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Inbreeding Depression

When a species’ habitat shrinks, its 
populations inevitably decline. Those 
that persist in remaining islands of 
habitat have no choice but to breed 
with related individuals. Inbreeding 
depression describes the reduced 
survival and fertility of the offspring 
of these related individuals. As 
populations contract, inbreeding 
depression typically grows to a point 
where usual conservation measures, 
such as habitat restoration, have greatly 
reduced effectiveness. At this point, we 
must treat this key cause of declining 
populations – a lack of genetic diversity. 

The most effective solution to 
inbreeding depression is ‘genetic 
rescue’, a tool that makes new genetic 
material available by increasing gene 
flow into a population. These actions 
improve populations’ genetic diversity, 
providing them with a better chance 
of adapting to new stressors such 
as climate change and habitat loss. 
In practice, genetic rescue typically 
involves allowing inbred individuals 
from one population to mate with 
individuals in another. When a 
population is the last of its kind, 
this may entail using distinct ‘new 
blood’, such as members of a different 
subspecies. 

Genetic rescue is under-utilised, despite 
being relatively inexpensive and highly 
effective. This low uptake is a result of 
insufficient understanding of the risks 
and benefits of genetic rescue versus the 
risk of doing nothing. Although in rare 
cases genetic management can result 
in reduced population growth and loss 
of distinctiveness, such risks can often 
be mitigated by appropriate choice and 
number of breeders. Meanwhile, left 
unchecked, inbreeding depression and 
loss of genetic diversity will often lead to 
extinction. Appropriate consideration of 
the risks and benefits of genetic rescue 
should produce a management strategy 
to maximise the chance of a species 
persisting into the future.

Dr Sasha Pavlova and Professor Paul 
Sunnucks at Monash University are 
two of the most active researchers in 
the field of genetic management. They 
have worked for years to establish 
critical methods and theories to 
save endangered species, and have 
collaborated with conservation 
managers to road-test solutions 
to genetic problems in a ‘learning-
by-doing’ approach. According to 
Professor Sunnucks, the tools they 
and their community of like-minded 
conservationists have developed 
‘can make the difference between 
persistence and extinction’.

In a recent project, the two researchers 
teamed up with Australian wildlife 
management agencies to evaluate 
whether genetic rescue can help a range 
of endangered animals and plants. 
Along with directly informing restoration 
efforts for five endemic species, the 
team’s ambitious project set out to 
demonstrate the effectiveness of genetic 
rescue under on-ground conservation 
management settings, with the hope of 
increasing its accessibility and uptake 
as part of the conservation ‘toolkit’ 
alongside more traditional techniques.

The Critically Endangered Helmeted 
Honeyeater

The Helmeted Honeyeater is the bird 
emblem of Victoria, Australia. Named 
for its bright yellow ‘helmet’ of head 
feathers, the birds were once common 
through swampy habitat in southern 
Victoria, but are now found only in 
Yellingbo Nature Conservation Reserve 
after they lost over 99% of their habitat 
to human encroachment. By 1989, only 
50 birds remained.  

Over recent years, the team’s work led 
by Dr Katherine Harrisson evaluated 
the genetic health of the birds to 
assess whether genetic rescue could 
supplement existing large-scale 
conservation efforts. On the back of 30 
years of fieldwork led by Bruce Quin 
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of the Victorian Department of Environment, Land, Water and 
Planning (DELWP), they were able to apply the rarely achieved 
‘gold standard’ measure of genetic fitness – reproductive 
output over individual lifetimes in the wild. The severity of 
the inbreeding depression detected was shocking: lifetime 
reproductive output of the most inbred birds was only 10% that 
of the least inbred ones – enough to cause extinction within 
decades. 

To test whether it might be possible to reduce inbreeding by 
managing birds’ mating choices in the wild, in 2021 the team 
developed an innovative method devised by PhD candidate 
Diana Robledo-Ruiz. Sadly, the answer was ‘no’. So, given 
that genetic rescue must be part of the solution to prevent 
extinction of this unique bird, where will genetic ‘refreshment’ 
come from?

The Helmeted Honeyeater posed an increasingly common 
conundrum: because the only remaining population of its kind 
is heavily inbred, researchers had to look to other subspecies 
as a source of additional genetic variation. Colleagues at 
Zoos Victoria crossed Helmeted Honeyeaters with the most 
closely related of the other three subspecies of Yellow-tufted 
Honeyeater. Because the mated birds were unrelated, their 
offspring had greater genetic diversity, allowing them to 
overcome the harmful effects of inbreeding. These crossed 
birds are faring well in the wild at Yellingbo, and in 2021 a 
second population was established, including some of the 
‘genetically diverse’ birds.

In collaboration with DNA Zoo and others, led by Diana 
Robledo-Ruiz the team published an unusually high-quality 
genome sequence and genetic map of the Helmeted 
Honeyeater in 2022. Together with genome sequences 
of dozens of birds, these resources are being applied in 
sophisticated analyses to reconstruct population histories 
and to understand how genetic variation can be managed to 
prevent the extinction of Helmeted Honeyeaters. Monitoring 
whether and how genetic rescue heals the genomes of 
Helmeted Honeyeaters will allow management actions to be 
adjusted where necessary. 

In addition to funding from diverse sources, these efforts are 
possible only through the sustained commitment, energy 
and goodwill of many stakeholders – including DELWP, Zoos 
Victoria, the Helmeted Honeyeater Recovery Team, and 
community groups, notably The Friends of the Helmeted 
Honeyeater.

The Lowland Leadbeater’s Possum

The Helmeted Honeyeater isn’t the only critically endangered 
animal at Yellingbo Nature Conservation Reserve. It is 
accompanied by a tree-dwelling mammal – the only remaining 
lowland population of Leadbeater’s Possum. The Yellingbo 
populations of these two species share an unfortunate statistic: 
the lowland Leadbeater’s Possum has also lost more than 99% 
of its habitat in the last 200 years through human activities, and 
fewer than 30 individuals now remain in the world.

Based on 20 years of field data collection driven by Dr Dan 
Harley of Zoos Victoria, an analysis led by Dr Joe Zilko 
demonstrated appreciable inbreeding depression problems in 
lowland Leadbeater’s Possum. Computer modelling showed 
that these problems would drive extinction in the immediate 
future. Luckily, there are some potential source populations of 
this critically endangered species to cross with the declining 
Yellingbo population. Field trials are underway on establishing 
a new population with ‘pioneers’ from Yellingbo and other 
populations, towards producing offspring of high viability and 
fecundity to secure the fate of this important mammal.  

Macquarie Perch: A Threatened Fish

The Macquarie Perch is a freshwater fish endemic to Australia. 
Like many freshwater fish, the Macquarie Perch has faced 
tremendous and diverse stressors including overfishing, habitat 
degradation and changes in river conditions resulting from 
dam construction. Over a century or so, these fish have been 
forced to retreat into isolated headwater populations that 
cannot connect with each other and are mostly too small and 
genetically unhealthy to be sustainable.

The Helmeted Honeyeater. CREDIT: Peter Menkhorst. Juvenile Leadbeater’s Possum. CREDIT: Dan Harley
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A 2017 paper focused on the perch led by Dr Pavlova argued 
that rather than needing to demonstrate inbreeding depression 
for every new case, we can instead adequately assess the 
degree of genetic problems in wildlife by simpler genetic 
analyses, and anticipate the benefit of genetic rescue by 
computer simulation. ‘Insisting on a demonstration that 
inbreeding depression occurs in a particular population is 
impractical and counter-productive, using up valuable time 
and resources, detracting from getting on with the task of 
bolstering the health of the population by incorporating genetic 
management into conservation actions,’ says Dr Pavlova. The 
paper informed the National Recovery Plan for the Macquarie 
Perch. 

Over the last decade, DELWP staff headed by Drs Zeb Tonkin 
and Jarod Lyon have reintroduced a population of Macquarie 
Perch into restored habitat in the Ovens River in Victoria, where 
it had previously gone extinct due to habitat degradation. 
Rather than using founding individuals from a single river 
source, the team used perch stock including fish with parents 
from different rivers, bred by Fisheries Victoria’s Dr Brett Ingram. 
Intensive monitoring by DELWP and genetic analyses of the 
growing population as part of Dr Maiko Lutz’s PhD revealed that 
using multiple sources led to better outcomes for fish survival 
and reproduction than the typical single-source approach 
would have. In other words, notions of keeping sources ‘pure’ 
may be counterproductive.

Reversing the Decline of Button Wrinklewort

The principles of genetic rescue to repair inbreeding depression 
and loss of genetic variation are not limited to animals. The 
Button Wrinklewort, once a common grassland daisy in south-
eastern Australia, is yet another example of a species that has 
lost over 99% of its habitat to human impacts. It now occurs in 
a few dozen small and isolated populations. Like many plant 
species, Button Wrinklewort possesses a genetic mechanism to 
prevent individuals mating with themselves and close relatives. 
This system works well in large populations, but in small ones, 
individuals run out of genetically compatible mates, reducing 
or preventing their breeding. This problem can be rectified by 
mixing small and isolated populations, restoring the supply of 
genetically compatible mates.

Applying these concepts, genetic rescue of this species is 
ongoing, driven by DELWP’s Dr Steve Sinclair and Dr John 
Morgan of La Trobe University. A 2021 paper led by PhD 
candidate Yael Rodger evaluated genetic relationships 
among populations of Button Wrinklewort, and their levels of 
genetic diversity, enabling specific suggestions about which 
populations should be crossed. Surprisingly, some of the 
smallest and most isolated populations retain the highest 
levels of diversity, showing that it is not always best to assume 
that larger populations have better genetic health.

A Case for Genetic Management 

Genetic management is growing in uptake and acceptance. 
Over the last three decades, scientists such as Dr Pavlova and 
Professor Sunnucks have aimed to bridge the gap between 
genetic research and on-ground conservation efforts. As a result 
of their work with their colleagues from wildlife management 
agencies, Australia is becoming a leader in using genetic rescue 
for conservation planning. 

In the State of Victoria where Dr Pavlova and Professor 
Sunnucks are based, the government environment agency 
DELWP uses genetic management as a mainstream factor in 
conservation planning, including application of their innovative 
Genetic Risk Index. There is only a handful of such initiatives 
worldwide, but growing positive outcomes of genetic rescue 
provide reason to hope that others will follow. 

A global leader in conservation, the International Union 
for Conservation of Nature, initiated a Conservation 
Genetics Specialist Group, which, in association with other 
organisations, has been active in highlighting the critical role 
of genetic considerations in conservation planning. There is 
exciting innovation in the private sector too – a great example 
being the major positive contributions of the not-for-profit 
organisation Revive & Restore. 

Global adoption of genetic management of wildlife can’t come 
quickly enough. According to Professor Sunnucks, ‘unless we 
use genetic rescue as part of properly-funded conservation 
efforts, we will often simply manage small, isolated populations 
to extinction’.

Macquarie Perch. CREDIT: Zeb Tonkin. Button Wrinklewort. CREDIT: Steve Sinclair
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