

  land-10-00153




land-10-00153







Land 2021, 10(2), 153; doi:10.3390/land10020153




Article



Bird Diversity Unconsciously Increases People’s Satisfaction with Where They Live



Lauren Hepburn 1, Adam C. Smith 2[image: Orcid], John Zelenski 3[image: Orcid] and Lenore Fahrig 1,*





1



Department of Biology, Carleton University, Ottawa, ON K1S 5B6, Canada






2



National Wildlife Research Centre, Environment and Climate Change Canada, Ottawa, ON K1A 0H3, Canada






3



Department of Psychology, Carleton University, Ottawa, ON K1S 5B6, Canada









*



Correspondence: lenore.fahrig@carleton.ca







Academic Editor: Audrey Mayer



Received: 7 December 2020 / Accepted: 21 January 2021 / Published: 3 February 2021



Abstract

:

There is growing evidence that exposure to nature increases human well-being, including in urban areas. However, relatively few studies have linked subjective satisfaction to objective features of the environment. In this study we explore the links among objective environmental features (tree cover, water, and bird diversity) and subjective judgements of satisfaction. We surveyed residents of Ottawa, Canada (n = 1035) about their satisfaction with their local neighbourhoods. We then compared the survey responses to measures of nature near their homes, including bird diversity (number of bird species), tree canopy cover, and distance to water. After controlling for effects of income and subjective happiness, residents’ neighbourhood satisfaction was positively related to the number of bird species nearby, even before participants were prompted to consider nature. Residents’ appreciation of their local neigbourhood relative to others also increased with tree canopy cover and nearness to water. Unsolicited comments from participants following the survey indicated that while residents consciously appreciate trees and water, the relationship between bird diversity and neighbourhood satisfaction appears to be unconscious; very few of the participants mentioned birds. Based on these results, we speculate that a diverse local bird community may provoke feelings of satisfaction through their presence, activity, and songs. Our results create a compelling argument for city planners and individual residents to maintain bird-friendly spaces in urban areas.
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1. Introduction


There is growing evidence that exposure to nature increases human well-being [1]. Nature is related to a variety of indicators of well-being, such as improved mood, increased cognitive function, overall general health, and life satisfaction [2,3,4,5,6,7], though these relationships can be complicated [8]. Studies have used a wide variety of measures of nature to test this relationship. These can include broad landscape features, amount of greenspace, subjective measures of “naturalness” of the environment, and subjective or objective indices of biodiversity, most commonly indexed as the number of species [9]. In addition, people’s subjective sense of attachment to nature is thought to be a robust predictor of standard well-being measures and sometimes even an indicator of well-being itself [10,11].



The link between biodiversity and well-being has typically been less studied than the link between environmental features such as greenspace and well-being [12], but there is a growing body of literature in this field [7,9,13]. Previous work suggests that the relationship between biodiversity and well-being can differ depending on whether biodiversity is objectively measured or subjectively evaluated by participants. For example, Dallimer [14] found a positive relationship between well-being and perceived biodiversity, but no relationship between well-being and measured biodiversity.



In this study, we explore the links among objective environmental features (tree cover, water, and bird diversity) across the city of Ottawa, Canada, and subjective judgements of participants’ satisfaction, a component of well-being. Understanding this relationship in an urban environment is particularly important because urban areas can be associated with lower biodiversity than rural areas, especially in many downtown core areas [15]. It is estimated that 55% of the world’s population currently lives in urban areas and this is expected to increase to 68% by 2050 [16]. Therefore, knowledge of the relationship between human well-being and natural or semi-natural elements of urban areas, especially the biodiversity in them, is important for planning healthy cities.



Many studies that measure the effect of nature on humans in cities focus on nature in public parks and gardens [4,14,17,18,19], but see White et al. [20]. For example, Fuller et al. [17] found that indicators of psychological well-being of people who visited a community garden, such as reflection, distinct identity, and place attachment, were related to plant and bird diversity. Dallimer et al. [14] found similar effects of bird diversity, but not plant diversity. In a recent study by Cameron et al. [18], participants reported being happier in parks that had greater avian diversity or a wider variety of habitats compared to lower-diversity parks.



Methods that focus on people in dedicated greenspaces could represent a biased subset of the population. For example, people whose well-being is less influenced by nature may be less likely to visit a park and would therefore be under-represented in such studies. Consistent with this, Lin et al. [21] found that a person’s nature relatedness predicted park use more than the park’s physical proximity. In addition, there are greenspaces in cities other than parks, such as private yards and tree-lined streets. As noted by Botzat et al. [12], there has been considerably less focus on the role of urban greenspace overall, but suggestive findings do exist. Houlden et al. [22] found that well-being measures such as life satisfaction, sense of worth, and happiness were positively related to the presence of greenspace within 300 m of one’s home and that this relationship weakened at greater distances. Cox et al. [23] found lower incidence of mental health problems in people surrounded by more vegetation and more birds within 250 m. Kardan et al. [24] found that people whose neighbourhoods had higher tree canopy cover had fewer reported health problems and higher perceived health. Similarly, White et al. [20] found that on average, individuals have both lower mental distress and higher well-being when living in urban areas with more greenspace. This suggests that not only large public greenspaces are important to well-being, but that other urban greenspaces, and the biodiversity associated with them, may also be important [25,26].



Our goal was to determine whether residents’ general well-being and specific satisfaction with their local neighbourhoods is related to the amount of greenspace and biodiversity directly surrounding their residences. To accomplish this, we surveyed residents of Ottawa, Canada where we could link residents’ responses to already well-curated data on tree-cover, distance to water, and bird diversity. Our study included all greenspace, not just public greenspaces. In addition, our survey design was aimed to identify unconscious effects of greenspace and biodiversity on residents’ general well-being and satisfaction with their local neighbourhoods.




2. Methods


2.1. Overview


We surveyed residents in Ottawa with a short questionnaire about their satisfaction with their local neighbourhoods, general well-being, and subjective connections with nature, and we related the survey results to independent data on the natural environment near their residences. Participants were not told in advance that this study was about nature, because we did not want to influence their answers to early questions about their overall satisfaction and satisfaction with their neighbourhoods through the mentioning of nature. We compared participant responses to measures of nature around their homes while controlling for the potentially confounding variables of income and subjective happiness. We used four measures of nature: (1) bird abundance (number of bird individuals), (2) bird diversity (number of bird species), (3) tree canopy cover and (4) distance to water. Distance to water was added as a variable post hoc, as many participants explicitly mentioned the importance of being near to water, during unsolicited comments following the survey. We selected 100, 250 m-radius sites across the residential parts of Ottawa, Canada (Figure 1). These sites were centred on pre-existing bird survey locations (75 m radius each) from the Ottawa Bird Count (www.ottawabirds.ca), to provide information on bird abundance and diversity at a local spatial scale. The existence of this bird dataset made Ottawa an ideal city for this study. For our predictor variables and potentially confounding variables, we used the most recently available data preceding our survey of residents in 2017.




2.2. Survey of Residents


2.2.1. Survey Design


The survey contained eight questions (Table 1). Survey details were strongly driven by a desire to keep the survey short, and thus reduce the response burden on the participants and increase response rates. Although longer surveys have some clear advantages, they are not amenable to unannounced, uncompensated solicitations for answers. Rather, short and simple questions are common when prioritizing response rates from the general public. Items were adapted from commonly used surveys of subjective well-being and similar constructs. We preferred broad phrasings, as they are amenable to short surveys and they allow people to idiosyncratically weight sub-domains in a way that best captures personal satisfaction, cf. Diener et al. [27].



Questions started broad and gradually became more specific. The first question asked about the participant’s subjective happiness [28], which we treated as a personal character trait of the participant. It was used as a predictor for the other questions, to control for effects of subjective happiness on individuals’ feelings about their local neighbourhoods (e.g., generally happy people are more likely to have higher satisfaction with their neighbourhood). Question two was about life satisfaction [27,29]. Question three asked about the resident’s satisfaction with their neighbourhoods. Note that during the first three questions, the survey made no mention of nature or the natural environment, thus avoiding problematic order effects (see [30]). Questions four to six focused on how aware the participants were of the nature around them and whether this played a conscious role in their choice of neighbourhood. Questions seven and eight determined the participant’s relationship and connectivity to nature, and were adapted from the Nature Relatedness Scale [31]. The Carleton University Research Ethics Board approved all methods and survey questions (Project # 106476). Although we did some informal evaluations to determine whether the questions were understandable, we did not do structured piloting as our goal was to maximize our sample size given the time and resources available.




2.2.2. Survey Deployment


We surveyed people door-to-door, visiting all study sites between May and August, 2017. We used in-person surveying to ensure a high response rate within each site. In-person surveying took place Monday through Friday (excluding holidays) between 9:30 a.m. and 4:30 p.m. This timing may bias our sample towards residents who are home during the working-day. However, this overall bias in survey respondents should not affect our findings because it is consistent across all study sites, and therefore uncorrelated with any of our predictors of interest. For each 250 m-radius site, sampling continued until either 10 surveys had been achieved or until there were no more residential addresses to visit within the site. If a site could not be completed on a given date, it was revisited at the end of the sampling period. Residences were prioritised for surveying based on how close they were to the bird sampling point at the centre of the site. Residences within the 75 m bird-sampling radius had highest priority, followed by those within 150 m, and lastly within 250 m. The study period was chosen to bracket the mean leaf-out and leaf-senescence dates as recorded at the Ottawa Arboretum [32,33]. This was done so that the tree canopy cover would be consistent throughout the survey field season. The last online survey was collected on 1 October 2017.



We created the survey using the software QualtricsTM [34], which hosted the survey on its platform. For in-person surveys, the participants used a tablet to read and submit their answers. To increase sample size, flyers were left at residences inviting the occupants to participate online if they were not available for an in-person survey. Participants were asked if they would be willing to participate in a study on “resident life satisfaction”. We intentionally did not mention the environment until later in the survey as we did not want to influence their answers to questions about their overall satisfaction and satisfaction with their neighbourhoods by the mention of the environment. Those who answered affirmatively were given consent information to review. Once participants electronically submitted their consent, each participant was assigned a unique User ID. This ID was coded to the participant’s location so that the variables around their residence—bird abundance and diversity, tree canopy cover, distance to water, and median income—could be measured. The survey then began. The survey showed one question at a time, in order (Table 1), and participants were not able to change their answers after they had been given. Again, this was to avoid the later mention of the natural environment having an influence on participants’ answers to questions about their satisfaction with life and with their neighbourhood. After the last question, participants were shown debriefing information describing the purpose of the study and were asked to reaffirm their consent. Participants were given the option to withdraw from the survey, even after completion; however, no participants chose this option.





2.3. Site Selection


We selected 100 survey sites (Figure 1), from among the 928 Ottawa Bird Count locations distributed across Ottawa. The 100 sites represented gradients of our predictor variables: bird abundance and diversity, tree cover, distance to water, and median income. Sites were selected such that these gradients were as independent as possible. The sites were centred around the pre-existing bird count locations from the Ottawa Bird Count program and had a radius of 250 m from the centres of the bird count locations. The 250-m radius was selected to ensure that the bird data were relevant to the local neighbourhood experienced by the residents, as our goal was to evaluate influences of the natural environment within local neighbourhoods on residents satisfaction; note, the same distance was selected by Cox et al. [23] for the same purpose. A distance of 250 m was also practical for updating the tree canopy data during the field surveys (see Section 2.6). Sites with fewer than 10 residential properties were excluded due to low potential sample size. The centroid co-ordinates of each residential property were determined by using publicly available data [35]. Any potential sites that had missing or incomplete data for any of the predictor variables were excluded from consideration. This left a total of 221 candidate sites of the 928 Ottawa Bird Count sites. Sites that were overlapping at the 250 m radius extent were eliminated one by one, keeping sites that had the lowest pair-wise correlation between the predictor variables and favouring more evenly distributed sites across the study area. To ensure a low correlation between tree canopy cover and median income, we categorised candidate sites based on whether they were above or below the median value of income (i.e., high or low income) and tree canopy cover (i.e., high or low tree cover). A roughly even number of sites of each of the four combinations were included (29 high median income-high tree canopy cover, 20 high median income-low tree canopy cover, 24 low median income-high tree canopy cover, and 27 low median income-low tree canopy cover). However, a perfectly balanced design could not be obtained because some combinations are relatively rare (e.g., high income and low canopy cover). Therefore, median income was included as a co-variate in all analyses.




2.4. Sampling Order


We determined the order to visit sites using a structured framework, to make sure that there was no relationship between season and any of the predictor variables. We did this because seasonality may affect people’s moods [36] and mood may affect satisfaction judgments, though such effects appear weak and inconsistent [37]. To spatially distribute sampling, we divided the study area into quadrants (Figure 1). Sampling started in the western quadrant and we changed quadrant every day moving clockwise. We chose the order of sites within quadrants by their median income and tree canopy cover values. Each day we sampled two sites in the same category of median income level, switching daily from high median income to low, then reversing the pattern each cycle around the quadrants. Each day one high tree canopy cover site was paired with one low tree canopy cover site until all possible pairs were exhausted. This approach successfully avoided any seasonal pattern in the predictor variables of the sampled sites (Appendix A Figure A1).




2.5. Bird Data


The bird data we used for this project were provided by the Ottawa Bird Count. This is a breeding season monitoring program for birds that takes place within the city of Ottawa, Canada. Well-trained volunteers make bird observations between half an hour before sunrise and 8:00 a.m. at designated locations across the city, taking 10-min, 75 m fixed-radius counts, during peak breeding season (June 3 to July 7). The Ottawa Bird Count was designed to provide a representative sample of the bird community within the city. Each of the 928 bird survey locations is the nearest publicly accessible location to a randomly selected point within one cell of a 1 km by 1 km square grid. The grid covers all of the urban and suburban designated portions of the city.



We used the measure of bird abundance and diversity (number of species) available at each site in the closest year preceding our surveys, ranging from 2006 to 2016. These measures included only birds that were observed using the space in the site, and excluded birds flying far overhead. The bird data were collected within the 75 m-radius circle at the centre of each 250 m-radius survey site. We did not account for variability among individual observers in the bird data because previous work with these particular data have shown that observer effects are weak [38].




2.6. Tree Canopy Cover


A map of tree canopy cover was provided by the City of Ottawa [39]. It was created using stereo compilation of 6-cm aerial photography. The map is updated by the city every 2 to 3 years, the most recent date prior to our surveys being November 2015. During the survey period, field assistants updated the tree canopy cover data for each site, to account for small changes in canopy cover, by comparing the map data to trees present at the site and noting any discrepancies. We then updated the map in ArcGIS version 10.5.1 [40] before analysis. For site selection, we calculated the total amount of tree canopy cover within a 250 m radius of the centre of each site, i.e., the centre of the bird count. For analysis of our data, we calculated the tree canopy cover within a 250 m radius surrounding each participant’s residence.




2.7. Distance to Water


Distance to water was included post hoc. In unsolicited comments, many residents said that being close to water was one of the key features that they enjoyed about their neighbourhood. To reflect this, we added distance to water as a predictor variable in the models. The map of waterbodies was from the city of Ottawa, last updated April 2018 [41]. The map was derived from an Ontario Base Map created using aerial imagery at a scale of 1:10,000. We calculated the Euclidean distance from each participant’s residence to the nearest waterbody.




2.8. Median Income


Previous studies have indicated that higher relative income has a positive effect on a person’s life satisfaction [42]. As well, property values tend to increase with neighbourhood tree canopy cover [43]. Therefore, it is expected that income will be correlated to both life satisfaction and tree canopy cover. We therefore included median income as a variable in site selection and data analysis to control for this potentially confounding effect. Asking about individual participants’ income seemed invasive and could decrease our response rate. Therefore, we used income data from the Canadian National Household Survey from the Canadian Census of 2011 [44]. Median individual yearly income was treated as an indicator of the area’s relative wealth. For broad initial site selection, we assigned each site the median income of the Census Tract, i.e., an area of approximately 2500 to 8000 people, within which it was located. For analysis, we assigned each participant’s residence the median income of the Dissemination Area, i.e., an area of approximately 400 to 700 people. Dissemination Areas are the smallest Census division.




2.9. Data Analysis


The responses to each survey question were analysed with a hierarchical Bayesian, ordered probit mixed model using the software R version 3.4.3 [45], and the package MCMCglmm [46]. Site was treated as a random effect, to control for the non-independence of survey responses within sites, while all other variables were fixed effects. Bird abundance and diversity were highly correlated (r = 0.736), so models for each were run separately. We included subjective happiness (from Question 1) as a predictor for Questions 2–8. This was to control for the potential influence of a person’s subjective happiness on their feelings about their neighbourhood [47]. Note we could have controlled for life satisfaction instead (Question 2), as both subjective happiness and life satisfaction are components of subjective well-being. We chose to control for subjective happiness because it was our first question and therefore answers were not influenced by the other questions. Subjective happiness was an ordinal variable, so a series of orthogonal polynomials for subjective happiness were fit up to the sixth power (k-1, where k was the number of response levels in Question 1). This is a conservative approach as it reduces the amount of variation available for the nature predictors (bird abundance/diversity, tree canopy cover, and distance to water) to explain. Thus, the final model for each response was:


Surveyij = (β0 + Sitej) + β1Birdij + β2Treeij + β3Waterij + β4Incomeij + β5Subjective happiness1–6ij + ej











Survey is the response to a survey question of the i-th participant in the j-th site. Site is the site number, Bird is either bird abundance or bird diversity (number of species) and Tree is tree canopy cover within a 250 m radius of the residence in ha. Water is the Euclidean distance from the residence to the nearest waterbody in km, Income is the median income of the Dissemination Area within which the residence was located, and Subjective happiness1–6 is a 6th-degree matrix of orthogonal polynomial contrasts of a participant’s subjective happiness (taken from Question 1).



We ran models using vague priors, with residual variance fixed at 1. We used a burn in of 60,000, a thinning factor of 30, and 360,000 total iterations. We confirmed convergence using a Gelman-Rubin diagnostic [48] and using MCMC trace plots [49]. The postMCMCglmm R package [50] was used to predict the probability of each participant answering the most positive option for each question. We used this approach because there was the greatest variability among participants and therefore the most information contained in the contrast between the most positive option vs. any other option. In plotting the model results, all parameters were held at their mean values (median for subjective happiness) except for the predictor of interest. The Bayesian framework is particularly useful for this analysis as it provides direct estimates of the parameters of interest: the probability a resident would give a particular response [49].





3. Results


In all, we collected 1035 surveys (886 in-person, 149 online in response to flyers). The overall response rate was 16.7% (64.7% in-person, 3% in response to flyers). Thus, our results essentially reflect responses to in-person surveys. The responses to all questions were skewed, such that most responses were from the more positive options (Figure A2). There was a moderate correlation between response rate per site and median income (r = 0.358), and there were low correlations between the response rate per site and all other predictors (Table A1). The site selection procedure resulted in low correlations among all pairs of the predictors (Figure A3), except for bird abundance and bird diversity (r = 0.736). The correlation between tree canopy cover and median income was moderate (r = 0.363). The predictor variables were sampled evenly across the field season (Figure A1).



The signs of the significant coefficients across all models were consistent with our expectations: positive relationships for bird diversity, tree canopy cover, and median income, and negative relationships for distance to water on participant responses to every question (Figure 2, Table A2). Bird abundance was not significant in any of the models, but the direction of effect was consistent with the direction of effect for bird diversity. This was expected as these two predictors were highly correlated. At least one subjective happiness contrast was significant in models of responses to Questions 2–5, supporting the decision to include subjective happiness as a predictor in the models. The Spearman correlation between the participant’s subjective happiness (Question 1) and the participant’s overall life satisfaction (Question 2) was r = 0.574 (Table A3). However, the differentiation between subjective happiness (Question 1) and overall life satisfaction (Question 2) was supported, as the models for these two questions showed different results.



There was no clear evidence in any of the models for a relationship between a participant’s subjective happiness as the response variable (Question 1) and any of the predictor variables (Figure 2A). Overall life satisfaction (Question 2) was positively related to median income (Figure 2B). Neighbourhood satisfaction (Question 3) was positively related to bird diversity and median income (Figure 2C). Satisfaction with local nature (question 4) was positively related to bird diversity and tree canopy cover (Figure 2D). Residents’ rating of their natural environment compared to other areas (Question 5) increased with tree canopy cover, income, and proximity to water (Figure 2E). The importance of nature when choosing a place to live (Question 6) increased with tree canopy cover and proximity to water (Figure 2F). A participant’s relationship and connectivity to nature (Question 7 and Question 8, respectively) showed no significant predictors (Figure 2G,H).




4. Discussion


Urban residents living in areas with more bird species reported higher general satisfaction with their neighbourhoods. Neighbourhood satisfaction (Question 3) increased with increasing bird species diversity, even before survey respondents were prompted to think about nature at all (Figure 2C). We note that the relationship between bird diversity and neigbourhood satisfaction was not due to correlations between bird diversity and tree cover or distance to water, as these correlations were very low (r = 0.035 and 0.057 respectively; Figure A3). Although this study is correlational, it complements previous work showing that bird species diversity in urban greenspace is positively associated with human well-being [14,17,18]. While many studies have suggested well-being benefits for urban green spaces, substantially fewer have focused on the particular link between diversity of birds within urban neighbourhoods (i.e., developed areas outside of parks and greenspace) and the satisfaction of the residents living there (see [51]).



It appears that residents are not consciously aware of the relationship between bird diversity and their overall satisfaction with their neighbourhoods. First the order of questions avoided making nature (including birds) salient when our participants rated neighbourhood satisfaction (Question 3). Moreover, residents very rarely mentioned birds in their unsolicited comments following the surveys, even though by then they were well aware that the survey was actually about their responses to nature. In contrast, they frequently mentioned trees and water. Also, in the results from Question 6, where participants were asked about the importance of nature when they chose where to live, neither bird species diversity nor bird abundance was significantly associated (Figure 2F). This suggests that people are not consciously seeking to live in areas of high bird diversity, even when seeking nature, despite bird diversity having the largest impact on their ultimate satisfaction with their neighbourhoods, out of the variables we considered.



While bird diversity was significantly related to feelings of neighbourhood satisfaction, the relationship between bird abundance (total number of individuals) and neighbourhood satisfaction was weaker and non-significant. Most previous studies used either abundance or diversity but not both [14,17,52]. Wolf et al. [53] showed participants videos of birds and trees controlling for abundance, and found that species diversity positively predicted mental well-being. Thus, we speculate that the relationship between birds and well-being is specifically related to the number of different kinds of birds in an individual’s surroundings, at least within the ranges of bird diversity and abundance in our study area. Bird diversity is sensed both visually and auditorily. We intuitively suspect that the implicit response to bird diversity is more likely due to the diversity of bird song than to the diversity of seen birds. If it were a visual response, we might expect some evidence that residents are more aware of the role of birds in their neighbourhood satisfaction. Previous research has shown relationships between people’s subjective appreciation of bird song and their perception of the environment [54], but ours is the first study to show an unconscious relationship between bird diversity (possibly diversity of bird song) and peoples’ feelings of satisfaction with their neighbourhoods.



We note that it is also possible that the relationship between bird diversity and neighbourhood satisfaction is not due to bird diversity itself, but rather to the diversity of habitat types in the neighbourhood. While bird diversity and tree canopy cover are not correlated across our sites, we have no measure of habitat diversity. If bird diversity increases with habitat diversity, it is possible that residents are responding to habitat diversity rather than bird diversity. We note, however, that participants did not mention habitat diversity in their unsolicited comments following the surveys. Thus, whether the response to birds is due to bird diversity itself or to habitat diversity, it appears to be unconscious.



Tree canopy cover was positively related to satisfaction with local nature (Question 4) and both tree canopy cover and distance to water were related to participants’ ratings of the quality of their natural environment compared to other areas (Question 5) and the importance of nature in choosing where to live (Question 6) (Figure 2D–F). These findings suggest that participants consciously appreciate tree canopy cover and urban water bodies, and supports the previously-shown aesthetic preferences for vegetation and water [55]. Higher tree cover is preferred in residential neighbourhoods [56]. Spending time in treed areas has been found to improve happiness [5]. Similarly, coastal studies find that being near waterbodies is perceived as beneficial by residents [52], and viewing landscapes with water is associated with greater positive affect and higher perceived restorativeness [57]. We note that residents often mentioned trees and water in unsolicited comments after the surveys. It is thus not surprising that trees and water were related to their feelings about their natural environment (Questions 5 and 6).



We found no significant predictors of nature relatedness (Questions 7 and 8). However, almost all responses to these questions were very positive. The majority of participants indicated that a relationship with nature was important to them (Question 7) and that they had a strong connection to nature (Question 8) (Figure 2G,H). The low variation in participants’ responses to Questions 7 and 8 was surprising, particularly given that the nature relatedness questionnaire was developed and validated with many Ottawa resident samples, among others [31]. Nonetheless, low variability in this sample means that any effects of the predictors would be difficult to detect. We suspect that the low variation was at least partly due to the fact that these questions were at the end of the survey. Participants may have altered their responses to fit with their growing interpretation of the research goal, as they progressed through the questions [58]. By the time a participant got to the nature relatedness questions they may have thought that answering positively about nature was the expected result. This would influence the responses, as participants are known to be prone to being agreeable to questions [59]. Even though the results for the two nature relatedness questions were not significantly related to local nature, the typically high levels do suggest that residents in Ottawa view their relationship and connection with nature to be very important.



Another possible explanation for the lack of significant effects of predictors on peoples’ relationship and connection to nature (Questions 7 and 8) is that the local nature around one’s home may not be a strong predictor of nature relatedness. People who are highly connected to nature may be willing to live in lower nature areas (e.g., downtown core), especially when it supports a more environmentally sustainable lifestyle, as long as they can travel to spend time in more natural settings (cf. [21]). Participants mentioned hiking, camping, and other nature recreation activities not associated with their homes. These activities would be connected to nature relatedness but would not be captured by measuring local nature around their homes.



Our study had some limitations that may reduce our ability to generalize from the results. First, we studied one particular Canadian city, and we prioritised a short survey to increase the response rate. Therefore, idiosyncratic features of Ottawa or the questions’ phrasing may account for some results (both positive and negative). Confidence in the link between bird diversity and neighborhood satisfaction will be adjusted up or down depending on the results of similar studies conducted in other locations. Additionally, demographic measures such as age and gender were not included in the models. Some studies have found that different demographics show different relationships between well-being and nature [60]. However, a meta-analysis of nature relatedness found age and gender are not significant moderators of happiness [11]. A second limitation is that the majority of participants in our study were people who were home during the day (except for people who responded to the flyer, 14.4%). This would include people who were: stay-at-home parents, working from home, shift work employees, unemployed, or retired. This bias towards people at home during the day should be similar across all sites as the sampling times were kept consistent. Nonetheless, people who spend more time at home might have a different relationship to their local neighbourhoods, meaning the results might be less applicable to the day shift working population. Nature relatedness has been found to be correlated with time spent in nature [61]. People at home during the day may spend more time in their neighbourhood, strengthening their relationship and connection to their local nature. As well, most participants lived in detached or semi-detached housing as many apartment buildings had security that prevented in-person surveys or even distributing flyers. Those who live in apartment buildings may have less access to nature as they do not have a private yard, which might affect their nature relatedness. Finally, this study and the majority of research on this topic was based in North America and Europe [62], which may limit the applicability of the results to other parts of the world. For example, a study from Singapore did not find that access to greenspace affected well-being [63]. The authors theorized that because the total amount of nature and biodiversity was much higher across the region in Singapore than in temperate regions, the negative effects of being isolated from nature may not be as pronounced there.




5. Conclusions


Our results confirm previous findings that maintaining nature in the city is beneficial to resident satisfaction. Interestingly, although participants frequently mentioned trees and water being key features of their neighbourhoods, and very rarely mentioned birds, the nature measure that best predicted neighbourhood satisfaction (Question 3) was bird species diversity. This suggests an unconscious relationship between bird diversity and residents’ satisfaction with their neighbourhoods. This also implies that conserving bird diversity could be an important priority for urban planners and individual residents. To this end, priority could be given to conserving bird habitats as well as to installing measures that reduce bird mortality in cities, e.g., bird-safe windows. As well, many participants indicated that they strongly considered the quality of the local environment when choosing where to live, and responses to this question were significantly related to tree canopy cover near their residence. City regulations could therefore discourage the removal of trees and encourage planting them throughout the city, irrespective of location, rather than focusing greenspace attention only on parks. Real estate developers could leave existing trees and plant new ones to attract buyers. Lastly, most participants indicated that their relationship and connection to nature were important to them. City governments could take into account that residents feel strongly about nature and make conserving urban biodiversity and the natural environment a priority.
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Figure A1. Relationships between survey date and each of the predictor variables. The sequence of surveys was designed to avoid any confounding of survey date with any of the predictor variables (see Methods). 
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Figure A2. Histograms of participant responses to survey questions (see Table 1). Responses were scored with 1 being the least positive response. 
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Table A1. Pearson correlation coefficients between predictor variables and response rates. Predictor variables measured include bird abundance and species diversity, tree canopy cover (ha), distance to water (km), and median individual yearly income. Sites were surveyed until either there were 10 participants or until there were no more residential addresses to visit. In-person response rate is the number of individuals in the site who participated in door-to-door surveys divided by the total number of people who were spoken to in that site. The flyer response rate is the number of individuals who responded to the flyer divided by the total number of flyers left at residences. The overall response rate is the total number of participants divided by the total number of people contacted (either in-person or by flyer) in each site.
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	Predictor

Variable
	In-Person

Response Rate
	Flyer

Response Rate
	Overall

Response Rate





	Bird abundance
	−0.110
	−0.113
	−0.040



	Bird diversity
	−0.091
	−0.083
	−0.048



	Tree canopy cover
	−0.001
	−0.050
	0.055



	Distance to nearest water body
	−0.285
	−0.287
	−0.207



	Median income
	0.409
	0.223
	0.358
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Figure A3. Frequency distributions and pair-wise correlations of predictor variables. Values in the boxes are Pearson correlation coefficients. Variables are: bird abundance (total number of individuals) and bird diversity (number of bird species) measured at the Ottawa Bird Count (OBC) site closest to the residence; tree canopy cover in hectares within 250 m of the residence; Euclidean distance in km from the residence to the nearest body of water; and median yearly income in the Canadian Census Dissemination Area containing the residence. 
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Table A2. Parameter coefficients for all models. Models were fit using ordered probit mixed models where site was treated as a random effect. Predictor variables included bird abundance and diversity, tree canopy cover (ha), distance to water (km), median individual yearly income and subjective happiness (taken from participants’ responses to Question 1 (Table 1)). Models either included subjective happiness as a predictor or did not. If subjective happiness was included as a predictor it was coded using orthogonal polynomial contrasts up to the sixth power. Each model only included one bird variable at a time, either bird abundance or bird diversity (number of species). Significance level is denoted by asterisks: * p < 0.05, ** p < 0.01, *** p < 0.001.
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Parameter

	
Coefficients

	






	
Q1

	
Intercept

	

	

	

	

	
3.02600

	
***

	
3.01100

	
***




	
Bird

	

	

	

	

	
0.00758

	

	
0.02212

	




	
Tree

	

	

	

	

	
0.06628

	

	
0.05812

	




	
Water

	

	

	

	

	
−0.06398

	

	
−0.06519

	




	
Income

	

	

	

	

	
0.00000

	

	
0.00000

	




	
Q2

	
Intercept

	
3.38500

	
***

	
3.36800

	
***

	
3.32400

	
***

	
3.31000

	
***
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−0.00627

	

	
−0.01461

	

	
−0.00022

	

	
0.00274

	




	
Tree

	
−0.02099

	

	
−0.01473

	

	
0.01353

	

	
0.01415

	




	
Water

	
−0.04261

	

	
−0.04256

	

	
−0.07485
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0.00001
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0.00001

	
**

	
0.00001

	
*

	
0.00001

	
*




	
Happiness1

	
2.15600

	
***

	
2.16000

	
***

	

	

	

	




	
Happiness2
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***
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***
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−0.78150

	
*
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Happiness4
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*

	

	

	

	




	
Happiness5

	
−0.34910
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Happiness6

	
−0.05446
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***
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***

	
0.00002

	
***

	
0.00002

	
***

	
0.00002

	
***
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***
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***
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0.80830

	
**
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0.20070

	

	

	

	

	




	
Happiness4

	
−0.02998

	

	
−0.04119

	

	

	

	

	




	
Happiness5

	
−0.23150

	

	
−0.21290

	

	

	

	

	




	
Happiness6

	
0.09538

	

	
0.07983

	

	

	

	

	




	
Q4

	
Intercept

	
2.42100

	
***

	
2.35900

	
***

	
2.53000

	
***

	
2.47200

	
***




	
Bird

	
0.01025

	

	
0.03734

	
*

	
0.01172

	
*

	
0.04089

	
*




	
Tree

	
0.23740

	
***

	
0.22540

	
***

	
0.23730

	
***

	
0.22410

	
***




	
Water

	
−0.09111

	

	
−0.09082

	

	
−0.09829

	

	
−0.10050

	




	
Income

	
0.00001

	

	
0.00001
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0.20800
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2.22500
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0.01023

	

	
0.03073
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*

	
0.03408

	




	
Tree
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***

	
0.22420

	
***

	
0.23300

	
***
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Water
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**

	
−0.20080
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***
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−0.17560
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Happiness4

	
−0.30160

	

	
−0.31620

	

	

	

	

	




	
Happiness5

	
0.18700

	

	
0.20510

	

	

	

	

	




	
Happiness6

	
−0.06171

	

	
−0.07103

	

	

	

	

	




	
Q6

	
Intercept

	
1.55100

	
***

	
1.47900

	
***

	
1.56800

	
***

	
1.48300

	
***




	
Bird

	
−0.00111

	

	
0.00853

	

	
−0.00065

	

	
0.01019

	




	
Tree

	
0.14260

	
***

	
0.14320

	
***

	
0.14580
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0.14530

	
***




	
Water

	
−0.17100

	
**
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Happiness5
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−0.06941
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0.51250

	
*
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Intercept
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***
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***

	
3.46300

	
***

	
3.45800

	
***
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−0.00006

	

	
−0.00027

	

	
0.00071

	

	
0.00266

	




	
Tree

	
0.04407

	

	
0.04387

	

	
0.05515

	

	
0.05395

	




	
Water

	
−0.08205

	

	
−0.08206

	

	
−0.08869

	

	
−0.08866

	




	
Income

	
0.00000
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Happiness1

	
0.47140

	

	
0.47360
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Happiness4

	
0.14360

	

	
0.14320

	

	

	

	

	




	
Happiness5

	
−0.15360

	

	
−0.15360

	

	

	

	

	




	
Happiness6
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Q8

	
Intercept

	
2.97800

	
***

	
3.00700

	
***

	
3.10600

	
***

	
3.15100

	
***




	
Bird

	
−0.00048

	

	
−0.00751

	

	
0.00080

	

	
−0.00315

	




	
Tree

	
0.05728

	

	
0.05916

	

	
0.06658

	

	
0.06567

	




	
Water

	
−0.03238

	

	
−0.03307

	

	
−0.04239

	

	
−0.04519

	




	
Income

	
0.00000

	

	
0.00000
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Happiness1

	
0.48080

	

	
0.47560

	

	

	

	

	




	
Happiness2

	
0.59690
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Happiness3

	
−0.15990

	

	
−0.16370

	

	

	

	

	




	
Happiness4

	
0.27170

	

	
0.27350

	

	

	

	

	




	
Happiness5

	
−0.32430

	

	
−0.32350

	

	

	

	

	




	
Happiness6

	
0.05675

	

	
0.05339
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Table A3. Pairwise Spearman correlation values between the participant responses to the 8 questions. Questions and possible responses are in Table 1.
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	Subjective Happiness

(Q1)
	Overall

Satisfaction

(Q2)
	Neighbourhood

Satisfaction

(Q3)
	Environment

Satisfaction

(Q4)
	Environment

Comparison

(Q5)
	Environment

Importance

(Q6)
	Nature

Relationship

(Q7)
	Nature Connectivity

(Q8)





	Q1
	
	0.574
	0.288
	0.219
	0.185
	0.084
	0.130
	0.143



	Q2
	
	
	0.250
	0.173
	0.177
	0.050
	0.116
	0.117



	Q3
	
	
	
	0.453
	0.334
	0.117
	0.085
	0.100



	Q4
	
	
	
	
	0.517
	0.245
	0.137
	0.142



	Q5
	
	
	
	
	
	0.392
	0.230
	0.185



	Q6
	
	
	
	
	
	
	0.386
	0.266



	Q7
	
	
	
	
	
	
	
	0.591



	Q8
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Figure 1. Location of the study region in Ottawa, Canada (A), and the distribution of 100 study sites across residential Ottawa (B). Each 250 m-radius site was centered on a pre-existing bird survey location from the Ottawa Bird Count (OBC). Within the sites, residents were surveyed door-to-door about their satisfaction with their local neighbourhood (see Table 1 for list of survey questions). Responses were related to independent measures of the local environment around each residence: bird abundance and diversity, tree canopy cover, and distance to water. 
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Figure 2. The independent effects of each of the four predictor variables, after controlling for the effects of all other variables, on the probability (+/− 95% credible intervals) of a participant answering the most positive option to each of questions 1 to 8 in Table 1 (rows A to H). Predictor variables are bird species richness, tree canopy cover in ha within the 250-m radius area surrounding the residence, distance of the residence to the nearest water body in km, and median income of the Canadian Census Dissemination Area within which the residence was found. Each plot shows the effect of one predictor, while all other predictors are held constant at their means. Effects plotted in blue have 95% credible intervals around the coefficient estimates not overlapping 0. 
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Table 1. Survey questions and possible responses. Participants were residents in Ottawa who lived within 250 m of pre-existing bird survey locations of the Ottawa Bird Count (OBC). Participants were recruited door-to-door and through flyers during the summer of 2017. Questions were asked singly and in order, and participants were not allowed to change their answers once they had been given.
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Question

	
Possible Responses






	
Q1

	
How would you best describe your subjective happiness?

	
Extremely happy

	
Moderately happy

	
Slightly happy

	
Neither happy nor unhappy

	
Slightly unhappy

	
Moderately unhappy

	
Extremely unhappy




	
Q2

	
How would you best describe your satisfaction with your life as a whole?

	
Extremely satisfied

	
Moderately satisfied

	
Slightly satisfied

	
Neither satisfied nor unsatisfied

	
Slightly unsatisfied

	
Moderately unsatisfied

	
Extremely unsatisfied




	
Q3

	
How would you best describe your satisfaction with your neighbourhood (i.e., the immediate area surrounding your residence, usually within a few hundred metres)?

	
Extremely satisfied

	
Moderately satisfied

	
Slightly satisfied

	
Neither satisfied nor unsatisfied

	
Slightly unsatisfied

	
Moderately unsatisfied

	
Extremely unsatisfied




	
Q4

	
How would you best describe your satisfaction with the natural environment in your neighbourhood?

	
Extremely satisfied

	
Moderately satisfied

	
Slightly satisfied

	
Neither satisfied nor unsatisfied

	
Slightly unsatisfied

	
Moderately unsatisfied

	
Extremely unsatisfied




	
Q5

	
How would you rate the quality of your neighbourhood’s natural environment compared to other areas in Ottawa?

	
Far above average

	
Moderately above average

	
Slightly above average

	
Average

	
Slightly below average

	
Moderately below average

	
Far below

average




	
Q6

	
How important a factor was the quality of the natural environment when you were choosing where to live?

	
Extremely important

	
Very important

	
Moderately important

	
Slightly important

	
Not at all important

	

	




	
Q7

	
How do you feel about the statement “My relationship to nature is an important part of who I am”?

	
Strongly agree

	
Agree a little

	
Neither agree not disagree

	
Disagree a little

	
Strongly disagree

	

	




	
Q8

	
How do you feel about the statement “I feel very connected to all living things and the earth”?

	
Strongly agree

	
Agree a little

	
Neither agree not disagree

	
Disagree a little

	
Strongly disagree
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