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Figure 3. Log response ratio of pest performance of (a) leaf chewers,
(b) sap suckers, (c) bark and wood borers, and (d) pathogens as a
function of treatment temperature.
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Position and common state variables of indicator species and
relevant covariates in the cycle of ecological monitoring

1)
Monitoring objectives e —
Whatand why to monitor ? _5 s e
HFAH
l = O A| 7 |
Q pa— 2l Moy ==
Monitoring design
Where, How and how often to monitor? HEI- ACID-I Eél E ( EH tél' ACEI ) %
A3)
Data collection and management

!

< og. of indicalors species metrics:
* Abundance / Richness

= Fidelity and dispersal

* Age and Size structure

* Sex ratio

* Growth rate / fecundity

= Physiological responses

< o.g. Ecological covariates:
+ Climatic gradients

= Habitat types

* Disturbance levels

* Sail characteristics

= Wetland chemustoy / health
« Community diversity

Fig. 6. The necessary processes of ecological
monitoring and the position of indicators
species and common related state covariates
within the monitoring cycle.

1

4) )
DataAnalysis | WP |  Reporting& Siddig et al. (2016) DOI: 101016/j.ecolind.2015.06.036
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O 7| 270 (Rhantus pulverosus) 3.51(+0.40)
Sty 2tLLE| (Eurema mandaring) 4.01(+0.37)
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< Bioindicator?| ™9j

Is a species or group of species that
1) readily reflects the abiotic or biotic state of an environment
2) represents the impact of environmental change on a habitat,
community or ecosystem, or
3) is indicative of the diversity of a subset of taxa, or of wholesale

diversity, within an area

< Bioindicator # St &
—»otE E= o3 Fo| A&

Samways et al. (2011) Insect Conservation



Specificity

37 HSl0f CHSH X| H(2, 42 IZHotx| Qotot. )

Fidelity (occupancy)

Low Medium High
=
9 Rural Tramp
= <——» . Indicator _|_
9 Detector species
=
- Indicator
.%’ Vulnerable Charactgristic
species

1 fidelity & 1 specificity
= rapid decline is possible = not good indicator

McGeoch et al. (2002)
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* Noss (1 990) Indicators for Monitoring Biodiversity: A Hierarchical Approach

1) sufficiently sensitive to provide an early warning of change

2) distributed over a broad geographical area (widely applicable)

3) capable of providing a continuous assessment over a wide range of stress

4) relatively independent of sample size

5) easy and cost-effective to measure, collect, assay, and calculate

6) able to differentiate between natural cycles and those induced by
anthropogenic stress

7) relevant to ecologically significant phenomena

FUNCTIONAL
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Group

(O) Diptera-(F) Chironomidae

(F) Syrphidae
(O)Diptera- (F) Sarcophagidae

(O) Collembola-

(O) Odonata-

(O) Trichoptera-

(O) Hymenoptera- (F) Formicidae

(O) Hymenoptera- (F) Apidae

(O) Coleoptera- (F) Carabidae

(F) Staphylinidae

(O) Lepidoptera-(F) Geometridae & Noctuidae
(O) Hemiptera- (F) Gerridae

(O) Neuroptera- (F) Myrmeleontidae

(O) Blattodea-

Bi nitori

pH/Acidification

Nitrogen and Phosphorus
Heavy metals

Heavy metals

Heavy metal (e.g., asbestos)
Air pollution/Acid deposition
Nitrogen Input

Pesticides

Contaminated soil

Pesticides

Heavy metals

Habitat disturbances

Heavy metals

Coal mine runoff

Water pollution

Degraded and reforested areas recovery
Heavy metals

Pesticides

Composite index

Crop diversity

Heavy metals

Radionuclides

Habitat alteration

Heavy metal

Crop diversity

Changes in agricultural techniques
Heavy metals

Heavy metals(e.g., Cd)

Heavy metals

Soil ecosystem

Habitat

Aquatic
Aquatic
Aquatic
Terrestrial
Terrestrial
Terrestrial
Terrestrial
Terrestrial
Terrestrial
Aquatic
Aquatic
Aquatic
Aquatic
Aquatic
Aquatic
Terrestrial
Terrestrial
Terrestrial
Terrestrial
Terrestrial
Terrestrial
Terrestrial
Terrestrial
Terrestrial
Terrestrial
Terrestrial
Terrestrial
Aquatic
Terrestrial

Terrestrial

TABLE 1. Bioindicators for specific variables in terrestrial and aquatic habitats.
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_Species richness _Species endemism

Projected Distributions and Diversity
of Flightless Ground Beetles within the
Australian Wet Tropics and Their
Environmental Correlates

-18

-19

r T T T r T T T
145.0 1455 146.0 146.5 147.0 145.0 1455 146.0 1465 147.0

Figure 8. Models of flightless ground beetle species richness and endemism in the Wet Tropics bioregion.

A. Model of the species richness, calculated by the cumulative total of the modelled distributions of 43 flightless ground
beetles within the Wet Tropics. Richness is indicated in a gradient from yellow (less rich) to red (highly rich). Blue areas do
not contain distributions of any species. B. Model of the species richness weighted for endemism. The modelled distributions
of the 43 flightless ground beetles were inversely weighted by range size and summed together. Each subregion is weighted
whereby yellow areas contain proportionally few endemic species and red areas display a high proportion of endemics. Blue
regions lack any species.
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Fig. 2. Percentage abundance recorded each month of four species in the three decades investigated.
A - Pterostichus melanarius, B — Agonum muelleri, C — Bembidion lampros, D — Carabus granulatus.
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Climate change drives mountain
butterflies towards the summits

Fig. 1. Differences in species richness patterns across
the most extreme years 1965 and 2015. PC1-3 refer to
the climate related principal components, which were
used to train the SDMs (for factor loadings see
Supplementary Table S2 online); dTemp refers to the
deviation of the annual mean temperature of a
specific year relative to the median conditions 1961—
2019. Density profiles represent the predicted
potential distribution per species in different altitudes.
Map projection is Lambert Conformal Conic 2SP.
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s L|H|Z: Swaay et al. (2009) The impact of climate change on butterfly
communities 1990-2009
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Fig. 1. The European Butterfly Climate Change Indicator. The
indicator shows a significant increase of the Community
Temperature Index (CTI) of 5.5 x 103 °C per year. The dashed
line illustrates the trend.

Hipparchia
fidia

Flgure 2: The Species Temperature Index (STI) is the average temperature over the range of a species in the
distribution atlas of Kudrna (2002) (upper maps). This is illustrated by a butterfly with a preference for high
altitudes and latitudes (Plebejus optilete, left) with an STl of 4.2 °C, and a warmth loving species (Hipparchia
fidia, right) with an STI of 13.5 °C. Photos: Chris van Swaay.
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There's more than one reason monarch butterfly populations are declining

Total Area Occupied by Monarch Colonies at Overwintering Sites in Mexico
1993/1994 - 2020/2021

i 1) F=H

18 |

16

2) 7| 4=

3) 7|=Hz=t

14

Totdl Forest Area Occupied by Monarch Colonies (Hectares)
)

III
S

\& 5 '\ '@
Winter Season
Scientists estimate that a mini of 8 hectars of overwintering monarchs is needed fo sustain the east
(Semmens et al., 2016).
Data from 19984-2003 were collected by per | of the Monarch Butterfly Biosphere Reserve (MBBR) of the National Commussion of

MONARCH ~ Froected Naturai Areas (CONANP) in Mexio. Data fom 2004-2021 were colleced by the WIF-Telcel Aliance, i coordination wih the
JOINT VENTURE Directorate of the MBBR. 2000-01 population number as reported by Garcia-Serrano et al. in 2004.
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Warming increased bark beetle-induced tree mortality by 30% during
an extreme drought in California

(a) (b)7 (c)
70! —— Historical = Historical 80,000 "™ Historical
——— Contemporary s Contemporary : s Contemporary
60 Drought period §5 Drought period 70,000 Drought peri
- 2 g ”
b § S5 £
@50 £ 260,000
o -
g ‘ g 4 = 50,000
(W] 40 g $ ’
¢ 4 =
S 30 G 3. 40,000
= P
©
@ & 8 30,000
o
© g < 20,000
g 10,000
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DO A O DID O A 0 .25 9 49 0 A 0 Ce)
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FIGURE 4 Mechanisms of warming influence on western pine beetle (WPB). (a) Cumulative number of WPB generations completed in
the simulation under historical and contemporary climate. (b) Expected annual mean larval mortality rate under historical and contemporary
climate. (c) Mean number of WPB in flight under historical and contemporary climate. Drought period refers to the overlapping years of

meteorological drought (2012-2015) and lagged PP responses (2014-2016). Error bars represent the 95% confidence interval [Colour figure
can be viewed at wileyonlinelibrary.com]
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