Ecological
Tipping Points
“An ecological threshold is the point
at which a relatively small change in
external conditions causes a rapid
change in an ecosystem.”
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What is an ecological tipping point?
Occurs when ecosystem changes to a new
state
Results in significant changes to biodiversity
May change the function of ecosystem
services
©Darragh Doyle

Ecological tipping points
The change to the ecosystem is generally
self perpetuating, becoming worse and
worse with time
There is a ‘tipping point’ beyond which an
abrupt shift of ecological states occurs
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Ecological tipping points
Changes caused by tipping points are
long lasting and hard to reverse
There is a significant time lag between
pressure driving change and appearance
of change which makes identification of
pressure difficult
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Causes of tipping points
Tipping points may be caused by a number of factors. Examples
of tipping points include:
 Trophic Cascades
 Climate Change
 Habitat Destruction/Loss

Global ecological tipping points
•Amazon Rainforest

• West African Monsoon

•Boreal Forest

• The Himalayas

•West Atlantic Ice Sheet

• Indian Summer Monsoon

•Greenland Ice Sheet

• Permafrost

•Arctic Sea Ice

• El Nino

•Thermohaline Circulation

• Southwest American Drought

Global examples of tipping points and tipping point aggravators i.e. El Nino events

Trophic Cascades
Trophic cascades are ecological phenomenon,
triggered by the addition or removal of top predators
from their trophic level
This in turn can cause dramatic changes in the
ecosystem structure and nutrient cycling.

Trophic Cascades: Knock On Effects
A huge decrease in predators will cause an increase in abundance of
their prey species.
This will mean more food is needed for the prey species and in turn
will decrease their prey species.

©Darragh Doyle

Climate Change
The change in global or regional climate patterns, in particular an apparent
change from the mid to late 20th century onwards attributed to the
increased levels of atmospheric carbon dioxide from the burning of fossil
fuels.
This can include changes in temperature or distribution of weather
conditions i.e. wind patterns or rainfall

Climate Change: Knock On Effects
Climate change can cause
unfavourable conditions to occur in
different habitats.
This in turn can cause displacement
or wiping out of certain plants or
animals.
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Habitat Destruction/Loss
Habitat Destruction is the process
in which natural habitats are
damaged or destroyed to the extent
that they can no longer support
species or ecological communities
that occur there.
This can be via human interaction
or other factors. Discuss
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Habitat Destruction: Knock On Effects
Habitat Destruction can cause knock on
effects such as loss of specific species that
relied on the habitat whether it be plant
or animal.
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This in turn will cause a loss in
biodiversity.

Environmental Implications
Potentially disastrous changes to biodiversity
Knock-on effect on dependent ecosystems
Potential damage to essential ecosystem services
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Anthropogenic Implications
Extremely difficult for societies to adapt to
abrupt changes
Ecosystem shifts may result in loss of
commercially important species
Potential loss of essential food and clean
water sources
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Existing research
The effects that different individual stresses have on the marine environment and its
ecosystem services is well documented in a number of studies.
With regards to climate change advances in research have shown that in addiction to
changing temperatures the worlds oceans are experiencing changes in CO2
concentrations, pH levels and solar UV radiation.
All of these changing parameters have effects on the ecology and biology of marine
ecosystems and there valued services
Play a key role in the tipping point of marine ecosystems.

Existing research
Another major contributor to the ecological tipping point of a ecosystem Is the level
of anthropogenic activities.
41% of the world oceans are strongly effected by multiple anthropogenic drivers.
Spatial models mapping anthropogenic divers of ecological change have being
produced using 17 global datasets.
Maximising data from existing research and linking it with changes in critical
biodiversity we aim to develop tools that identify relationships between pressures
and ecosystem structure in a bid to detect ecological tipping points.

Case Study
 One of the most famous examples of an ecosystem
tipping point or a trophic cascade is the study of
urchins and kelp forests off the West coast of North
America
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Case Study: The sea otter Enhydra lutris, a keystone
species
The sea otter was reduced to near extinction by the fur trade in the 1900’s.
It was then granted protection internationally in 1911 and the species
recovered.
Surviving colonies had a fragmented distribution.
By 1970, the population had recovered to maximum densities in some islands,
was growing rapidly in others, and was absent altogether in some islands.
These recolonization observations showed us that that sea otter is a Keystone
species.

Case Study: The sea otter Enhydra lutris, a keystone
species
Otters are an important predator of sea urchins with the
ability to consume 15-20% of their body mass daily!
Sea urchins Strongylocentrotus polyacanhus are capable of
deforesting established Kelp beds at a rate of 30 feet per
month.
Other consumers of urchins, like sea ducks and sea stars,
aren’t capable of limiting their population.

Sea Otters

Sea
Urchins
Kelp
Forests

Consequences & Impacts of Kelp forest decline
There are a lot of different animals that suffer the consequences of the loss of the
kelp forests. These forests are home for many species throughout stages of their lives.
For example;
Salmon fry use kelp forests as their nursery while mackerel spawn in them.
Sea birds rest and find food amongst the kelp fronds.
Sea lions, harbour seals and whales use the kelp forests as shelter from storms and
predators, aswell as a place to forage for food.
If the kelp forests decline, there is a huge loss in biodiversity to that region.

Consequences & Impacts of Kelp forest decline
The kelp forest decline also has negative impacts on humans.
Their sheer size makes them act like a huge wall or buffer against storms and waves
crashing against the coastline. They prevent erosion of the natural coastline, which
protects homes and buildings by the sea.
The forests act as a recreational activity for divers and people that want to see the
diverse marine ecosystem that they are part of. If this is lost, this will effect tourism
sector.
Kelp forests are also useful in their uptake of C02 from the atmosphere. If they are
not under pressure by urchins, they can have a huge degree of productivity and
photosynthesis.

Case Study: One third for the birds
Global Seabird Response to Forage Fish Depletion—One-Third for the Birds (Cury
et al. 2011).
Cury et al. showed the relationship between depletion in forage fish and breeding
pair success.
Results showed that there is a visible tipping point where breeding success drops
significantly when availability of prey abundance reaches a certain point.

Cury, P.M., Boyd, I.L., Bonhommeau, S., Anker-Nilssen, T., Crawford, R.J.M.,
Furness, R.W., Mills, J.A., Murphy, E.J., Oesterblom, H., Paleczny, M., Piatt, J.F.,
Roux, J.-P., Shannon, L., & Sydeman, W.J. (2011). Global Seabird Response to
Forage Fish Depletion-One-Third for the Birds. Science 334(6063), 17031706.

Case Study: One third for the birds

Relationship between normalized annual breeding success of pooled seabird species and normalized prey
abundance for the seven different ecosystems using the most parsimonious asymptotic model.

Case study: One third for the birds
In particular the North Sea curve produced shows the most visibly convincing
evidence for a tipping point in breeding success rates.
Most data collected – North Sea
Plots show a common plateau, where breeding success is restricted by
reproduction rate i.e. a linear relationship would not be expected.
However a dramatic drop seen is evidence of an ecological tipping point.

Case Study: One third for the birds
The threshold defined by the study suggests
that if management objectives include
balancing predator-prey interactions to
maintain healthy upper trophic level predator
populations and ecosystem functions.
The authors suggest then, that maintaining
forage fish biomass over one third on the
maximum observed biomass could maintain
the plateau and avoid a tipping point.
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Current Research
Currently the Galway-Mayo Institute of Technology (GMIT) is involved in research
into environmental tipping points, funded by the Environmental Protection Agency
(EPA) and co-ordinated by Dr. Deirdre Brophy (GMIT, MFRC).
The project is currently using existing information about Ireland’s marine
environment to build an understanding of the relationships between pressures and
ecosystem structure and functioning and develop tools for the detection of ecological
tipping points.
Information gained from the project will inform the development and
implementation of policy by giving decision makers to assess current ecosystem
status, evaluate ecosystem service trade-offs and predict effectiveness of
management interventions.

Current Research
This project is focusing on the Celtic sea, however information regarding
environmental tipping points and tools developed will be relevant to other
ecosystems.
Using the Celtic Sea to develop a model, the study will use available long-term
datasets with temporal dynamics in a number of functional groups for example
plankton communities, fish species, seabirds and marine mammals.
For more information regarding the work being carried out in GMIT on
Environmental Tipping Points see https://ecosystemtippingpoints.wordpress.com/
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