
1

Sustainable management and protection of 
vulnerable African water resources through 

holistic environmental flow framework 
determination and implementation

O’Brien, G.C., Wade, M., Dickens, C and Wepener, V

22nd  Savanna Science Network Meeting, Skukuza

4 March 2025Gordon.obrien@csu.edu.au  



2

Accelerating environmental flow 
implementation to bend the curve of global 

freshwater biodiversity loss
Angela H. Arthington, David Tickner, Michael E. McClain, Mike C. Acreman, Elizabeth P. Anderson, 

Suresh Babu, Chris Dickens, Avril Horne, Nitin Kaushal, Wendy Monk, Gordon O’Brien, Julian D. Olden, 
Jeffrey Opperman, Afua Owusu, LeRoy Poff, Brian Richter, Sergio A. Salinas-Rodríguez, Beauty 

Shamboko Mbale, Rebecca E. Tharme and Sarah M. Yarnell

https://cdnsciencepub.com/doi/full/10.1139/er-2022-0126



3

Measures to safeguard 
and restore river 

connectivity
Michele Thieme, Kim Birnie-Gauvin, Jeffrey J. Opperman, Paul A. Franklin, Holly Richter, Lee Baumgartner 

Nathan Ning, An Vi Vu, Kerry Brink, Michael Sakala, Gordon C. O’Brien
Robin Petersen, Pakkasem Tongchai and Steven J. Cooke

https://cdnsciencepub.com/doi/full/10.1139/er-2023-0019



4

O'Brien, G.; Dickens, Chris; Wade, M.; Stassen, R.; Diedericks, G.; 
MacKenzie, J.; Kaiser, A.; van der Waal, B.; Wepener, V.; Villholth, Karen; 
Ebrahim, Girma; Dlamini, V.; Magombeyi, Manuel. 2022. E-flows for the 
Limpopo River Basin: environmental flow determination. Project report 
prepared by the International Water Management Institute (IWMI) for 
the United States Agency for International Development (USAID). 
Colombo, Sri Lanka: International Water Management Institute (IWMI); 
Washington, DC, USA: USAID. 209p. (E-flows for the Limpopo River Basin: 
Report 7) [doi: https://doi.org/10.5337/2022.222] 

O'Brien, G.; Dickens, Chris; Diedericks, G.; Kaiser, A.; Barendze, C.; 
Pearson, H.; LeRoux, H.; MacKenzie, J.; Gerber, S.; Petersen, R.; Dlamini, V. 
2022. E-flows for the Limpopo River Basin: present ecological state - 
ecological response to change. Project report prepared by the 
International Water Management Institute (IWMI) for the United States 
Agency for International Development (USAID). Colombo, Sri Lanka: 
International Water Management Institute (IWMI); Washington, DC, USA: 
USAID. 223p. (E-flows for the Limpopo River Basin: Report 6) [doi: 
https://doi.org/10.5337/2022.221] 

O’Brien GC., Wade M., Wepener V., MacKenzie J., Stassen R., van der 
Waal B., Diedericks G., Dlamini V., van Der Merwe A., Kaiser-Reichel A., 
Van Rensburg L., Gerber S. and McNeil T. 2024. Ecological Risk framework 
for the integrated sustainable management of the transboundary water 
resources of the Incomati Basin, southern Africa. Water Research 
Commission Report TT938/24. ISBN: 9780639206332. Water Research 
Commission. Pretoria.
https://www.wrc.org.za/wp-
content/uploads/mdocs/TT%20938%20web.pdf 

https://doi.org/10.5337/2022.222
https://doi.org/10.5337/2022.221
https://www.wrc.org.za/wp-content/uploads/mdocs/TT%20938%20web.pdf
https://www.wrc.org.za/wp-content/uploads/mdocs/TT%20938%20web.pdf


GLOBAL WATER STRESS



Dam projects in developing parts of the world
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Average annual economic benefits and 
costs before and after dam 

construction
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Total monetary 
value of services:
USD 172 million

Average annual 
flood damage:
USD 19.6million
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Environmental flows describe the 
quantity, timing, and quality of 
freshwater flows and levels necessary 
to sustain aquatic ecosystems which, 
in turn, support human cultures, 
economies, livelihoods, and wellbeing. 
Brisbane declaration of environmental
 flows (Arthington et al., 2018)

WHAT ARE ENVIRONMENTAL FLOWS?





Rivers E-flow site
nMAR 

(106m3)
%Drought %Baseflows %Floods %Total

Crocodile River CROC-A24J-ROOIB 596 9.48 25.73 9.37 35.09
Limpopo River LIMP-A41D-SPANW 591 6.31 24.67 12.4 37.07
Matlabas River MATL-A41D-WDRAAI 40 1.04 10.64 39.23 49.86
Lephalale River LEPH-A50H-SEEKO 142 8.79 18.09 21.02 39.11
Limpopo River LIMP-A36C-LIMPK 801 3.03 23.15 11.35 34.51

Mogalakwena River MOGA-A36D-LIMPK 243 13.98 19.24 17.82 37.06

Shashe River SHAS-Y20B-TULIB 687 0 5.33 11.96 17.29

Limpopo River LIMP-A71L-MAPUN
1684 2.6 16.15 8.12* 24.27#

>2000 m3/s (3-5year flood for >7 days).

Umzingwani River UMZI-Y20C-BEITB 438 0 4.74 15.5 20.23

Sand River SAND-A71K-R508B 74 0 9.02 23.41 32.43
Luvuvhu River LUVU-A91K-OUTPO 560 12.29 24.1 15.97 40.06
Mwenedzi River MWEN-Y20H-MALAP 412

Limpopo River LIMP-Y30D-PAFUR
2792 1.16 10.46 1.63* 12.08#

>2000 m3/s (3-5year flood for >7 days).
Shingwedzi River SHIN-B90H-POACH 87 0.93 15.57 16.34 31.91

Groot Letaba River GLET-B81J-LRANC 441 *** *** *** 42.53**

Olifants River OLIF-B73H-BALUL 1918 10.01 17.72 3.34 21.06

Elefantes River ELEP-Y30C-SINGU
2552 5.52 15.65 3.56* 19.21#

>500 m3/s (3-5year flood for >5 days).

Limpopo River LIMP-Y30F-CHOKW
5572 2.57 10.69 5.08* 15.77#

>1600 m3/s (3-5year flood for >7 days).

Note (*) E-flow models only provide annual floods but for these sites in the Limpopo River main stem important multi-year or 1:3 or 1:5 year floods are included.  

 (**) data from Department of Water and Sanitation reserve study limited to total MAR% consider appendix (Table 7 29) for more detail. 

 (***) no data available
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Risk of multiple stressors to the supporting services (ecosystem 
attributes) of the Limpopo Basin. 

<1900 2021

E-flow
Business as 
usual +
climate 
change

Natural/
ideal

Altered but 
sustainable

Unsustainable
unacceptable
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Risk of multiple stressors to the provisioning services of the 
Limpopo Basin. 

<1900 2021

E-flow
Business as 
usual +
climate 
change

Natural/
ideal

Altered but 
sustainable

Unsustainable
unacceptable





IUA RU RQO Context of the RQO Reference
Confidence in the method 

used to determine the limit

Justification for the 

proposed numerical limit 

value or method

Example of Numerical limit for fish in Rivers

High confidence associated w ith 

the use of FRAI

Example of Numerical limit for Macroinvertebrates in Rivers

Example of Numerical limit for instream habitat in rivers

SUPPLEMENTARY DATA FOR THE REPORT

TPC

RU15, 

RU31 

& 

RU65

Aquatic invertebrate populations 

should be improved to a C 

category.  

Aquatic Invertebrates: The 

community of benthic 

Macroinvertebrates is being 

stressed by w ater quality and 

quantity impacts yet this river also 

acts as a refuge for invertebrate 

species that may occur in the 

Olifants and Klein-Olifants Rivers.  

MIRAI Score “B/C” 

category.
Thirion et. al. 2007

Uncertainty associated w ith the 

use of suitable population 

structure and suff icient 

abundances to maintain 

populations is high related to the 

unavailability of monitoring data to 

prove that these measures are 

suitable. 

Based on available literature and 

local specialist know ledge.

FRAI Score “B/C” 

category.

High confidence associated w ith 

the use of MIRAI

Based on available literature and 

local specialist know ledge.

RU24

A viable population of indicator 

species including Bushveld 

smallscale yellow fish 

(Labeobarbus polylepis ) and the 

Stargazer mountain catf ish 

(Amphilius uranoscopus ) should 

be found here.  Fish community 

must be in a C category.

Fish provide a local source of 

food for local communities and 

are an important part of 

recreation and ecosystem 

functioning.  Ecologically 

important species w hich are 

representative of populations 

from the Olifants and Klien-

Olifants Rivers occur w ithin the 

Wilge River w hich provides a 

refuge.  

When population is 

dominated by juveniles 

and or adults. 

Jacobs et. al. 2000Abundances are 10% 

less than required (to be 

determined).

High confidence associated w ith 

the use of RHAM

Based on available literature and 

local specialist know ledge.

RU12, 

RU 33, 

RU104

  The instream habitat w ellbeing 

should be improved to a "D" 

category . 

Multiple stressors associated 

w ith land-use activities, road and 

other infrastructure impacts, 

urban and peri-urban communities 

and w ater abstraction have 

caused excessive stress on the 

instream habitat. This habitat is 

important for on-going sustainable 

functioning of the ecosystem.

RHAM Score “D” 

category.
Thirion et. al. 2007
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Are we implementing our 
ecological reserves?

And are they contributing to 
aquatic biodiversity conservation?

We can do more… 
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ORIGIN OF THE HIGH REGIONAL AQUATIC 
BIODIVERSITY OF THE LIMPOPO RIVER BASIN
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Regional river connectivity and fish migrations – 
key requirement of health ecosystems. 

THREATENED OR 
PROTECTED

TOPS



LIMPOPO RIVER FISH BIODIVERSITY – NATURAL DISTRIBUTIONS 

Characterise the aquatic biodiversity of the rivers and floodplains:

• Extensive sampling of rivers from source to 
sea to assess biodiversity and collect 
voucher data for eDNA.
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High social value – dependence on water resources.
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Risk of multiple stressors to the supporting services (ecosystem 
attributes) of the Limpopo Basin. 

<1900 2021

E-flow
Business as 
usual +
climate 
change

Natural/
ideal

Altered but 
sustainable

Unsustainable
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LIMPOPO RIVER – THREATS TO BIODIVERSITY
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LIMPOPO RIVER – THREATS TO BIODIVERSITY
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TOP-DOWN WATER RESOURCE USE MANAGEMENT IN THE LIMPOPO BASIN

SADC sustainable water resource use legislation dominates water resource management

Department of 
Water Affairs

BOTSWANA SOUTH AFRICA ZIMBABWE MOZAMBIQUE

Water & Sanitation 

Environment, Water 
and Climate 
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Water Utilities 
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BOTTOM UP CONSERVATION IN THE LIMPOPO BASIN

Dept. Of Wildlife 
& National Parks

Environmental Affairs Parks and Wildlife
 Management

Coordination of 
Environmental Affairs

SADC Wildlife & conservation focus on EIAs & protected areas relies on water legislation

BOTSWANA SOUTH AFRICA ZIMBABWE MOZAMBIQUE

Biodiversity & 
Ecosystems
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plans
Protected areas Authorisations
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WATER RESOURCE SUSTAINABILITY PLAN FOR THE LIMPOPO

Department of 
Water Affairs

Water & Sanitation 

Environment, Water 
and Climate 

Public Works, Housing & Water

BOTSWANA SOUTH AFRICA ZIMBABWE MOZAMBIQUE

Policy
Agreements
Best practice

Structures



WATER RESOURCE SUSTAINABILITY PLAN FOR THE LIMPOPO
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