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* Few large-scale standardized monitoring schemes
» But large-scale trends are important for conservation policy

» Despite the lack of standardized data, there are large of amount
of opportunistic and semi-structure data

—Natural history societies
—Skilled natural historians
—Casual citizen scientists

 How can we make use of the opportunistic data that is
available?



Making use of opportunistic data



Opportunistische Daten



Odonata data set

Over 1 mill occurrence records



Analyse-Methoden

* Occupancy-Detection Models

 Considers:
— Imperfect Detection
— Sampling variation



Occupancy-Detection Model is a Hierarchical model
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Core equation of occupancy-detection model
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Observation processes: estimation of detection probability

* Definition of a visit = same observer visits same site on same

date

« Repeated visits to the same site within the flight period
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Dynamic occupancy models

 Ecological model:

z[1,t] <- persist|[i,t-1]*z[1,t-1] + colonize[1,t-1]*(1-z[1,t-1])



Dynamic occupancy models

 Ecological model:

z[1,t] <- prob.persist[i,t-1]*z[1,t-1] + prob.colonize[1,t-1]1*(1-z[1,t-1])

* Observation model:

Probability of detection — varies by site, year, date and listlength (single list, log list
length)

logit(pyl) <- muplyear[j]] + Iplcraum[j]] +Ip.rlraum[j]] +
phenol .s|craum[j]] * yday[}] +

phenol2_s[craum[j]] * pow(yday[}].2)+
effort.p * shortList[j] + single.p * singleList]]}]
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Checking robustness of occupancy
models



Simulation experiments to model citizen
scientist behaviours....

« Assumption of OD model:
No unmodeled heterogeneity in detection probabilities
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Simulations to test the robustness of occupancy detection models

Simulate
community
abundance

dataset

Assume
imperfect
detection and
observer
behavior biases

Develop
diagnostics

Test ability of
occupancy
detection models
to obtain “truth”

Develop fixes




CS behavior scenarios for the simulations

Serial
dependence

If seen on last visit, less likely to be reported next time

Once reported within a season, not reported again

Atlas
schemes

Pulsed activity (more visits to each grid) in a given year
Pulsed activity (increased number of grids visited — at random) in a given year

Pulsed activity (more grids but extension into lower quality grid cells) in a given year

“Car park”
effect

Lower quality sites less likely to be visited
Lower quality sites are visited for short times (lower detection prob)
Fewer visits/lower detection probability as sites declining in habitat quality

Accessibility effects

Project type

Known change in project type (5 years — project 1, 5 years —project 2)

Unknown change in project types/data mixes (e.g, GBIF type)
New method innovation/new guide effects/binoculars

Observer
species
preferences

Some observers report rare species, Other observers report all species
Observations of declining species are more likely to be reported

Site more likely to be visited if focal species seen there previously



Bias

Prelim results
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Extensions to the basic occupancy-detection model possible and
already developed for capture-recapture e.g., “trap happy”



But what citizen scientist behaviours are e iDiv
even common?

- Analysis of spatial bias in opportunistic data in Germany (dragonflies)
underway
- What biases are most common?

- Questionnaire being developed with GESIS
- Ask questions to better understand decision-making of citizen scientists
- What they report?
- Where and when they sample?
- How long they spend surveying?



Extending the data and modelling
framework to combine different
data types



Trade-offs in data
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Integrated model as the way forward?



Hierarchical models:

Data
Observation Ecological
Process Process
Qpeeniaion  Obsenalon  Gommon
P P covariates

survey 1 survey 2



Example 1: Eld’s deer in Myanmar



Eld’s deer monitoring

Eld’s deer
Camers Iy Monitoring g g | .
trapping transect

Distance-
Camgra sampling along
trapping at 25 line
160 stations transects (1998
in 2014 and onwards)
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Hierarchical models:

Data
Observation Ecological
Process Process
Qpeeniaion  Obsenalon  Gommon
P P covariates

survey 1 survey 2



Predictions
based on
spatial spline
(to region
covered by
each survey)

Model predictions



Example 2: Willow ptarmigan in
Norway



Combining abundance and presence data

Standardized abundance Citizen science opportunistic Citizen science total sampling
survey data along line presence data (absence data)

transects



Hierarchical models:

Observation
Process

Observation Observation
process — process —
survey 1 survey 2

Data
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Predict which
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Combining abundance and presence data

 Hierarchical model combining both
data types

* Predictions of total abundance in
Norway

+ ¢. 900,000 individuals



Simulation Experiments: Why and when is combining data
useful?

Population estimates are narrower with data integration

Benefit decreases as the amount of high-quality data increases



Why and when is combining data useful?

A benefit of integration is greater sampling of the environment range

Standardized
abundance
survey data
along line
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Why and when is combining data useful?

Standardized data can help factor out the bias in unstandardized data

Dorazio, 2014: “Using mathematical proof and simulation-based comparisons,

| demonstrate that biases induced by errors in detection or biased selection of survey
locations can be reduced or eliminated by using the hierarchical model to analyse
presence-only data in conjunction with counts observed in planned surveys”



Outlook

* We can get sensible results from careful analysis of
opportunistic data

 In many scenarios of data availability, there can be a
benefit to data integration

* Main cost is the time spent figuring out the best way!

* Might data integration models be a tool to upscale LTER
data or other local standardized data?



Thank You !



Why and when is combining data useful?

Surveys don’t need to spatially overlap for there to be a benefit to integration

If surveys are far apart — have to think about whether safe to assume same
ecological processes at play



Combining data: Relationship between occurrence and
abundance

@ is Occurrence probability
A is Expected abundance
¢ =1—exp(—4)

—log(l— @)= A

tog(— log(1 — <p))} =log(4)
| Y

cloglog on occurence log on abundance




