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Abstract

This thesis describes the development of an intematmap application that visualises
geographical and biological data for a research projegttaftycatchers. Biologists from

Uppsala University study the interaction between twdermdiht species of flycatchers on
Oland. A big need for new field maps was discovered, wleidhto the idea of creating an
interactive map application. Nest boxes on Oland wesitipoed using GPS and digital maps
were acquired from the Digital Map Library. A web appilzat prototype was created,
combining nest box positions with collected data abloeitirds.

Semi-structured interviews were held with the biologiStse software development method
of evolutionary prototyping was used together with UMN Map8r development
environment. User tests were conducted, including a hiewrgability evaluation.

The resulting application will be used by the biologiste &ducational purposes and
illustrating scientific articles and presentations.

Summary in Swedish

Den har uppsatsen beskriver utvecklingen av en interakthaqaikation, som visualiserar
geografiska och biologiska data i ett forskningsprojekt omgsfiappare. Biologer fran
Uppsala universitet studerar interaktionen mellan tW@aalrter av flugsnappare pa Oland. Ett
stort behov av nya faltkartor upptacktes, vilket leddeiddin att utveckla en interaktiv
kartapplikation. Fagelholkar pa Oland positionerades med &8jalGPS och digitala kartor
anskaffades fran Digitala Kartbiblioteket. En prototyprdgs pa en webbapplikation som
kombinerade fagelholkars positioner med insamlade fageldata.

Semistrukturerade intervjuer hélls med biologerna. Evalétioprototyping anvandes som
utvecklingsmetod, tillsammans med UMN Mapservers utvecktiligs Det gjordes ocksa
anvandartester, inklusive en heuristisk utvardering avraltaiheten.

Resultatet blev en applikation som biologerna kommearatéinda i utbildningssyfte samt for
illustrationer i vetenskapliga artiklar och presentatione



Acknowledgements

First of all 1 would like to thank Anna Qvarnstrom. Wmg together with you and your

research group has been absolutely great. Your geneewsltypatience during my project
meant a lot to me and you made my dream of combinirngvaad development with green
biology come true. Anneli Edman, thank you so much farr yyeat supervising and patience.
You always had time for me, even though this projeck toager than | expected. Thomas
Tydal, without your help this application would have takes yaars to finish. You offered

the best web hosting support ever. Richard Gold, thankoyooeing the reason why | ended
up with this fun project, even though the sensors wezataslly discarded (thank god!).

Nina Svedin, Christopher Wiley, Hanna Thoérngren andalliwallin, thank you so much for
your time and help with this project, it has been ofagnalue to me. | would also like to
thank Beata Edstrom, Kalle Saramo, Tobias Berger, Baddstrom and the other field
assistants for helping me collect GPS positions omdland giving me unforgettable
memories from the summer of 2006.

Maria Forsberg, thank you for helping me to carry outhéaeristic evaluation and improve
this thesis. | would also like to thank all my colleagaes friends who contributed to this
thesis with their feedback and support. Finally, | woldd to thank the Department of Social
and Economic Geography and the Department of Earth ceésigespecially Goran Hammer
and Per-Olof Harden, for helping me out when | got stuckioky parts of geoinformatics.

Keywords

GIS, MapServer, application, GPS, flycatchers, Ficeduwpoleuca, Ficedula albicollis,
Oland, software development



List of contents

1. INTRODUCTION ...ttt et e e e e et e e e et e e e et e e et e e e et e e eennns 1
1.1 FROBLEM BACKGROUNDL. .. . ctttuetettneaetunaeettnaaaestnseeessnaaeesnaeeesnnaaaesnnaaessnaaesnnaeeesnnseeesnns 1
D & ] T =P 1
IR = 1T ] o PP 1
1.4 DELIMITATIONS .tuuettttneeeetneeeeataeeeatseaeta s e aeeta e aeeaa e e esba e e e eeaa e e eeta e e e et e eeebn e eeenneeennns 2
1.5 QUTLINE OF THE THESIS. .. ttttuuettttunaaeetiaaeetiaaeetiaeeetasaeaanseeesna e aesanaeaeesnaaestnaaeesnaaeennns 2
2. GEOGRAPHICAL INFORMATION SYSTEM ...ttt e 3
2.1 BACKGROUND. ... ittt ettt ee ettt e e ettt e e e et e e e eta e aeea e e e eta e e eeta e e e et e e e etaaeeetanaeeenaneaeannnns 3
2.2 Gl SFORMATS. ...ttt ettt e et e et e e e et e et et e e et e e e et e et et e e e et e e e eta e e e ebn e e e eaneaeran s 3
P R -1 (<] PP PT PR 3
A A =T (o] g (011 14T SRR 4
2.2.3 Which fOrmat iS DEIEI? .. ...t s et e e et eea e e ea e eean e eees 4
2.3 GLOBAL POSITIONING SYSTEM ...tuuititiaeeitieaeetiaeeeetiaeeeetaaeeesaeeeanaaeetaaeeesnaaeernnaeeennnnns 5
2.3 L HOW GPS WOTKS ...t eeemme ettt ettt e et e e e et eeeea e eeee 5
P T I 1= 1T = 11 (0] o PRSPPI 5
PG R ol o1 | = (o VPP 8
2.3.4 A European satellite SYStEM ....... oo e 8
2.4 MAPS AND GIS SOFTWARE ... iiitiieeiiia ettt e e et e e et e e et e e et e e e e et e e e e et e e aat e e eeanaeaeennns 8
3. FLYCATCHER RESEARCH ....ouiiiiiii et e e 9
3.1 SPECIATION AND FITNESS. ... ttttuutettunaaeetunaaaetunaaaetssaeeesunaaeennaaeessaaaeesnnaaaesnnaeaessnaaeesnnsaeees 9
3.1.1 ReProdUCTIVE DAITIEIS ... . iiiiiiiiiiie et s et e e e et e e e et e e ea e e eean e eees 9
T I @ L T [0 o) ] o =T ox =SSP 10
3.1.3 Fitness and natural SEleCHON ...........couuuii e e 10
3.2 FLYCATCHERS. ...ttt ettt ettt e et e e et e e e e e e e e et e e e et e e e et e e e et e e e et e e e eaneaeennas 10
3.3 RESEARCH INUPPSALA ......uiiiti ettt e et e et e e et e e et e e et e e e et e e e et e e e et e e e et e eeernnnns 13
TR F01 R o {1510 Y U 13
3.3.2 RESEAICH fINAINGS ....u ittt 13
4. PROJECT SETUP ...ttt ettt e et e et e e e e e e et e e e eaans 15
4.1 FROJECT BACKGROUND . ... .cttuneeettnaaeettneeettn e aestn s aeeauaaeeanaaesanaaeesaaaeesnaaeesnaaeesnnnns 15
.2 Gl S i e e ————— e e e e et e e e e e et a e et e e et 15
A R |V = T o S ST PTRUPTRPPTRRPN 15
4.2.2 GPS receivers and SEINGS ....c.uuiieiieiiiie ettt e e eea e eean e eees 16
4.3 WORKING IN THE FIELD ...t ttttuneeettaeeetiaeeettnseeessn s eeeaasee st aeesanaaeesnaaeesnnaeeesnnaaeesnnnnns 17
4. DATA PROCESSING ... ettttuetettnetetunaeeettaaeeettaaeeeataaaetnaeeeta e aestaaaeetnnaeeeennaaeesnnaeennns 17

5. APPLICATION AND VISUALISATION OF DATA. ..o et 19
5.2 GHOOSING SOFTWARE ... etttuueeeetueeeetiaaeatiaeeetaaaeeta e aaeanaaeeta e aeetnaaeesaaaeetnaaeesnaeeennns 19

5.3 USINGMAPSERVER. ... .cuittiiiuiiteitee et e et e et e et e et s e aa et e et eaa e aaee e et e et e eaneenaaeneeanes 21



5.4 DESIGNING A PROTOTYPE 111 ttttuttuttuttuetue e tteeteeaseta et st et ea et s easeaa st st e e s e e e e e eneeneeens 24

oI o R (010 117/ o 11 o [ PP 24
5.4.2 Design and basic fuNCtioNality.............ooiiiieiioieie e 24
5.4.3 More complex fUNCHONAIILY ..........oooiuuniiis e e eea e 27
5.4.4 Accommodating the DIiologistS NEEdS.........couuii i 28
5.4.5 The fiNAl PrOtOLYPE .....vuniiiiii ettt et e e e e e et e e e et eeeaa e e eaan e 29
5.5 IMPLEMENTATION ...t ttttti ettt e e et e et e e et e e et te e e et e e e et e e e et e e e eabneeeaanaeeeaan e eeanns 31
5.5 1 HTML ANA €SS ..oiiiii et e et e e e e e e e eaan e eees 32
5.5.2 PHP/MapScript, JavaScript and SQL ........cooiiuuiiiiieee et 32
5.6 USER TESTING ... uetttuneettuneeeettnaeeettaeeeauaeaetnaaaeaaaaaetnnaeaesanaeeesanaaeesnnaeeesnaeeennneaesnnss 32
T R o £ (S PPN 32
5.6.2 Testing 0N DIOIOGISTS. ... .ccuuuiiiii e eee e e 33
5.6.3 HEUNSHIC @VAIUALION ... .ccuiiiiiiie e ceeee et e e e e e e eaa e eees 34
6. CONCLUSION AND DISCUSSION ...ttt ceeie et e e 37
6.1 DEALING WITH BIOLOGY AND GEOINFORMATICS .. .cetuueieutneeettneeeernneeesnnseeesnneeesnnaeenes 37
6.2 FREPARING THE APPLICATION ... ttttuetettneeettn e eeestnseaesaaaeeestsaeesnaeeesnaaeetnaaaesnneeeennnnns 37
6.3 CREATING THE APPLICATION ... . ttttuueettunaeeetuaeeetaaeestnaeeesnsaaessnaeeesnnaaeesnnaasesnnaaeennnaaeees 38
G S U] Iy 1T PP 39
5.5 LEGAL ISSUES. ...t teeeti e ettt e e et e e et e e et e e e e e e e et e e e et e e ettt e e e e ta e e e eta e e e etan e e eennneeenes 39
6.6 ADVICES TO OTHER DEVELOPERS .. .cutuutttttuatettnaeettnaeeesnnaaeesnnaeesnaaessnaaesnnaaesnnaaeesnns 40
6.7 FURTHER WORK... .ttt eetttis e ettt e eeet e e eet e e eet e e eea e e e et e e e eta e e e eta e e e eaan e eeeebnaeeeannnaaees 40
REFERENCES. . ... it ettt e et e e et e e e et e e e e et e e e eaa e e eennnns 41
ELECTRONIC SOURCES ... .uuietttitttiteeetetttiaeeeeeessnnsaaeeasssaaeseessssnaaaeeeessnnsaeeeesssnaaeesenes 42
INTERVIEWS. ...ttt ettt ettt ettt et e et e e e et e e e et e e ettt e e e et e e e e et e e e e et e e e et e e e et e e eennns 43
APPENDIX 1 — GLOSSARY ..ottt sttt e et s e e et e a e e e e e e e e eennns 44
APPENDIX 2 = GPS CRIB... ettt ettt e a7
APPENDIX 3 — ORIGINAL FIELD MAP. ... .ottt 49

APPENDIX 4 — NEW FIELD MAP ..o 50



Figures

Figure 1. A map transforms into a raster, where 1 repteseater, 2 forest and 3 field. ........ 3
Figure 2. A field on a map undergoes a vector transfoomadi................ceevvevievnieiiiinneennnn. 4
Figure 3. One satellite in a two dimensional PICtUre...........ccouiiiiiiiiiiiiiiee e 6
Figure 4. Two satellites in a two dimensional PIiCtUre.............oooevuiiriiiiiiiiiineeeeeean 6
Figure 5. Three satellites in a two dimensional PICtUIe. cc..........cooeieviiiiiiiiiie s 6
Figure 6. Two satellites in a three dimensional PICtUIe. ...........cooovviiiiiiiiiiiiiiie e 7
Figure 7. Three satellites in a three dimensionNalpaCt..............ccoooeviiiiiiiiiieiiin e 7
Figure 8. Male pied flyCatCher. ... 11
Figure 9. Male collared flycatChers. ... 12
Figure 10. My GPS equipment, a Garmin GPS 12. ... 16
Figure 11. First mock-up of the appliCation. ... eeeeieeeiiiieiiiie e 19
Figure 12. A typical MapServer APPHCALION.. ... .o e ereriiieiiiiie e 20
Figure 13. How PostgreSQL, PostGIS, MapServer and theser@r are connected. .......... 21
Figure 14. Screenshot of Lilla Hult nest box areayeaision. ..............cccceevvveiiiiiennnnnn. 25
Figure 15. Listbox compared to checkbOXeS. ..., 25
Figure 16. Screenshot of Kohagelyckan nest box areaawitbre space efficient design. ...26
Figure 17. The Show nest box data fUNCLION. ... eeeiiiiiiiee e 27
Figure 18. Icons showing the different stages of flycatelgygs and chicks.......................... 27
Figure 19. ChiCKS @VOIVING. ....couuiiiiiie et 28
Figure 20. The species statistics functionality. .............coooeiiiiiiiiii e, 29
Figure 21. Screenshot of the final Prototype. ....... o eeeeeieieiiiie e 30
Figure 22. The new reference map with navigation functignal................ccccoeeeiiiiiennnnnn. 30

Figure 23.

Orthophoto of Kohagelyckan nest DOX area. . «oveeveieeiiiiniiiiiiiiiiineecein,



1. Introduction

Despite the wide range of computer-aided tools, manytstestill don’t take full advantage
of the powerful technology available today. This is egllg true in the field of green
biology, which lies far away from computer sciencemnmiy experience, many green biologists
are reluctant to use computers more than necessaey mbgt computer scientists are totally
uninterested in green biology. This gap between compuiemcecand green biology makes
combinations of the two both more challenging, as asmore rewarding, than combinations
of other, more closely related sciences. Biologistseha lot to benefit from enhanced
computer systems, something this thesis aims to prove.

1.1 Problem background

Every spring hundreds of flycatchers arrive on Oland reeedh Anna Qvarnstrom, assistant
professor at the Department of Ecology and Evolution, Blpp&/niversity, studies the
interaction between two different species of flycatsh For several years she and her
colleagues have been monitoring the populations on Oland.

Originally my thesis was meant to be about testingeless sensor networks for monitoring
temperatures in nest boxes. However, the sensorsdtanneto function poorly and at the
same time | discovered a big need among the biologisteelw field maps. This led to the
idea of creating an interactive map application that dedualise not only the placements of
the nest boxes, but also include information aboutbires that are breeding inside these
boxes.

1.2 Purpose

The purpose of this thesis will be to describe the deweént of a system prototype that
visualises geographical and biological data for a resgagject about flycatchers.

1.3 Method

The application project will be implemented as a soféewaroject; including planning,
analysing, designing and implementing a software applicat®emi-structured interviews
will be held with the biology researchers, which nsetre use of both pre-prepared questions
and exploring new arising topics (Benyon, Turner and Tu20656, p. 216). This is necessary
because | don’'t have enough background knowledge of the sidyjextstructured interview
including only pre-prepared questions. At the same timeynatructured interview without
pre-prepared issues to discuss may result in a vast amaoftromation of no practical use to
the application development.

Necessary geographical data will be collected and thenagiplication will be developed
through evolutionary prototyping and documented on paper. Aogprto Viiet (2004),
evolutionary prototyping means that the user start®byulating raw requirements and then
the developers work on a prototype that evolves, togethemew or changed requirements,
into a final product after a number of iterations. Véhahosen evolutionary prototyping partly



because of the limited familiarity with GIS-applicagofor both myself and the biologists. A
concrete prototype will simplify our communication antelieve it will clarify requirements
more quickly. For simplicity, the prototype will be implented as a web application.

A usability evaluation will also be conducted by a numbeexperts, using Jakob Nielsen’s
(23/8-2007) ten heuristics for good user interface design. @t rwill be used to improve
the application interface.

1.4 Delimitations

The flycatcher project has 20 years of collected daadlade. Naturally only a subset of that
data will be used in this project and thesis, as an giearmwill only include a few of the nest
box areas on Oland that have been positioned with @dsphasis will be on the two
flycatcher species pied flycatcher and collared flyaatckor economic reasons | will, as far
as possible, use software that are free or alreadialaleato me. That means that not always
the most optimal existing software or technology foe purpose will be utilised. Built-in
software features impose limitations on the developraedt might complicate realisation of
requirements. By choosing evolutionary prototyping, | htp@void modeling requirements
that prove impossible to implement in the final appimatbecause of constraints in the
development environment.

1.5 Outline of the thesis

Chapter two will give some background information aboutggaghical information systems
and chapter three about flycatchers and the flycatesearch project. The project setup will
be presented in chapter four explaining necessary prepeabefore developing the
prototype. The actual creation of the application \Wwdirt be described in chapter five together
with screenshots and results from user tests. A caonlasmd discussion will be presented in
chapter six and a glossary with clarifications in b&thglish and Swedish will be found in
Appendix 1.



2. Geographical Information System

This chapter gives an introduction to Geographical In&tion Systems, GIS, and the two
storage formats; raster and vector. It also expldiasfundamentals of a Global Positioning
System, GPS.

2.1 Background

A Geographical Information System is a computerised esystfor storage, access,
manipulation, analysis and presentation of geographifaderece data (Hall, Alm, Ene and
Jansson 2003, p. 131). The development of GIS started in the, 1@&sit was possible to
make computerised analyses of geographical objects (Eklundh g034-15). Today GIS
are becoming more and more popular in a wide range o$,air@an navigation systems in
cars to three dimensional atlas applications on thddWgide Web such as Google Earth.

By overloading different map layers, new relations lsarfound and analysed (Eklundh 2003,
p. 23). One example could be to take a map showing streatsity and overload it with a
layer showing population density, in order to calculate rtfost optimal placements for bus
stops.

2.2 GIS formats

There are mainly two conceptual storage formats of ggdupal data, raster and vector
(Eklundh and Pilesjo, 2003, pp. 96-111). The following paragraphsxpiin both.

2.2.1 Raster

Raster format means that you use a grid to represegetigraphical areabfd.). Each cell in
the grid has a value that translates to some infoomatbout the map. For example, 1 can
represent water, 2 can represent forest and 3 can nepfiete (Figure 1). How detailed the
raster representation is depends on the resolution. Mamgll grid cells hold more
information than a few large grid cells covering thensaarea. Of course, more cells also
means bigger storage size.

2[22[Z[22[2[2]a [a]2] [2]2]2[2]2]2[2[2]3]3]2
:‘T?-’Eiiziﬁaagg 2[z]2]2]2[z]2]3]3 ]3]z
2(2212)212 533 [3[2] |2]|2]2[2[2[2]3]3]3]3]2
2121212121213 (3(3(3]2]| [2]2[2[2]2]2[s]3]3]3]2
1'3111--33333351 2[1]1[1]1]3[3]3]3]3]2
2l lala laffalalalalz] [2[a|a]1|1|1]1]3]3]3]2
2la(alafafalafaln3 (2] [2{2{a1][1[1[1]1]1]3]2
il i ala(2]| (2{2(1{1[1[1{1[1]1]3]2
2lzi2iz|2]2]2lz]2]2]2] (2]2]|2]2]|2[2|2]2]2]2]2

Figure 1. A map (left) transforms into a raster (right)ere 1 represents water, 2 forest and 3 field. (Image by
the author)



It is not always clear which value best represents rister celll. Two common ways of

choosing a value is to choose the information typeing the biggest part of the cell area or
the information type of the absolute middle of the. dédlually each cell only holds data about
one attribute, like vegetation type, altitude or inhaitga Therefore, each attribute needs its
own raster layer of grid cells.

2.2.2 Vector format

The other conceptual storage format of geographical datapr format, is built up in an
entirely different way. Objects in vector format aepresented by points, lines and polygons
(ibid.). A point is stored as a coordinate in a map witmlatib an attribute table. Usually the
point has an x-coordinate, a y-coordinate and an ID eunithe ID number can be linked to
attribute data describing the object, for example typeegetation. A line consists of two or
more points, where the first point marks the beginnindhe line and the last point the end of
the line. Similarly, a polygon is a surface built up @dirf or more points, where the first point
and the last point are identical and therefore meassiie@. Figure 2 shows a field represented

by one geographical file with its border coordinatele ) connected to another file with
attribute data (file B) via an ID “F1”.

File A File B
18] F1 0 Fi
BV IE[¥||type | field

ﬂ:—l-_ﬂ"ﬁ E rnane areasd
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15 3 fid(?
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Figure 2. A field on a map (left) undergoes a vector tnsdition (right). Start and end point is the same.
(Image by the author)

As shown in Figure 2 above, the real map to the lefingre detailed than the map
transformed into vector format to the right. This neet to simplify a map is called
generalisation. How detailed a vector representatidep&nds on its degree of generalisation.
A highly detailed map in vector format is built up by ateasive number of points, all stored
as coordinates in a file. Hence, the level of d@taal map stored in vector format depends on
storage capacity, similarly to raster format.

2.2.3 Which format is better?

Both raster and vector formats have their strengtidsdaawbacks. According to Eklundh and
Pilesjo (2003, p. 112), raster has a big advantage when gscéanstoring homogeneous
objects and continuous surfaces, such as aerial photsetadite photos. The raster cells are
closely connected with their neighbour cells and thet that all cells are equal in size



facilitates logical and mathematical operations asl \wel advanced analyses of spatial
relations like proximity. A search for neighbouring abgin a vector map takes much longer
than finding neighbouring cells in a raster map.

The vector structure on the other hand is usually mooengtrically precise and the storage
format is more compact. Because they are built up iobgect-oriented fashion, vector maps
are also better for operations on multiple attributedke raster maps that have one attribute
per layer.

So, if the task is to handle multiple attributes or magerations on very precise coordinates,
then vector format is preferred. If the task is to kvesth continuous surfaces or study the
interaction within or between different layers ofalaten raster format is preferred.

2.3 Global Positioning System

The following paragraphs explain how the Global Positprsystem, GPS, works and ends
with a brief part about the Galileo Positioning System

2.3.1 How GPS works

"A GIS without data is - like other sorts of information - uséléslmuska 2003, p. 149).
Using the Global Positioning System, GPS, is one wagollect geographical data to a GIS.
The American satellite navigation system NAVSTAR GBShased on a minimum of 24
satellites that orbit the earth (Hall al 2003, p. 157). Each satellite has four atomic clocks
and periodically generates a signal that is sent outtitegeith the satellite’s current position
(Garmin.com, 9/5-2006). The system is controlled and sgnided by five ground stations
placed around the equator (Hauska 2003, p. 154).

A GPS receiver generates an identical signal at time $eme as the satellites. By measuring
the time difference between the receiver's own geiograf the signal and the arrival of a
satellite signal, it is possible to calculate howdamy the satellite is using the formule*v
whered stands for distance, for time andv for velocity (Kunskap och fakta, 28/5-2006).
Time is the time difference of the signals and vejo@t 300000 km/s, since radio waves
travel at the speed of light. Signals from at least &atellites are needed for the GPS receiver
to calculate its own three dimensional position initude, longitude and altitude
(Garmin.com, 9/5-2006).

2.3.2 Trilateration

The calculation method used to get the three dimensposition for the GPS is called
trilateration (Wikipedia, 28/5-2006). A two dimensional examplased here for explanation.
If the distance to one satellite is known, the posgtasitions of the receiver can be in any
direction from the satellite, on a circle around theelite (Figure 3). If the distance to two
satellites is known, the receiver’s position mustrbene of the two intersection points of the
two circles (Figure 4). A third known satellite distargpees an absolute position of the GPS
receiver (Figure 5), in a two dimensional picture.



Figure 3. One satellite in a two dimensional picture. fgeeiver is on a distance rl from the satellite thed
dots indicate possible positions. (Image by the author)

Figure 4. Two satellites in a two dimensional pictureth/nown distances rl and r2 to two satellites, the
receiver must be found at either A or B. (Image byathior)

Figure 5. Three satellites in a two dimensional pictWigh known distances r1, r2 and r3 to three satellites, t
receiver’s position can only be in B. (Image by théhar)



Since our world is however three dimensional, we nefedidh known satellite distance. In a
three dimensional picture with two known satellite posg, the GPS receiver’s position can
not only be in the upper or lower intersections of ttheii, as in a two dimensional picture
(Figure 4) but in any direction (Figure 6). The possibleiketr positions form a circle where
the two radii from the signal spheres meet. Adding al thatellite (Figure 7) to the three
dimensional picture will narrow possible receiver possi down to two points where all three
spheres intersect.

Figure 6. Two satellites, in a three dimensional pictlihe GPS receiver’s position can be anywhere wiere t
surfaces of the two spheres intersect. (Image byutimg

Figure 7. Three satellites in a three dimensional piciith three satellite positions known, the GPS nexrés
position is either A or B. (Image by the author)

It is now clear that three satellites are not endoghinpoint a GPS receiver’s exact location.
That is why at least four satellites are needed. Comih more than four satellites generates
an even higher position accuracy (Garmin.com, 9/5-2006).



2.3.3 Accuracy

The accuracy of the calculated position depends on theéygogthe receiver and the quality
of the satellite data and links. Objects blocking thel#a signals, such as buildings or dense
foliage, can make it harder to get a fixed position amdcaiver’s built-in clock is never as
precise as the satellites four atomic clocks (Garmm,®/5-2006). A normal GPS receiver is
accurate down to 5-15 meters (Hallal 2003, p.157).

Hauska (2003, pp. 154-155) also mentions another kind of GPS nmmeasurealled
Differential GPS, or DGPS, which uses permanent eafsx stations on the ground as well as
the satellites. In Sweden there is a network of sedtrence stations called the Swedish
Network of Permanent Reference Stations, SWEPOS. yT&WEPOS has 74 stations
distributed over Sweden (SWEPQOS, 28/5-2006). The stationseregggellite data and correct
it, before sending it out over radio. A license is néedeaccess and use the data. In 95% of
all cases, the measurement accuracy with this methta$s than two meters (Hauska 2003,
pp. 154-155).

2.3.4 A European satellite system

The European Union is building its own satellite navagatsystem, the Galileo Positioning
System, as an alternative to the American systei?SIPAR GPS. According to Wikipedia
(28/5-2006), the system will be operational by year 2010 amusof$ieveral advantages over
NAVSTAR GPS. For example, users will get greater precishan is currently available and
regions at higher latitudes such as Scandinavia willlgptaved coverage of satellite signals.
This means that in a couple of years from now, it flbaya good idea to take new GPS
positions with better accuracy.

2.4 Maps and GIS software

To visualise the GPS positions, maps in digital form aeeded. Lantméateriet provides
students and employees at Swedish universities accessnveb service, called the Digital
Map Library, where users can download digital maps ovexdsw.

There are several GIS applications to choose froroyder to process the digital map data.
ESRI Sweden (Environmental Systems Research Ingtiéwigt Mapinfo Corporation are two
of the worlds biggest GIS software companies, both tidir own file formats. Converting
between different formats is definitely the number @meblem when using GIS (Hardén,
2005). Maps come in a wide range of formats with referéacellipsoids, map projections
and coordinate systems and transformations take &tioh@and energy.



3. Flycatcher research

In this chapter, an introduction to basic conceptsasiation, fitness and natural selection is
given, as well as general information about flycatshard the flycatcher project at Uppsala
University.

3.1 Speciation and fitness

The following paragraphs explain the species concept, daptiwe barriers, fithess and how
speciation occurs by natural selection.

3.1.1 Reproductive barriers

To understand how new species develop, one must begin iynglelvhat constitutes a
species. Campbell and Reece (2002, p. 465) use the followingidefof a species:

"The biological species concept defines a species as a population or group of jpogulati
whose members have the potential to interbreed with one another in naproeltce viable,
fertile offspring. In other words, a biological species is the largesbf populations in which
genetic exchange is possible and that is genetically isolated from ottfepspulations”

There are many different factors that can genetigatjate populations from each other.
These factors are divided into two main groups: prezyduaticers and postzygotic barriers
(ibid., pp. 465-467).

Prezygotic barriers are factors that impede mating indeh fertilization of the ovum.
Examples of such factors are habitat isolation, behaal isolation and mechanical isolation.
Habitat isolation means that two species live in ed#ht habitats. They might be
geographically isolated or they may live in the sameggmahical area, but prefer different
environments, like woods, swamps or open land. Behavimaadation is usually connected
with courtship rituals. According to Campbell and Reepegcies’ specific signals that attract
mates are probably the most important reproductive doarffor closely related animals.
Acoustic differences in song can enable birds to resegmnidividuals of their own species.
Mechanical isolation means that two species areoamedlly incompatible.

Postzygotic barriers are barriers that occur afterféhtilization of the ovum and prevent the
hybrid zygote to grow up into a viable, fertile offspriiexamples of such factors are reduced
hybrid viability, reduced hybrid fertility and hybrid bieown. Reduced hybrid viability
means that the hybrid zygote of two species maydaildvelop, or if it develops it may never
reach sexual maturity. Reduced hybrid fertility means tha hybrid is completely or partly
sterile. The mule is such an example. It is a sterdssbreed between a horse and a donkey.
Hybrid breakdown occurs when the hybrids themselvesveaigle and fertile, but their
offspring has reduced viability or fertility.



3.1.2 Origin of species

Speciation is the origin of new species. It is genemdiVided into two modes, allopatric
speciation and sympatric speciatiahid., pp. 468-475). Allopatric speciation means that a
new species emerge from a parent species by the interrupt gene flow between two
populations due to geographical separation. If the two popmdatannot interbreed again
after a long time apart, they have evolved into twieidiht species.

Sympatric speciation occurs within the range of a papapulation. Duplication of the
genome is one example common in plants, where acciaeotd division cause extra sets of
chromosomes. Among animals, sympatric speciation caarovhen a subset of a population
switches to a different food source or habitat and bggdthat isolates itself from the main
population. Differences in male appearance can also dansdes to develop a preference for
a certain type of male.

3.1.3 Fitness and natural selection

There are several definitions of fithess. CampbellReece (2002, p. 457) state two:
"Darwinian fitness is the contribution an individual makes to the gene podheohéxt
generation relative to the contributions of other individuals. In a more qagingtapproach
to natural selection, population geneticists define relative fithesthesontribution of a
genotype to the next generation compared to the contribution of alternative geshay the
same locus."

A genotype is the set of genes that an organism halg, avtocus is a particular place on a
chromosome where a certain gene is located. Thavestdefinition is a more exact approach,
with focus on the actual genes instead of the individasls the Darwinian definition. For

example, two people might have the same gene for egarcdlhen it doesn’t matter which

one of them who transfers the gene to the next gemerdecause the result is the same.

Natural selection is a process that occurs through thdiVi survival and reproduction
success. Individuals who survive and produce high amountffspfing are said to have a
high fitness (Ulfstrand 20/10-2006). Because all populationgxresed to natural selection
they will change over time and it is those changes nieke populations diverge from each
other. Hence there is a close connection betwasss and natural selection.

3.2 Flycatchers

In Sweden, there are four different species of flyatkhpied flycatcheFicedula hypoleuca
collared flycatcherF. albicollis, the red-breasted flycatchdf. parva and the spotted
flycatcher Muscicapa striata(Jonsson 1993). Both the pied flycatcher and the collared
flycatcher are found on Oland. The two species areclglaglated and the fact that they
sometimes interbreed has made them interesting résaavects for biologists.

The pied flycatcher (Figure 8) is wide spread in Sweden hadriost common flycatcher
species found here. The collared flycatcher (Figure 9herother hand can in Sweden only
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be found on Gotland and Oland. It probably colonised #iticBslands from Central Europe
(Interview with Qvarnstrém and Wiley 6/3-2006).

Anna Qvarnstrom, assistant professor, ChristophesWWRhD student, and Nina Svedin, PhD
student, at the Department of Ecology and Evolution, Uppsalversity, have been working
several years with collared flycatchers and pied fgloats. Every summer they monitor the
flycatchers breeding on Oland, where both species asept. Contrary to many other bird
species, the flycatchers are not very sensitive stuidiance. Occasional visits by humans will
not make birds abandon their nests. This makes thatdlyers ideal research subjects
(Interview with Qvarnstrom and Wiley 10/2-2006). Both spe@eme to Sweden in May to
nest and raise their offspring. They normally lay fiweseven eggs that hatch after two weeks
(Interview with Qvarnstrom, Wiley and Svedin 15/3-2006).ths name suggests, flycatchers
catch much of their food in the air. Examples of tipeey are flies and wasps. Moreover, they
mostly feed their chicks with larva. Flycatchers avasters of flying and commonly win air
battles with other birds such as tits, due to their sopdlying abilities (Interview with
Qvarnstrom and Wiley 6/3-2006). In August they fly south ag@ispend the rest of the year
at a warmer place, like tropical parts of Africa. Pigddtchers usually live only around one
and a half year (Dahlfors, 9/5-2006).

Figure 8. Male pied flycatcher. (Image by the author)
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Figure 9. Male collared flycatchers. (Image by the agthor

The two species are quite similar in their black andtevappearance. However, the male
collared flycatcher has, as implied by its name, demollar shaped marking around its neck
and several other white patches that are much snmalgre male pied flycatchers. As with
many bird species, the female has a more camouflagiogrcof brown. The pied flycatcher
and the collared flycatcher also have different songs.

According to Anna Qvarnstrom and Christopher Wiley €imew with Qvarnstrom and
Wiley 6/3-2006) there are other pronounced differences battheetwo species. The collared
flycatcher is more aggressive than the pied flycateherwhen the two species compete over
the same resources in an area, the collared flycatdhen has the advantage. There also
seems to be a tendency that when conditions are gadidred flycatchers can exploit
resources much more efficiently than pied flycatch@s. the other hand pied flycatchers
seem to be more stable and do better during worse anglifike low availability on food,
than do collared flycatchers. Fluctuations in enviromiadeconditions help the two species to
coexist.

Collared flycatchers and pied flycatchers can actuadtgrioreed with each other. The
offspring is intermediate between the two species amvsa mix of traits from both

regarding appearance and song. However, the female hgbofifen sterile while the male
hybrid is often fertile.
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3.3 Research in Uppsala

The following paragraphs give a short insight into thecaficher research at Uppsala
University, from past to present. There are alsawastmples of interesting research findings.

3.3.1 History

Back in 1980, Lars Gustafsson, professor at the Departofeficology and Evolution,

Uppsala University, started to study the populations dame flycatchers on Gotland and
put up nest boxes. According to Qvarnstrom and Wiley v with Qvarnstrém and

Wiley 6/3-2006) there are close to 3000 nest boxes todaydedefor flycatchers on Gotland.
However, the collared flycatcher has taken over anoosnpletely and out of about 900
flycatcher couples on Gotland, only as few as approriyathree couples are pied
flycatchers. The rest are collared flycatchers.

In 2001 Anna Qvarnstrom put up nest boxes on Oland, whergatio of pied flycatchers is
still higher than on Gotland. 2000 nest boxes have beemupw@nd out of 300 couples of
flycatchers that come to Oland to breed, around 50 coapegied flycatchers. There are also
around ten mixed couples and a few hybrid pairs each séhgerview with Qvarnstrom,
Wiley and Svedin 4/4-2006). The birds are ringed, which mdaas rings with an
identification code are put around one of their legs. Tigtes it possible for researchers to
track individual birds as well as family relationships.

In the summer of 2006, during this degree project, Qvarnstvom the highly prestigious
European Young Investigator Award (EURYI) for her excelleesearch (Vetenskapsradet
29/8-2007). The funding is comparable in size to the Nobe¢Pri

3.3.2 Research findings

Qvarnstrém and her associates have discovered thétnges of collared flycatchers is more
sensitive to seasonal decline in environmental comdif than the fitness of pied flycatchers.
In other words, even though collared flycatchers areimnh in interference competition
with pied flycatchers, collared flycatchers are not sagcessful breeders during harsh
conditions as pied flycatchers (Qvarnstrom, A., Svedin, Wiy, C., Veen, T. and
Gustafsson, L. 2005).

Other interesting findings indicate that the cost fgeatcher females of choosing dominant
males before subordinate males can sometimes outweghenefits. It is generally thought
that winners of male-male competitions are of supequality and that it would be beneficial
to females to mate with these males. But studies ghatvtraits important in competitions
between males might not always be the same as thasare important to females selecting a
mate Qvarnstrom, A., Forsgren, E. 1998)

As a final example, another discovery made by the paeepiking with the flycatcher project
is that hybridisation between collared flycatcherd pred flycatchers is affected by so called
delayed maturation. Delayed maturation means that youdg #0 not attain their full adult
colouration until one or several years after reaclsegual maturity. This signalling of
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juvenile status is thought to protect young birds from ag@grescoming from older, more
dominant adults. However, juvenile male collared flyhats can appear similar to adult male

pied flycatchers and therefore attract females ofatteang species (Wiley, C., Bengtson, J.M.,
Svedin, N. and Qvarnstrom, A., 2005).
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4. Project setup

This chapter explains the project background, how maps B&lequipment were used, how
the fieldwork was carried out and finally how the cdbetdata was processed.

4.1 Project background

The original idea for this degree project was to teseless sensors for biology purposes.
That was how | got in touch with Qvarnstrom and heoeates and the plan was to put the
sensors inside nest boxes to measure temperature raiffsreAfter that a web application

would be created, visualising the results. After monthgvark, it was discovered that the

sensors were unable to measure the needed temperatures $imply not possible to use

them in the project. However, at the same time aodey was made that the biologists had
big problems with their field maps.

The biologists used hand drawn black and white field mapssisting of lines and nest box
ID numbers. Most of the maps lacked scales, cardinattaires and roads. The nest box
positions were marked with their corresponding ID numbarstheir actual placements in the
field were not always as they appeared on the map, velety new field worker soon found
out. A field map over a nest box area can be found in Agipe3. These problems illustrated
the need for new field maps with accurate nest boxiposit Since | had previously created
maps for biology research during a GIS course, | knewoitldvnot be difficult to create new
maps. An idea emerged of creating an interactive map appiigust like in the original plan,
but instead of temperatures visualise parts of the bgitogollected bird data. With the same
map material it was also possible to create new ffidgs, something that the biologists were
very interested in, although that work is not includethis thesis.

Now the task was to collect GPS positions of the heses, acquire digital maps of Oland
and make an interactive web application showing the bwsts on the maps. This would then
be combined with collected data about the nest boxdésibitants, such as number of laid
eggs, number of full-fledged chicks etc.

4.2 GIS

In this chapter, explanations are given about the mag<&S equipment that were used in
this project, together with the solution of a delicateblem regarding translation between
Swedish and international geodetic reference systems.

4.2.1 Maps

To begin with, maps were downloaded from the Digital Malprdry. The General map
(Oversiktskartan), an overview map in scale 1:250 000, wasechto show where the nest
box areas were situated on Oland (Digitala Kartbi#iete27/8-2007). The Property map
(Fastighetskartan), Lantméteriet’'s most detailed mascmle 1:20 000, was chosen for
plotting the nest boxes on each nest box area. Alismizere in the same Swedish geodetic
reference system, RT90 (also called Rikets néat) and dedet as shapefiles. The shapefile
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format, developed by ESRI Sweden, consists of at ket files: .shp which stores the
actual geometry points in a vector format, .shx wistitres the index data pointing to the
geometry structures in the .shp file and .dbf, whichestdhe attributes in database format
(Hardén, 2005).

4.2.2 GPS receivers and settings

With help from a number of biologists, | positioned nésixes on Oland, using GPS
receivers. Only a few of the biologists had actuallgdua GPS before and since no one had
time to teach them how to use the equipment properlyedted a GPS crib (shown in
Appendix 2) for educational purposes.

We used three different GPS receivers to collect positdf the nest boxes: eTrex, GPS 12
(Figure 10) and GPS 12 XL, all manufactured by Garmin Interma Inc. All the models are
quite old, but according to Géran Hammer, associated pmfed the Department of Social
and Economic Geography, Uppsala University, the GPS 1Z&%®I12 XL are of very good
quality; robust and reliable out in the field (Interviesth Hammer 13/9-2006).

Figure 10. My GPS equipment, a Garmin GPS 12. (Image bytherd

The eTrex model seemed to use slightly different settings the other two models, GPS 12
and GPS 12 XL. It was also smaller and used two battesésad of four, which made me
suspicious about its exactitude. Since the other two madeld practically the same software,
a decision was made later on to primarily stick to usihem instead of eTrex, to minimise
possible differences between collected coordinates.

16



The downloaded maps used the Swedish reference system IRTB6.GPS 12 and GPS 12
XL settings, the RT90 reference system and a formégdc&wedish grid were chosen, to get
the GPS positions in the same format as the mapsetwawafter my first visit to Oland, | by

accident stumbled over a web page on Lantméteriet’sit@elaglvocating other customised
settings than the already available RT90 and Swedishagrithé Garmin GPS 12 and GPS 12
XL models:

"By using a carefully selected projection instead of RT90 and SwedishtGrmbssible to
enhance the connection in e.g. Garmin GPS 12 by choosing a so called Usen grid
Transverse Mercator.(GPS och annan matningsteknik, 7/11-2006)

According to another web page (Battre att paddla med GRPE?2006) the Garmin models’
algorithm for the Swedish reference system is flawBegcause the manufacturer is
international, the GPS software is based on thenat®nal reference system WGS-84 and
latitude and longitude format. WGS-84 stands for World Geodgystem 1984 and is a
global system constructed by American authorities f®ISGTredimensionella system, 7/11-
2006). An algorithm has then been used to translate th8-843ositions into Swedish RT90
positions, although there is a translation fault causing-15 metre offset in the south of
Sweden. At most, this translation fault causes a 28enulfference in the south of the Baltic
sea and in the far north of Sweden. By adjusting thengstmanually with a number of
specific parameters, the GPS 12 and GPS 12 XL can acquieeprexise positions for our
Swedish reference system. On my second trip to Oléiedetnew customised settings were
used in the GPS receivers.

4.3 Working in the field

During the two trips to Oland, five days in May 2006 and wezks in June 2006, | collected
GPS positions of the nest boxes. It was better tbegabPS positions in May, before leaves
appeared on the trees, which would have affected the rég&sers’ connection with the

satellites.

While being down on Oland, | also got to help the biatsgin their work. Count newborn
chicks, determine the chicks age, label blood samples,)ptitaps and catch adult birds for
measuring were some of the things | learned to do. Gittentes included building aviaries,
large outdoor birdcages which allow the birds to fly aneked in captivity, water birds and
clean nest boxes from old nests, dead bats and ottiingXsometimes frightening) content.
This gave me an insight in the biologists’ work, wharleved useful later on while working
with the collected bird data.

4.4 Data processing
To transfer the GPS data to the computer, a freewaasson of a program called GPS Utility
4.20 was used. A number of different output formats werdalgi but the database format

DBF was chosen because it was supported by Microso#l EKaee reason for this choice was
that the biologists all use Excel for their colleci#ata. They later transfer the data to a
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statistical analysis application called JMP by SAStitime (Interview with Qvarnstrom,
Wiley and Svedin 15/3-2006).

With the biologists’ help, close to 1600 nest box cootdmahad been collected. These
coordinates were then put together and processed. Falsginades (created by accident)
were deleted, extra fields showing GPS, settings and patisource files were added,
duplicate coordinates were replaced by means and all catediwere rounded off to whole
meters. Showing decimals was pointless since the axcwvas between 5 and 15 meters
anyway. All nest boxes were also stored with thdirlD, which meant both area code and ID
number in the same column €. “KOL54"). To split them up into separate columns, a macro
script was created in Excel.

Moreover, the biologists provided their collected birdadabm four field seasons, to be
utilised in the application.
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5. Application and visualisation of data

Having acquired GPS positions, basic maps and bird datdagslivas left was to create the
final web application. The following paragraphs explain chpices of application software
and setup. It also describes prototypes and gives a bgdanation of how the application
works, together with code examples and screenshots.

5.2 Choosing software

The first idea was to transform the digital maps, wigst box positions on them, into
ordinary JPEG-files. Then regions of the JPEG-pictunesild be made clickable with
HTML, together with different scripts for web pages. Twent with using a reference system
would then of course be lost. Figure 11 shows a first rapchage of how a map on a web
page could look.

< Till éversikten
i
i ] { .
M s
Hi=i
4 el
A \,
-
i !
A \
8 -:=I = ) -F-:-L:J 1}
Holk: A1 : /
Position: 17 E f
a |} ,.-‘J
Ar 2006
Par: bdiat
Hame: Swvartwit . -
-
Hana: Halsband
Agg |7
Ungar;
g 1 i 3 4 5 Hdamsmrs
e e —

Figure 11. First mock-up of the application. This was mafterdé had even been to Oland. (Image by the
author)

After the visit on Oland, a better software solutitvan the first idea was found: an open
source development environment called UMN MapServerUtiyersity of Minnesota, for
building spatially-enabled internet applications (UMN Map®g 7/11-2006). MapServer
creates interactive maps out of geographic data suchapsfids or database data. Basically
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it is a CGI program on a web server and it renders magas out of the geographic data files
provided and URL requests (Figure 12). CGI stands for Comnaseway Interface and is a
standard protocol for interfacing external applicatiofiveare with a web server (Wikipedia,
7/11-2006). This was exactly what was needed to build the apptic MapServer offered
support for both reference systems and PHP, PHP Hypdttexessor, a server-side script
language | was already familiar with. MapServer was &se to use, which was another
essential requirement.

MapServer Architectural Overview
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Figure 12. A typical MapServer Application. (Image by Frag6-2007)

In a survey of different web based open source GIS saltiUMN MapServer got a good
grade (Béhm and Kunert, 2005). According to Bohm and KunertNUWi&pServer is a very
popular server with good documentation and it also hasge,lactive online community,
which can be a most helpful resource. Mitchell (2005kst#tat MapServer makes it possible
for users to create maps without needing particular towtalled or assistance from
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specialised mapping analysts. The ability to simultangousé a number of diverse data
formats without conversion is one of the major githa of MapServer (Mitchell 2005; Erle,
Gibson and Walsh 2005).

To be able to use MapServer, a web server to instalt was needed. A database to ease
spatial queries was also preferred and the MapServer hgemepeommended a PostgreSQL
database with a PostGIS extension. PostgreSQL is arpdwopen source object-relational
database system originally created at Berkeley, Unliyeod California (PostgreSQL.org,
7/11-2006). PostGIS is a PostgreSQL extension (Figure 13) wfiefs database support of
GIS objects and "spatially enables” the database @®s¥/11-2006).

User 1 User 2 Applications I
(database- (database
client) client) " i

PostgreSQL database server postmaster

Figure 13. How PostgreSQL, PostGIS, MapServer and thesevebr are connected. (Image by Christl, 6/6
2007)

Most web hosting services turned out not to offer PeSIQL to their customers. Finally a
friend of mine, Thomas Tydal, offered a cheap accourtisatveb hosting service and he
installed PostgreSQL, PostGIS and MapServer for me.

5.3 Using MapServer

Apart from a tricky installation and configuration proseMapServer turned out to be quite
easy to use. Its main component is the so called Imaphe mapfile defines relationships
between objects, points MapServer to where data asteld and defines how objects are
drawn on the resulting web page (UMN MapServer, 4/12-2006).hén mapfile, the
geographical data are mapped in a hierarchical structundayérs and classes, together with
a set of styling attributes such as colour, size, posifont and more. Below is an example of
a simple mapfile with one layer.
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MAP
SIZE 400 400
EXTENT -25 50 —65 24

SCALEBAR
STATUS EMBED
UNITS KILOMETERS
INTERVALS 3
TRANSPARENT TRUE
OUTLINECOLORO0O0O
END

LEGEND
STATUS ON
TRANSPARENT TRUE
END

LAYER
TYPE LINE
STATUS DEFAULT
DATA “/data/olandl.shp”

CLASS
NAME “Small roads"

STYLE
COLORO0OOO
WIDTH 2

END

END
END

END

# Start of MAP object
# 400x400 px output image
# Map extent coordinates

# Start of SCALEBAR object
# Embed scale in map image
# Units of map coordinates
# Scalebar breakups
# No background colour
# RGB code for outline
# End of SCALEBAR object

# Start of LEGEND object
# LEGEND visible

# No background colour

# End of LEGEND object

# Start of LAYER object
# Line shape type
# LAYER always showing
# Source dataset

# Start of CLASS object
# Caption shown in legen

# Start of STYLE object
# RGB code for line colour
# Line width in pixels
# End of STYLE object
# End of CLASS object
# End of LAYER object

# End of MAP object

To start learning MapServer, new users are encouragaovinload a demo application with
an interactive example map. It already has a coupleatfifes built-in: pan, zoom in and out
and turn on and off different layers. Users can simpange map source daia€d. shapefiles)
and bit by bit remodel the demo into their own applorati

Using shapefiles in a MapServer application is prettgigitt forward, as shown in the
mapfile code example above. For more complicated sjpgtgales, it is better to keep the data
in a database with PostGIS (Ramsey 11/7-2007). It is difficult to set up, but PostGIS is
faster and offers a number of built in functions, suchaga() , distance() and
transform() . For example it can calculate the area of a comgleast, single out all nest
boxes that are situated less than 100 meters from angudaid transform coordinates from
one reference system to another.

A web interface called phpPgAdmin, provided by the web ifgpsservice, was used to

administrate the PostgreSQL database. The collectdddata was transformed from JMP’s
own format (also called JMP) via TXT format to SQanamands and then entered into the
database.
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Below is a subset of my mapfile layer code showing demldata about pied flycatcher
families in the area of Kohagelyckan collected in sum@@)5. The pied flycatcher (‘PF’)

families are singled out from the database table bynargdiSQL commands in the DATA
string.

# Svartvita flugsnappare 2005

LAYER

NAME Pied2005

TYPE POINT

CONNECTIONTYPE postgis

CONNECTION "host=localhost user=fia password=** * dbname=fia
port=5432"

DATA "geom from (SELECT kohagelyckan.geom AS ge om,
FROM kohagelyckan, families_kohagelyckan2005
WHERE kohagelyckan.box = families_kohagelyckan2005. box
AND ((spm = ‘PF’ AND spf = ‘PF’) OR (spm = ‘PF’ AND spf=")

OR (spm = “ AND spf = ‘PF")))

as foo using srid=-1 using unique box"
STATUS OFF
SYMBOLSCALE 2000

CLASS
NAME ‘Pied flycatchers’
SYMBOL ‘circle’
COLOR 100 100 255
OUTLINECOLOR 00O
SIZE 8
MINSIZE 8
MAXSIZE 20

END

END

MapServer processes the instructions in the Mapfile gewkerates maps as image files
presented on a web page. As with most data inputs and ofdpiapServer, the user gets to
specify what kind of image the application will generatel @ wide range of formats is
supported. | chose JPEG output.

To add interactivity, the web page contains an HTM{ORM>with input controls, such as

buttons, checkboxes and lists. But the most importgniticontrol is the map itself. The

image is not presented as an ordinamG> element, but arINPUT> control. When the user

clicks on it, the coordinates of the clicked pixel asbrsitted with the form. It causes the web
page to reload and a new map image to be loaded, base@ ariotimation sent from the

<INPUT> controls. That interaction chain is the basiszZimoming and panning.
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5.4 Designing a prototype

This chapter begins with a brief explanation about mdiffe kinds of prototyping. Then
explanations are given about the design choices madéeatdsen functionality.

5.4.1 Prototyping

A prototype is a concrete representation of a systesigmealthough not fully developed
(Benyonet al 2005, pp. 253-260). Prototypes can be divided into two main kiods:
fidelity, lo-fi, and high fidelity, hi-fi. Lo-fi prototpes are usually made of paper, while hi-fi
prototypes are produced in software. Lo-fi prototypes eaquickly produced and focus more
on underlying design ideas, such as navigation and struédifieprototypes, on the other
hand, look and feel more like the final product. They tiakger to produce, but are more
useful for detailed evaluation and usability studies.

Prototypes can also offer different levels of funciidy. A horizontal prototype shows the
whole system, but only includes broad, general functivhgh of the detail is omitted. The
opposite is a vertical prototype, which implements thié rainge of features for a small
number of functionsilfid.). Of course, there are also combinations of both.

Furthermore, there are different methods of prototypiBgolutionary prototyping and
throwaway prototyping are two well-known methods (VE&04, pp. 53-55). Evolutionary
prototyping starts with raw requirements, which lead fosa version. When the user starts
working with the prototype, new or changed requirementsgand his leads to new versions
and more feedback. After a number of such iterationptotype has evolved into the final
product. In throwaway prototyping, prototypes are createdibed only as a specification for
the final product. In that way the quality of the fitdsign is often higher because of the
learning experience through the prototypes.

5.4.2 Design and basic functionality

With a demo application ready to use, it was easiestaxt with a hi-fi prototype, especially
due to the lack of previous experience of this software.

From a total of about 17 nest box areas positioned GES, two were selected for
implementation: Lilla Hult, one of the smallest ar@ath only 34 nest boxes and a map size
of 0.6 square kilometres, and Kohagelyckan, one of the biggeas with 152 nest boxes and
a map size of 1.9 square kilometres. A vertical prototyffeximg more functionality for two
areas was a logical choice, rather than implementisgesas with lesser functionality.

Figure 14 is a screenshot of an early version of theicapiph. The original example
application contained the same input controls and aftavhde they turned out to be
inefficient in the application. For example, the Iksthfor choosing layers showed redundant
information by combining all years with all speciemstellations. Even with a listbox height
of ten lines, the user would need to scroll to accktsyars.
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Figure 14. Screenshot of Lilla Hult nest box area, easigion. Nest boxes are marked with box numbers. Blue
dots indicate breeding pied flycatchers, red dots collamédoarple dots mixed pairs. (Image by the author)

To find a better solution, a mock-up web page was made p#rpavith loose elements to
model a new design, a lo-fi prototype. It was quicker tokwwith than a real web page.
Unfortunately, the elements were not to scale,  rdsult was too flawed to be used.
However, while trying different combinations of theppa puzzle, it became obvious that
some input controls could be redesigned to take up less apddhose findings proved useful
in the next versions of the application. Figure 15 prestat two ideas for layer control.

Select Layers to Display:
Pied flycatchers 2003 la
Collared flycatchers 20037 |
Mixed pairs 2003

Pied flycatchers 2004
Collared flycatchers 2004
Mixed pairs 2004

Returning females 2004 |
Returning males 2004
Piedflycatchers 2006
Collared flycatchers 20!15_1',

RefreshjQuery |

i Pied flycatchers
I collared flycatchers
O Mixed pairs

O Hybrids
Yearlz':”:!_S-:[';. MI

Figure 15. Listbox compared to checkboxes. The listbox togetitie refresh button in the previous version
(left) takes up more space and sometimes requires theousaoll, compared to the checkboxes in the newer

version (right). (Image by the author)
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Which input controls to use depended on what functionalty biologists wanted the

application to have and the method of evolutionary pypiog was used to clarify that. From
the start, the biologists were unsure of what visuattions the web page could offer.

Without previous experience, they simply did not know whath a map application could

do. | did not know it either until | started experimentimigh the application and discovered
new ways to combine and show bird data. To inspirebiblegists a decision was made to
create a hi-fi prototype with a set of basic functiansgl a few more complex functions. Basic
functions were to choose between different nest beasaand to divide bird couples by
species, as well as mixed pairs and hybrids, the latieg of extra interest to the biologists.
Another basic function would be to choose a certast hex and show its family data for a
chosen season.

When working with the web page, it was soon discoveratlittwas impossible to fit all the

controls and information on one screen. So | came itlp the idea of having several pages
showing the same area, but with different themes amdrai to navigate between them. This
was also advocated by Olsson (2003, p. 44), who stated tlkabften better to spread out
large amounts of information over a series of mapa thaerloading a single map with too
much information. Figure 16 shows a later version of application with a more space

efficient design. Tabs are used to navigate betweeiedataaps.

General | Advanced | Phots |
Kohagelyckan

Show nesthox data
Hiand Masthex (0 12

Year | 2005 = F Shae
Mesibow 1D 12

Year: 2005
Family D¢ S2005251

Hale; Callgrid
Frmale; Hied

Erggss ]

Chicks: r
Fledglings: unknown
Commentz  ME{ED PAIR

T pan
= & Pied fycatchers
C ;z:: [I:Inul: L ] (:?-'Jared !'l'fl.'.-dl.d"!'rl
@ Mixed pair
Full Size |- O Hybride
“%e AnCient remaing
Show layers B Building
F sl nostheces A Road
T anfiyestehar apsthoxes ! A Dibeh
¥ tiad fAycatchers B Coniferous Teoest

' cotared ftpcatchers B Dasdugus Faredy
I pved pairs {:34 " Wistland

5 B water
W Hybrids . v--‘ta-- Amnzullus
Toar EZl:lﬂﬁ = Shew i) =5 &1 Fid ] 125 10 m -1!' Other apen ground

Copsrght @ Safip Bivntes T007. Mag barad on tho Feoparty Map (Factighetpkarant from Lantrmitariat.
A R:1LL

Figure 16. Screenshot of Kohagelyckan nest box areaawithre space efficient design. Notice the navigation
tabs, checkboxes and reference map. (Image by the author)

The “Show nest box data” function shown in Figure 17rsftBe user to write the ID of a nest

box and choose to see the data collected about thabares particular year. Not all data are
shown because of the limited space.
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Show nestbox data

Mesthox ID ilE

YEE,,—!2DEIS 'I Show I
Mesthox ID: 12

Year: 2005
Family ID: ©OZ2005251
Male: Collared
Female: Pied

Eggs: 7

Chicks: 7

Fledglings: unknown
Comment: MI=ED PAIR

Figure 17. The Show nest box data function. Detailed irdtion about nest box 12, year 2005, is presented.
(Image by the author)

When showing the prototype to the biologists, it wouldaheadvantage if it looked good on
their screens. Benyoet al (2005, p. 254) states that a problem with hi-fi prototypebat
they look so close to the real system that peopleuaelit is the real system. For that reason, it
is vital that the details of the prototype are accuratberwise the users might become
confused. The web page was adjusted to the most comneengesolution. In January 2007
54% of the Internet users used a resolution of 1024 x 768 Bedsvser statistics, 12/7-
2007). | did not know for sure which browser the biologistsd, but many of them used Mac
computers so it was made sure that the web page lookeshitie in the most likely used
browsers. In June 2007 Internet Explorer had about 60% ofigées, Mozilla Firefox (my
favourite) 35% and Safari (Mac browser) about 1% accotdiry3schools Browser statistics
(12/7-2007).

5.4.3 More complex functionality

As an example of a slightly more complex set of fumstjoa visualisation of the different
stages that the chicks go through over time was made.biftiedata for each nest box
included the lay date of the eggs, hatch date of the eglgsuavival data for eggs and chicks.
Homemade icons illustrating eggs, hatchlings, chicks autlfhgs represented the separate
layers in the mapfile. Drop-down boxes with weeks arats/evere then connected with the
layers and depending on the date, each nest box woulditshowrent “chick status”. Figure
18 shows the icons.

080 e
Figure 18. Icons showing the different stages of flycatelggs and chicks. (Images by the author)

The colours of the eggs and chicks are chosen to inngatdlycatcher colours. The icons are
also designed to be scalable to a certain extent pSelaver, because of the zoom in and out
function. Figure 19 shows a screenshot of the ChicksiBonlfunctionality.
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Figure 19. Chicks evolving. Screenshot of Kohagelyckanbwesarea in 2003, 12 to 18 of June. The icons
visualise the different stages of the chicks during thettqudar week. (Image by the author)

A second complex function was also tried; to be ablshimw which males and females that
had either been born or bred at that particular ang@edous year and returned for another
season. It was desirable to show adults (two yeareld®r) and juveniles (one year) in
separate layers. Unfortunately it did not work the wayas supposed to. Showing birds that
returned after only one year was no problem, but whemating to show the birds returning
after more than one year, the application crasheskdimed like the structure of the database
caused the problem. The database was divided in sepdilgefta each area and seasos,
“Families Kohagelyckan 2002”, “Families Kohagelyckan 2003” &tee chicks also had their
own separate tables each year. To see which birdsrdtadned in the year of 2005,
PostgreSQL needed to search through six different tahtéshat was obviously too much, at
least with the long and complex SQL commands | hademritt

5.4.4 Accommodating the biologists needs

When meeting the biologists, they were very pleasel thi¢ existing functions that had been
implemented (Interview with Qvarnstrom, Svedin, Thoemgrand Vallin 20/8 2007).

However, they seemed unsure of which new functionsdth A few minor changes were
proposed, such as showing some statistics so they wouldame to count the depicted nest
boxes. A few other ideas were too excessive for noyopype: an interface for adding new
areas and bird data, and an overview of how the cdlifyeatcher population is expanding
on Oland. The latter would mean adding all four yearobdated bird data to the database.
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As for the bigger picture, the biologists came to thikwm purposes with my application.
One was to use it in university courses, to educatedyadtudents. The other was to illustrate
scientific articles and presentations with appropriatteenshots. Both would need
permissions from Lantmateriet first.

A decision was made to help the biologists by adding raoeas and make the prototype
more horizontal. It was the closest way to accomn@dhaeir need for adding more data,
within the limited scope of the project. One new bigtr®x area was added: Halltorp, with
175 nest boxes and a map size of 2.6 square kilometrestisticahfunction, shown in Figure
20, was also added.

Species statistics
all boxes: 175
with nests: 19

Pied: & (32%)
Callared: 11 (58%)
Mixed; Z (11%:)
Hybrid; 0 (0%

Unknown; 0 (0%

Figure 20. The species statistics functionality. This gtarshows Halltorp nest box area in 2005. (Image by the
author)

Acquiring the statistics for each year was simple. piublem was instead where to show it.
As seen in Figure 16, there was not much free space.il@h@st the numbers on the legend
or next to the layers was a first idea, but the sgaceat was too narrow. Then it was
discovered that the “Show nest box data” space was udgavben a particular nest box was
examined. The rest of the time it was blank, as shoviigure 19. The solution was simple:
when the user did not ask for a particular nest boxstéistics could be shown in the free
space instead.

5.4.5 The final prototype

The final prototype included double the amount of added mestsb Moreover, many of the
usability problems that were identified through the hé&arisvaluation, described below in
chapter 5.6.3, were solved. Figure 21 shows a screenstiw fiial prototype. Among other
things, the nest box areas got linked together morelglom the reference map, so users did
no longer have to go back to the start page to navigsteebn areas. The flycatcher box
numbers were also standing out with the layer “All rstes” on, due to a 1 pixel horizontal
offset in their position, which caused a “bold” effect.
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Figure 21. Screenshot of the final prototype. Note hast b@x 1D:s with breeding flycatchers look bold. (Image
by the author)

One problem mentioned in the usability testing was tisatrs were forced to go back to the
start page, via the tabs, to navigate between argashdving all area names on the reference
map and turn them into hyperlinks, users were no longeedoto use the start page. Figure
22 shows the new reference map features.

Halltorp

Figure 22. The new reference map with navigation funclignéimage by the author)

The current nest box area is marked on the refereapewith a yellow star, while the other
areas are shown as rectangles. The area links aefdrence map are also function specific,
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which means that on a Chicks page, the links go to tther @reas’ Chicks page, thus making
it possible to traverse the web site both verticatig horizontally.

Moreover, one more complex functionality was includet¢hin final version. Out of curiosity
| had added a function for showing orthophotos of nest dreas. Orthophotos are aerial
photos which projections have been corrected to corapefsr the scale distortions inherent
to photographs (Hatt al 2003, p. 158). There were two main reasons for implengeatin
orthophoto function. First, the biologists would mokelly not have thought of this possibility
themselves. Second, | was reluctant to ask them beéfomnew if it was technically possible
and thereby create false expectations. Figure 23 shewstiiophoto functionality.

Show nesthos data
Hesthon (D0 KOL
vesr [200% 5] || Ehcwm

L

& zoam In

™ Zoom Gt

Rasat size I
Shaw layers

) nestboxes

2l Myestener nesthiouss

F eonds

F piches

yoar | 2005 =]

Copyright & [afis Brvotos 2007, Ovthophato Froen Froem Lartrs Stariet. year 3000,

Figure 23. Orthophoto of Kohagelyckan nest box area. Roatlditches are marked with red and blue lines.
(Image by the author)

Orthophotos of nest box areas offered a new levdedtdil to the biologists, since landmarks
such as individual trees and small glades became visMteen working in the field, the
veteran biologists use memorised landmarks more thihnfieps for navigating in the nest
box areas. Therefore orthophotos should be more appdalithem than the less detailed
maps based on the Property map.

5.5 Implementation
Apart from specifying layers in the mapfile, all codingasvdone in HTML, CSS,

PHP/MapScript and JavaScript. The following paragraphsewplain the implementation in
a little more detail.
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5.5.1 HTML and CSS

The design and input controls were all done in regular HTMirm data was submitted with
the GET method, which is preferable when the procgssithe form does not leave a lasting
observable effect (Hypertext Markup Language, 23/8-2007). The iB&ifiod sends data as
part of the URL. This is also a huge advantage whemgeah application, even though too
many parameters can seem confusing for the user $iageate visible in the web browser’s
address field.

Cascading Style Sheets, CSS, was also used. With GS8assible to create global custom
style classes with instructions for how to draw ataierelement. Font size, margins and
colours can be specified in one single file that ituhed in all HTML files.

5.5.2 PHP/MapScript, JavaScript and SQL

MapServer offers support for PHP/MapScript, a specialleld@ed object-oriented version

of PHP. Regular PHP is executed on the web server lmytenpreter, which generates and
sends an ordinary HTML page to the client. However, RtapScript implements all objects

in the mapfile, <MAP3 <LAYER> etc, as PHP classes with corresponding attributes and
methods.

The <FORM>inputs were combined with both object-oriented methdkis, setting visibility
status for layers, and more regular PHP programming. maate the application more
flexible, since there was often more than one wagdlve a problem. For example, when
MapServer refused to auto-generate a legend over visyges!|for unknown reasons, | could
do some workarounds. With hand drawn icons and sirAplstatements, legend icons were
made visible depending on their corresponding layers’ilitigibtatus. It may have been a bit
more work for me, but on the other hand it was mofeieit to include already made
pictures than letting MapServer redraw them every thmenteb page refreshed.

Short bits of JavaScript were also used on a few pldicesoved useful when it was needed
to submit forms following a different event than cliodgia submit button.

To manage the PostgreSQL database, SQL was used te arhtfil tables, as well as
retrieving data for the map layers.
5.6 User testing

Several user tests were arranged, to get requiremenisatdefor the application, both for
functions and usability.

5.6.1 First test

First, my colleague Maria Forsberg, an expert in huneampaiter interaction, tried the same

version as in Figure 16, in July 2007. It was a small infbrimst. On purpose she was not
informed of the exact interface functionality, but @m@aged to explore the application on her
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own. It proved to be a successful strategy, becauseshgfingt attempt to turn on layers did
not succeed. She clicked the checkboxes for each layeforgot to press the “Show” button
at the bottom. This revealed an obvious design flaw vaodld have gone unnoticed if it
would have been explained to her how to use the inputralentAfter the testing the
unnecessary “Show” button was removed and a piece aSddapt code was added on each
checkbox instead. After that, clicking a checkbox trigdehee form to submit and the page to
reload. There was no need for an extra button.

5.6.2 Testing on biologists

The second user testing was with the biologists a coofpleeeks later. They were four
biologists and we only had one computer to try the apjgitaon. When asked if any one of
them would like to take a seat and explore the applicatian biologists hesitated slightly.
Trying a completely new computer application in fronaaroup of people obviously added a
certain pressure to the situation and this made it inipeds use the same strategy as when
testing the application on my colleague. Therefore Isehim help the biologist that started
using the computer, by briefly explain the functionalityher. On the other hand, the main
purpose of this testing and following brief interview wasfind out new functions that could
be added or perhaps changes in the existing functionssanabuch to evaluate the user
interface from a usability point of view. Howeveretresult became a little bit of both.

The biologists gave a very positive response to the capiplh version in Figure 17.
“Appealing”, “good overview” and “user friendly” were sonad the comments (Interview
with Qvarnstrém, Svedin, Thorngren and Vallin 20/8-2007).eMdefore had they been able
to see such a visual presentation of the flycatchdrikiison for each year. They were
especially interested in how new data was added. The gaestion came by email from a
fifth biologist. Expanding the application to include m@meas and years of collected data
was obviously something they were very interested in.

One immediate question was if it was possible to sHwwpercentage of each species for a
certain area and year. In that way they would not haveount the coloured dots. Another
guestion was how to enter the nest box ID under “Shest box data”. Should it be with or
without the three-letter area code? Both these remaeke easy to accommodate. A third
idea was a desire to show the species distributionlifareas on Oland at once. The collared
flycatchers are getting more and more common each gedhe same time driving out the
pied flycatchers. It would therefore be illustrativevisualise how the collared flycatchers are
taking over Olandikid.).

Later, a newer version was tested on the biologists again they were asked what more
improvements and functionality that could be useful tduge The biologists liked the

orthophoto function and wanted to keep it (Email from rilgéen, 28/8-2007). Overall, the

biologists were very pleased with the application and #abffered enough functionality

already. A few possible ideas for the future came up, agchdding bird songs from the
different species and using the application for analy$eteroperature data. (Emails from
Thorngren and Vallin, 28/8-2007)
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5.6.3 Heuristic evaluation

Heuristic evaluation is an evaluation done by experssesyatically checking an application
against a list of heuristics, principles for measuringdgdesign (Benyort al 2005, p.272).
As it is advised to let several experts evaluate theicapiph individually (bid.), Forsberg
and | both did separate heuristic evaluations of theioreris Figure 16, following Jakob
Nielsen's ten usability heuristics (Nielsen 23/8-2007he result is presented below, first
showing the name of the heuristic with a brief expgianafollowing. Under each heuristic is a
list of the weaknesses and strengths that we found.n#jatyebox ( ) means a problem that
has not been solved, a box checked with a t&l) (neans that the problem has been
addressed in the final prototype and a box checked withss &) means a positive remark.

1. Visibility of system status

The system should inform the users what is going on.
Choosing nest box area through the radio buttons osténe page does not result in
any visible changes. (Forsberg)
No feedback as to what changes when you choose “zoofpan”. (Forsberg)
If the layer “All boxes” is visible, no visible chge appear when the “Flycatcher nest
boxes” is turned on, because they overlap preciselyh@ut
The first week in May is default for all Chicks pages.wdwer, no eggs or chicks
usually exist that early so nothing shows when the tigeis on the different layers.
(Author)

2. Match between system and the real world
The system should use conventions and vocabulary fremeti world.
Consistent use of language that is familiar to thended users. (Forsberg)
Icons of eggs and chicks are displayed in real-world coladngch means light blue
for eggs, pink for newborn hatchlings and brown for chi¢Asithor)
The weeks on the Chicks page do not correspond to caeeéis. (Author)

3. User control and freedom

The system should help users recover from mistakes.
Good emergency exit with the “reset size” option fe tnaps. (Forsberg, author)
Zooming out after showing nest box data for a particulast box (which
automatically zooms in on the chosen box), will méke nest box data disappear
from the screen. (Author)

4. Consistency and standards

The system should be consistent to avoid confusion.
Hitting Enter key in “show nest box data” in tab speseem to make random map
change instead of being an alternative to hitting blesvsbutton. (Forsberg, author)
The two year dropdown lists in the species and chickseams to only be connected
one way. If you search for a nest box a specific, i@ map year also changes, but if
you change the map year, the nest box year doesngeh@rorsberg)
Lilla Hult chicks page has a different scale than IHilalt species. (Author)
The legend on the Chicks page is completely static, cadpar the legend on the
other page which changes according to which layersisibdevand not. (Author)
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There are no nest box layers on by default, on thek€lpage, compared to the other
page. (Author)

The chosen colours of the maps are similar to coim@it maps with red roads,
yellow fields etc. (Author)

5. Error prevention

The system should as far as possible eliminate ermrepronditions.
The two different ways of choosing between nest beas by radio buttons and
hyperlinks, are confusing. (Forsberg)
It is not possible to show nest box data from one yea map from another year at
the same time. (Author)
Users can not change any data in the database thraugpphcation. (Author)
Maximum and minimum zoom levels prevent zooming in ortoatmuch. (Author)

6. Recognition rather than recall

Objects, actions and options should be visible and ltlgenmnimise the user’'s memory load.
All options are visible at all times which make theden on short term memory low.
(Forsberg)
Name of area, scale, legend and north arrow help the(Asghor)

7. Flexibility and efficiency of use

The system should support accelerators for expert users.
Users can only turn one layer on or off at a tinegwieen a new page reload. (Author)
The drop down box for choosing week on the Chicks pagestisfficient to use.
(Author)
Users have to write the box ID in a text field whehowing a nest box, instead of
clicking on a box on the map. (Author)
To navigate between areas, users must go back to theage. (Author)

8. Aesthetic and minimalist design
The system should not diminish visibility of relevamits with irrelevant or rarely used
information.
Clear design, but the use of a “fake” tab to indicateemsrto come is unnecessary
since it only leads to confusion when you try to cbekit. (Forsberg)
The reference map is probably only needed the vetytifing. (Author)

9. Help users recognise, diagnose, and recover from errors

The system should give constructive error messagesiilgtguage.
No error messages when searching for nest boxeslitatia the difference between an
empty nest box and one that doesn't exist. (Forsberg)

10. Help and documentation

When necessary, the system should support the uservithhelp and documentation.
No documentation needed. (Forsberg)
There is no help, except for some text on the Stay# pad an email link. (Author)
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Out of the 20 identified problems above, 13 were addresseteirfinal prototype. The
remaining seven problems were either too complicatetbortime-consuming to solve in
relation to their importance.
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6. Conclusion and discussion

This thesis describes the development of a GIS appircdtr biological research. GPS
positions for 1600 nest boxes were collected in forestOtand and digital maps were
downloaded from the Digital Map Library provided by Lantemé#t. A development
environment for creating map applications, UMN MapServweaxs installed on a web server
together with a PostgreSQL database with a spatiahgate PostGIS and finally a prototype
of an interactive map application was developed, contbimaps and GPS positions with
collected bird data from biologists. This chapter dessrithe results and problems that
occurred.

6.1 Dealing with biology and geoinformatics

This has been a very transdisciplinary project, imaghfour different university departments
within the subjects of biology, geoinformatics and infation science (five if the original
project with the sensors is counted). Hence the laxgesity of references.

For me, spending time on Oland with biologists and ppetiei in their work was the most fun
part in this whole project. It was a huge contrast ¢oking indoors in front of a computer. |
learned a lot working with biologists, GPS equipment angsm#t was both exciting and
required of me to master a few tricks. Some of my rialg sclude:

How to get coordinates with the best accuracy whergusi®PS receiver in a forest,
where leaves hinder the satellite transmission.

How to open a nest box while avoiding to get jumped hy t@as. (Hold out a stick
which the fleas jump on to and then you can open thg box

How to catch a bird in a nest box and hold it withcarnhing it.

How to adjust a GPS receiver to customised projectidtinge and keep the
coordinates in the same format when transferring tiseancomputer.

How to find out the corner coordinates of a map cangisif shapefiles.

My first visit to Oland was in the spring of 2006, at #eme time as Sweden in horror
watched how the bird flu spread over Europe. It was n®f saconvince my mother that it
was safe to go away and work with birds that had recemtived from more southern
latitudes. All the media coverage made it sound like doomsdaghing happened of course
and today most people no longer think of the bird flu asraus threat. Ticks on the other
hand are thriving in the forests of Oland and for yafeasons | had to take three vaccination
shots against tick-borne encephalitis, more known d&s, DBfore my trips.

6.2 Preparing the application

Preparing the application was more difficult than expectédwas troublesome to get
MapServer, with all its related components and settimggork the required way. Thankfully
the web hosting service did an excellent job instalamd configuring the software to make
everything function the way it was supposed to. Thisrsite amount of work was actually
carried out not only once, but twice because of a fetal disk failure on the server.
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Both the GPS data and the bird data also needed a lwbor&f before they could be used.

Many hours were wasted on trouble-shooting why the m@ets would not show on the map,
when | finally remembered that Swedens coordinateesysRT90 uses opposite axes
compared to mathematic systems and GIS. In RT90 thé-south axis is called the X-axis

and the east-west axis is called the Y-axis, whilenathematics and most GIS software it is
the other way around (Hauska and Harrie 2003, p. 77). The himdaté® caused problems.

The data in itself was very inconsistent and had tinggected and corrected manually. For
example, a nest box called A20 was the same as 20Agetiee O and the digit O were

sometimes mixed up and both English and Swedish abbosgatmeaning the same thing,
were used. The collected data was also fragmentary,ingetdiere were a lot of missing data
that had to be compensated for when retrieving data fhendatabase. The biggest problem
however was the inefficient structure of the databeasech obstructed more complex SQL

gueries. Unfortunately, restructuring the database tal@dssnot possible within the scope of
this project.

These necessary preparations, installing software awegsing input data, took a lot longer
than implementing the actual application.

6.3 Creating the application

Once all preparations were completed, creating the applicgrototype was not that
difficult. Drawing images, programming for interactivitych exploring the PHP/MapScript
Application Program Interface (API) was a lot of furveB so, | have only just scratched the
surface of MapServer and the features it has to dffer possible to do so much more with it.

Creating a computer application for biologists was bothand challenging. My experience is
that many biologists are not so familiar with compsitend the possibilities of software. This
could be one of the reasons why the biologists | workigd were unsure of what purpose
they could use the application for and what functions theyld find useful. On the other
hand, for that reason | have a theory that biologisty also be easier to please, since they
don’'t have very high expectations from the beginningzaBse of my previous work with the
biologists, | consider myself familiar with their domato some extent at least. Therefore it
was also easier for me to create a first versioth@fapplication, than it would have been for
another software developer without interest and knowledtfee domain.

The method of evolutionary prototyping was used in thigeptpalthough it did not work out
exactly as planned. Too much time was spent on thevirsion of the application, before
testing it on the biologists. Benyon (2005, p. 260) identitieis problem: “Realistic
prototypes increase the validity of user test data, but may postpoing'tedthis was exactly
what happened. In the end there was not much timeolefnére iterations and tests with the
biologists. Another iteration was completed using therieec evaluations, which enhanced
the user interface further.
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6.4 Results

This thesis describes the development of a systemtgpetdhat visualises geographical and
biological data for a research project about flycahérused evolutionary prototyping as
development method and only software | already had atoess could download for free.
The efforts of creating this application are documentedhis thesis. Despite the limited
number of iterations, the final prototype featured threst box areas, 360 nest boxes and 190
breeding flycatcher couples. The biologists have propasedd the application for education
of students as well as illustrating their researckcientific articles for example.

The biologists could see the value of this applicatibaugh they were even more interested
in the 18 new field maps | created for them. That wasreally part of this project, but still
very much related. Example of a new field map can be se@ppendix 4. Compared to the
old map, in Appendix 3, the nest box positions are mocarate on the new map, but there
are fewer landmarks. (Note that north is downward$énald map.) During the field season
of 2007, the field assistants were already drawing extchriarks on the new maps.

So how accurate is this application? Eklundh (2003, p. 28)<knat results from GIS based
analyses can never be used uncritically. An inheresbl@m with GIS is that it can be used
for very professional presentations of any data, regssdiof quality. In the best of
circumstances, the GPS positions should have an accof&:y5 meters, depending on the
reception when they were taken and the person usingRBe Bowever, with the first settings
that were used, between 5-15 meters was added by defaultsbechithe GPS receivers’
flawed algorithm for the Swedish reference systemotinhately the majority of nest boxes
were positioned with these settings. Theoretically thaans that some nest boxes may be
drawn up to 30 meters from their actual positions.

The bird data shown in the application may also notalbeccurate. Typing errors were
discovered in the original data files.(g. one flycatcher couple with “52” chicks!). It is also
not easy to validate if the SQL commands used to vetréata are 100% correct and
compensating for all inconsistencies and missing vaiug® database.

An interesting fact appeared in the application, nantely the collared flycatchers on Oland

are increasing in number each year. This is alreadwikrio the biologists of course, but to

see how both numbers and red dots on the maps incoeassach year adds a certain drama to
it.

6.5 Legal issues

For copyright reasons, access to the page was grantetimibted number of users. This was
done to keep the cost of publishing Lantmateriet’s natdown. Around six biologists are
known to use this application, only for themselvestéot svith. Because of the low number of
users, | did not need a permission and did not have tonyagublishing fee to Lantmateriet
(Email from Lantmateriet, 15/8-2007). The Digital Map Lilyragxists for students and
university employees, so research activities get adigc If the biologists later publishes the
page to students or use screenshots for presentatiotieiofresearch, they will need a
permission from Lantmateriet and perhaps pay a fee.
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Not only the maps are precious information from a lggaiht of view. Moreover, the
biologists own bird data is very valuable and must beeptetl through restricted access, even
if only a small fraction of the data is presentechim application.

6.6 Advices to other developers

My number one advice to other developers who would likereate their own MapServer
application is: make sure you have good access to theseveer, either directly or with the
help of the server owner. This was vital for my peajdnstaling my own web server was
never an option for me, so | had to find a web hosinyice that could install the required
software and configure it quickly when needed. A regular hediing service could never
have done this for me. Most of the time would surelyelaeen spent on waiting on the phone
for their customer support to understand and solve my pnoble

Another good thing to know is that the Digital Map Lilyrarffers free access to maps of
Sweden to students. The material is free to downloadwani® with as long as it is not
published to others.

6.7 Further work

With the basic functionality already implemented irsthpplication, it is fairly easy to just

add new nest box areas. There are 14 more nest bex@rsiEioned with GPS and ready to
be added right away. Moreover, there are probably andihereas to position, as well as
new nest boxes that have been put up in some of thareds. Bird songs and results from
temperature analyses can also be added in future vetis@application.

However, what is really needed is a new database steufdr the bird data. It also needs to
be cleaned from inconsistencies. That would simpliffhladding new areas and adding more
complex functionality to the application.

In a broader perspective, there are many more passibivith this application than just
visualising flycatchers on Oland. (Flycatchers on &mutl for example!) Seriously, with
MapServer installed and a web application already mati¢hadl is needed is any kind of
geographic positions within Sweden and some kind of reld#ta, to create an application
with a new purpose.
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Appendix 1 — Glossary

Term English definition Svensk Gversattning
aviary Bird cage big enough for flying. Aviarium, storglyur for faglar.
basemap Map portraying background. Bakgrundskarta.

collared flycatcher

Ficedula albicollis,a small bird
species. In Sweden only be found
on Oland and Gotland.

Halsbands-flugsnappar€icedula
albicollis, en smafagel som i
Sverige bara finns pa Oland och
Gotland.

Digital Map Library

A service open to students and
researchers, for downloading maj
of Sweden, provided by
Lantméteriet.

Digitala kartbiblioteket,
psantmateriets karttjanst for
nedladdning av Sverigekartor. Til
for studenter och forskare.

ESRI

Environmental Systems Researc
Institute, a company that develop
GIS software.

NEnvironmental Systems Researct
dnstitute, ett foretag som utvecklar
GIS-program.

—

evolutionary
prototyping

Method for developing prototypeg
through cycles of user feedback.

sMetod for att utveckla protyper,
genom cykler av anvandartester
med feedback.

Darwinian fitness

The contribution an individual
makes to the gene pool of the ne
generation, relative to the
contributions of other individuals.

Arvet fran en individ till nasta
Mjenerations genpool, jamfért med
arv fran andra individer.

fitness See Darwinian fitness or relative| Se Darwinian fithess eller relative
fitness. fitness.

flycatcher Type of bird, represented by sevefalgsnappare, en fageltyp
species. bestaende av flera arter.

General map An overview map of Sweden, in| Oversiktskartan, en karta dver
scale 1:250 000. Sverige i skala 1:250 000.

genome An organisms full set of genes. Genuppsattningeenhmganism.

genotype Part of an individual's set of gengs. Del avigehdos en individ.

geoinformatics

Science which combines
information science with regular
geosciences.

Vetenskap som kombinerar
informationsvetenskap med
klassiska geovetenskaper.

GIS

Geographical Information Systen
a computerised system for
manipulation, analysis etc of
geographical data.

Geografiska informationssystem,
ett datoriserat system for
bearbetning, analys mm av
geografiska data.

44



GPS Global Positioning System, a Global Positioning System, ett
satellite navigation system. navigationssystem via satelliter.

habitat The area where a particular spe¢i®sradet dar en viss art eller
or population lives. population lever.

heuristic Rule of thumb. Tumregel.

hi-fi prototype

High-fidelity prototype.

Naturtrogen protpty

horizontal prototyp

fPrototype showing the whole
system, but only including the
broad, general functions.

Bred prototyp av hela systemet,
som bara inkluderar stora, gener
funktioner.

ella

human-computer
interaction

The study of interaction between
humans and computers.

Manniska-dator-interaktion,
omrade som studerar interaktione
mellan manniskor och datorer.

input control

Object that the user handles to
communicate with a system, g.a
button.

Objekt som anvandaren hanterar|
for att kommunicera med ett
system, t ex en knapp.

legend

Explanation chart for symbols an
colour codes in a map.

&dymbolforklaring till en karta.

lo-fi prototype

Low-fidelity prototype, often mad
in paper.

iEnkel prototyp som ej liknar
slutprodukten. Ofta gjord av

papper.

mapfile

The main file, in a MapServer

layers and paths.

Huvudfilen i en MapServer-

application, that defines objects arapplikation. Definierar objekt, lagé

och sokvagar.

A4

r

map projection

Method of how to portray the rou
surface of the Earth on a flat map

Metod for hur man aterger Jorde
sfariska yta pa en plan karta.

MapServer Development environment for Utvecklingsmiljo for att bygga
building spatially-enabled internet|spatiala internet-applikationer.
applications.

PHP/MapScript Specially developed object-orient8decialutvecklad, objektorienterad

version of PHP.

version av PHP.

pied flycatcher

Ficedula hypoleucaa small specig
of bird. Common in Sweden.

Svartvit flugsnappardsicedula
hypoleucagn smafagel vanlig i
Sverige.

PostGIS Extension to PostgreSQL for | Tillagg till PostgreSQL for att
handling spatial data. hantera spatial data.
PostgreSQL A database management system. Ett databassys

Property map

Detailed map of Sweden in scal
1:20 000.

cFastighetskartan, detaljerad karta
Over Sverige i skala 1:20 000.

1S4

raster format

Conceptual storage format of

geographical data, using a grid.

Konceptuellt lagringsformat for

geografiska data via ett rutnat.
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relative fitness

The contribution of a genotype t
the next generation compared to
contribution of competing
genotypes.

Bidrag av en genotyp till nasta
generation, jamfort med
konkurrerande genotyper.

RT90 National reference system for | Aven kant som Rikets nét,
Swedish maps. nationellt referenssystem for
Sverige.
shapefile Format for digital maps, developgdigitalt kartformat, bestaende av
by ESRI. A set of files (.shp, .shx|flera filer (.shp, .shx och .dbf)
and .dbf). utvecklat av ESRI.
spatial Spatial. Rumsilig.

transdisciplinary

Scientific approach to problems
that transcend several subjects.

Transdisciplinar, niva av
tvarvetenskap.

vector format

Conceptual storage format of
geographical data, built up by
points, lines and polygons.

Konceptuellt lagringsformat for
geografiska data, uppbyggt av
punkter, linjer och ytor.

vertical prototype

Protoype that implements the fu
range of features for a small
number of functions.

lISmal prototyp som implementerar
full funktionalitet for ett litet antal
funktioner.

zygote

Fertilized cell.

Zygot, befruktad cell.
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Appendix 2 — GPS Crib

Lathund till GPS 12 och GPS 12 XL
* Sl& pd GPS:en :@& ) och héll den i vAgrétt lage.
* Vanta tills GPS:en fatt bra kontakt med satellitefar oftast flera minuter nar den varit

avstangd en langre tid.) Nar det st3iD" uppe i vanstra hornet betyder det att GPS:en ar
redo for méatning (fyra satelliter).

Satellitsidan

Spara en position

1. Kontrollera att det star "3D" hdgst upp till vanstesptellitsidan. Sta still pa ett och
samma stélle i ca 20 sekunder. Ju langre GPS:en adestilg battre matvarden ger den.

1. FOr att spara en position (waypoint), tryck'BBARK".

2. Bladdra med pilknappen till namnfaltet unth&tAYPOINT" (dar det star001" ).

3. Tryck pd'ENTER" for att borja editera. Anvand pilkknappen (upp/ned) for alfav
bokstaver/siffror och nasta bokstav (hdger/vansteip positionen till holkens ID eller nagot
annat meningsfullt. Nar du skrivit fardigt namnet tryckeEINTER" igen for att sluta

editera.

4. Glom inte att spara positionen genom att bladdra med pilknappeiSRARA?" langst
ner och tryck pdENTER".

(Ibland poppar en ruta upp och forsvinddiED! TRYCK PAGE." Trycker man da pa
"PAGE" far man lasa ett meddelande. (T ex att GPS:en hartdékning.)
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Knapparnas funktioner

GOTO - Anvands nar man vill ga till en sparad waypoint
QUIT - Avsluta meny/Tillbaka

Pilkknappen - Hoppa mellan olika alternativ pa sidan
PAGE - Nasta sida

MARK - Oppna markera-positionssidan

ENTER - Val

Q- - ON/OFF. For att sla av GPS:en, hall iknappen i 3 sekunder.
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Appendix 3 — Original field map
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Appendix 4 — New field map
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