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Nr. Accepted 

publication

List of authors Scientific ideas 

by the candidate 

(%)

Data generation 

by the candidate 

(%)

Analysis and 

Interpretation by the 

candidate (%)

Paper writing done

by the candidate (%)

1 yes Vanhöfen, Janina

Schöffski, Nick

Härtel, Talia

Randler, Christoph

33 25 80 80

2 yes Vanhöfen, Janina

Härtel, Talia

Reichert, Giovanna

Randler, Christoph

33 33 80 90

3 yes Vanhöfen, Janina

Stuck, Katharina

Haag, Reimund

Härtel, Talia

Randler, Christoph

70 80 90 90

4 yes Vanhöfen, Janina 

Härtel, Talia

Teufel, Louisa 

Schaffer, Laura

Randler, Christoph

70 80 90 90

5 yes Vanhöfen, Janina

Kalb, Nadine, 

Randler, Christoph

50 15 70 90



– called “extinction of experience”

which seeks to explore these connections in greater depth, since being “in nature” has 

on people’s health and well



(WHO), “

” (

“

”

being is often broadly defined as the “quality and state of a person’s life” 

and emotional quality of a person’s life 

being has been consistently divided into an “affective” component concerned 

and a “cognitive” part

2005; Şimşek, 2011)



“in nature” –

“nature” as a concept often “

”. 

“ ” “ ”

why the term “nature experience” is 



“ ” “ ”





individual’s

biodiversity. People’s inability to 



–

individual’s –



, influencing people’s well

of people’s connectedness to nature 

Germany’s avifauna is 





effectiveness of actual and perceived species’ richness suggests that cognitive and sensory impressions

people’s 

species’



. Therefore, the mixed evidence on people’s ability to perceive biodiversity could be due to their 

called “soundscapes” are integrating all the sounds of a landscape, building scenes of ambient sound 

able to enhance the pleasantness of an area’s soundscape 



Lišková 



Some species are also considered “cute” , drawing the viewers’ 

people’s





Being outside in nature is beneficial not only to humans’ physical 



–

area. Participants’ assessment of bird diversity was compared with 

–



–

species’



–



–



–

degree of mismatch even grew as the participants’ species knowledge declined.



–

museums’ roles in the future for supplying a biodiversity baseline



–

—

http://www.ornitho.de/


–

Master’s

– – – – – – – –

“yes 

or no” with “yes” meaning at least a bachelor’s degree).

–

people’s assessment on the place level, 



–

Age correlated negatively with the estimated number of species (r = −0.076, p = 0.011). A Mann–

test showed a slightly significant difference among gender (Z = −1.996, p = 0.046), with males estimating 

–

Test Z = −0.803, p = 0.422), but self

−



–

people’s assessment: 1 = 0–
– – – – – – –

Measured Species Richness (Absolute and in Corresponding Categories) Perceived Species Richness

Professional Morning Count (absolute) 0.353 *

Professional Morning Count (category) 0.297

Professional Afternoon Count (absolute) 0.158

Professional Afternoon Count (category) 0.098

Professional Total Count (absolute) 0.325 *

Professional Total Count (category) 0.312 *

Ornitho (absolute) −0.126

Ornitho (category) −0.097

people’s 



–

Boxplot of the results of the Wilcoxon test of the recoded variables into the same categories as the lay people’s assessment: – – –
– – – – –70; 9 = over 70. Professional total count: Z = −5

professional morning count: Z = −3.166; p = 0.002 (negative ranks); professional afternoon count: Z = −4.382, p < 0.001 (posi



–

people’s 

ornithologist’s



–

people’s

People’s

people’s



–

that both the individual's personal characteristics and the species’ ecological traits park users’ 

Other studies indicate that residents’ valuations of ecosystem services are 

participants’



–

people’s assessment of bird diversity coincides with 





–



–

Being outdoors benefits both humans’ physical and mental well

characteristics’ impact on mental well



–

(WHO), health “

”

air purification, temperature regulation and groundwater recharge, it’s loss is also a challenge to a healthier 

. “Well being” is a very broad term, which can 

psychological, cognitive and emotional quality of a person’s life, their thoughts and feelings about the state 

theory (SRT) suggests that natural environments benefit psychophysiological stress recovery due to people’s 



–

But, beyond these simplifications of biodiversity, there is more to “nature” than just numbers of plants and 

— called “place 

attachment”



–

parks are mostly dominated by vegetation (“green”). “ ” are 

defined as “land covered by vegetation of any kind”. However, recreational areas are not limited to green 

it is generally called a “blue” space. These can be just as beneficial, 



–

•

•

•

•

their use and value to people differ tremendously. We would therefore expect different effects on people’s 

How do the landscape characteristics affect the user’s mental well



–

Variables were used to assess their connection with recreationists’ mental well



–

and paper survey “biodiversity and well being”



–

(“significantly more recovered”, “somewhat recovered”, “about the same”, “less recovered”, “significantly 

less recovered”, “cannot say”), adapted from 

in our study, we recoded the recalled restoration Scale into a 0 (“cannot say”) to a 5 (“significantly more 

recovered”) Likert scale, with 0 being considered as missing data.

Cronbach’s alpha of

(full scale with a Cronbach’s alpha of 0.88) can be split into two variables after a factor 

and has a Cronbach’s 

and has a Cronbach’s alpha of 0.87 in our study. Both scales use three items, coded on 

a Likert scale from 1 (“does not apply at all”) to 5 (“completely true”).

– – – – – – – –



–

catalogue “Arten, Biotope, Landschaft” from the nature conservation administration Baden



–

—

https://www.openstreetmap.org/
https://www.openstreetmap.org/


–

study “beauty of recreational areas”

Survey server to comply with the European Union’s data privacy rules.

site. For each study area, we asked for the participants’ assessment of (see full survey catalogue in

•

•

same question as in the “biodiversity and well being” survey and derived from

•

•



–

— perception online study “Beauty of recreational 
areas”. (Pictures by J.

—

The same model is used to see the effects of landscape characteristics on visitors’ mental well



–

–

rho correlation on the online survey “Beauty of recreational areas” to see if the 

study “biodiversity and well being” (RQ3)

–

site survey “biodiversity and well being” had 1184 participants. There were 30 to 31 

least on the bachelor’s level) was reported by 55.7% of the participants. Participants` ages ranged from 18 

The area perception online study “beauty of recreational areas” had 49 participants with a surplus of females 

–

secondary school diploma (“Realschulabschluss”), 38.8% had a high school diploma (“Abitur”), meanwhile 

40.8% reported some university degree (4% did not answer or selected “different”).



–

Area type Mean Std. deviation Minimum Maximum Range

HFI

Blue 35.989 ± 0.396 8.291 13.0 45.0 32.0

Green 32.239 ± 0.410 10.737 14.0 46.0 32.0

Mixed 30.000 ± 0.260 2.017 28.0 32.0 4.0

Urbanity

Blue 1.450 ± 0.024 0.498 1.0 2.0 1.0

Green 1.606 ± 0.019 0.490 1.0 2.0 1.0

Mixed 1.000 ± 0.000 0.000 1.0 1.0 0.0

Biotope types

Blue 12.547 ± 0.101 2.114 9.0 16.0 7.0

Green 13.568 ± 0.170 4.449 7.0 22.5 15.5

Mixed 16.500 ± 0.456 3.530 13.0 20.0 7.0

Structures

Blue 5.521 ± 0.068 1.427 3.0 8.0 5.0

Green 5.305 ± 0.075 1.957 2.0 10.0 8.0

Mixed 8.000 ± 0.000 0.000 8.0 8.0 0.0

Infrastructure

Blue 5.487 ± 0.104 2.181 1.5 10.5 9.0

Green 7.203 ± 0.072 1.887 4.5 11.0 6.5

Mixed 6.250 ± 0.033 0.252 6.0 6.5 0.5

Incivilities

Blue 1.726 ± 0.041 0.865 0.0 3.0 3.0

Green 0.920 ± 0.032 0.830 0.0 3.0 3.0

Mixed 3.000 ± 0.391 3.025 0.0 6.0 6.0

Bird diversity

Blue 29.030 ± 0.251 5.247 22.0 42.0 20.0

Green 28.250 ± 0.249 6.513 18.0 41.0 23.0

Mixed 23.500 ± 0.195 1.513 22.0 25.0 3.0

0.006) and HFI (rho = − 0.477, p = 0.012). The bird diversity additionally correlates negatively with the HFI 

(rho = − 0.472, p = 0.012). This confi



–



–

Source Dependent variable Numerator 
df

Denominator 
df

F Sig

Intercept

Emotions 1 1049 56.929 < 0.001

Recalled restoration 1 1044 19.144 < 0.001

Place attachment—identity 1 1050 23.890 < 0.001

Place attachment—recovery 1 1051 34.738 < 0.001

Area type

Emotions 2 1049 0.388 0.678

Recalled restoration 2 1044 0.532 0.588

Place attachment—identity 2 1050 0.632 0.532

Place attachment—recovery 2 1051 0.738 0.478

Urbanity

Emotions 1 1049 0.038 0.845

Recalled restoration 1 1044 0.622 0.430

Place attachment—identity 1 1050 2.821 0.093

Place attachment—recovery 1 1051 0.974 0.324

Gender

Emotions 1 1049 1.277 0.259

Recalled restoration 1 1044 4.389 0.036

Place attachment—identity 1 1050 0.164 0.686

Place attachment—recovery 1 1051 7.032 0.008

Graduation

Emotions 1 1049 0.089 0.766

Recalled restoration 1 1044 0.440 0.508

Place attachment—identity 1 1050 0.015 0.903

Place attachment—recovery 1 1051 0.002 0.968

Birding specialization

Emotions 5 1049 0.741 0.593

Recalled restoration 5 1044 2.853 0.014

Place attachment—identity 5 1050 1.316 0.255

Place attachment—recovery 5 1051 1.066 0.377

Age

Emotions 1 1049 0.261 0.610

Recalled restoration 1 1044 5.964 0.015

Place attachment—identity 1 1050 63.245 < 0.001

Place attachment—recovery 1 1051 0.027 0.870

HFI

Emotions 1 1049 11.280 < 0.001

Recalled restoration 1 1044 1.754 0.186

Place attachment—identity 1 1050 4.830 0.028



–

Place attachment—recovery 1 1051 0.919 0.338

Estimated biodiversity richness

Emotions 1 1049 0.026 0.871

Recalled restoration 1 1044 1.334 0.248

Place attachment—identity 1 1050 1.475 0.225

Place attachment—recovery 1 1051 0.002 0.963

Estimated restoration value

Emotions 1 1049 10.857 0.001

Recalled restoration 1 1044 1.797 0.180

Place attachment—identity 1 1050 0.017 0.897

Place attachment—recovery 1 1051 0.589 0.443

Estimated naturalness

Emotions 1 1049 0.014 0.906

Recalled restoration 1 1044 0.403 0.525

Place attachment—identity 1 1050 3.031 0.082

Place attachment—recovery 1 1051 1.331 0.249

Estimated beauty

Emotions 1 1049 17.841 < 0.001

Recalled restoration 1 1044 1.354 0.245

Place attachment—identity 1 1050 0.000 0.990

Place attachment—recovery 1 1051 0.452 0.501

Biotope types

Emotions 1 1049 0.019 0.892

Recalled restoration 1 1044 0.488 0.485

Place attachment—identity 1 1050 0.157 0.692

Place attachment—recovery 1 1051 0.084 0.772

Structures

Emotions 1 1049 1.687 0.194

Recalled restoration 1 1044 0.022 0.883

Place attachment—identity 1 1050 0.015 0.901

Place attachment—recovery 1 1051 0.491 0.484

Infrastructure

Emotions 1 1049 0.148 0.700

Recalled restoration 1 1044 1.979 0.160

Place attachment—identity 1 1050 22.971 < 0.001

Place attachment—recovery 1 1051 4.803 0.029

Incivilities

Emotions 1 1049 1.573 0.210

Recalled restoration 1 1044 0.542 0.462

Place attachment—identity 1 1050 0.374 0.541

Place attachment—recovery 1 1051 0.341 0.560

Bird diversity

Emotions 1 1049 1.256 0.263

Recalled restoration 1 1044 2.567 0.109



–

Place attachment—identity 1 1050 0.091 0.762

Place attachment—recovery 1 1051 0.092 0.762

Perceived bird diversity

Emotions 1 1049 1.737 0.188

Recalled restoration 1 1044 6.586 0.010

Place attachment—identity 1 1050 1.709 0.191

Place attachment—recovery 1 1051 2.036 0.154

Perceived naturalness

Emotions 1 1049 61.288 < 0.001

Recalled restoration 1 1044 4.591 0.032

Place attachment—identity 1 1050 18.370 < 0.001

Place attachment—recovery 1 1051 33.438 < 0.001

Perception of birds

Emotions 1 1049 95.565 < 0.001

Recalled restoration 1 1044 20.914 < 0.001

Place attachment—identity 1 1050 68.720 < 0.001

Place attachment—recovery 1 1051 60.693 < 0.001

–

—



–

–

Perceived bird 
diversity

Perceived naturalness
Estimated
biodiversity richness Estimated restoration 

value
Estimated naturalness

Estimated beauty

rho cor. p rho cor. p rho cor. p rho cor. p rho cor.p rho cor. p

Biotope
types

0.333 0.186 0.347 0.168 0.449** 0.024 0.359 0.138 0.368 0.114 0.422* 0.042

Structures − 0.231 0.456 − 0.310 0.306 − 0.100 > 0.999 − 0.123 > 0.999 − 0.198 > 0.999 − 0.033 > 0.999

Infrastructure − 0.111 0.594 0.040 > 0.999 − 0.054 > 0.999 0.058 > 0.999 − 0.101 > 0.999 0.023 > 0.999

Incivilities − 0.169 0.594 − 0.218 > 0.999 − 0.156 > 0.999 − 0.098 > 0.999 − 0.100 > 0.999 0.006 > 0.999

HFI − 0.343 0.186 − 
0.558**

0.006 − 0.678** 0.006 − 0.616** 0.006 − 0.592** 0.006 − 0.559** 0.006

Bird diversity 0.325 0.186 0.517** 0.005 0.492** 0.006 0.349 0.162 0.487** 0.006 0.403 0.06



–

—
—

Perceived bird diversity Perceived naturalness

rho p cor. p rho p cor. p

Estimated biodiversity richness 0.378 0.016 0.056 0.610** < 0.001 0.004

Estimated naturalness 0.386 0.014 0.056 0.607** < 0.001 0.004

Estimated restoration value 0.21 0.194 0.38 0.534** < 0.001 0.004

Estimated beauty 0.212 0.19 0.38 0.472** 0.002 0.004



–

impact on visitors’ mental well

How do the landscape characteristics affect the user’s mental well

per se which impacts people’s mental well

people’s well



–

biotope types in an area does not affect visitors’ mental well

only find the “larger picture” of the landscape to be beneficial to their mental health

—

We also measured urbanity, area type and the HFI of the areas and tried to relate them to the people’s mental 

—

—



–

—

with a high human impact as less “natural”. The definition of “nature” is not clear, but 

defined it as “physical features and processes of non human origin”

the public seeing “natural” as the counterpart of “human”. However, due to the subjectivity of the definition, 

, the personal definition of “natural” could be quite different and depend strongly on 

’s 



–

. Therefore, people’s perceptions of areas are similar if not the same, no matter 



–

— —

o be established and preserved for the future, for the sake of nature and people’s mental well

the recreational areas on “city people” or people with non



–





– –

–

–



– –

•

•

•

•

•



– –



– –

−

and the stress reduction theory (SRT) − which indicates 



– –



– –

–



– –

–



– –

raising awareness and asking participants to “please pay attention to the beautiful bird calls”. The control 

Cronbach’s

α, please see 

– – – – – – – –

is adapted from Wyles et al. (2019), assessing the experience of nature (“taken time”, 

“learned new things”) together with nature connectedness (“felt close to nature”).



– –

Concept Items (translated) Source
Pre-
test

Post-
test

Cronbach's alpha

Bird species knowledge How many birds can you identify by 
Appearance?
How many birds can you identify by 
Song?
Ornithological skill self-report.

Lee & Scott (2004)

Randler (2021a)

Randler & Heil (2021)

x 0.724

Perception of birds
(5-point Likert scale)

I like birds because they…
Are beautiful.
Have a nice song.
Make me Feel Good

Belaire et al. (2015) x 0.656

Nature experience
(5-point Likert scale)

I have…
Taken time to appreciate.
Learned new things.
Felt close to nature.

Wyles et al. (2019) x 0.525

Satisfaction
(5-point Likert scale)

How satisfied are you? Arlinghaus (2006) x

Emotions
(5-point Likert scale)

I feel…
Calm and relaxed
Peaceful
Refreshed

White et al. (2013) 

Wyles et al. (2019)

x x Pretest: 0.646 
Posttest: 0.674

Self-reported restoration
(6 categories)

How recovered do you feel? Young et al. (2020) x

Perceived restoration This place is relaxing.
This place is fascinating.
This place is organized.
This place is without restrictions.
I can do what I want in this place.

Berto (2005), according to 
PRS by Korpela & Hartig 
(1996)

x 0.534

being as an outcome variable is measured in line with our previously conducted “Biodiversity 

being” study

(“significantly more recovered”, “somewhat recovered”, “about the same”, “less recovered”, “significantly 

less recovered”, “cannot say”), adapted fr

reported restoration scale into a 0 (“cannot say”) to a 5 (“significantly more 

recovered”) Likert scale, with 0 being considered as missing data.



– –

samples were frozen and stored at −20 degrees Celsius until analysis. After thawing, samples were 

sensitivity (Tecan − IBL International, Hamburg, Germany; catalogue number R62111). The intra

–

speakers (Boom 3, Portable Bluetooth speaker, Ultimate Ears − Logitech, USA) were placed along the path 



– –

–

bird species for playback was done due to their ranking in the study “Beauty of Birds in Song and Image”

–

Participants were recruited via a university mailing list, the local newspaper, and the newsletter for “Friends 

of the Botanical Gardens” and were compensated either with a bird identification book (Dierschke, 2020) or 

http://ebird.org/hotspot/L14078036


– –

After the walk, participants’ saliva was collected again, and the measurements of blood pressure and heart 

Tukey’s



– –

Tukey’s

No cues Raised awareness Noise-cancelling headphones

Natural bird sounds Control (C, N = 48) Group 1 (G1, N = 47) Negative Control (NC, N = 34)

Enhanced bird sounds Group 2 (G2, N = 52) Group 3 (G3, N = 42)



– –

on the participant’s stress markers, cortisol, blood pressure and heart rate.

. A Tukey’s HSD 



– –



– –

Sum of Squares df Mean Square F Sig.

Environmental control variables

Daily bird count 61.280 4 15.320 3.608 0.007

Temperature 454.185 4 113.546 13.102 0<.001

Sound level mean 995.277 4 248.819 13.150 0<.001

Demographics

Age 2.056 4 0.514 0.903 0.463

Gender 0.448 4 0.112 0.445 0.776

Graduation 0.704 4 0.176 0.702 0.591

Individual predictors (trait)

Bird species knowledge 0.448 4 0.112 0.277 0.892

Perception of birds 1.471 4 0.368 0.812 0.518

Emotions pretest 4.520 4 1.130 2.269 0.063

Individual perception of nature (situational)

Perceived bird species richness 5.741 4 1.435 0.772 0.544

Perceived naturalness 3.322 4 0.831 1.145 0.336

Nature experience 6.034 4 1.508 4.160 0.003

Mental well-being

Satisfaction 1.386 4 0.347 0.865 0.486

Emotions posttest 1.553 4 0.388 1.446 0.220

Perceived restoration 1.224 4 0.306 1.056 0.379

Self-reported restoration 0.769 4 0.192 0.387 0.818

Physiological parameters

Cortisol posttest 66.567 4 16.642 0.748 0.560

Systole posttest 978.496 4 244.624 0.914 0.456

Diastole posttest 169.683 4 42.421 0.508 0.730

HR posttetst 879.825 4 219.956 1.355 0.250

to Tukey’s HSD post hoc test, participants reporting a higher nature experience were more satisfied. 



– –

restoration as one factor called “mental well being”. a. R Squared = 0.443 (Adjusted R Squared = 0.390).

Source Type III Sum of 
Squares

df Mean Square F Sig. Partial Eta Squared

Corrected Model 90.612a 17 5.330 8.498 0<.001 0.443

Intercept 17.165 1 17.165 27.368 0<.001 0.131

Demographics

Age Group 0.775 2 0.388 0.618 0.540 0.007

Graduation 1.652 1 1.652 2.634 0.106 0.014

Gender 0.798 2 0.399 0.636 0.530 0.007

Group 3.693 4 0.923 1.472 0.212 0.031

Individual predictors of mental well-being

Perceived bird species richness 0.004 1 0.004 0.007 0.935 0.000

Perceived naturalness 3.838 1 3.838 6.119 0.014 0.033

Nature experience 43.120 1 43.120 68.751 0<.001 0.274

Bird species knowledge 0.762 1 0.762 1.215 0.272 0.007

Perception of birds 1.135 1 1.135 1.809 0.180 0.010

Environmental control variables

Daily bird count 0.455 1 0.455 0.725 0.396 0.004

Temperature 3.384 1 3.384 5.396 0.021 0.029

Sound level mean 2.417 1 2.417 3.854 0.051 0.021



– –

established a slope for the decrease of salivary cortisol following the CAR as −0.11 

(women) and −0.09 (men). Since the measured reduction in salivary cortisol in our study equals a slope of 

−0.52, it was stronger than expected for a normal CAR. Therefore



– –

– nd often biodiverse − environments being able to 



– –



– –



– –

found in the UK that people’s perceived stress levels increased as the amount 

–



– –

–



– –





Going outside for a bird or nature walk has a positive impact on people’s well

scored higher on the subjective trait variable ‘perception of birds’ reported improved mental well



68% of the world’s population is expected to live 

with benefits for people’s physical health (de Brito et al., 2019) but also 

happiness (Cameron et al., 2020). However, an individual’s perception of nature and biodiversity may also 



enhancing the perceived pleasantness of an area’s soundscape (Coensel et al., 2011). Pleas

Paying attention to one’s surroundings leads to greater awareness and stronger connectedness with nature as 

factors influencing this effect are still unclear. Equally, the impact of awareness of one’s surroundings in 

To what extent do variations in individuals’ subjective experiences of nature and personal traits 





The deactivation of the body’s stress response system can be measured using markers such as heart rate, 

Blood pressure, measured during the heart’s contraction (systolic) and relaxation (diastolic), is a reliable 



27). The verbal group received a simple instruction before the walk (“

”). In contrast, the visual group received additional visual cues during the walk. Five signs 

participants’ subjective 

–

– the respective Cronbach´s α, please see

parametric Spearman’s rho correlation 

parameters (all p ≥ 0.134); they should therefore be 



Construct Survey items Pre-
test

Post-
test

Cronbach´s 
alpha

Source 

Personal trait variables

Bird species knowledge How many birds can you identify by appearance?
How many birds can you identify by song? 
Ornithological skill self-report.

x 0.79 Lee & Scott (2004)
Randler (2021a, 2021b)
Randler & Heil (2021)

Perception of birds 
(5-point Likert scale)

I like birds because they...
Are beautiful.
Have a nice song.
Make me Feel Good

x 0.60 Belaire et al. (2015)

Mental well-being

Satisfaction 

(5-point Likert Scale)

How satisfied are you?  x Arlinghaus (2006)

Emotions 

(5-point Likert Scale)

I feel…
Calm and relaxed
Peaceful 
Refreshed

x x Pretest: 0.65

Posttest: 0.72

White et al. (2020)
Wyles et al. (2019)

Self-reported restoration 

(6-point Likert scale)

How recovered do you feel? x Young et al. (2020)

Perceived bird diversity

Estimated bird richness

(open question)

How many bird species do you estimate to be 
present?

x Ferraro et al. (2020)
Southon et al. (2018)

Perceived bird song 

(7 categories)

How many bird songs have you noticed? x Uebel et al. (2022)

Perception of the natural area

Nature experience

(5-point Likert Scale)

I have…
Taken time to appreciate.
Learned new things.
Felt close to nature.

x 0.64 Wyles et al. (2019)

Perceived naturalness (place)

(5 categories)

How natural does the area seem to you? x Schebella et al. (2019a)

Perceived naturalness (sound)

(10 categories) 

How do you rate the naturalness of the 
soundscape?

x Carrus et al. (2015)

Perceived restorativeness (place) 

(5-point Likert scale)

This place is relaxing.
This place is fascinating.
This place is organized.
This place is without restrictions.
I can do what I want in this place. 

x 0.72 Berto (2005)
Korpela & Hartig (1996)



Perceived restorativeness (sound) 

(5-point Likert scale)

The soundscape in this place…
Is fascinating.
Provides me with a good change from my daily 
routine.
Goes well together.
Fits with activities I like to do.
Suggests that there is a lot to explore and 
discover.

x 0.88 Payne (2013);
Uebel et al. (2022)

–

–

The corresponding regression scores were saved under the variable “mental well being” for further 



positive effect on participants’ stress markers, including cortisol, blood pressure, and heart rate.



N Minimum Maximum Mean Std. 
Deviation

Personal trait variables

Bird species knowledge 47 1.00 4.00 2.06 0.87

Perception of birds 46 3.00 5.00 4.23 0.61

Mental well-being

Emotions (pretest) 46 2.33 5.00 3.76 0.65

Emotions (posttest) 47 3.33 5.00 4.56 0.45

Satisfaction (posttest) 47 2.00 5.00 4.45 0.69

Self-reported restoration (posttest) 47 0.00 5.00 4.06 0.79

Perceived bird diversity

Estimated bird richness 44 0.00 84.00 21.55 17.03

Perceived bird song 47 1.00 7.00 5.04 1.37

Perception of the natural area

Nature experience 47 2.67 5.00 4.34 0.61

Perceived naturalness (place) 47 1.00 5.00 3.53 1.06

Perceived naturalness (sound) 47 2.00 10.00 6.72 1.87

Perceived restorativeness (place) 47 2.20 5.00 3.82 0.60

Perceived restorativeness (sound) 47 1.60 5.00 3.62 0.82

Physiological stress parameters

Systole (pretest) [mmHg] 47 102.00 173.00 134.53 15.37

Systole (posttest) [mmHg] 47 95.00 195.00 130.92 18.07

Diastole (pretest) [mmHg] 47 69.00 113.00 88.11 9.92

Diastole (posttest) [mmHg] 47 68.00 109.00 85.32 10.08

HR (pretest) [bpm] 47 54.00 103.00 73.92 10.20

HR (posttest [bpm] 46 49.00 107.00 71.44 10.79

Cortisol (pretest) [nmol/L] 47 1.79 18.08 8.12 4.46

Cortisol (posttest) [nmol/L] 47 1.30 10.73 5.04 2.47

Environmental measures

Sound level mean (dB) 36 50.45 57.10 55.23 1.93

Temperature (°C) 47 12.00 15.00 13.04 1.22

Daily bird count 47 14.00 23.00 20.34 2.93



Participants’ mental well

Source Type III Sum of 
Squares

df Mean 
Square

F Sig.

Corrected Model 25.292a 15 1.686 2.413 0.021

Intercept 4.152 1 4.152 5.942 0.021

Group 0.022 1 0.022 0.031 0.862

Gender 0.964 1 0.964 1.379 0.250

University degree 0.328 1 0.328 0.469 0.499

Daily bird count 0.156 1 0.156 0.223 0.641

Age 1.105 1 1.105 1.581 0.219

Bird species knowledge 3.217 1 3.217 4.603 0.041

Perception of birds 1.351 1 1.351 1.933 0.175

Weather 0.148 1 0.148 0.212 0.649

Perceived bird diversity 0.011 1 0.011 0.016 0.902

Perceived bird song 0.010 1 0.010 0.014 0.907

Perceived naturalness (place) 0.001 1 0.001 0.001 0.971

Perceived naturalness (sound) 0.518 1 0.518 0.741 0.397

Perceived restoration (place) 0.048 1 0.048 0.068 0.796

Perceived restoration (sound) 0.156 1 0.156 0.223 0.641

Nature experience 3.224 1 3.224 4.614 0.041
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e being part of a university’s botanical garden. Thus, the 
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called ‘flagship species’ for 
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being and mental health research is a rapidly growing field of study within the area of birds and 

experimentally increased biodiversity. We propose here that birds, as a key component of an area’s 

anthropogenic influences (Gregory et al., 2008) and therefore valuable indicators of biological diversity, 

are equally beneficial (Ratcliffe e

et al., 2022), sometimes even attempting to artificially increase bird song to foster well

2020). However, some research has found no association of bird species richness with people’s mental well

Lovell et al., 2014) renders it difficult to 

effects (Carrus et al., 2015), it’s important to look beyond general assessments of bird diversity and maybe 



– –

p

۞ á Frynta (2013) have already emphasized that finding the traits that determine human 

preference towards birds may help promote conservation programs. Earlier studies on flagship species have 

p

p

simo et al., 2014). Some charismatic species are also considered “sweet” or “cute” (Albert et al., 2018; 

often perceived as cute and draw the viewer’s attention (Albert et al., 2018). Bird species perceived as cute 

being benefits received when visiting. In 



– –

tudy area. The study had 1184 participants. 54.9% of them identified as female, 44.1% as male (0.2% 

identified as diverse, 0.8% preferred not to answer the question). The age ranged from 18 to 89 years old 

recalled restoration Scale into a 0 (“cannot say”) to 5 (“significantly more recovered”) Likert scale, with 0 

The scale had a Cronbach’s alpha of 0.77 in our study.

Satisfaction was asked for with one item (Overall, how satisfied were you with your visit today

point Likert scale (full scale with a Cronbach’s alpha = 

been influenced by visit satisfaction in earlier studies (Prayag Ryan, 2011). Bryce et al. (2016) identified 

constructs of place identity and therapeutic value as cultural ecosystem services, benefitting people’s well

being. According to them, most benefits associated with visiting nature can depend on specific habitats an

ery. The recovery scale (Cronbach’s alpha = 0.86) is derived 

(Cronbach’s alpha = 0.87) is derived from the abbreviated three
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Concept Item Source

Satisfaction

(5-point Likert scale)

Overall, how satisfied were you with your visit today? Arlinghaus (2006)

Emotions

(5-point Likert scale)

I feel…
Calm and relaxed
Peaceful 
Refreshed

White et al. (2013)

Wyles et al. (2019)

Recalled Restoration

(5- point Likert scale)

How refreshed do you feel now compared to before your 
visit?

Young et al. (2020)

Place attachment - Identity 
(5-point Likert scale)

I feel very connected to this area here 

This area is very special to me.

 I can identify well with this area.

Boley et al. (2021)

Place attachment - Recovery 
(5-point Likert scale)

Visiting this place gives me a feeling of freedom.

I can clear my head here.

Being here helps me to feel healthy.

Bryce et al. (2016)
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based on photographs from the Cornell Lab of Ornithology’s Macaulay 

internal consistency, we used Cronbach’s a. For the exploratory factor analysis, we used a principal 

finally, for the correlation of factor scores with mental 

being data, we used Spearman’s rho correlations.

Component 1

Cuteness .855

Brightness .618

iRateBirds (visual attractiveness) .599

Beauty of song .552
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frequency of the respective bird species was used as well to account for mass or rarity occurrences of specific 

ceives a specific value for the HRV

𝐻𝑅𝑉௉௟௔௖௘ = )݊ܽ݁ܯ ∑ (𝐻𝑅𝑉௦௣௘௖௜௘௦ ∗ ௦௣௘௖௜௘௦)118ݕܿ݊݁ݑݍ݁ݎ݂
௦௣௘௖௜௘௦=1 )

being, the HRV significantly correlated with satisfaction

significance only marginally.

, satisfaction with the visit increased significantly
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Nr. Species HRVspecies Nr. Species HRVspecies

1 Erithacus rubecula 2.71 60 Motacilla alba 0.03

2 Cyanistes caeruleus 2.69 61 Picus canus 0.00

3 Parus major 2.05 62 Tadorna tadorna 0.00

4 Regulus ignicapilla 1.87 63 Acrocephalus arundinaceus 0.00

5 Pyrrhula pyrrhula 1.70 64 Larus michahellis 0.00

6 Emberiza citrinella 1.47 65 Muscicapa stiata -0.01

7 Poecile montanus 1.46 66 Certhia brachydactyla -0.03

8 Carduelis carduelis 1.43 67 Mergus merganser -0.03

9 Alcedo atthis 1.31 68 Aythya fuligula -0.05

10 Regulus regulus 1.27 69 Fringilla montifringilla -0.07

11 Hirundo rustica 1.26 70 Lullula arborea -0.07

12 Fringilla coelebs 1.24 71 Milvus migrans -0.08

13 Periparus ater 1.15 72 Tadorna ferruginea -0.08

14 Oriolus oriolus 1.08 73 Passer domesticus -0.12

15 Poecile palustris 0.99 74 Acrocephalus scirpaceus -0.15

16 Aegithalos caudatus 0.92 75 Circus aeruginosus -0.18

17 Picus viridis 0.91 76 Coturnix coturnix -0.22

18 Aix galericulata 0.91 77 Turdus merula -0.22

19 Coccothraustes coccothraustes 0.91 78 Falco subbuteo -0.24

20 Phoenicurus phoenicurus 0.89 79 Accipter nisus -0.24

21 Ficedula hypoleuca 0.81 80 Pernis apivorus -0.26

22 Phylloscopus trochilus 0.81 81 Garrulus glandarius -0.29

23 Dendrocopos major 0.80 82 Sturnus vulgaris -0.30

24 Falco tinnunculus 0.79 83 Prunella modularis -0.33

25 Leiopicus medius 0.77 84 Sylvia atricapilla -0.34

26 Saxicola rubicola 0.76 85 Anthus spinoletta -0.36

27 Delichon urbicum 0.68 86 Turdus pilaris -0.39

28 Sitta europea 0.66 87 Anas crecca -0.41

29 Vanellus vanellus 0.63 88 Tachybaptus ruficollis -0.46

30 Spinus spinus 0.63 89 Cuculus canorus -0.46

31 Troglodytes troglodytes 0.58 90 Aythya ferina -0.49
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32 Motacilla flava 0.53 91 Passer montanus -0.51

33 Lophophanes cristatus 0.51 92 Acrocephalus palustris -0.51

34 Certhia familiaris 0.49 93 Anas platyrhynchos -0.61

35 Turdus viscivorus 0.37 94 Streptopelia decaocto -0.66

36 Anser indicus 0.36 95 Anthus pratensis -0.67

37 Motacilla cinerea 0.33 96 Milvus milvus -0.69

38 Serinus serinus 0.33 97 Alauda arvensis -0.73

39 Phylloscopus collybita 0.32 98 Cygnus olor -0.77

40 Asio otus 0.28 99 Dryocopus martius -0.79

41 Phalacrocorax carbo 0.28 100 Pica pica -0.85

42 Phylloscopus sibilatrix 0.27 101 Ciconia ciconia -1.00

43 Sylvia borin 0.27 102 Fulica atra -1.04

44 Emberiza schoeniclus 0.25 103 Gallinula chloropus -1.11

45 Netta rufina 0.21 104 Chroicocephalus ribibundus -1.13

46 Ficedula albicollis 0.21 105 Apus apus -1.22

47 Sylvia curruca 0.20 106 Columba oenas -1.33

48 Chloris chloris 0.15 107 Jynx torquilla -1.34

49 Phoenicurus ochruros 0.14 108 Buteo buteo -1.40

50 Lanius collurio 0.12 109 Alopochen aegyptiaca -1.41

51 Sylvia communis 0.10 110 Anser anser -1.71

52 Ardea alba 0.10 111 Columba palumbus -1.76

53 Emberiza hortilana 0.10 112 Corvus corone -1.82

54 Anthus trivialis 0.10 113 Columba livia -2.15

55 Linaria cannabina 0.10 114 Ardea cinerea -2.15

56 Charadrius dubius 0.08 115 Corvus corax -2.17

57 Luscinia megarhynchoss 0.08 116 Circus cyaneus -2.32

58 Turdus philomelos 0.07 117 Coloeus monedula -2.43

59 Podiceps cristatus 0.06 118 Corvus frugilegus -2.45
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HRVplace

Emotions Correlation Coefficient .289

Sig. (2-tailed) .071

Satisfaction Correlation Coefficient .357*

Sig. (2-tailed) .024

Restoration Correlation Coefficient .283

Sig. (2-tailed) .076

Place Attachment Identity Pearson Correlation .127

Sig. (2-tailed) .433

Place Attachment Recovery Correlation Coefficient .269

Sig. (2-tailed) 093
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We here propose a new measure, the Human Restoration Value, to assess the beneficial influence of birds 

Moreover, based on field work on 40 different places, we were

attractive, and with a nice song. Therefore, it is not surprising that this factor significantly correlates with 

fatigue (Kaplan and Kaplan, 1989; Kaplan, 1995). Areas with more beneficial bird species could therefore 

effects of traffic noise (Uebel et al., 2022), and improving anxiety (Stobbe et al., 2022), making them a very 

p

mind when looking at the “attractiveness” of birds, since attractiveness is a subjective feeling. T



– –

attractivity, cuteness, and brightness do not actually influence refreshment or positive emotions, but 

with large aggregations of “negative” species, resulting in a very low HRV

) aggregating, and another had a flock of more than 100 feral 

less beneficial for our mental well

To conclude, attractive birds have a positive effect on people’s mental well

possibly function as a flagship or umbrella species, leading to conservation benefits for their whole habitat. 

۞ á
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fl

a useful measure for these species. It is a tool for urban species, able to enhance people’s awareness of the 

benefits of biodiversity. If a bird species has as high HRV as we propose it, it is aesthetically attractive, has 

explore other patterns. For example, habitat affinity, foraging strategy, and nest types could be tested for 

there are significant differences







Experiencing nature is known to improve people’s health and well



Results showed that the participants’ estimated bird species richness was consistently lower than that of 

participants’

individual's personal characteristics and the species’ ecological traits determine park users’ recognition of 

ornithologist’s



ven though people’s 

“people biodiversity paradox”



found that people’s perceived stress levels 



“ al”



d the “larger picture” of the landscape to be 



people see “natural” as a direct counterpart of “anthropogenic” 

completely undisturbed “natural” areas left in Germany, even the 16 national parks are not completely 

study areas are by no means perfectly “natural” by th

“untouched”

Additionally, Wilson’s theory of biophilia 

and the personal definition of “natural” could be quite different and depend strongly on the 

–



already pointed out: “

environment may not be in the head, as Wohlwill (1973) pointed out long ago, but people’s assessments of 

the environments (which are in their heads) are absolutely important to their mental and physical health”

participants’



birdsong with a “phantom chorus” has been 

the CAR as −0.11 (women) and −0.09 (men). In both studies, participants exhibited a significantly steeper 



decrease (−0.52 and 

– and often biodiverse − environments being 



“only” 7 additional native species were used. 

this is the case, and if so, also ask where the threshold is for “enough” artificial birdsong to get an effect. 







“natural” areas are still 



(Garnett et al., 2018; Lišková & Frynta, 2013)
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site survey “Biodiversity and well
being”, please note this is the whole survey catalogue, the present manuscript does not analyze all of these 

Table 22.  Biotic elements of the field survey. In accordance with the determining key catalogue “Arten, 
Biotope, Landschaft” from the nature conservation administration Baden

study “Beauty of recreational areas”







I have…

I feel…



I feel…

I have…

The soundscape in this place…



site survey “Biodiversity and well being”, please note this is the whole survey 

I feel…



Biotic elements of the field survey. In accordance with the determining key catalogue “Arten, Biotope, Landschaft” from the n







study “Beauty of recreational areas”

Concept Items Source

Demographics Age

Gender

Highest degree

Closeness to nature 

(5 point Likert scale)

How often do you go for walks in nature? Randler & Heil (2021) 

Area Assessment:

4 pictures per location and the following questions (5-point Likert scales):

Beauty How beautiful do you find this place? Own

Naturalness How natural does this area seem to you? Schebella et al. (2019a)

Estimated Biodiversity Would you say that this area has low, medium or high 

biodiversity compared to others in the Rottenburg am 

Neckar/Stuttgart area? (Species diversity means the number of 

animals and plants)

White et al. (2017) 

Estimated restorativeness How well would a visit to this place help you to feel refreshed 

and revitalized?

White et al. (2017) 



Variable Min Max Mean SD

Area Assessment On-
Site

Ecological data Bird diversity 18 42 28.05 6.28

Biotope types 7 22.5 13.4 3.87

Landscape characteristics Structures 2 10 5.51 1.83

Infrastructure 1.5 11 6.46 2.19

Incivilities 0 6 1.33 1.21

Area Assessment Off-
Site

Landscape characteristics Urbanity 1 2 1.53 .51

Area type 1 3 1.68 .57

Human Footprint Index (HFI) 13 46 33.5 9.87

Pen-and-paper Survey 
of recreationists on-
site

Area Perception On-site Perceived bird diversity 2.55 4.77 3.55 .51

Perceived naturalness 2.69 4.48 3.72 .39

Mental well-being Emotions 3.66 4.66 4.15 .22

Recalled Restoration 3.5 4.52 4.03 .25

Place Attachment-Recovery 3.58 4.46 4.06 .214

Place Attachment - Identity 2.64 4.33 3.66 .38

Online Survey Area perception online Estimated beauty 2.56 4.61 3.65 .48

Estimated naturalness 1.69 4.57 3.09 .77

Estimated restoration value 2.36 4.49 3.49 .52

Estimated biodiversity richness 1.94 4.43 3.2 .69
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