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Table S1. Timeline of documented historical changes of Murray—Darling River flow-dependent ecosystems

See below for numbers matching supporting references

Period Pressures Plants Invertebrates Fish Frogs Turtles Waterbirds  Other
1820— Decline in wetland aquatic Decline in plant- Decline in Hunting Changes in wetland
1900 plants'” associated wetland Murray cod impacts on  diatom
invertebrates™ > > abundance and some assemblages, and
distribution.” ' waterbird increased salinity,
species'! nutrients,
sedimentation and
turbidity" > 1*1
Catchment and European perch,
riparian vegetation tench, common
extensively cleared, carp, brown trout
contributing to high and rainbow trout
erosion' become

established'®

Grazing livestock,
rabbits and foxes
introduced

Alien fish species
introduced

Commercial fishing,
hunting of waterbirds
and water diversions
began
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Period Pressures Plants Invertebrates Fish Frogs Turtles Waterbirds  Other
1900— Commercial fishing Decline in wetland aquatic Decline in plant- Decline in Hunting Reduced platypus
1950  and hunting of plants'’ associated wetland populations of impacts on  populations’
waterbirds increased invertebrates'’ native fish egret
species. Rise of populations
alien species” '* and some
1820 duck species
Dams and weirs Wetland plants invade Wetland species —
constructed, flows  margins of Lower Murray freshwater mussel
regulated, and water weir pools™ > (Velesunio ambiguus);
diversions increased yabbie (Cherax
destructor) — become
common in Lower
Murray weir pools™
Gambusia introduced
1950— Dam and weir Changes in composition  Loss or decline of Reduced range, Reduced range and Decline in Increasing
2000  construction and and condition of vegetation aquatic snail species in abundance and  abundance of populations  salinity,”’
floodplain communities,alteration of  the lower Murray breeding of many several species® ¥’ and
development structure, including River* native species™ breeding™>° increasing
continued; water favouring invasive fragmentation of
diversions continued species™ ' floodplains™®

to grow and peaked

Boolarra strain of
common carp
introduced to
Murray—Darling
Basin and rapidly
dispersed and
became abundant

Decline of Ruppia spp. in
Coorong

Decline in distribution
and abundance of
Murray crayfish
(Euastacus armatus)’’
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Pressures Plants Invertebrates Fish Frogs Other
Chytrid fungus Change in composition Increasing
accidentally of Murray River fauna occurrence of
introduced after about 1970%° planktonic algae
and cyanobacterial
blooms'* !
Artemia replaces
Parartemia in
Coorong, South
Lagoon
Millennium Drought Widespread canopy loss ~ Reduced occurrence of Reduced Reduced Decline in water

and dieback of floodplain
eucalypts®**’

Increased salinities
and major water level
recessions in Lower
Murray, Lower Lakes
and Coorong;
riverbank collapse.

drought-sensitive populations of
= 68,69 -
species” drought-sensitive
=~ 44,7074
species™”
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populations and
recruitment of
many species.
Severe decline of
summer-breeding
floodplain
specialists due to
loss of refuge
habitats™ ">

populations of
long-necked

levels, salinisation

and acidification of
81

Lower Lakes

Changes to bird
fauna with declines
and partial

2.
recovery®> ®
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Period Pressures Plants Invertebrates Fish Frogs Turtles Waterbirds  Other
Saltwater species, Several small Salinity in Lower
including tubeworm  native species Lakes caused
(Ficopomatus approached short-neck turtle
enigmaticus), invade  extinction and (Emydura
Lower Lakes. Loss of became macquarii)
freshwater mussel conservation- deaths from
(Velesunio ambiguus)  reliant®®*’ tubeworm
population in Lake infestation®!
Alexandrina®'
2010— Continuing water Floodplain eucalypts partly Some species that Some species that Some species that

2015

diversions, persistent recovered
alien species,

anthropogenic

climate change

declined during
Millennium Drought
recovered but others

did not

9, 69, 89

declined during  declined during
Millennium Millennium
Drought Drought recovered
recovered, but but others did not>®
most did not™**
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Description of state—space modelling of waterbird abundances in the Murray—Darling Basin
We used an exponential growth state—space model (Humbert ef al.”’) to model waterbird population

growth without density dependence:

M = N())bt

N; and N, were the population abundance at time ¢ and zero respectively and A was the population

growth rate. We used the log-transformed abundances (In(&, + 1)).

We used multivariate autoregressive state—space modelling (MARSS), with Gaussian errors:

Xt :B,th,l + ut + Wt

where w, ~ MVN(0,0,)
W= ZX: + w

where v~ MVN(O,R))
Xo ~ MVN(m,A)

The first and second equation, respectively, represented the state and observation processes. w; are
the process errors at time ¢ and were multivariate normal (MVN), with mean 0 and covariance Q.. v
are the observation errors at time ¢ and were multivariate normal (MVN), with mean 0 and covariance
R.. B is the density-dependence element (set to 1, no effect). u; was the intrinsic population growth
rate. Z associated observations to unobserved state processes (set to 1, no effect). The initial state
vector was specified at £ =0 (i.e. xo), where m was the mean of the initial state distribution and A
specified the variance of the initial states. We modelled waterbird abundances (1983-2014) using the
MARSS R-package (Holmes et al.”).
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