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Day 1
Theory

Biodiversity & Species Accumulation Curves



Day 1: Theory

Biodiversity & Species Accumulation Curves

Ecology Workshop
2026-01-25

What is Biodiversity?

Definition

Biodiversity = the variety of life in an area

Compare two forests:

Oak, Oak, Oak, Oak, Oak Oak, Beech, Maple, Pine, Birch

5 trees, 1 species 5 trees, 5 species

Which forest is more biodiverse? Forest B - even though both have the same number of trees.

Why Does Biodiversity Matter?

Why Biodiversity Matters

69% wildlife
decline since 1970

44 trillion USD
GDP depends on nature

25% of species
threatened

Decline Economy Risk

* Ecosystem services: Clean air, water filtration, pollination
* Maedicine: 70% of cancer drugs come from natural sources
* Food security: Genetic diversity protects crops from disease

The Sampling Problem




The Counting Problem

How many plant species are in Austria?
Can we count them all? Consider:

* Austria = 83,879 km?

® Some species are tiny (mosses, lichens)
* Some only appear in certain seasons

* Some are extremely rare

The answer: Sampling!

We study small areas carefully and use statistics to estimate the total.

Austria / Osterreich

B InAustria / In Osterreich Qutside / AuRerhalb

Key insight: We study small plots carefully, then use patterns to understand the whole.

Discussion Question

Imagine you want to know how many different types of candy exist in a candy store.
You have 5 minutes and can look in 10 jars (out of 100 total jars).
Which strategy is better?

A. Look at the 10 jars closest to the door

B. Look at 10 jars spread throughout the store

Why does this matter for ecology?

Vegetation Plots

A vegetation plot is a small area (typically 1-100 m?) where ecologists record every plant species.



Location (coordinates) 47.0707° N, 15.4395° E

Date 2023-06-15

All species present Festuca rubra, Trifolium repens, ...
Cover (%) per species  25%, 10%, ...

10m x 10m Vegetation Plot

10 meters / 10 Meter

Species Accumulation Curves
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The Core Idea
As we sample more plots, we find more species - but at a decreasing rate.
Why?

* First plots: Mostly common species (easy to find)
* later plots: Mostly rare species (hard to find)
* Eventually: Very few new species per plot

Species Accumulation Curve
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Why Does the Curve Flatten?

Think of it like a card game:

1st card  Definitely new!
10th card Probably still new
30th card Maybe seen it before

50th card Very likely a repeat

The more species you've already found, the harder it is to find new ones.

Let’s Build One Together

Imagine we're sampling a meadow. Each “plot” reveals some species:

1 Daisy, Clover, Grass 3 3
2 Buttercup, Dandelion, Grass 2 5
3 Daisy, Thistle, Clover 1 6
4 Grass, Plantain, Daisy 1 7
5  Clover, Buttercup, Yarrow 1 8
6 Daisy, Grass, Clover 0 8
7 Dandelion, Plantain, Grass 0 8
8  Clover, Daisy, Sorrel 1 9

Notice: By plot 6-7, we're not finding anything new!

Visualizing Our Example

Meadow Accumulation Curve / Wiesen-Akkumulationskurve
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The orange segments show how many new species each plot adds. Notice how they get shorter!

Discussion Question

Look at these two curves:

Two Different Forests / Zwei verschiedene Walder
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Questions:

1. Which forest probably has more total species?
2. Which forest has species spread more evenly?
3. In which forest would you need to sample MORE plots to find everything?

The Asymptote

Predicting the Unknowable

The asymptote is the line the curve approaches but never quite reaches.
It represents: the estimated total number of species

Even without sampling everything, we can estimate how much we're missing!



The Asymptote: Estimating Total Species

Asymptote: ~80 species
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The European Vegetation Archive

EVA Database

EVA (European Vegetation Archive) is the largest vegetation database in Europe:

* 1.6+ million plots
® 82 countries
* Data from 1900 to today

For Austria, we have access to ~52,000 plots with location data.

Native vs. Alien Species

Our dataset distinguishes between:

Naturally occurring Introduced by humans
Part of original ecosystem Arrived after 1492

Co-evolved with other species May outcompete natives

Research Question for Day 2: Do alien species accumulate differently than native species?

Why Not Excel?

Excel is Great For...

You probably know Excel well. It's perfect for:

® Quick calculations



* Simple tables and charts
¢ Small datasets (hundreds of rows)

Could we build accumulation curves in Excel? Yes! For a small example:
Excel: Manual formulas for each row

A B © D
Plot Species New Total

1 Rose, Daisy. 3 =C2

2 Clover, Grass 2 =D2+C3

3 Rose, Clover... 1 =D3+C4

This works fine for 5 plots. But what about 52,000 plots?

But Real Research Needs More

Our Austrian dataset has 52,000 plots and 850,000 species observations.

Load 850,000 rows Crashes or freezes 2 seconds
Repeat analysis 100 times Click 100 times One loop
Share exact method “| clicked here, then there...” Share the code
Find a bug Where did | click wrong? Read line 47
Update with new data Start over Re-run script

Reproducibility: The Key Difference

In science, others must be able to reproduce your results.

With Excel: > “I sorted column B, then filtered for values > 10, then made a chart, then... | think |

also removed some outliers?”

With R:

data %>%
filter(value > 10) %>%

ggplot(aes(x, y)) +
geom_line()

The code IS the method. Anyone can run it and get the same result.

10



Summary

Key Concepts

Biodiversity
Vegetation plot
Accumulation curve
Asymptote

Native species

Alien species

Preview: Day 2

120

20

60

30

Species Found / Gefundene Arten

Tomorrow we will:

Variety of species in an area

Small area where all plants are recorded

Graph showing species discovery over sampling effort
Estimated total species (curve approaches but never reaches)
Naturally occurring in the region

Introduced by humans (after 1492)

What Might We Find? / Was kdnnten wir finden?

—

10 20
Plots Sampled / Untersuchte Plots

== Alien / Neophyten == Native / Heimisch

1. Learn the nearest-neighbor algorithm for building spatial curves
2. Understand why plot order matters

3. Build curves with multiple starting points

4. Compare native vs. alien accumulation patterns

5. Interpret results and discuss biological mechanisms

Hypothesis to test: Do alien species accumulate differently than native species?
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Day 1
Exercises

R Basics to First Data Analysis

12



Exercise 1: Your First Variables

Exercise 2: Vectors - Lists of Values

Exercise 3: The Magic of unique()

Exercise 4: Data Frames

Exercise 5: Loading Real Data

Exercise 6: Filtering Data

Exercise 7: Building the Accumulation Curve
Exercise 8: Plot Your Curve!

Bonus: Compare Native vs Alien!

Day 1: Exercises

Your First Accumulation Curve!
Fill in the blanks!
2026-01-26

Part 1: R Basics - Getting Started

Welcome to R! In this section, you'll learn the fundamental building blocks of R programming. Take

your time with each exercise - understanding these basics thoroughly will make everything else

easier.
How to use these exercises:

® Replace each with the correct code

® Run each chunk to see if it works
® Read the hints if you get stuck

Exercise 1: Your First Variables

Concept: Variables are containers that store values. In R, we use <- to assign values to variables.

13



1a: Creating simple variables

4
# Store the number 42 in a variable called "answer"

# Speichere die Zahl 42 in einer Variable namens "answer"
answer <-

print(answer)

# Store your age 1in a variable

# Speichere dein Alter in einer Variable
my_age <-

print(my_age)

# Store a decimal number (height in meters)

# Speichere eine Dezimalzahl (Gréfie in Metern)
my_height <-

print(my_height)

1b: Text variables (strings)

[
# Text variables - use quotes!
# Text-Variablen - benutze Anfiihrungszeichen!

# Store your name (text needs quotes)

# Speichere deinen Namen (Text braucht Anfiihrungszeichen)
my_name <- " "

print(my_name)

# Store a species name
# Speichere einen Artnamen

species <-
print(species)

1c: Logical (TRUE/FALSE) variables

4
# Logical variables - TRUE or FALSE
# Logische Variablen - TRUE oder FALSE

# Is it raining? (answer TRUE or FALSE, no quotes!)
# Regnet es? (antworte TRUE oder FALSE, keine Anfiihrungszeichen!)
is_raining <-

# Is 5 greater than 3? (R can calculate this!)
# Ist 5 grofer als 3? (R kann das berechnen!)
five_greater_three <- 5 > 3
print(five_greater_three)

# Is 10 equal to 10? (use == for comparison)
# Ist 10 gleich 10?2 (benutze == fiir Vergleich)
ten_equals_ten <- 10 10

print(ten_equals_ten)

# Is "oak" equal to "Oak"? (R is case-sensitive!)

# Ist "oak" gleich "Oak"? (R unterscheidet Grof3/Kleinschreibung!)
oak_equals_Oak <- "oak" == "Oak"

print(oak_equals_Oak)

14



1d: Basic math with variables

4
# Create two number variables

# Erstelle zwei Zahlen-Variablen
a <- 10

b <- 3

# Addition
sum_ab <- a b
print(sum_ab) # Should be 13 / Sollte 13 sein

# Subtraction / Subtraktion
diff_ab <- a b
print(diff_ab) # Should be 7 / Sollte 7 sein

# Multiplication / Multiplikation
prod_ab <- a b
print(prod_ab) # Should be 30 / Sollte 30 sein

# Division
div_ab <- a b
print(div_ab) # Should be 3.333... / Sollte 3.333... sein

# Power (10 to the power of 3) / Potenz (16 hoch 3)
power_ab <- a b
print(power_ab) # Should be 1000 / Sollte 1000 sein

le: Updating variables

(
# Variables can change!
# Variablen kénnen sich dndern!

# Start with a count of species
# Starte mit einer Artenanzahl
species_count <- @
print(species_count)

# Found 5 species / 5 Arten gefunden
species_count <- species_count +
print(species_count) # Should be 5 / Sollte 5 sein

# Found 3 more / 3 weitere gefunden
species_count <- species_count +
print(species_count) # Should be 8 / Sollte 8 sein

# Oops, 2 were misidentified (subtract)

# Ups, 2 waren falsch bestimmt (subtrahieren)
species_count <- species_count -
print(species_count) # Should be 6 / Sollte 6 sein

%

Hint: Math operatorsare + - * / and ~ for power. Use == for “equals” comparison!

15



Exercise 2: Vectors - Lists of Values

Concept: A vector is a list of values of the same type. We use c() to combine values into a

vector.

2a: Creating vectors

4
# Create a vector of numbers
# Erstelle einen Vektor von Zahlen
species_counts <- c(5, 3, 7, 2, 4)
print(species_counts)

# Your turn - create a vector of 4 tree heights
# Du bist dran - erstelle einen VekRtor mit 4 Baumhéhen
tree_heights <- c( , , 7 )

print(tree_heights)

# Create a vector of species names

# Erstelle einen Vektor von Artnamen

tree_species <- c("0Oak", "Beech", "Pine", "Maple")
print(tree_species)

2b: Vector functions

4
# How many elements in the vector?
# Wie viele Elemente im Vektor?
length(species_counts)

# Calculate the sum
# Berechne die Summe
sum(species_counts)

# Calculate the mean (average)
# Berechne den Mittelwert (Durchschnitt)
mean(species_counts)

# Your turn - calculate mean of your tree heights
# Du bist dran - berechne den Mittelwert deiner Baumhéhen
mean ( )

# Find min and max
# Finde Minimum und Maximum
min(species_counts)
max(species_counts)

16



2c: Combining vectors

4
# Species from different plots

# Arten von verschiedenen Plots
plotl <- c("0Oak", "Beech", "Pine")
plot2 <- c("Beech", "Maple", "Oak")
plot3 <- c("Birch", "Oak", "Ash")

# Combine all into one vector

# Kombiniere alle in einen Vektor
all species <- c(plotl, plot2, plot3)
print(all_species)

# How many total observations?
# Wie viele Beobachtungen insgesamt?
length(all_species)

=

Hint: c() combines values. length() countselements. mean() calculates average.

Exercise 3: The Magic of uniquel()

Concept: unique() is the key function for ecology! It tells us how many different species we

found (not counting duplicates).

17



# 3a: We observed these species (some repeats!)
# 3a: Wir haben diese Arten beobachtet (einige Wiederholungen!)

observations <- c("0Oak", "Beech", "Oak", "Pine", "Beech", "Oak", "Maple")

# How many observations total?
# Wie viele Beobachtungen insgesamt?
length(observations)

# 3b: How many UNIQUE species?

# 3b: Wie viele EINZIGARTIGE Arten?
unique(observations)
length(unique(observations))

# 3c: Using our plots from before

# 3c: Benutze unsere Plots von vorher
plotl <- c("0Oak", "Beech", "Pine")
plot2 <- c("Beech", "Maple", "Oak")
plot3 <- c("Birch", "Oak", "Ash")

all species <- c(plotl, plot2, plot3)

# Total observations vs unique species

# Gesamte Beobachtungen vs einzigartige Arten
length(all_species) # Total / Gesamt
length(unique(all_species)) # Unique / Einzigartig

# 3d: Your turn - how many unique species after plotl + plot2?

# 3d: Du bist dran - wie viele einzigartige Arten nach plotl + plot2?
after_two_plots <- c(plotl, )

length(unique(after_two_plots))

*

Hint: Species richness = length(unique(species_list)) . Thisis THE key formula!

Exercise 4: Data Frames

A data frame is like a spreadsheet - it has rows and columns. Let's practice with a small example
before loading real data!

18



# 4a: Create a simple data frame
# 4a: Erstelle einen einfachen Data Frame

my_data <- data.frame(
species = c("0Oak", "Beech", "Pine", "Maple"),
height = c(20, 18, 25, 15),
native = c(TRUE, TRUE, TRUE, FALSE)

my_data

# 4b: How many rows and columns?
# 4b: Wie viele Zeilen und Spalten?

nrow(my_data)
ncol(my_data)

# 4c: Access a column with $
# 4c: Greife auf eine Spalte mit § zu

my_data$species
my_data$height

# 4d: Your turn - get the mean height
# 4d: Du bist dran - berechne die mittlere Hbhe

mean(my_data$__ )

# 4de: Access a specific row (row 2)
# 4de: Greife auf eine bestimmte Zeile zu (Zeile 2)

my_data[2, ]

# 4f: Access a specific cell (row 2, column "height")
# 4f: Greife auf eine bestimmte Zelle zu (Zeile 2, Spalte "height")

my_data[2, "height"]

%

Hint: $ accesses columns by name. Square brackets [row, column] access specific cells.

Exercise 5: Loading Real Data

Now let's load the Austrian vegetation data!

19



# 5a: Load the tidyverse package
# 5a: Lade das tidyverse Paket

library(tidyverse)

# 5b: Load the species data
# 5b: Lade die Artdaten

species_data <- read_csv("../data/austria_species.csv")

# 5c: Look at the first few rows
# 5c: Schau dir die ersten Zeilen an

head(species_data)

# 5d: How many rows (observations)?
# 5d: Wie viele Zeilen (Beobachtungen)?

nrow(species_data)

# 5e: What columns do we have?
# 5e: Welche Spalten haben wir?

colnames(species_data)

# 5f: How many unique plots?
# 5f: Wie viele einzigartige Plots?

length(unique(species_data$PlotObservationID))

# 5g: How many unique species in the whole dataset?
# 5g: Wie viele einzigartige Arten im gesamten Datensatz?

length(unique(species_data$__ ))

*

Hint: Use $ to access a column, e.g. data$column_name

Exercise 6: Filtering Data

Often we want to look at only part of our data. The filter() function helps us select specific

rows!

20



# 6a: Look at the STATUS column - what values are there?
# 6a: Schau dir die STATUS-Spalte an - welche Werte gibt es?

unique(species_data$STATUS)

# 6b: Filter for native species only (STATUS == "nat")
# 6b: Filtere nur heimische Arten (STATUS == "nat")

native_only <- species_data %>%
filter(STATUS == "nat")

nrow(native_only)

# 6c: Filter for alien/invasive species (STATUS == "neo")
# 6c: Filtere Alien/invasive Arten (STATUS == "neo"

alien_only <- species_data %>%
filter(STATUS == "neo"

nrow(alien_only)

# 6d: How many unique native species?
# 6d: Wie viele einzigartige heimische Arten?

length(unique(native_only$WFO_TAXON))

# 6e: Your turn - how many unique alien species?
# 6e: Du bist dran - wie viele einzigartige Alien-Arten?

length(unique(___ $WFO_TAXON))

# 6f: Filter for a specific plot
# 6f: Filtere einen bestimmten Plot

first_plot <- unique(species_data$PlotObservationID)[1]
first_plot

one_plot <- species_data %>%
filter(PlotObservationID == first_plot)

# How many species in this one plot?
# Wie viele Arten in diesem einen Plot?

length(unique(one_plot$WFO_TAXON))

%

Hint: filter() keeps rows where the condition is TRUE. Use == for “equals”.

Exercise 7: Building the Accumulation
Curve

Now the exciting part - let's build a species accumulation curve step by step!

21



# 7a: Get a list of all unique plots
# 7a: Hole eine Liste aller einzigartigen Plots

all plots <- unique(species_data$PlotObservationID)
head(all_plots)

# 7b: Take a small sample (first 50 plots for speed)
# 7b: Nimm eine Rleine Stichprobe (erste 560 Plots fiir Geschwindigkeit)

sample_plots <- all plots[1:50]

# 7c: Initialize our accumulation tracking
# 7c: Initialisiere unsere ARkumulations-Verfolgung

species_found <- c() # Empty vector to collect species
# Leerer Vektor um Arten zu sammeln
accumulation <- c() # Will store species count after each plot
# Speichert Artenzahl nach jedem Plot

# 7d: Loop through each plot and count species!
# 7d: Schleife durch jeden Plot und zihle Arten!

for (i in 1:length(sample_plots)) {

# Get current plot ID
# Hole aktuelle Plot-ID
current_plot <- sample_plots[i]

# Get species in this plot
# Hole Arten in diesem Plot
plot_species <- species_data$WFO_TAXON[species_data$PlotObservationID == current_plot]

# Add to our collection
# Flige zu unserer Sammlung hinzu
species_found <- c(species_found, plot_species)

# Count unique species so far
# Zdhle einzigartige Arten bisher
total_species <- length(unique(species_found))

# Store in accumulation vector

# Speichere im ARkumulationsvektor
accumulation <- c(accumulation, total_species)

# 7e: Look at the result!
# 7e: Schau dir das Ergebnis an!

accumulation

Exercise 8: Plot Your Curve!

The final step - let’s visualize our accumulation curve!
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# 8a: Create a data frame for plotting
# 8a: Erstelle einen Data Frame zum Plotten

curve_data <- data.frame(
plots = 1:length(accumulation),
species = accumulation

)

head(curve_data)

# 8b: Make the plot!
# 8b: Mache den Plot!

ggplot(curve_data, aes(x = plots, y = species)) +
geom_line(color = "#2E7D32", linewidth = 2) +
geom_point(color = "#2E7D32", size = 2) +

labs(
title = "My First Species Accumulation Curve!",
x = "Number of Plots Sampled",
y = "Cumulative Species Count"

) +

theme_minimal(base_size = 14)

# 8c: Make it prettier with a filled area
# 8c: Mache es schéner mit gefiillter Fldche

ggplot(curve_data, aes(x = plots, y = species)) +
geom_area(fill = "#C8E6C9", alpha = 0.5) +
geom_line(color = "#2E7D32", linewidth = 2) +
labs(
title = "Species Accumulation Curve - Austria”,
subtitle = paste("Total species found:", max(accumulation)),
x = "Plots Sampled",
y = "Cumulative Species”
) +
theme_minimal(base_size = 14)

%

Hint: The curve flattens because we find fewer NEW species as we sample more plots!

Bonus: Compare Native vs Alien!

If you finish early, try comparing native and alien species!

23



# The species_data already has a STATUS column!
# Die species_data hat bereits eine STATUS-Spalte!

# Filter for native species only
# Filtere nur heimische Arten

native_species <- species_data %>%
filter(STATUS == "nat")

# How many native species?
# Wie viele heimische Arten?

length(unique(native_species$WFO_TAXON))

# How many alien species?
# Wie viele Alien-Arten?

alien_species <- species_data %>%
filter(STATUS == "neo"

length(unique(alien_species$WFO_TAXON))

# Now you can build separate curves for native vs alien!
# Jetzt kannst du separate Kurven flir heimisch vs alien bauen!

You did it! You built your first species accumulation curve using real Austrian data!

Key concepts learned: - Variables store data with <- - c() creates vectors - unique()
counts different values - Data frames organize data in rows and columns - filter() selects

specific rows - Loops let us repeat actions - ggplot() creates beautiful plots
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https://github.com/gcol33/hexify






































































































































































