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Abstract

This project focused mainly on data analysis, mapping sites, and looking at the
spatial distribution of birds in Zealandia Te Mara a Tane. The aim was to discover
the patterns of how different land bird species numbers change over the time and to
reveal hidden insight which was not previously known. Data was recorded from the
40 count stations spread across the Zealandia Valley, using data from before and after
building of the Zealandia fence. Each count station has been measured quite
frequently since the pre-sanctuary establishment. The project team was required to
perform an analytical investigation using a data science process and a statistical
programming tool. The key objective was to detect the trends and patterns of the
species, visualise the bird population changes, and find the correlations between the
various bird species.

The project started with the consolidation and cleansing of data from two sources
(Birds NZ and Zealandia). The data was then subjected to analytical investigation
using data science processes and statistical programming tools (mainly the R analysis
environment) to detect trends and patterns in the changing populations of key bird
species.

The primary output from the project was a digital dashboard that uses a variety
of methods to show changes in distribution of birds. There was particular interest in
changes in native bird populations, which have generally increased over time.

1. Introduction

This paper outlines the background to a Capstone Project and describes the process used by a
student team to make a large dataset, created by Birds NZ and Zealandia Te Mara a Tane, more
accessible to the public and other researchers.
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1.1 The Five Minute Bird Count (5MBC)

This is a national research protocol which sets out a method of systematically and reliably
assessing relative changes in bird density in a chosen area. An observer stays in a chosen spot for
5 minutes, counting the birds that are seen or heard. The numbers are recorded and tabulated. The
method is based on (Dawson & Bill, 1975) and has been used in Wellington’s Kaori Reservoir
Valley since 1995.

This reservoir had been decommissioned in the early 90’s. Most of the area was fenced in 1999
to later become Zealandia Te Mara a Tane, the world’s first mainland fenced sanctuary (Lynch,
2019). The 225-hectare area protects Zealandia from the outer world. The endemic or native plants,
birds, and reptiles are effectively protected from mammals (Miskelly, 2018).

The Ornithological Society of New Zealand Inc (Birds NZ) initially undertook this research.
When the Zealandia fence was built there were 40 5SMBC sites within the fenced area. The initial
ten years of this survey was reported by Dr Colin Miskelly (2018).

The Zealandia conservation team continues this survey at regular intervals, but there have not
been any further published reports.

1.2 The Capstone Project course

A Capstone Project is a well-established part of many degree programmes. Fincher et al.,
(2001), further state that the aim (referred to as ‘Integrative Projects’ in the UK) is to make concepts
learned during degree study more ‘concrete’ by putting them to use in an integrative way. The
current project is part of the Batchelor of Information Technology programme completed by the
students involved.

There is a research aspect to this particular Capstone Project. Spronken-Smith, (2020) identifies
that is not common in university undergraduate curricula. She further cites her own earlier work to
suggest “... polytechnics can be very successful in promoting undergraduate research.” The current
authors consider research in undergraduate Capstone projects might be more common in
Te Pukenga programmes, as this sector encourages applied research.

Incorporating research and open ended questions in a Capstone Project can enhance critical
thinking skills (Chard & Lloyd, 2010). The current project shows results which are effective at
communicating information from within the data made available to students. The outputs were
designed by the students and implemented in consultation with their client. In this way the students
demonstrated their critical thinking skills, in addition to other skills required for a Project.

2. Aims and Research Design

This paper documents the process used by two Capstone Project students (co-authors) over the
summer of 2021/22 to plan and execute a thorough analysis of the 5SMBC data from the Zealandia
Te Mara a Tane valley (5SMBC Project). They were privileged to have Dr Colin Miskelly, now
curator of vertebrates at Te Papa, as their project client (Colin Miskelly and Craig Symes, 2020),
and support from Zealandia Te Mara a Tane.

The project objectives were:
e Mapping of the 5SMBC sites with QGIS or other suitable tools or techniques.
e Analysis of spatial distribution of birds to reveal patterns and trends.
e Modelling of the changes of the bird communities with vegetation maps and visualise
whether these have changed over time.
e To visualise the changes to the bird population with QGIS or other suitable tools or
techniques.



2.1 Research Method

The 5MBC Project has a strong focus on analysing data and visualising the findings. For this
reason, the Agile Scrum methodology and the CRISP-DM approach (described below) was used
for this analytical project to establish flexibility, improve efficiency, and adapt to business demands
(Schwaber & Sutherland, 2020).

The term ‘agile’ was originally conceived in 2001, as a software development methodology.
The most popular and widely used framework in the Agile methodology is called ‘Scrum’. The
authors of the Agile methodology maintain that this teamwork and cohesion between elements in
the Scrum framework is what makes it one of the most popular agile methodologies (Beck et al.,
2001).

In the 5SMBC Project, the team followed the incremental development strategy for better work
output and used the Trello board technique to assist project progress tracking.

2.2 Data Mining Methodology

CRISP-DM methodology is a well-known data mining methodology (Shearer, 2000) which
provides a structured approach to planning a data mining project with flexibility and practicality in
mind. CRISP-DM stands for cross-industry process for data mining. It contains six phases (Smart
Vision Europe, 2020).

6.Deployment 1.Business 2.Data
oy Understanding Understanding
[ CRISP - DM ]
5.Evaluation 4.Modelling 3.Data
Preparation

Figure 1: CRISP-DM based on (Smart Vision Europe, 2020)

3. Processes used in this Research

The 5SMBC Project followed a loose implementation of the CRISP-DM methodology combined
with team-based agile methods to provide strong project guidance and to ensure robust data
analysis.

3.1 Business understanding

Business objectives and goals were determined through talking with the client and advisor. This
discussion was further informed by previous emails exchanged between the advisor and Zealandia
Te Mara a Tane.

These discussions established the basic understanding of the project requirements. The agile
methodology enabled changes to be made during the project. These changes were discussed within
the project team, particularly referring questions to the client to ensure that research standards were
being maintained.

3.2 Data understanding

Before the project team received the dataset, they started researching what the 5SMBC method
is, how it works, and the nature of information that might be contained within the dataset. Data



understanding was further informed by information from the Five-minute bird counts website
(Department of Conservation, n.d.).

Details provided on that site included the metadata required to be collected, which further
clarified understanding. The client provided insights in relation to the data, which were further
supplemented by related details within a paper authored by the client (Miskelly, 2018).

3.3 Data Preparation

The project team received data in Excel workbooks from Dr Danielle Shanahan, who was the
Conservation Manager at Zealandia and managed the 5SMBC there. A workbook from Birds NZ
contained three sheets documenting three surveys — ‘1995-98°, ‘2002-05°, and ‘2013-16’. An
example of a workbook provided in shown in Figure 2. R, an open source statistical programming
language and RStudio, its IDE, were used to pre-process, analyse and model this data. Created by
statisticians Ross Ihaka and Robert Gentleman in 1997, R is one of the most commonly adopted
programming languages used in data mining (Tippmann, 2014).

Data wrangling was carried out to transform this raw data into a format suitable for analysis and
to cleanse the data by removing undesirable characteristics, such as inconsistencies and dealing
with missing values.

The client was consulted throughout this phase to ensure clarity in the understanding of the data
before transformations were made using RStudio.
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Figure 2: Example of data supplied by Birds NZ
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Figure 3: Example of difference between supplied Excel sheets.

3.4 Modelling

A Hierarchical Data Modelling algorithm was used create a classification model to categorise
the 37 land birds as either ‘Native’ or ‘Non-Native’ birds. Visualisation techniques were also
employed to reveal trends and correlations within the data set. The findings derived from these
models and visualisations are discussed in Section 4.

This lead to an early visualisation of the data, suggesting there is an overall success in a
significant Zealandia aim to ‘Re-establish wild populations of representative fauna and flora and
restore indigenous habitats (Zealandia Te Mara a Tane, 2016). These are shown in Figure 4 and
Figure 5.

3.5 Evaluation

A correlation matrix and model summaries generated by R were used evaluate the predictive
accuracy of models generated. The metric, RMSE (Root Mean Square Error) and Adjusted R
Squared, was used to evaluate the predictive performance of models. The degree of correlation
between variables was used to assess the strength of relationships.

3.6 Deployment

An important component of the project was the deliverables presented to the client at its
completion. These included a final report documenting the data mining results and insights and an
interactive dashboard that visualises key findings within the data set. The dashboard was created
using R Markdown; a markup language for making dynamic documents with R (Grolemund, 2014).

4. Qutcomes

Section 2 identifies the analytical objectives of this research project. In this section the findings
of the analysis conducted to meet these objectives sets are discussed.

To observe changes in bird populations over time, simple plots were generated, as shown in
Figure 4 and Figure 5. As shown, populations for of native species have increased over time,
whereas non-native species have declined. This suggests that a significant Zealandia Te Mara a
Tane aim of re-establishing wild native populations of fauna and flora is being met (Zealandia Te



Mara a Tane, 2016). Figure 6 plots the population of selected bird species over time and reveals
more complex patterns of changing bird populations.
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Figure 4: Abundance Native (2095-2021)
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Figure 5: Abundance Non-Native (2095-2021)
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Figure 6: Plot showing the change in bird numbers over time

One interesting project outcome was the insights revealed in a correlation matrix that examines
the relationships between species of bird, as shown in Figure 7. The matrix clearly shows that
rising and falling of populations of certain species can be either positively or negatively correlated
with populations of other bird species. The client was particularly interested in the patterns
identified by this matrix, suggesting that several paths for further research might be identified in
this data representation.

The geographic connection in this data pointed to the use of GIS packages to put bird data onto
a map of Zealandia. After analysis using various R packages in Rstudio, the Leaflet package was
used for visualisation (Leaflet for R - Introduction, n.d.). Examples are shown in



and Figure 8: Distribution of Native Birds.
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Figure 7: Cross-species correlation matrix

In this project, a multi-page interactive ‘flexdashboard’ was created using the ‘R Markdown’
package (R Markdown Format for Flexible Dashboards, n.d.). A group of related data
visualisations such as maps, graphs and table are presented in different layouts with a simple CSS
style added in the dashboard to tell the SMBC data analysis story. An example of two data
visualisation components within this dashboard are shown in

and Figure 9.

for Five Minute Bird Counts)

Figure 8: Interactive Count Map



Figure 8: Distribution of Native Birds

5. Further Research & Conclusion

This paper concludes that a student project can produce very novel and useful results for the
general public and scientific communities. It highlights how particular characteristics of the
Capstone project can contribute outcomes that might not be found in other types of study.

5.1 Further Research

The owners of this dataset are very keen for it to be publicly available. The paper suggests a
range of ways this data could be used by similar data science projects to further enhance the
contribution of Zealandia Te Mara a Tane and Wellington conservation volunteers the ambitious
target to make New Zealand predator free by the year 2050 (www.pf2050.c0.nz).

The model supporting this Capstone Project course was described in section 1.2 above. The
critical thinking skills mentioned there could create the right environment for further work using
this data. Further research could include these objectives:

e Map the birds' movement to changes in vegetation over the same period, highlighting
correlations between vegetation changes and bird density, identifying statistically
significant correlations.

Early in the Project it was determined that there are not sufficient formal vegetation
maps to use for this purpose. The Wellington City Council has an extensive database of
archival photos, including aerial photos of the city over about one hundred years.
(https://retrolens.co.nz/) It is possible that these and more recent photos could be found
that show changes to the vegetation in the Zealandia valley.

e Format the Zealandia valley 5MBC dataset so it could be made available publicly
through eBird. (https://ebird.org/)

e Investigate potential for a long-term storage location to make any Zealandia research
data easily available in real time.

e Develop a tool that will enable researchers to obtain outcomes similar to those from this
Project, with any compatible dataset.

5.2 Conclusion

The authors have outlined one part of the broad range of work we have undertaken in support
of the Predator Free campaign. We hope that the work will be useful to others working in this field
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and that making our work accessible in this way will encourage those in the field to follow suit and
also encourage younger members of our communities to consider taking up science and engineering
as an interesting and worthwhile career.
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