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Fig. 2 | Dominant pressure indicator for global river reaches below
the CSI threshold of 95%. The dominant pressure indicator—the

most important pressure indicator for river reaches with CSI < 95%—
contributed the most to the final CSI value after applying the weighting

scheme. Pressure indicators include the DOF (degree of fragmentation),

(most important pressure indicator for river reaches with CSI < 95%)

URB No major impact No flow

(CSI = 95%)

DOR (degree of regulation), SED (sediment trapping), USE (consumptive
water use) and URB (urban areas). The RDD (road density) does not occur
as a dominant pressure indicator on the map. The inset shows the number
and proportion of river reaches per dominant pressure indicator at the
global scale.
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River status
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Fig. 3 | Map of the world’s free-flowing rivers. This map shows the global ~ (that is, the connectivity status remains above the threshold throughout

distribution of FFRs, contiguous river stretches with good connectivity the stretch; green colours) and stretches where the connectivity status is
status and impacted rivers with reduced connectivity. Rivers that are below the CSI threshold (red colours). A list of FFRs longer than 500 km is
not free-flowing over their entire length (that is, partially below the CSI given in Supplementary Table 1.

threshold) are divided into stretches with good connectivity status
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Average annual economic benefits and

costs before and after dam
construction

2.6

Pre-dam 17.5 0-3

Total monetary
value of services:
USD 172 miillion

Average annual
flood damage:
USD 19.6million

Q W Livestock

Flood recession agriculture
B Floodplain fisheries
B Marine fisheries/shrimp

Post-dam 14.3, 04 28

Total monetary
value of services:
USD 302 million

Average annual
flood damage:

USD 3.4 million
© 5 9.3
B Electricity Irrigation
MW Reservoir Fisheries M Livestock

Flood recession agriculture M Floodplain fisheries
B Marine fisheries/shrimp
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WHAT ARE ENVIRONMENTAL FLOWS?

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)

Timing
of flows

Durations
of flows

\Volume
of flows

Water borne
disease
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nMAR
%Drought %Baseflows %Floods %Total
10°m3
596

CROC-A24J-RO0IB 9.48 25.73 9.37 35.09
LIMP-A41D-SPANW 591 6.31 24.67 12.4 37.07
MATL-A41D-WDRAAI 40 1.04 10.64 39.23 49.86
LEPH-AS0H-SEEKO 142 8.79 18.09 21.02 39.11
LIMP-A36C-LIMPK 801 3.03 23.15 11.35 34.51
MOGA-A36D-LIMPK 243 13.98 19.24 17.82 37.06
SHAS-Y20B-TULIB 687 0 5.33 11.96 17.29

: : 1684 2.6 16.15 8.12* 24.27*
WA A >2000 m3/s (3-5year flood for >7 days).
UMZI-Y20C-BEITB 438 0 4.74 15.5 20.23
SAND-A71K-R508B 74 0 9.02 23.41 32.43
LUVU-A91K-OUTPO 560 12.29 24.1 15.97 40.06
MWEN-Y20H-MALAP 412

! ! 2792 1.16 10.46 1.63* 12.08*
LIMP-Y30D-PAFUR >2000 m3/s (3-5year flood for >7 days).
SHIN-B9OH-POACH 87 0.93 15.57 16.34 31.91
GLET-B81J-LRANC 441 *r *r *r 42.53%*
OLIF-B73H-BALUL 1918 10.01 17.72 3.34 21.06

: 2552 5.52 15.65 3.56* 19.21*

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

. . 5572 2.57 10.69 5.08* 15.77*
LIMP-Y30F-CHOKW >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



Risk of multiple stressors to the supporting services (ecosystem
attributes) of the Limpopo Basin.
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Risk of multiple stressors to the provisioning services of the

IWMI

International Water
Management Institute

LIMCO

e

S/USAID

RESILIENT WATERS PROGRAM

Limpopo Basin.

24"q'0'E 26'(2‘0"E Zd'q'O'E 26'q'O'E 28°0'0" 34°0'0"E

Legend B Wiornd] = ,
20°00"Sq Risk rank (risk score range) Risk rank (risk score range) 20°0'0"S
Provisioning Serv. Natural Provisioning Serv. Present
7] Low (34-42) A o Risk rank (risk score)
v 350) [ zero 09)
|| Moderate (51:58) I zero (10-17)
7 B zero (18-25)

22°0'0"SH

20°0'0"SA

[0 tow(3442)
L Low (4350)

|| Moderate (53:66)
[ Moderate (67-83)

—| Gu
IS/ Ag

~—

N

:l

Risk rank (risk score rar
Provisioning Serv. E-flow

[ Moderate (51-58)

[ Low(26-33)
| I Low (34-42)
Low (43-50)
Moderate (51-58)
[ Moderate (59-66)
[ Moderate (67-75)

[F22°0'0"S

E-FLOWS FOR THE LIMPOPO RIVER
BASIN

Risk rank (risk score)

[ | zero(0-9)

DRIVERS OF ECOSYSTEM CHANGE & ECOLOGICAL RESPONSES TO
CHANGE

Edited by Chris Dickens

Natural
[ Zero (10-17) . /
ideal
B zero (18-25)
‘!; [ Low (26-33)
[ Low (34-42)
Legend 1 [ Low (43-50) Altered but

Risk rank (risk score range)
Provisioning Serv. Drou‘bi!
[ Low (43:50)

Moderate (51-58) Sustainable

| | Moderate (59-66)
[ | Moderate (67-75)

LIMCOM

=i =

= USAID

RESIIENT WATERS P OGARY

v

| [ | High (76-83)
- | I High (84-92)

Unsustainable
22 G unacceptable

26°0'0"S

chs”
24°0'0"E

34°00"E

Ibali Institute
riculture Water Environment

E-FLOWS FOR THE LIMPOPO
RIVER BASIN

PRESENT ECOLOGICAL STATEOF THE LIMPOPO RIVER:
ECOLOGICAL RESPONSES TO CHANGE

dited by Chris Dicksns

November 20,2071

Thix publication waz produced for review by the United States Agency for intematons!
Devstopment. 1t was pregarsd by IS




Legend (Risk Score)
FISH_ECO_PRS

26,933000 - 33,000000
33,000001 - 42,000000
N 42,000001 - 50,000000
50,000001 - 58,000000
58,000001 - 66,000000
66,000001 - 75,000000

Legend (Risk Score)
FISH_ECO_NAT

I 24030000 - 25,000000
25,000001 - 33,000000
33,000001 - 42,000000

South Africa

Legend (Risk Score)
FISH_ECO_DRG
27,103000 - 33,000000 |
33,000001 - 42,000000
N 42,000001 - 50,000000
50,000001 - 58,000000
58,000001 - 66,000000
66,000001 - 75,000000

Legend (Risk Score)
FISH_ECO_EFL
27,111000 - 33,000000
33,000001 - 42,000000
I 42,000001 - 50,000000 - : i / Unniota
50,000001 - 58,000000 ; 1
52,000001 - 66,000000
66,000001 - 75,000000

P
ot

INCOMATY, INCOMATI

Eswatini

Eswatini

|




RIVERS

Resource Unit 53

3
N e
ZEREDELIA. MAKURUNG =
67 0) L
Resource Unit 72
o
Ch~é
e
BYLDRIFT m 3
—— b
.?8\ 72
ROEDTAN =

¥ -
Cu¥

SEKHUKHUNE
©

Resource Unit 52

Iy
o

X Resource Unit 40

Y

GROBLERSDAL
0]

Resource Unit 35

Resource Unit 13

1 ad
R =Y 3

(Y8
e

Resource Unit 12

Y XX
MY > s

15
HENDRINA

Resource Unit 24

1 N &)
X

AN

Resource Unit 27

Rosourc Unitss.

Rosource Unit 103

Resource Unit 108

Jb-4

RIVERS

Legend
® Towns

Hydro Nodes

- Dams
Rivers (Order)
1

2
—_—3
—_
—_—
Priority Resource Units

:l Resource Units
0 s

Fastes
ametiians

caTEGORY
Kilometers

\. \. \. Diatoms

b
&
5151
ARG

Legend

® Towns

Rivers (Order)
Hydro Nodes 1

Priority Resource Units 2 -

' Nt o
@ oo

—_—3

Dams

E Resource Units

i @) o

3
e
emiglts %’& water affairs =
@ Waar Afts Institute of
o
Manmas g Hioh Fow

— 5

REPUBLIC OF SOUTHAFRICA  Natural Resources

CNbeR T
-
AN resourcs unt 21 Toxies
118250 5\ o
Putrms rést - Resource Unit 88
¢ T 6 & s
PN
£ [
-
Ressures Unit 117
caTeGoRY
A 5 oc D
L Aquoic
{oveveebrates
- = -
W \* N® oiwoms
Resaurce Uk e3 <
& sk
[
S . o
e 4 6 -
% - [ 5] e
7 mm 1« D —
Resource Uit 54 - plantspeces
ol
“3 >3 7
7 - y
— 54 BELFAST £
(Y g b
Kilometers 3P water affars =
0o 10 20 40 60 80 100 ) :
! TR L | L | N ARSI oF sounarmica
=
[ "SUPPLEMENTARY DATA FOR THE REPORT
Susiioaton or the
Confdence in the metrod
w0 [reo Contextof the roo ec rererence e propossaumeria it
Smple o erTea W o7 T T vers .
o o 30063 COVERNMENT GAZETTE 22 APFIL 276
oo oot Uncertany sssockted e he
A v popuion of caor 1004101 bealcommntes na (T sl sutaepepuiaion DEPARTIENT OF WATER AND SANITATION DETERMINATION OF RESOURCE QUALITY
‘species including Bushveld are an important part of ‘and or adults. [structure and sulficiert NO. 466 22 APRIL 2016

smalscae yelowfish

(Labeobarbus polyepis) and the

recreation and ecosystem
functioning. Ecologicay

+ mountain caiish

mustbe ina C category.

o
(Amphilis uranoscopus) shoud
be found here. Fish commniy

I
representatie of popuiations  less than requred (o be
fromthe Offants and Kier-  determined).

ants Rivers occur within the

Jacobs et al. 2000

abundances to mainiain
popuiatons s hgh reated t the

unavaiabiy of morioring data o

prove that these measures are
sutabl.

Based on avalabie lieraure and
local specialst know ldge.

RUL04 category

caused excessive stiess onthe CHE9N
instreamhabat, This habiat s

important for on-going sustanable
functioning of the ecosystem.

risetngevnil ey PrP—
o) ooy v
T o T o W et s
A——
ot o i
ans cromrran s by
R A et a nsense
LI ety ez T fospiubmottiny
Rugs S0 acts as arefuge for invertebrate
o o
s i e
BT ST T o e o
[—
v b o
et v e
s
iy and water abstraction have [RHAM Scors °D° irion et. al,
e el el sz Mo ot

NATIONAL WATER ACT, 1998
(ACT NO.36 OF 1985)

THE OLIFANTS CATCHMENT

rrcs joctues
nder mection 13(4)of the Nlstona)

Acting Dicector Wil usouron Cusificalir
Ateron. W o

ebogang Wato
Waree v Saniistcn
1 178 Francis Baand Street

0001

Pacaimie: 012 3366

MRS N2 MOKONYANE
MINISTER OF WATER AND SANTATION

TE 17 0% 2oup

OBJECTIVES IN THE OLIFANTS WATER
MANAGEMENT AREA (WMA4)
WP10536

RESOURCE QUALITY OBJECTIVES AND NUMERICAL
LIMITS REPORT

REPORT NUMBER: ROMWMAO4/00/CON/RQOI0214

OCTOBER 2014
FINAL.

water & sanitation

Deparmant
Watar and Sarvtaton
REPUBLIC OF SOUTH AFRICA




P | NILE BASIN INITIATIVE

™| INITIATIVE DU BASSIN DU NIL

SUDAN

Legend
—— hile River
I it Basin Lakes

[ i ot

e e,

TEGY FOR MANAGEMENT OF

ENVIRONMENTAL FLONS IN THE NIE BASIN B

B e Bs Lsces
I8 hiie Counivies

2000
Kinmalers

oy
"
Legend V‘:EH ' xlgu

] wocastte Rows
[ oot Fiow Regivsenenits
& Supply exceeds demand

X Supply condicls
EY

S
P =

hY
a

HEEE

£
-
v 3
.
I

SuEEE

=5



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 Foee e
BIODIVERSITY OF THE LIMPOPO RIVER BASIN AT e iRy VO

J. Stankiewicz, M.J. de Wit | Journal of African Earth Sciences 44 (2006) 75-84
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Fig. 4. Drainage evolution model of the Zambezi- Okavango-Limpopo south of the Congo Basin (modified from Moore and Larkin, 2001). Location of
sections in Fig. 7 is marked as dashed bold lines in (d). (a) Cretaceous (>65 Ma), (b) Paleocene (34-65 Ma), (c) Pleistocene (~1 Ma) and (d) present.
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Regional river connectivity and fish migrations —
key requirement of health ecosystems.

< ENDANGERED >

=]

PROTECTED
TOPS

African tigerfish Red-eye labeo
Hydrocynus vittatus  Labeo cylindricus

.
-------------
......................
.....

wes
-----
...........................
--------------------
- ‘e

..
»

et
.-
i
Y
o
o
.
.
.
.
.
.
03
.
.
.
o
o

Ee//é:

SPawning
areq

Free-flowing river status
Free-flowing rivers (CSI > 95%)

VL] L VNS

Good connectivity (CSI > 95%)

I BN (] [ s]

Connectivity below threshold (CSI < 95%)

M

VL: Very Long length (>1000km)
L: Long length (500 - 1000km)
M: Medium length (100 - 500km)

@
S: Short length (>500km) SN £ e
E Large dams XL v Y < VULNERABLE >

Potadromous fish migration routes . -
Indian Ocean Longfin eel v “v‘ :
Anguilla mossambica P
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Characterise the aquatic biodiversity of the rivers and floodplains:

* Extensive sampling of rivers from source to
sea to assess biodiversity and collect

LIMPOPO RIVER FISH BIODIVERSITY — NATURAL DISTRIBUTIONS

voucher data for eDNA.

LIMPOPO RIVER FISHES

Amphilius natalensis
Amphilius uranoscopus
Anguilla bengalensis labiata
Anguilla mossambica
Aplocheilichthys johnstoni
Aplocheilichthys katangae
Awaous aeneofuscus
Enteromius afrohamiltoni
Enteromius annectens
Enteromius anoplus
Enteromius lineomaculatus
Enteromius motebensis
Enteromius paludinosus
Enteromius radiatus
Enteromius rapax
Enteromius sp. ‘Ohrigstad”
Enteromius sp. 'Waterberg’
Enteromius sp. ‘neefi cf.SA

Enteromius treurensis

Enteromius toppini

Enteromius trimaculatus
Enteromius unitaeniatus
Enteromius viviparus
Brycinus imberi

Chetia flaviventris
Chiloglanis paratus
Chiloglanis pretoriae
Chiloglanis swierstrai
Clarias gariepinus
Clarias ngamensis
Clarias theodorae
Ctenopoma mulfispine
Glossogobius callidus
Glossogobius giuris
Hydrocynus vittatus
Kneria sp. 'South Africa’
Labeo allivelis

Labeo congoro

Labeo cylindricus

Labeo molybdinus

® @0 &0 90 0O OO0 00 OO OO PE O

Labeo rosae

Labeo ruddi

Labeo umbratus
Labeabarbus marequensis
Labeobarbus polylepis
Marcusenius pongolensis
Mesobola brevianalis
Micralestes acutidens
Nothobranchius furzeri
Nothobranchius orthonotus
Opsaridium peringueyi
Oreochromis mossambicus
Petrocephalus wesselsi
Pharyngochromis acuticeps
Pseudocrenilabrus philander
Schilbe intermedius
Serranochromis meridianus
Synodontis zambezensis
Tilapia rendalli

Tilapia sparrmanii




50% FD 1% FD

Sabie River 2D model Crocodile River 2D model

Inflow Discharge: 30 m3/s

30 70 150 500 1000 . 10 30 70 150 500 1000

SS[%] m3D[%] WFS[¥] WFI[%] MFD [%] SS[%] mSD[% MWFS[%] MFI[%] HEFD[%]

Saljie River 1D model Crocodil¢ River 1D Model
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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.
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- | Legend b
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| Moderate (51-58) 1 High (7683) | I zero (18-25)
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S | I Low (43-50)
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[ Low (43-50) b | Moderate (67:75)
Moderate (51-58) | High (76-83)
Moderate (59-66) I High (84-91)
Moderate (67-75)
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E-FLOWS FOR THE LIMPOPO
RIVER BASIN

PRESENT ECOLOGICAL STATEOF THE LIMPOPO RIVER:
ECOLOGICAL RESPONSES TO CHANGE

E-FLOWS FOR THE LIMPOPO RIVER
BASIN

DRIVERS OF ECOSYSTEM CHANGE & ECOLOGICAL RESPONSES TO
CHANGE

‘Bdied by Cas Dickens

e by chsDickens

Risk rank (risk score)

| Zero (0-9)

.| Zero (10-17) !\latural/
B zero (18-25) ideal ~
| | Low (26-33) 4
Low (34-42)

[ Low (43-50) Altered but
|| Moderate (51-58)  sustainable

| | Moderate (59-66)

| | Moderate (67-75) R

| High (76-83)
B High (84-92)
I High (93-100)

Unsustainable
unacceptable




LIMPOPO RIVER — THREATS TO BIODIVERSITY

LEVELS OF BIODIVERSITY
Bl Extremely high
B High
[ Moderate
0 Low
Bl Critically low
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STRESSORS

Flow alterations

Water quality alterations
Habitat loss and barriers/dams
Alien competition/predation
Climate change



LIMPOPO RIVER — THREATS TO BIODIVERSITY

LEVELS OF BIODIVERSITY ‘ ‘ STRESSORS
Bl Extremely high | ‘ ‘ Flow alterations
B High | Water quality alterations
[ | Moderate Habitat loss and barriers/dams
7 Low Alien competition/predation

Bl Critically low Climate change

Low Zero

B e

NILE-SEC
NILE BASIN INITIATIVE
INITIATIVE DU BASSIN DU NIL

NBI Technical Reports: Wetlands and Biodiversity series

Sudd Wetland Economic Valuation of Biodiversity and Ecosystem Services
for Green Infrastructure Planning and Development
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———| Gulbali Institute 1 i R

\|$) Agriculture Water Environment

> ey




=—=| Charles Sturt
||$) University

Gulbali Institute
Agriculture Water Environment

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

22"d Savanna Science Network Meeting, Skukuza

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



TOP-DOWN WATER RESOURCE USE MANAGEMENT IN THE LIMPOPO BASIN

SADC sustainable water resource use legislation dominates water resource management

BOTSWANA SOUTH AFRICA

Department of
Water Affairs

Water & Sanitation

Environment, Water

ZIMBABWE

and Climate

Water Utilities Regional DWS
Corporation & CMAs

Zimbabwe

National Water

Authority

¥/ Agriculture Water Environment

Vision for Ecosystem
Gulbali Institute resource M| requirements
l

User
requirements

MOZAMBIQUE ' |

Public Works, Housing & Water

ARA Sul

RQOs or SDGs i Licences &
monitoring

USE MANAGEMENT

SUSTAINABILITY?



BOTTOM UP CONSERVATION IN THE LIMPOPO BASIN

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

'
BOTSWANA SOUTH AFRICA ZIMBABWE MOZAMBIQUE *©
&

Coordination of
Environmental Affairs

Dept. Of Wildlife Parks and Wildlife
& National Parks Management

A
T — South African I;REVML];&)RNEES
BOTSWANA Biodiversity for Life  yaTioNAL PARKS REPUBLIC OF SOUTHAFRICA ZIMPARKS

Biodiversity & ElAs Conservation

Protected areas
Ecosystems plans

Authorisations
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WATER RESOURCE SUSTAINABILITY PLAN FOR THE LIMPOPO
BOTSWANA SOUTH AFRICA ZIMBABWE MOZAMBIQUE

Departmentiof a | Environment, Water LIMPOPO WATERCOURSE COMMISSION
Water Affairi _) - and CIimate EE%E
( " Water & Sanitation
= f -‘ Policy
| | Agreements
Best practice
Structures
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Rivers of Life




WATER RESOURCE SUSTAINABILITY PLAN FOR THE LIMPOPO
BOTSWANA SOUTH AFRICA  ZIMBABWE MOZAMBIQUE

Department of \ Hl‘ Environment, Water
Water Affalrs —J and Cllmate

Dept. Of Wildlife
& National Parks
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LIMPOPO WATERCOURSE COMMISSION

e

Policy
Agreements
Best practice

Structures
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