius 
paludinosus (14.22%), Oreochromis mossam-
bicus (11.74%), Clarais gariepinus (11.1%)

HW1 × LW2 0.85 p = 0.004 50.97 Oreochromis mossambicus (14.29%), Clarais 
gariepinus (13.16%), Enteromius afroham-
iltoni (12.6%), Enteromius paludinosus 
(10.27%)

HW1 × HW2 0.77 p = 0.001 70.26 Oreochromis mossambicus (17.49%), Clarais 
gariepinus (16.25%), Enteromius paludinosus 
(12.22%), Enteromius afrohamiltoni (11.71%)

LW2 × HW2 0.65 p = 0.004 50.72 Clarais gariepinus (21.19%), Enteromius 
afrohamiltoni (13.59%), Coptodon rendalii 
(10.52%), Enteromius paludinosus (9.07%)

Table 6 Two–way crossed ANO-
SIM and SIMPER for testing the 
groups on fish communities in 
Makuleke floodplain pans and 
main dissimilarity contribute taxa
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