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Supplement 1. 

 

Data sources and model construction 

Biomasses for the planktonic and benthic compartments in the Mlalazi and Mpenjati networks were obtained 
from quarterly samplings from September 2010 to May 2011 (Ortega-Cisneros & Scharler 2014). Species 
composition and biomass of birds and fishes were not measured during sampling of the Mlalazi and Mpenjati 
estuaries, therefore information on these components were obtained from literature sources (Table S1). Despite 
the importance of bacterial groups in estuarine functioning, these could not be included in the C and N 
networks due to a lack of appropriate data. Similarly, dissolved inorganic nutrient compartments were not 
included in the networks, and it was assumed that the requirements of primary producers were imported from 
outside the estuary boundary. 

C and N standing stocks for suspended and sediment detritus, phytoplankton, zooplankton, macrobenthos and 
meiobenthos were obtained from quarterly samplings in the Mlalazi and Mpenjati estuaries from September 
2010 to May 2011 (Ortega-Cisneros & Scharler 2014). Fish and birds were not sampled at these estuaries 
during our quarterly sampling program (September 2010 to May 2011), system-specific fish biomass data was 
obtained from Harrison (2003) and bird abundance from CWAC counts (http://cwac.adu.org.za/ , accessed in 
May 2012). Bird abundance was converted to wet weight using data from the literature for the same species 
(Hockey et al. 2005), then converted to dry weight to obtain values for both C (McLusky 1981) and N (Cherel 
et al. 2008). Bird biomass was divided by the area of each estuarine system to express measurements as mg 
C·m–2.  

Fish biomass (wet weight) was converted to C biomass using a 9:1 ratio (Pauly & Christensen 1995). The 
information on fish biomass for the Mlalazi and Mpenjati estuaries was obtained from seine net catches (g wet 
weight of a given species/100 m2), with details on the sampling method provided by Harrison (2003). In the 
Mpenjati Estuary, no piscivorous fish species were captured using seine nets but Caranx sexfasciatus was 
caught in gill nets. Therefore this piscivore was included in the networks for the Mpenjati Estuary to provide a 
more realistic representation of fish composition within the system. Since gill nets do not provide estimates of 
density or biomass per unit area, the biomass of this piscivore was estimated using the catch of a ‘standard’ 
species which was adequately represented in both the gill net and seine net catches. It was then assumed that 
the biomass per unit area of the ‘standard’ species (Myxus capensis in this case) from the seine net becomes 
the standard against which to calculate the biomass per unit area of other species in the gill net. Thus, the 
biomass per unit area of C. sexfasciatus was calculated by relating its biomass in the gill net catch to that of M. 
capensis and then scaling the result by the biomass per unit area conversion factor obtained for M. capensis.  

For the East Kleinemonde, data on phytoplankton and microphytobenthos biomass was obtained from Gama 
(2008), zooplankton biomass from Froneman (2008), macrobenthos density from Wooldridge & Bezuidenhout 
(2008), fish density and lengths from James (2006) and birds abundance from Terörde (2008) (Table S1). 
Phytoplankton and microphytobenthos chlorophyll-a biomass (mg Chl-a·m–3 and mg Chl-a·m–2 respectively) 



2 

were converted to C biomass using a ratio of 60 (Wang et al. 2006), and phytoplankton biomass was depth-
integrated to express mg C·m–2. Zooplankton biomass (mg DW·m-3) was depth-integrated and converted to C 
biomass using mean %C for zooplankton species obtained during this study. Macrobenthos abundance was 
converted to dry weight using an abundance-biomass relationship for the same or similar species from data 
obtained for the Mlalazi and Mpenjati estuaries (K. Ortega-Cisneros, unpubl. data).  Dry weight was then 
converted to C biomass using mean %C data for the same or similar macrobenthic species obtained during this 
study. Fish CPUE (number of individuals per haul) was converted to wet weight using length data (James 
2006) and length-weight relationships for South African estuarine fishes (Harrison 2003). Fish biomass (wet 
weight) and bird abundance data were converted to C biomass as specified above for the Mlalazi and Mpenjati 
estuaries. Measurements of suspended and sediment detritus were available for the East Kleinemonde Estuary 
from Vorwerk (2006) and Vorwerk et al. (2001) respectively. 

Production (P), respiration (R), consumption (Q) and egestion (E) flows for each compartment were estimated 
using P/B, Q/B, R/B and P/Q ratios and biomass measurements for each compartment in an estuary and season 
(Tables S1 & S2). Dietary information was collected from different published and grey literature sources 
(Tables S1 & S2). Flows of unused production from the different living compartments were diverted to the 
suspended and sediment detrital pools. The unassimilated food for planktonic and pelagic components was 
assumed to contribute to the suspended detrital pool, while the unassimilated food of benthic components was 
assumed to contribute to the sediment detrital pool. 

Imports and exports from across the system boundaries were included in the networks of the three estuaries. 
Riverine imports in the form of suspended detritus were estimated, as were marine imports and exports of 
suspended detritus, phytoplankton and zooplankton. Riverine imports of suspended detritus were determined 
using concentrations of suspended detritus from the upper reaches of the Mlalazi and Mpenjati estuaries 
measured quarterly from September 2010 to May 2011 and flow rates from their respective rivers. Flow rates 
for the Mlalazi River were obtained from the DWAF website (Station W1H004, www.dawf.co.za). No flow 
station was present on the Mpenjati River but river flow measurements were conducted at the head of the 
estuary during March 2013. We are aware that this measurement does not account for the seasonal variability 
in imports to the system during the study period; however it was a representative measurement of the imports 
to the system during open mouth conditions (judging from rainfall data). Imports and exports to/from the sea 
were calculated from measured tidal flows and measurements of suspended detritus, phytoplankton and 
zooplankton from quarterly samplings at the mouth of the Mlalazi and Mpenjati estuaries during high and low 
tides. For the East Kleinemonde Estuary, riverine and oceanic imports were estimated using flow rates 
measured during 2006 obtained from van Niekerk et al. (2008). Since no measurements of suspended detritus, 
phytoplankton and zooplankton were conducted at the mouth of the East Kleinemonde Estuary for import and 
export calculations, quarterly information on their concentration during imports and exports from the Mpenjati 
Estuary to the sea were used for the calculations of the East Kleinemonde during its open phase. Although this 
does not reflect the imports to and exports specifically for the East Kleinemonde Estuary, the data provide a 
reasonable estimate in the absence of system specific data.  

  



3 

Table S1. List of references used to estimate parameters for the East Kleinemonde Estuary (A = Abundance, 
B = Biomass, Chl-a:C = Chlorophyll-a to carbon, L-W = Length-weight relationships, NPP = Net primary 
production, P/B = Production/biomass, P/Q = Production/consumption, P/R = Production/respiration and WW 
= Wet weight). 

Model compartment Parameter References 
Phytoplankton  Chl-a Gama (2008) 

Chl-a:C Wang et al. (2006) 
NPP Adams et al. (1999), Froneman (2002b) (2004a) 
P/R Scharler (2000) 

Microphytobenthos Chl-a Gama (2008) 
Chl-a:C Wang et al. (2006) 

NPP Perissinotto et al. (2003), Scharler (2000) 
P/R Scharler (2000) 

Zooplankton B Froneman (2008) 
P/B, P/R Scharler (2000) 

Q Froneman (2002a, b, 2004a, b) 
Diet Froneman (2001)  

Macrobenthos A 
A – B 

Wooldridge & Bezuidenhout (2008) 
This study 

P/B Brey (2012) 
R/B Brey et al. (2010) 
P/Q Scharler (2000) 
Diet Antonio & Richoux (2014), Branch et al. 

(2005), de Villiers et al. (1999), Fauchald & 
Jumars (1979), Ross et al. (2000) 

Fishes A 
L-W 

James (2006) 
Harrison (2001) 

WW:C 
WW:N 

Pauly & Christensen (1995)  
Ramseyer (2002) 

P Cowley & Whitfield (2002) 
P/R Scharler (2000) 
Q/B Froese & Pauly (2012) 
Diet Froese & Pauly (2012), Whitfield (1998) 

Birds A Terörde (2008) 
B 

B:C 
C:N 

Hockey et al. (2005) 
McLusky (1981)  
Baird et al. (2008), Cherel et al. (2008) 

P, R Castro et al. (1989), Tasker & Furness (1996) 
Q Nagy (1987) 

Diet Hockey et al. (2005) 
Suspended Detritus Mass Vorwerk (2006) 
Sediment Detritus Mass Vorwerk et al. (2001) 
Imports/ Exports Flow/B This study 
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Table S2. List of references used to estimate parameters for the Mlalazi and Mpenjati estuaries (A = 
Abundance, B = Biomass, Chl-a:C = Chlorophyll-a to carbon, NPP = Net primary production, P/B = 
Production/biomass, P/Q = Production/consumption, P/R = Production/respiration and WW = Wet weight). 

 

Model 
compartment Parameter Mlalazi Mpenjati 

Phytoplankton Chl-a Ortega-Cisneros & Scharler 
(2014) 

Ortega-Cisneros & Scharler 
(2014) 

Chl-a:C Wang et al. (2006) Wang et al. (2006) 
P/B Perissinotto et al. (2003) Perissinotto et al. (2003) 
P/R Scharler (2000) Scharler (2000) 

Microphytobenthos Chl-a Ortega-Cisneros & Scharler 
(2014) 

Ortega-Cisneros & Scharler 
(2014) 

Chl-a:C Wang et al. (2006) Wang et al. (2006) 
NPP Perissinotto et al. (2003) Perissinotto et al. (2003) 
P/R Scharler (2000) Scharler (2000) 

Zooplankton B Ortega-Cisneros & Scharler 
(2014) 

Ortega-Cisneros & Scharler 
(2014) 

P/B, P/R Scharler (2000) Scharler (2000) 
Q Carrasco & Perissinotto 

(2010), Perissinotto et al. 
(2003) 

Carrasco & Perissinotto 
(2010), Perissinotto et al. 
(2003) 

Diet Carrasco & Perissinotto   
(2011), Kibirige & 
Perissinotto (2003), Kibirige 
et al. (2002), Ortega-Cisneros 
& Scharler (2015),   
Wooldridge (1999) 

Carrasco & Perissinotto   
(2011), Kibirige & 
Perissinotto (2003), Kibirige 
et al. (2002), Ortega-Cisneros 
& Scharler (2015), 
Wooldridge (1999) 

Macrobenthos B Ortega-Cisneros & Scharler 
(2014) 

Ortega-Cisneros & Scharler 
(2014) 

P/B Brey (2012) Brey (2012) 
R/B Brey et al. (2010) Brey et al. (2010) 
P/Q Scharler (2000) Scharler (2000) 
Diet Branch et al. (2005), de 

Villiers et al. (1999), 
Fauchald & Jumars (1979), 
Ortega-Cisneros & Scharler 
(2015), Ross et al. (2000) 

Branch et al. (2005), de 
Villiers et al. (1999), 
Fauchald & Jumars (1979), 
Ortega-Cisneros & Scharler 
(2015), Ross et al. (2000) 

Meiofauna A Ortega-Cisneros unpub. Data Ortega-Cisneros unpub. Data 
A:C Dye & Furstenberg (1978) Dye & Furstenberg (1978) 
C:N Feller & Warwick (1988) Feller & Warwick (1988) 
P/B Scharler (2000) Scharler (2000) 
P/R Brey (2010), Dye et al. 

(1978) 
Brey (2010), Dye et al. 
(1978) 

P/Q Scharler (2000) Scharler (2000) 
Diet Jensen (1987), Nozais et al. 

(2005) 
Jensen (1987), Nozais et al. 
(2005) 

Fishes WW Harrison (2003) Harrison (2003) 
WW:C 
WW:N 

Pauly & Christensen (1995) 
Ramseyer (2002) 

Pauly & Christensen (1995) 
Ramseyer (2002) 

P/B Scharler (2000) Scharler (2000) 
P/R Scharler (2000) Scharler (2000) 
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Model 
compartment Parameter Mlalazi Mpenjati 

Q/B Froese & Pauly (2012) Froese & Pauly (2012) 
Diet Froese & Pauly (2012), 

Whitfield (1998) 
Froese & Pauly (2012), 
Whitfield (1998) 

Birds A CWAC counts CWAC counts 
B Hockey et al. (2005) Hockey et al. (2005) 

B:C McLusky (1981) McLusky (1981) 
C:N Baird et al. (2008), Cherel et 

al. (2008) 
Baird et al., (2008), Cherel et 
al. (2008) 

P, R Castro et al. (1989), Tasker & 
Furness (1996) 

Castro et al. (1989), Tasker & 
Furness (1996) 

Q Nagy (1987) Nagy (1987) 
Diet Hockey et al. (2005) Hockey et al. (2005) 

Suspended Detritus Mass This study This study 
Sediment Detritus Mass This study This study 
Imports/ Exports Flow/B This study This study 
Birds A CWAC counts CWAC counts 
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Figure S1. Total monthly rainfall in the catchment of the East Kleinemonde (a) Mlalazi and Mpenjati (b) 
estuaries. 
Colors indicate estuary (black = Mlalazi and grey = Mpenjati). Data corresponds to station 478, Empangeni 
and station 101, Southbroom respectively- South African Sugarcane Research Institute (SASRI) and personal 
data from Mr K. Sheard (East Kleinemonde Estuary).  
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