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Abstract

NatureWatch Canada, a citizen science program, collects and analyses data pertaining to
plant phenology, frog species and ice coverage over water bodies in Canada to monitor trends
through time and space in relation to climate chaAgemportant questiors whether this
database is currently usable to infer environmental changes thspagé andime. This thesis
present® metadata analysis of the Nature Watch database in order to identify the spatial
validity, quality, reliability and usability of theurrent data. Wérst explore citizen science
througha review of the literature, followed by a detaibathlysisof the content of the database.
We also produce an exampgiewsletterfor each moduléo illustrate some of the current trends
in the dataThe Fogwatch Newsletteshowshow weatherconditions in 2001 may have favored
a population spurt of Leopard frogssulting frommore spawning pals essential for this
species. Next the Plantwatch Newsletter revilsan increase in Aspen poplar aarhirie
crocus in2002 mayhavebeendueto fires during the preceding years. Lastlgeticewatch
Newslettershowshow ice formation, but not meltgvealsa clear trend of occurring 17 days
lateroverthe last 100 years with a strongecreasestartingin the sixties for Western Ontarilm
summary, his thesispresentsa detailed metadata analysis of Neturewatcldatabase in order
to provide recommendations for its improvement in the futangroving programs like
NaturewatchCanadas important tomonitoring climate and ecologicehanges that could be

appliedthroughout the Canadian Nomthich are not currently well represented in this database
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Chapter 1. Introduction
Citizen science is type of research with a fairly long history but which is only recently

beginning to be used more extensivelyargescale academic research. The rispapularity of
this method of data collecincan be attributed to the acknowledgment of the limitations of
conventional research methodologies when it comes to very large sample sizes and spatial
temporal distributions. This is particularly true for ecological and biological studies such as those
for plant phenology, along with those of interest to the humanities (who better to report on
superficial social and cultural data than the subjects themselves?). Historically citizen science
programs tended to be started and run entirely by private citizegrsups investigating a matter
of personal concern or interest. A shift in this trend is also being observed with larger governing
bodies, such as the government of Canada in our case, turning to this method both as a means of
connecting with the peoplender their jurisdiction and democratising science.

NatureWatch, a citizen science project currently undestéwwardshipf the University of
Ottawaand Wilfrid Laurier Universitys a project aimed at acquiring data over wide areas on
plant species composition through PlantWatch, ice cover of lakes via IceWatch, and amphibian
populations with FrogWatch. There is also a WormWatcldule aimed for the most part at
raising awarenesa and interest for this project among youth. The followpngsentsa metadata
analysis othe NatureWatchdatabasesrhe goal of this study is to assess the current state of
observations available in different modules (eg Frogwatch) in order to eviddaajaality,
qguantity, reliability, spatiatemporal distribution and trends in the data. This analysis will aid the

NatureWatch program coordinators in decismaking and future directions.

1.1 Objectives



Objective 1:Conduct a metadata analysis of the NatureWatch databases dibige in order
to better identify the possible issues with the data itself (uncertainties, errors related to data
type and encoding per se). Naturally this conséine sources, dates of entignd possible
interpretations of some of the questions contributors had to answer to fill out the database.
Objective 2:Analyse each of the NatureWatch modules (Frogwatch, Plantwatch, Icewatch)
in turn. The analysigioesin depthwith a description ospatiattemporal distribution and
trendsin the data
Objective 3: Produce a series of threexample newsletters (Frogwatch, Plantwatch,
Icewatch) based on results from individual modules from the data analysis objective (2).
The thesis is presented asraditional chaptelbased thesis with the following chapters:

Chapter 1 presesii thorough literature review on citizen science, and the research objectives;

chapter 2 presesithe general methodological approach; cha8ed,5 presergtheresultsfor

the frogwatch, plantwatch and icewatch modules including a newsletter and chanueidésa

summary conclusionsandrecommendations



1.2 Literature review

Before describing the NatureWatch program, one of the questions we need to answer is
wheter citizen science can be a useful tool for research. In short, what is citizen science and
why use the data derived from it?

We mustfirst define what citizen science is. What the analysis leading to this review has
made clear is that the understanding of the concept, while widespread, has many variations, and
referring to it as fian i ncr ea-hanoreglévglvingbi qui t ou
pract i cetal, 2¢1Q caa sum up the large number of recent research on the subject and
perspectives regarding to it. Citizen science is the research method, or phenomenon, of allowing
citizens to participate in a research project inotss roles. The following definition aptly sums
up the possible interpretations and variations of citizen science:

ACi tizen science i s typi causlalythaccoltketionandood as s
sometimes the processing of datearried out bynonprofessional scientists in the context of a
scientific ptalpod0Blct 0 ( Stevens

This definition excludes private enthusiast initiatives which, as noted by Desicbr
(2010), could be considered to be the original form of science (anchatiznce) in the field of
biogeography, because these where not organised by or coordinated with a research effort
specifically designed to make the data accessible neither to the scientific community nor general
public. There are several terms which, ot actually synonymous, are frequently used
interchangeably with citizen science, such as creautcing and communiigased monitoring.

This is a consequence of the fact that citizen science programs have existed for much longer than
the methodologidastudies on them (Tullocét al, 2013), meaning that the vocabulary is not yet

fully established and often definedfdrently for each study (Zhao a@thu, 2014).



There are several reasons for using citizen science data. First it can help fithapshe
of conventional research with regards to data monitoring on large scales (spatial and temporal).
Another important reason is that citizen science can be seen as an effort to democratizé science
and in fact it is promoted as such (Mansell, 2(essional or academic research, while
important to decision making on governmental scales, can seem distant and sometimes even
disconnected to the wider public, which leads some to feel alienated or unconcerned by its
findings. This could, in many ways, lett a relatively recent shift in attitudes towards decision
makers typified by a feeling of lack of true transparency or dialogue between decision makers
and the people they nominally represent, at both the private and public level. Involvement of
citizers mayreconnect research and people in a way that could be highly beneficial to the
immediate research goal and the broader acceptance and reliance on solid research by the people
(Mansell, 2014)It must be noted however that it is not entirely certaat this would be the
result of citizen science programs, as there are currently no universal means of measuring
Acien empower men®.0 (Mansell, 20114

This last point is particularly relevant because it promotes involvement through the
learning process amghrticipation (Hiller, 1991). These are good things for any research but a
complex issue like climate change benefits the most from a shift in participant attitude. The
nature of climate change, being its causes (including ubiquitous human actividgnegoy
everyone), its temporal scale (previous century with ongoing consequences of a magnitude
variable based on current changes) and difficulty in mitigation for the individual tend to cause
resignation and apathy towards it, as it is already undemaitsainertia is/seems unstoppable.

This attitude must be countered for any meaningful change to be effected. Therefore research



that promotes involvement has the power to affect decisions and has a central place in the overall

mitigation and adaptatiorirategies to climate change.

1.3 History of citizen sc ience programs in North America
The last few decades have seen a boom in the number of citizen science programs thanks

to information technologies, with the Internet taking pride of place in making the programs
accessible and contribution from multiple disparate sources possibleiriesl(Tullochet al,
2013). This shift may also be the result of a change speetive, or paradigm (Tippins and
Jensen, 2012). As Tippins and Jensen (2012) mention, the gradual acknowledgement of the
compl exity and funkno wanbdhdos) of hé wofld, garticularly whiero r s u
we consider ecosystems and interconnected climatic cycles, leads one to seek complementary
avenues for finding answers. In this case, on
AThough s omet isarewiddasane @BM organizatians have been monitoring
ecosystems (and ecosystem components) for decades (i.e., Christmas Bird Count since
1900(Audubon 2008) and the British Trust for Ornithology (BTO) forover50gea . 6 ( Conr a
and Hilchey, 2011

Thehuge number of new citizen science programs in recent years has led some to
consider this to be a recent field, however as the above quote points out, this is not the case. The
principles of citizen science can be found in a great variety of earliecizaejed research, even
though these did not have the complete characteristics to make them actual citizen science
projects. Indeed some fields in science, notably biogeography and phenology, were originally
started by enthusiasts and amateur scientistgi¢@e et al, 2010), and were thus closer to
citizen science than they were to traditional research.

For the purposes of this literature review, we have determined that the first citizen

science initiative in North America is the Christmas bird countraragstarted by the National
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Audubon Society (Tullockt al, 20137 Tippins andJensen, 2012) in 1900. This program is the
oldest project mentioned in the literature (in several articles as referenced) which undoubtedly
conforms to the definition of a ai&n science program. It is also ongoing, incredibly, and can
also serve in an analysis of citizen science programs over time. Moreover, its longevity makes
this data highly valuable in an historical context on bird species.

Another reason for consideritige Audubon program the first true citizen science
program is noted in Devict@t al.(2010). Unlike many other private initiatives of the past, the
data for the Audubon Bird Count, even the earliest, is still available. Here we come to a crucial
elementof the definition or criteria we use for citizen science: not only must the data collection

involve citizens, but the data itself must also beeasible to the wider public.

1.4 Characterist ics of citizen science programs

As the previous sectiatlustrated, citizen science as a research method is well
established, but the scientific community has only begun to analyse its characteristics recently.
An important question to ask then is what leads researchers to turn to crowd sourcing or citizen
science data. The following section will highlight particular theoretical and anecdotal traits of
citizen science inferred from its historical use and conceptual analyses from the literature.

The most easily observed common feature of citizen science pogdhat they use
Avery simple standardized protocols replicate
conclusions across | arge spatiaa, 2@8)tThisnt s and/
illustrates one of the main advantages of data drasvn $uch sources: broad geographical scale
through the high number of sample sources and the possibility to monitor for long periods of
time, a common limitation of traditional research. Therefore, the citizen science approach can

specifically address su@concern by employing a large number of contributors for a minimal
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investment (Tulloclet al, 2013). As such, we should expect citizen science programs to crop up
when a team wishes to analyse lasgale or even global phenomena: the best examplésof th
currently, i1Is that of global warming i mpacts,
glaciers, but also widespread data over every continent and locale to be inclusive.

When we state that the contribution of qmofessional researchersvisluable for large
scale datasets, the temporal aspect is critical. For example, one article on astronomy made an
i mportant point: AWhere amat e ur-series ebaervhtigns b e c om
must be madeo ( He nd e thatcitRénhdollejted dalaltan coptmuemot her e
monitor a given phenomenon longer than would be feasible for a research team, where time
constraints can severely limit the observations.

While itds usually consi d e tearmortitdriegiitisci t i zen
also useful for quickly gathering a large amount of data on sudden events (such as natural
disasters) (Foody, 2014). This is because it can take advantage of the flush of interest and
commi t ment associ at ed wulardisaspee Giyenh theGsiBorttimnea ct i on
frame, however, is when the databds quality 1is
is little time to establish a good methodology and ensure the earnestness of the contributions.

While citizen sciencéas a keen edge over traditional research when it comes to carrying
out large samplings at reasonable cost, it does have some shortcomings inherent to its nature.
The first and most obvious is that employing fpyofessionals introduces a distinct biashia
data, depending on what is being monitored. In species composition research, citizen scientists
will naturally tend to report highly visible species, meaning those which are overt and/or easily
identified, over those species which are timid, stealthyob clearly recognizable (Devictet

al., 2010). The data willthusovere pr esent t hese ch aepiesemi@dsi co0 s



well-known species. This is also observable in the field of ornithology, a field where citizen
science is well estailshed (for instance with the Audubon Christmas bird count), where the most
conspicuous species are the most looked for and observed (Tetllai2013). Even if these
concerns are addressed, and research indicates that there are clear ways tordaamgins
an issue of trust when it acdheas,20l12)0 t he dat aods

With the question of bias comes a concern about plain malicious contribution, in other
words purposeful errors made by individuals or small groups with anshter&lsifying or
otherwise discrediting the research (Foody, 2014), even if that interest is simple mischief
(Ajokingo). This is particularly simple to co
campaigns become plagued by spam and agents knawmmonl y as Atrol |l so, b
looking for clearly aberrant data points and reacting appropriately there are few ways to prevent
this. The following quote sums up-usehotthepr obl em
derived data has little olorcontrol over the contributors and has no or negligible informatmo
data qualitlyo Cdmnoayt u2l0lly, it i s reasonabl e
the spotlighto of multiple media i shemiest vul n
subject polarises the public.

In other words:

AAl t hough crowdsourcing works on the princ
sometimes a crowd can return a vast amount of noise that may be of little relevance (Keen
2007) 0

This is inherentd having a multitude of data contributors over a wide area, since
verification cannot be done in any affordabl e

contributors among larger and better known actors, such as universities in the case of



NatureWatch. Tis may solve some issues but also runs against the democratising spirit of
citizen science.

Another question is how to evaluate the individual contributions because individual
citizen scientists are not equal and one may be more susceptible to biasrglate entries
than another (Craiat al, 2014). This can lead to serious issues since any method to address
bias invariably depends on what bias exists in the contributors, which varies based on who they
are and their qualifications (Edwards, 2014).

A critical longterm issue is that of participant retention. Essentially, the onset of a new
citizen science program can usually expect some degree of enthusiasm frorpitsfassional
participants. However, the initial interest in the program will ainmogariably die out unless
incentive and promatn plans are carried out (Zhao attili, 2014).

The main objectives of volunteer monitoring data are management, awareness, education,
serendipity, recreation, recreation, social and economic researclgieabkmowledge and
improving methods (Tullockt al, 2013). Seeing how these connect to the motivations of the
participants is crucial to knowing how to encourage further participation and how to appeal to a
larger audience.

Categorising contributorsya al so hel p to determine the d

o))

general incentives strategies may prove less effective than thoseaithednain contributors

(Zhao andzhu, 2014). Zhao and Zhu (2014) list 3 types of participants: sugreributors,

contributors and outliers. In this research, the authors conclude that identifying what strategy is
known to be successful in crowdsourcing initiatives may be the key to finding what outreach can

most attract and retain involvement. (Stevedral, 2010, Zhao ahZhu, 2014).



Very few sources addressed the interdisciplinary nature of citizen science, instead
focussing on its use for a particular discipline (Cettial, 2014). The same article goes on to
suggest that employing citizen scientists should be takem opportunity not only to collect
ecological data but also social and cultural data on the participant which could be combined to
add a human layer to the data and potentially make correlations between culture and ecological
perspective (Craiet al, 2014). In short, there is a point to be made for collecting data both from
(ecological data) and about (social/cultural data) of the participants @rain2014). This also
flows well with the paradigm change from a mechanistic view of natural systeawvery

complex interconnected one as mentionetiexg Tippins andlensen, 2012).

1.5 History and traits of NatureWatch

NatureWatch officially began in 2000 as a collaboration between Environment Canada
and Nature Canada. Nonetheless, the litegdtunts at earlier origins from provincial programs,
at least as far as the differenbdulegPlantwatch, Icewatch and Frogwatch) are concerned.

The first Acontributorodo program mentioned
phenology program,asot ed i n t hi s -gcaleCaradiéinlerologyiobseavier | ar g e
network started in Alberta in 1973. This decdaleg survey of bloom dates of wild plants was
initiated through the Federation of AlbertaNatdri st s 0 ( Beaubi)eThisand Hama
program is linked to the eventual development of Alberta Plantwatch, then Prairie Plantwatch
before being expanded in 2002 into the Canada Plantwatch.

Based on the literature (Beaubi@mdHamann, 2011), and also on the descriptions found
in the NatureWath website (revamped in November 2014, to consolidate its change of direction
from Environment Canada to the University of Ottawa in 2011), the Plantwatch segment of

NatureWatch is primarily a flowering phenology program, and thus most data entries would b
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made in spring, but also throughout the other seasons except winter. What is immediately
obvious is that the flowering time, combined with the species, is one of the most important
variables to consider for detecting céita trends over time (Beaubierddfiamann, 2011),

which is why winter is excluded as no plant flowers in winter conditions in Canada. Something
to consider, however, is that for those plants still present and visible in winter (mainly large
shrubs and trees), the composition could alseesas indicators over the longer term of local
environmental conditions (which may reflect global changes). These changes would typically
operate over much longer periods given both the lifespan and time needed to grow these plants,
so the data collectad winter on these species will only become relevant after several more
years or decades of data has been collected.

In its early days, the program was promoted by the distribution of booklets in 1988 to
Apotential obser ver s oBeauvibniamdiHamannc20li)d helprogram v e r s
would possibly have returned to its original size and purpose when Environment Canada cut the
programbés funding, but it could also have van
recruitment/motivation aspect of @én science.

Dr. Beaubien from the University of Alberta, an important contributor to the Alberta
Plantwatch, makes notes on the participant retention of other programs compared to Plantwatch:
AA study of -teromtpdrticigasonbyd50vdlueteags | n-a8hr 6 Achdpt
program revealed the following as most important: enjoying learning, helping the environment,
feeling needed, having time for reflection, and benefitting from aovghnized program with
good leadership (Ryaet al, 2001).Nos peci fi ¢ studies of Plant Watc
havey et been publ i sHamahn, 2011). B shary forithe mostgparti the analysis

of participants has effectively not been cond
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As mentionedibove, citizen science programs rely on eafroducible methodologies
to be used by the contributors (Devicgtral, 2010), for example, accurate and consistent
species identification is essential for Plantwatch and Frogwatch. We should thustlesyeetd
be easily usable identification aids accessible to the public for those wishing to particpdte
there is. The NatureWatch website does include pages for each monitored species.

Another important consideration is the governing structure girthgram, which can be
either consultative/functional, collaborative, or transformative (Conrad and Hilchey, 2011).
Since the main standard of consultative governance is being government run (Conrad and
Hilchey, 2011), we can conclude that NatureWatch doe$all in this category, as it is run by
the University of Ottawa and assisted by several other ENGOs such as the David Suzuki
Foundation, Nature Canada and Wilfrid Laurier University. At first glance, it would appear that
NatureWatch is a collaboratiygogram given its involvement of many stakeholder groups,
being run from an intermediate level (as opposed to stricthgéeyn or grassroots). This would
indicate the decision power of NatureWatch is promising, as this type of program was found to
be rehtively effective compared to the others cited (ComnadHilchey, 2011). It must be borne
in mind that this classification changes based on when in its history the program is considered, as
we might have concluded that it was a consultativedimpn progam had we conducted the
analysis a few years ago, when it was still under the purview of Environment Canada.

This shows the complexity of trying to categorise such a program over the years, as both
its managers and contributors change, leading to chamgfes methods and directions taken by
the program. The one thing we can conclude with certainty is that NatureWatch was not a
grassroots program, meaning it was not started by citizens. While the original programs were not

necessarily developedinrespenst o a particul ar perceived need

12



mostly devoted to identifying and understanding the trends of resptmekmate changes
(Beaubien anéHamann, 2011). This is quite relevant as citizen science is generally well suited to
issues of large scale, a description which suits climate change research in both time and space.
What should the NatureWatch data hint at, in terms of trends? The literature, while not specific
to this program, did present phenological studies made wpEyMenzekt al, 2005, 2006)

which showed a linear trend of flowering dates/dates of first births or egg laying (for animals)
and the shortening length of the winter season (Meestzal, 2006). This is a trend which would

be expected to occur in thigta as well if NatureWatch data is a good indicator of climate. If no
such trend is observed, then the variables or perhaps the species employed are not good
indicators.

Nonetheless, the question remains: is NatureWatch Canada capable of delivering these
largescale datasets? The following sums up an observation of plant phenology data for North
America:

AHowever, there Iis a notable | ack of phenol og
change in the spring warming signal over the last 50 yearbd&n most pronounced globally
(Rosenzweigtal,2007) . 0

The literatwe (Beaubien and Hamann, 20Risenzweiget al, 2007) indicates the data
is mostly concentrated in Nova Scotia, the Prairies, Southeastern Ontario and Southwestern
Quebec.

This illustrates another conceptual shortcoming of citizen science, one not mentioned in
any detail in the literature: data derived from citizen science can only be expected to provide any
volume of data in populous regions with contact between the general popalati the research

team or database. For remote regions, some contributions can be made but not necessarily
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reliably due to poor services in communication services for example. Areas with a small number
of possible contributors comprise a large part afa&ia (in fact the majority of its surface area),
notably in higher latitudes which is where the impacts of climate change are more pronounced
(IPCC, 2013). In short, while citizen science is a good approach fordaade problems, it is

only viable for Arge areas where people are distributed more or less evenly. This is an important
issue for NatureWatch who must contend with promoting and outreaching in areas of low density
such as those of the northern latitudes of the country.

Another consideratiois that of incentive strategy, which is largely lacking for
NatureWatch Canada. The fAincentiveo is intrin
desire to contribute to resolving a problem in a meaningful way or learn more on the issue of
cimatec hange. The best way to cultivate this int
research by as many stakeholders as possible and to make available these articles to the
NatureWatch website and reinforce its meaningfulness from the persp#dteeparticipant.

This avoids the problem encountered in research involving public (not limited to citizen science)
data drawn from participants being fAwhisked a
gover nment r etplold83)sAs wegal $eahoweser, this incentive is rather

indirect and its effectiveness might be limited.

1.6 Summary of literature review

Over the course of this literature review, we have determined that citizen science is the
use of citizercollected data for use t@nds a given research goal. We have also identified the
advantages this field held for research on phenomena operating at a large scale, both temporally
and spatially, such as climate change. These advantages come from the involvement of a large

number ofcontributors spread over a large area and potentially continued monitoring over long
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periods of time, for example, the case for the Christmas Bird Count of the National Audubon
Society. There are also limitations associated with involving the generat jtblresearch, as

this can compromise the rigor of the methodology of data collection and casts doubt on the
resultsodo validity. This is an important consi
subject of climate change research where higitgutle areas (i.e. more sensitive to climate

change impacts) may be undepresented in the database. This thegoresthe spatial and

temporal distribution of the citizen data collected in order to propose recommendations going

forward.
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Chapter 2. Methodology

2.1 Objective 1. Metadata analysis

In the first objective, a detailed look at the available data from NatureWsatch
documented. This includedata in all tablesand for each module. This step is important in
getting to know what datés used in objective 2 from data foundsufficient to draw any

significant conclusions. This woi& done using ArcGlSpython and R software packages.

2.1.1 Table/variable description

There are several tables in the database, however only three aferuseddata itself.
The remaining tables include some to associate a humber code (for species) to an English and
French common name and the actual scientific identifier, as an example. The end product for this
section of the analysis incluslean entity elationship diagram, meaning a graphical
representation of each table as a text box with a list of the columns and with the relationships

symbolized as arrows and identified with codes to describe the nature of said relationship.
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Figure 1: NatureWatch entity relationship diagram.

As for the format by which each tabie described, each of these numbered, and
assigned a subsection inthep pr opr i at e  moMithinl theséssbseeatipnpwes rirdl ia x
small sample of théable and its headings, along with a short paragraph describing both its
purpose and which other table in the database references it (or which table it refeFeguoes).

2 illustrates an example for the frogwatch_observation tabgsential referenceso tthe
Wormwatch and Administrative tableare described in Appendix D and Appendix E,

respectively.
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(1M atir e"Watch tables
(1.1 frogwateh observation

One of the three primary data tablesin NatwreWatch References the Frog species, Location,

frogwatch observation code and Locaticn habitat tables.

T atle:frogwatch observation

Column heading Diata type Reference type Reference table

Pk frogwatch observation | Integer

Fk frog species Warchar (1) BTREE Frog species

Pk frogwatch observation Ashitrary data entry identificati on soamber.

Fk frogspecies 2-digit integer identifying the species mamber. Links to the Frog speciestable.

Figure 2: Example format of table description for the Frogwatch_observation table, and its
variables.

The link to the frog_spees table allows the database to assign a text equivalent (in
French and English) to the-digit species code. Also note that the primary key (pk) for
frogwatch observations connects to no other table. The pk identifier stands for primary key,
meaning it igorimary data (data which refers to itself only), and so every other variable preceded
with pk shares this trait. Those preceded by fk (Foreign key) are by definition connected to
another table (hence the term foreign).

For the analysis, the first thingemconsider is the date of the first entries, which will

determine to a certain extent what kind of predictions we can make from the data (the timespan
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of the dataset being very important for trend analysis). Using the Sort and Filter tool in Excel, we

cansort the entries by date of observation.

FID_ Observatio Frog_ID| Common_nam
1454 15/03/1999 0:00 1 | American Toad
1456 15/03/1999 0:00 15 | Leopard Frog
1470 15/03/1999 0:00 17 | Pickerel Frog

Boreal Chorus
1473 15/03/1999 0:00 3 | Frog
1594 24/03/1999 0:00 24 | Wood Frog
6 30/03/1999 0:00 21| Spring Peeper
1554 07/04/1999 0:00 21| Spring Peeper
1555 07/04/1999 0:00 15 | Leopard Frog
1577 07/04/1999 0:00 24 | Wood Frog
1457 08/04/1999 0:00 13| Green Frog

Table 1: Ten oldest entries for the Ontario FrogWasthrting with March 15th, 1999

As we can see, none of the observations for FrogWatch in Ontario date further than 16
years at the time of writing. This does entail that very {tmmm predictions and inferences
cannot be made with this data alone agois not go sufficiently far into the past. For mid or
short term predictions it is enough, however, considering the short generation time for most of
these species when comparedto-tate c cessi on trees for instance
reproduciy before the second decade), which might pose a problem if the PlantWatch data does

not go further back.

2.1.2 Data acquisition

The exact method for data acquisition depends on whether we are accessing data as a user
on the NatureWatch website or asaministrator for the database itself. This is because some
of the data are listed a®r example an endangered species and cannot be accessed by the

general public for reasons of conservation.
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To extract specific data, this database uses the SQL dgagaf the phpMyAdmin
database program. To find information in the database we can use the headings for each table
provided by the designer. For exampl e, a NnNSea

generating a SQL table (Tal2g

Column Type Collation Operator Value

fk_frog_species | Varchar(2) Utf8 general_ci | = 21

Table 2: Example query in the Search tab of the NatureWatch database for the
frogwatch_observation table. In this case we are searching for the entries where the species was
identified as species 21.

The SQL code equivalent of this search is:
SELECT * FRM “frogwatch_observation™ WHERE ‘fk_frog_species'=21. Using the SQL
format is a fairly streamlined process, and also rather intuitive and>gainatory for most
simple operators. Both the inbuilt search function of the database and SQL allow foremultipl
column searches with various operators. Effective use of this method requires a basic
understanding of what certain symbols mean (n
The entry transl at es i n common | angaage a
frogwatch_observation table where the value i
Obviously for research purposes this information is dubious because we do not know
immediately what frog species is coded as 21 in the fk_frog_species column. We carerhowe
determine that there were 5583 entries for this species, and we can proceed to further analysis of
the entries specific to this species by usirt
associated with the Spring Peeper, meaning there were B&8&&dor this species for the whole

database.
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2.1.3Basic statistics

I n this section we wil!/ p r dasicsthisticy suchcasi g h 0 L
the total number of entries for each module. When it comes to the number of entries, this will be
described as a fAsnapshoto because the databas
number increases continually.

For the tdal number of entries for a given table, we will use the nrow(x) function in R,
which yields the number of rows, and simply substract 1 to account for the header. We can thus
deduce that as of 14/04/2015, there are 20971 rows, meaning 20970 entries, in the
frogwath_observation table. The R function to get this informatom produce the graph in
Figure 3,is as follows:

setwd("H://Master's/[")

fwo <- read.csv("fw.csv", header=T)
attach(fwo)

nrow(fwo)

2500 -
2000 -

1500 - — _
1000 -
500 - H
0 []
,\/b‘

Figure 3: Example histogramof Frogwatch entry count by year.

Count
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2.2 Objective 2: Data analysis

2.2.1 Spatial analysis

The spatial analysiss conducted using ArcGIS (version 10.1) in order to map the
observations throughout Canada for each modJlaps have also beeproduced for each
species (FrogWatch and Plantwatch) and ice on/off (lIceWatch). One benefit of using ArcGIS is
its selection tools that allow joint analysis of the spatial and temporal aspects of the data (i.e.

where and when a given entry occurred).

Figure 4: Example mapping of the point density of Spring Peeper entries in Ontario.

2.2.2 Trend analysis

The main softwares thareused for this timeseries analysis are R and MS Excel as both
of these facilitate time series aps¢s. Amongst the statisticsed include linear regression to
explore correlations between variables through time (Figure 6). The annual data was extracted
from the date by using the YEAR function in Excel (Table 3). We then used the COUNTIF

(meaning counting the number of cells in the provided range which match the given criteria) for

22



each cell adjacent to the new Year column where the range was the eatireofumn and the
criteria was stated as the adjacent Year column value: this led to every cell in the acount (annual
count) column to have the total annual count for the year it corresponded to, meaning we could
then do away with the duplicate valuespmduce a new, much smaller document to run the

analysis on with R.

2.3 Objective 3: Example newsletter s

The newsletters arpresented at the eraf chapters 3, 4 and. These newsletterare
actual scientific analyses on a specific aspect of each individual module (Frogwatch, Plantwatch,
Icewatch). Thesare tobe added to the NatureWatch website for reference and to guide future
research.

The reason for submitting newsletters connects eéoqgtialities of citizen science and its
role as a methodology being to connect participants with the research. While contributors
continue to submit observations, increasing or even maintaining participation requires some form
of feedback be made availalib the public. In other words, participation requires some indicator

that the data gathered is being used for study, hence the production @tezs:sl
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Chapter 3. Frogwatch analysis

Most of the trend analysis has been done through Beggining with ayear count
analysis to plot the evolution of entry numbe
comparisons between different tableg,subsequently calculated what percentage of the total
number of entries occurred each year. In this waypbssible to plot tables with vastly different
entry totals (such as the aggregate and a single species), as the values are expressed as fractions
of a fixed total (100%). This basic operation also required the elimination of those values without
a vald date column entry (and consequently no year value).

While this basic analysis was done for every species of this module, we will only present
the graph and map for tlaggregate (which will be expressed in count) along witl3 ttogy
species in this section. The remainder (in fact the entirety of the analysis) can instead be found in

AppendixA.
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Frogwatch yearly entry count
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Figure 5: Frogwatch yearly entriesfrom 1996 to 2015.

As figure5 shows Frogwatch only starts having appreciable entry counts starting in 1999
(the highest before then is 1998 with 12 entries, which is invisible on this graph). We can see a
general increase until 2002 where some 1503 entries were sent in, with vailiation

following years, most notably a decrease following 2012.
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Figure 6:

Frogwatch observation locations.

As wecan see from the map in Figureb@sides a small concentration in the Maritimes
the vast majority of the entriésr Frogwatch occurred in Southern Ontario, around Toronto and

near Ottawa.

26



10.00 - .

American Toad and aggregate yearly percentage
9.00 -
8.00 -
7.00 -
6.00 -

5.00 -

Percent

® American Toad %
4.00 -

m %Total
3.00 -
2.00 -

1.00 -

0.00 -
1996 2001 2006 2011

Year

Figure 7: Percentage of entries each year for the American Toad and the total entries.

There are a total of 3412 dated entries for this species. Hkisait usable in analysis.

As we can this fronfrigure 7 the largest difference between the American Toad values
and the aggregate is that the 2001 and 2002 peaks are much greater for the American toad
(Figure 7) The post2011 drop in numbers is alssfemarked than for the aggregate.

We used ArcMap to carry out the spatial analysigure 8) We began by connecting the
Locations table and geographically placing thesimg the longitude and@dfitude. We thenised
the join function from the Frogwatchbservation table to the Locations table based on the
Location_id column (the other way around prevents repeated entries at the location, which are
crucial), and produced a new layer from this join. Following thescan then select only the
entries for each speciéssing Select bytaributes) and produce a layer from the selected
features. We now have a pointtige layer, and we can use the poiansity function to
produce a raster showing the density goprae map unitWe have repeated this operation with
every species in this module, and the nfapsll the speciesan be found in the Appendices
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Legend American toad density
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Figure 8: Map of the data point density for American Toad entries.

As canbesea in Figure8 the vast majority of the entries for this species are located in

the Toronto metropolitan area and in the nearby parks.
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Figure 9: Yearly percentage of the total number of entries for the aggregate and those for
the Boreal chorus frog.

There were a total of 1135 entries with usable dates for this species.

We can se@ Figure9 thata number of highly unusual years for this species, notably
2002 and 2008 (high above the aggregate) and 2001 and 2011 (far below the aggregate). In
general this species has much greater annual variation than the aggregate, with higher peaks and
lower minimumvaluesThi s coul d potentially reflect shifdt

habits being influenced by weather conditions in a given year.
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Legend Boreal chorus frog density
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Figure 10: Boreal chorus frog entry density.

Figure 10showsthat there are two main concentrations of Boreal chorus frog entries,

namely near Toronto mostly and near Winnipeg as well.
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Figure 11. Yearly percentage of Bullfrog entries and Aggregate.

The total number of usable entries flois species was 887.

The Bullfrog entry numbers largely matches up to the aggregatbown in Figure 11
except for 2007 where the proportion is much hig@ensidering how great this difference is
and how every other year closely follows the aggeegavestigating the conditions and events

of 2007 would be of particular interest for future research
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Figure 12: Map representing the entry density for bullfrog data points.

Most of the entries for this species were conegeatt around the Toronto aras Figure
12 shows in common wih many other Frogwatch species, which matches up to expectations for

a Citizen science program having entries concentrated in and around human population centers.
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3.1 Frogwatch newsletter

Figure 13: Leopard frog.
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