Monitoring
Ecosystem Health
using biological

records data

Nick Isaac

UK Centre for piological
Ecology & Hydrology O Centre




Index (1970 = 100)

20 -

0

Rapid changes in B
farmland management

120 -

100 -

80 -

60 -

40 -

Index (1986 = 100)

20 -

0

1970 1975 1980 1985 1990 1995 2000 2005 2010 201!

United Kingdom

Seabirds (13)

1985

120 -

100 -

40 -

Index (1970 = 100)

20 -

I -", AN h. ¥
80 , Sl )

60 1

0

2005

1990 1995 2000 2010 201

United Kingdom

----------- ’-nn---.--n----.-----u--n-------a-u--u--a-u--u--a-uuana-oanaana--a-aana--a-aana--.naa-a

Priority species
(abundance)

| 1 | 1 | 1

1970 1975 1980 1985 1990 1995 2000 2005 2010 201

0 T 1

All woodland birds (37)

I 1 | 1

1970 1975 1980 1985 1990 1995 2000 2005 2010 201

300 -

250 -

200

150 -

100

Index (1975/76 = 100)

50

United Kingdorr

All wintering waterbirds (46)

0

1975/1976 1988/

120 -

T00 ezzaresseeensennenie PO LA mnzannno,

80 -

60 -

40 -

Index (1970 = 100)

20 -

0 T T

1989 200172002 2014/2(

United Kingdom

Priority species
(distribution)

1970 1975 1980 19

85 1990 1995 2000 2005 2010 2015

United Kingdom

All water and wetland birds (26)

1975

120 -

1980 1985

1990

1995 2000 2005 2010 20°

United Kingdom

Nk D R R AR R AR R AR AR s

80 -

60 -

40 -

Index (1976 = 100)

20 - '

Habital specialists (26)

1976

160 -
150 -

= 110

]

nde

100
90 -

L

80 —T

1991 1

T

996

2001 2006 2011 201¢

1999 2001

2003 2005

2007

I

2009 2011 2013 2015

120 -

100 -

@INCC

Joint Nature Conservation Committee

defra

Department for Environment
Food and Rural Affairs

United Kingdom

Index (1976 = 100)

Species of the wider countryside (24)

Butterflies

1976

0

1981

1986 1991 1996 2001 2006 2011 201

United Kingdom

All pollinators (389)

1980

1985

I

1990 1995 2000 2005 2010



What is Nature Conservation?
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https://www.freepik.com/free-vector/environmental-conservation-protection-our-world_2945116.htm
https://www.openaccessgovernment.org/the-environment-clean-water-is-life-health-food-leisure-and-energy/53926/
http://ensia.com/voices/habitat-human-health/
https://www.nature.com/articles/nature24144
https://www.awf.org/wildlife-conservation

Nature Conservation:
An evolving narrative

Mace (2014) identified four phases in the development of the
nature conservation movement:

1. Nature for itself (1960s, 1970s)

2. Nature despite people (1980s, 1990s)
3. Nature for people (2000s)

4. People and Nature (2010s)

Mace (2014) Whose conservation? Science 354: 1558

UK Centre for
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Key ideas

Species
Wilderness
Protected areas

Extinction, threats and
threatened species
Habitat loss

Pollution
Overexploitation

Ecosystems
Ecosystem approach
Ecosystem services
Economic values

Environmental change
Resilience
Adaptability

Socioecological systems

Science
underpinning

....................................................................

Species, habitats
and wildlife ecology

......................................................................

Population biology,
natural resource
management

Ecosystem functions,
environmental
economics

....................................................................

Interdisciplinary,
social and ecological
sclences

Changing views of nature and conservation. Over the past 50 years, the prevailing view of conservation has

changed several times, resulting, for example, in a shift in emphasis from species to ecosystems. None of the framings

has been eclipsed as new ones have emerged. resulting in multiple framings in use today.



Agencies want more from data

Functional diversity
Functional connectivity
Ecosystem Services
Resilience

Natural Capital
Adaptability

Human Wellbeing
Ecosystem Health

UK Centre for
Ecology & Hydrology




Devolved authority and agency
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Scottish Indicators of Ecosystem Health

Condition indicators

5. Species diversity - Bird populations 7. Soil carbon

Function indicators

9. Acid and nitrogen pollution

Resilience indicators

10. Habitat restoration 11. Invasive non-native species 12. Climate change adaptation I v |
13. Soil sealing A
The Scottish

Government
Riaghaltas na h-Alba

UK Centre for
. Ecology & Hydrology https://www.environment.gov.scot/our-environment/state-of-the-environment/ecosystem-health-indicators/explore-ecosystem-health-indicators/ 8



https://www.environment.gov.scot/our-environment/state-of-the-environment/ecosystem-health-indicators/explore-ecosystem-health-indicators/

What is a healthy ecosystem?

Habitat in good ‘condition’

Abundant wildlife populations

Resilient to change

A healthy ecosystem “delivers multiple benefits”
* (Clean water

* Captures carbon

* Not polluted

» Attractive for recreation

* Biodiversity is “intact”

UK Centre for
Ecology & Hydrology

Joint Nature Conservation Committee




How might we measure ecosystem health
using scheme data?

® A S CO ttl S h G OVt 1 N d 1 C at() r Index of Abundance for Scottish Terrestrial Breeding Birds, 1994 to 2017

Thick and thin lines are smoothed and unsmoothed trends, respectively. Dashed lines (for all species

trend) and shaded areas (for habitat specific trends) illustrate 95% confidence intervals.
of Ecosystem Health ’ ( . ) °

* Measures trends in
average bird abundance

* Does this really reflect g
[ <
ecosystem properties? 2 .
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averaged
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TRENDS in Ecology & Evolution

Figure |. lllustration of key types of biodiversity that can be measured. This figure follows four hypothetical communities (a—d) through three time periods (1995, 2005,
2015) (ecommunity abundance is constant, colors represent distinct species) demonstrating all of the major types of trends of a and B diversity.

McGill et al (2014) 15 forms of biodiversity change in the Anthropocene TREE 30: 104
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How might we measure ecosystem health
using scheme data?

a Centroid

 Membership-based indices

* Average trends per site/species

Trait 2
-

* Species richness trends per site

* Diversity metrics (e.g. Shannon’s entropy)

: - O FDis = —
 (Community composition
° Trait-weighted indices - Centroid
X -~ a
* Functional diversity ".-\3 J’. ¢ o] - 2.4
. . . z{: |
* Community-weighted trait values N 'j{ﬂ*‘--c 2.4
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https://dms-ecology.com/functional-diversity/

Community composition/integrity

12+ invertebrates i vertebrates ‘ fruits . living foliage

community integrity

 Membership-based

* Conceptually difficult

| * | * Sensitive to sampling effort
oal oo~ esom|  ceoos 2770 peess{ ' eeom * Flexible for comparisons

community integrity
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Figure 4. Species composition, measured as community integrity for different ecological groups, per site in relation to forest cover. Fitted values (solid lines), 95%
confidence limits (dotted lines) and coefficients of determination * are shown (all p < 0.05).

UK Centre for . Einlngical
Ecology & Hydrology O e De Coster et al. 2015 Proc. Roy. Soc. B 282: 2014-2844.



Community-weighted means
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* Trait-weighted

* Fairly simple

* Sensitive to abundance changes
* Sensitive to species turnover

* One trait at a time

* (Calculable for sites or nationally
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hytes
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Scottish Bryop

* Trait-weighted trends
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Diversity Profiles

* Expansion of functional
diversity (trait-weighted)

* Accounts for similarity among
species (e.g. phylogenetic)

e Accounts for abundance

* Not easy interpret!

UK Centre for . Einln?f;cal
Ecology & Hydrology ® Lo
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Conclusions

* “Ecosystem Health” is gaining currency among agencies and
policy-makers

e The latest buzzword?

 Same message, different packaging?

* Encapsulates many existing terms

* ecosystem services, natural capital

* Many biodiversity metrics could be provide useful indicators

* Species richness, functional diversity, “biotic intactness”

* Scheme data has potential to provide data for policy

UK Centre for . Einln?f;cal
Ecology & Hydrology ® Lo
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