Obtaining PBD

We have seen how it is possible to download occurrence records from a platform
such as the GBIF, and how to store them on your HD for further use and reuse.

As a best practice, it is always a good idea to store both the original download, and
the data you have prepared and cleaned.

Any data frame can be exported in the CSV format (comma-separated values). This
format is an international standard, and is properly read by practically any database,
and spreadsheet.

Values can be separated by commas, or by other tags. The most common is the TAB
(M), but one can use anything.

By default, the R command write.csv() exports in a CSV file with values separated but
TAB.

In our example, we used the command:
write.csv(dl, "dulcamara_GBIF.csv")
Which save the data frame dl in the CSV file dulcamara_GBIF.csv

We can specify many other options in the command, such as a different separator,
encoding, etc.



Obtaining PBD

The R command gbif() allows to download data from the GBIF. It is included in the
package dismo. There exist other commands in other packages, which are alternative
to this one, and do practically the same things.

In our example, we used the command:

gbif("solanum”, "dulcamara™", download=FALSE, geo=FALSE, args = c(‘country=IT'))
To count the occurrences, and then the command:

gbif("solanum”, "dulcamara™", geo=FALSE, args = c(‘country=IT'))

which queries the GBIF for the occurrences of a taxon (Solanum dulcamara, the
qguery is key insensitive), without distinction among them as far as geo-reference are
concerned (for the geo parameter, TRUE excludes non geo-referenced occurrence
data, while FALSE downloads everything), specifying that we want the occurrences
from ltaly (IT, GBIF uses two character country IDs) alone. The parameter download
allows to decide if count (FALSE) or download (TRUE, or skipping the parameter) the
occurrences.

We also store the downloaded data into a data frame (dl), for further usage.



Obtaining PBD

The R command gbif() has potentially many other parameter which can be specified:

genus - character. genus name

species - character. species name. Use ™' to download the entire genus. Append ™' to the species
name to get all naming variants (e.g. with and without species author name) and sub-taxa

ext - Extent object to limit the geographic extent of the records.

args - character. Additional arguments to refine the query. See query parameters in http://www.gbif.org/
developer/occurrence for more details

geo - logical. If TRUE, only records that have a georeference (longitude and latitude values) will be
downloaded

sp - logical. If TRUE, geo will be set to TRUE and a SpatialPointsDataFrame will be returned
removeZeros - logical. If TRUE, all records that have a latitude OR longitude of zero will be removed
if geo==TRUE, or set to NA if geo==FALSE. If FALSE, only records that have a latitude AND longitude
that are zero will be removed or set to NA

download - logical. If TRUE, records will be downloaded, else only the number of records will be
shown

ntries - integer. How many times should the function attempt to download the data, if an invalid
response is returned (perhaps because the GBIF server is very busy)

nrecs - integer. How many records to download in a single request (max is 300)?

start - integer. Record number from which to start requesting data

end - integer. Last record to request



Obtaining PBD

Let’s see a further example, making more data cleaning, an also some
georeferencing, by using the Google API. This can be done only if your R
environment has the API set.

We are:

1. Creating a data frame

2. Cleaning duplicates

3. Getting rid of non geo-referenced records

4. Getting rid of wrong geo-referenced records

5. Correcting some incorrect geo references

6. Geo-reference some non geo-referenced records
/. Resample to get rid of oversampling



Obtaining PBD

Let’s switch to R again



Georeferencing



Georeferencing PBD

What a georeference is?

A numerical description of a place that
can be mapped.



Georeferencing PBD

What we have:
Localities we can read

ID Species Locality

1 Lynx rufus Dawson Rd. N Whitehorse
2 Pudu puda cerca de Valdivia

3 Canis lupus 20 mi NW Duluth

4 Felis concolor Pichi Trafdl

5 Lama alpaca near Cuzco

6 Panthera leo San Diego Zoo

7 Sorex lyelli Lyell Canyon, Yosemite

8 Orcinus orca 1 mi W San Juan Island

9 Ursus arctos Bear Flat, Haines Junction



Georeferencing PBD

What we want:
Localities we can map
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Georeferencing PBD
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Georeferencing PBD

What is an acceptable georeference?

A numerical description of a place that
can be mapped
and that describes the spatial extent of
a locality.

11



Al

=— sandanele

San Daniele del Friuli

33038 LD
Saegyialy - 13 °C
S~ S~ N
{ =\ PP /
° “ - J ' \9': II \ G "
\._ _- "_.-.-, \\—_.
Indscazion Salva Nedle Iz al
stracali vizinanze telefenc

Foto

In breve

San Dar ele del Friuli & un camune italano o 8 008 abitanti del

—
= |
-

Condiv di

Aanec =
di Oua

San Giacomao

PIGNANO

Zona
Incos ale
Precscivtr

Go gle

1 .\\
dielais 2icagon
y

L B
b - . 1
)]
¢
- ~14 “

-
S

QM eirn del Ivl:l'l_ilt’llll‘
b

._f / Q B&B Cuore

Georeferencing PBD

SAN TOMASO

r Soarapalude

~Lsl ——

Chidsa di S/ANEY o/

GlrsiomiSonl B o
E., -

)

o O
VMZ Dunte

@&

-

Datl cartogeaficd €207 1 hwle Termn  Ivdafeedtack SO

12

Every named place occupies a finite space, or ‘extent’.



Georeferencing PBD
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Georeferencing PBD

What is a high quality georeference?

A numerical description of a place that
can be mapped
and that describes the spatial extent of
a locality
and its associated uncertainties.
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Georeferencing PBD

The geographic centre (that is, the midpoint of the extremes of latitude and
longitude) of the named place is recommended as the location of the
coordinates because it describes a point where the uncertainty due to the
extent of the named place is minimized.

If the locality describes an irregular shape (for example, a winding road or
river) and the geographic centre of that shape does not lie within the locality,
then the point nearest the geographic centre that lies within the shape is the
preferred reference for the named place and represents the point from which
the extent of and offsets from that named place should be calculated.
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Georeferencing PBD

What is a ideal georeference?

A numerical description of a place that
can be mapped
and that describes the spatial extent of
a locality
and its associated uncertainties
as well as possible.
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Georeferencing PBD

"20 mi E Hayfork, California”
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Method comparison

20
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Georeferencing PBD

The point-radius method provides a practical solution for georeferencing
descriptive localities that can be widely implemented, especially in communities
where sophisticated GIS expertise 1s lacking.

By accounting for the size of the locality, the point-radius method provides a more
accurate description of a locality than is possible with the point method.

By providing a single measure of the combination of uncertainties inherent in the
locality description, the applicability of a locality for a given analysis can be more
readily discerned than with the bounding box method.

By capturing the spatial attributes of the locality in a simple, consistent set of
parameters, the point-radius method offers a solution that is practical for natural
history collections without the need for spatial databases that would be necessary to
store georeferences created using the shape method.

21



Why georeference?

Map species locations
Understand species ranges
Enable spatial analyses

Combine with other spatial data

22
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Georeferencing Sources

Specimen labels
Field notes
Literature

Gazetteers

Printed Maps
Digital Maps

23
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Georeferencing PBD

Table 1. Types of locality descriptions commonly found in natural history collections.
Type Description Examples
1) dubious The locality explicitly states that the information contained ‘Isla Boca Brava?’, ‘presumably central

2) can not be located

3) demonstrably inaccurate
4) coordinates

5) named place

6) offset
7) offset along a path
8) offsets in orthogonal directions

9) offset at a heading

therein is In question.

Either the locality data are missing, or they contain other
than locality information, or the locality cannot be
distinguished from among multiple possible candidates,
or the locality cannot be found with available references.

The locality contains irreconcilable inconsistencies.

The locality consists of a point represented with coordinate
information.

The locality consists of a reference to a geographic feature
(e.g., town, cave, spring, island, reef, etc.) having a spatial
extent.

The locality consists of an offset (usually a distance) from
a named place.

The locality describes a route from a named place.

The locality consists of a linear distance in each of two
orthogonal directions from a named place.
The locality contains a distance in a given direction.

Chile’
‘locality not recorded’, ‘Bob Jones’,
‘lab born’, ‘summit’, ‘San Jose, Mexico’

‘Sonoma County side of the Gualala

River, Mendocino County’
‘42.4532 84.8429°, ‘UTM 553160 4077280’

‘Alice Springs’, ‘junction of Dwight
Avenue and Derby Street’

‘Skm outside Calgary’
‘1 km S of Missoula via Route 93"

“600m up the W Fork of Willow Creek’
‘6km N and 4km W of Welna’

‘50 km NE Mombasa’

24



Georeferencing PBD

Eome | Ssaedalonc Acp  Java Clicat | Web Prototype | Colaboratyt Georefercacing | Doveloper Resowress | Support end Coatncts

&)
GEOLocate

A Platform for Georeferencing Natural 1listory
Cellections Data

For Users:

= Dhevew

= GEDLocale Wds

+ GEOLocatc 3.3 tancalone)
Global Exgpansion

= GEOLocte 13x Jjava slient)

o  Criaborarss Georefaencing

For Developers:

v Seup Savics
= Hest Serness {comin? sonn)
= WMEWEFS Services (comirg soon)

Collbon dive
G mlen enicing,
Build coammanitiss, share data,
VCUS SO0 JOOOUTEC (NNL 40 Y CW CITIDINEE 200 SppitInoms apoicInoe. USRS 09D S ToF sclace secorde scecas ocllecticn:
paEhoantag veing TR0L0eae ATty gronfenvg nd fegpaovs veifiearion stfsiariy

Copyrizh: 2 2007

[ Tulane e
University ,%

http://www.geo-locate.org/default.html

25


http://www.geo-locate.org/default.html

Georeferencing PBD
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Georeferencing PBD

Why georeferencing matters: Introducing a practical protocol to prepare species
occurrence records for spatial analysis

Bloom TDS, Flower A, DeChaine EG

Saxifraga austromontana

Endemic species of upper elevations in the Rocky
Mountain Floristic Region.

27
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Georeferencing PBD

The authors developed 3 datasets:

O dataset, containing all available records of the species from several sources. It
was edited to omit duplicate records and extreme outliers. Duplicate records
across herbaria were found using accession numbers, GUID numbers, collector
numbers, and site descriptions. Outliers were defined as occurrence records
located very far outside of the known species range. Omission of outliers is
common practice for building SDMs.

PG (Previously Georeferenced) dataset, including all records from the O dataset
that explicitly state they have been georeferenced by other herbaria, using a
variety of methods. Outliers and duplicates were omitted, as well as records with
coordinate uncertainty >1 km.

NG (Newly Georeferenced) dataset includes all historical herbarium records from
the O dataset which could be manually georeference to a 1-km, or finer
resolution.

29



Georeferencing PBD

B Maintained

B Maintained B Maintained
‘M Lost ‘ M Lost < M Lost
M Gained 5 M Gained . M Gained
0 500 1,000 km 3 0 500 1,000 km i 0 500 1,000 km

N

Since understanding present ad future distribution of a species is fundamental for

conservation efforts, as well as for mitigation and adaptation to climate change, It
IS mandatory to develop models which are the most accurate as possible.

Thus, proper georeferencing practices should always be in place when preparing
observation records for SDMSs.
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Data Cleaning
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Georeferencing PBD

Data Quality

data have the potential to be used in ways unforeseen when collected.

the value of the data is directly related to the fitness for a variety of
uses.

"as data become more accessible many more uses become apparent.” -
Chapman 2005

the GBIF Best Practices (Chapman and Wieczorek 2006) promote data
quality and fitness for use.

32



Data cleaning

Catching and Correcting
Geographic, and other errors
In

Biodiversity Data

33



Data cleaning

- Detect errors and potential errors
- [deally, correct them in a way that is explicit and clear

- At least, flag them as dubious or potentially
problematic, so that they can be treated as such

- Where possible, provide measures of confidence to
qualify and enrich primary data

34



Data cleaning

Tauraco corythaix Wagler, 1827
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Data cleaning

—Avibase - the world bird database

-~
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Data cleaning

Tauraco corythaix

Tauraco livingstonii
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Tauraco schalowi
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Data cleaning

\

Tauraco schalowi

Tauraco corythaix

Tauraco livingstonii
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Data cleaning

Error Detection, Data Cleaning,
Error Flagging

* Biodiversity data are abundant, but can have LOTS of problems
— Outdated taxonomy
— Bad georeferences
— Inconsistent ideas about “locality”

* Exploratory analyses and visualizations are crucial to any use

* Data cleaning must be part of any use of these data

41



Data cleaning

Taxonhomic checks

e
~ e '
Humpback whale (EN)
Bunch (EN)
Yubarta (ES)
~ Ballena jorobada (ES)
Ballena de nudos (ES)
~ Rorcual jorobado (ES)
Baleine a bosse (FR)
' Baleine a taquet (FR)
Jubarte (FR)
Bultrug (NL)
Pflockfisch (DE)
4 Langhaedige Wal (DE)
.. up to 84 vernacular names....
.. in 34 languages
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Data cleaning

Megaptera novacangliae
Adult female, live

Off North Truro, MA, USA
42,101 N, 70.1629W

2010.09.29 21:47 GMT

Artura |l. Arino
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12.

13,
14.

How to also name a humpback whale

Ba'aena allamack Gray, 1846

Ba lasna atlanticus Hurdis, 1897

Baaena lalandii Fischer, 1829

Bal'aena longimana Rudolphi, 1832

Balacna nodosa Bonnaterre, 1789

Ba asna novaeangliae Borowski, 1781

15.

16.
17.

18.
19.

Balaena sulcata antarctica Schlegel, 1841

Balasnoptera astrclakbe Pucheran, 1843
Ba asnoptera capensis A. Smith, 1834

Ba aesnoptera leucopteron Lesson, 1842

Baasnoptera syncondy us A. Mueller,
1863

Kyphobalaena keporkak Van Beneden,
1868

Megaptera americana Gray, 1846

Megaptera antarctica Gray, 1846

20.
21.
22.

23.

24,
25.
20.

44

Megaptera austra'is Iredale & Trouzghton,

1934
Megaptera bellicosa Cope, 1871

NMegaptera boops Van Beneden & Gervais,

1880

Megaptera brasiliensis True 1904
Megaptera braziliensis Cope, 1867

Megaptera burmeisteri Burmeister, 1866

Megaptera gigas Cope, 1865
NMegaptera indica Gervais, 1883

Megaptera kusira Trouessart, 1904

Megaptera kuzira Gray, 1850
Megaptera lalandii (Fischer, 1829)

.. Up to 46 synonyms

Data cleaning



Data cleaning

What can also go wrong?

MISIDENTIFICATIONS
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Data cleaning
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Data cleaning

Correction avenues

Technique SPEED RELIABILITY

Auzomated name checks, web services _
Local necmerclzters, backbenes -

Crdering, listing

Manual name chiecks
deer review

Crowdsourcing

miediun Lo s/
CXPCRSIVe
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Data cleaning

Correcting taxa: The Three Golden Rules
1. ALWAYS keep the original / verbatim data
2. ALWAYS record changes (as a new field)

3. ALWAYS follow rules 1 and 2.
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Data cleaning
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Data cleaning
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2010.04.28 2011.14.09
YYYY.MM.DD
2010.04.28
2011.14.09 ErrCode: L0

>ErrCodell: Potential 'swap month/day
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Data Cleaning
And
Error Detection

51



Data cleaning

Generalities

* Error is universal in all data sets

* Data cleaning is a positive step that improves utility and fitness
for use of a data set

* Existence of error SHOULD NOT be an excuse to do nothing or
not to share data

* Error can be minimized for a particular application, and the
consequences of its existence minimized

* No data set is clean... if someone tells you it is, don’t believe
them!
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Data cleaning

General Strategies

* Consistency is key

* Where multiple information sources are available within a data
record, internal consistency is useful

* Where external information sources are available, external
consistency can be even more powerful

* An iterative process of data exploration, visualization, and
documentation of efforts

53



Data cleaning

Flagging and Fixing Errors

 Very feasible to detect records that have high probability of holding
errors

 Can be more difficult to fix them

* For one-off applications (e.g., an individual research project), can just
eliminate them

* For archival applications (e.g., capturing and improving data records),
must document, flag, correct, and document what was done

* BUT they may also be important records that teach real lessons about
distributions and ecology of species
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Environmental predictors
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Environmental predictors

Environmental predictors are all those environmental variables which can
influence the fitness of an organism in a given place.

They can be:

- Climate data

» Land cover and land-use data

- Geographic borders and the vector data

» Digital elevation data

- Geological data

There are a large number of available datasets ranging from the global to the

local scale. They can be in the form of raster or vector layers, and can have
continuous, or discrete values.
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Continuous, and discrete variables
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Continuous, and discrete variables

Environmental variables can be continuous or discrete.

Continuous variables are climate, and altitude, which attributes change in a
continuous way - while more or less steeply - in the geographic space.
Temperature can be an example. It changes continuously along any geographic
gradient, latitudinal, longitudinal, or altitudinal.

Discrete variables are those which attribute change abruptly from one point to
the other in the geographic space. An example can be geology. Especially in
rocky areas, rocks can be of different origin, and thus have different properties.
An extreme example can be a calcareous outcrop in the middle of a siliceous
plateau. There is no transition between the two types of rocks.

In general, continuous variables are well represented by raster layers, while
discrete varialbles are well represented by vector layers.
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Continuous, and discrete variables
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