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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 
(^t), 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.
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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 
query 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 Italy (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.
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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
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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

7. Resample to get rid of oversampling



Let’s switch to R again
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Georeferencing

6



A numerical description of a place that 
can be mapped.

What a georeference is?

Georeferencing PBD
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ID Species Locality
1 Lynx rufus Dawson Rd. N Whitehorse
2 Pudu puda cerca de Valdivia
3 Canis lupus 20 mi NW Duluth

9 Ursus arctos Bear Flat, Haines Junction

4 Felis concolor Pichi Trafúl
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

What we have: 
Localities we can read

Georeferencing PBD
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What we want: 
Localities we can map

Georeferencing PBD
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“Davis, Yolo County, California”

“point method”

Coordinates: 38.5463 -121.7425 
Horizontal Geodetic Datum: NAD27

Georeferencing PBD
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What is an acceptable georeference?

A numerical description of a place that 
can be mapped 

and that describes the spatial extent of 
a locality.

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



“Davis, Yolo County, California”

“bounding-box method”

Coordinates:  
 38.5486 -121.7542 
 38.545 -121.7394 
Horizontal Geodetic Datum: NAD27

Georeferencing PBD
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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.

Georeferencing PBD

14



“Davis, Yolo County, California”

“point-radius method”

Coordinates: 38.5468 -121.7469 
Horizontal Geodetic Datum: NAD27 
Maximum Uncertainty: 8325 m

Georeferencing PBD

15



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. 

Georeferencing PBD
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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.

Georeferencing PBD
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“Davis, Yolo County, California”

“shape method”

Georeferencing PBD
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“20 mi E Hayfork, California”

“probability method”

Georeferencing PBD

19



Method comparison

point                                                  easy to produce

                                                          no data quality

bounding box                                    simple spatial queries

                                                          difficult quality assessment

point-radius                                       easy quality assessment

                                                          difficult spatial queries

shape                                                accurate representation 

                                                          complex, uniform 

probability                                          accurate representation 

                                                          complex, non-uniform 

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

Georeferencing PBD
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Why georeference?

Map species locations 
 

Understand species ranges 
 

Enable spatial analyses 
 

Combine with other spatial data

Georeferencing PBD
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Georeferencing Sources

Specimen labels 
Field notes 
Literature 

 
Gazetteers 

Printed Maps 
Digital Maps

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

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


Georeferencing PBD
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Georeferencing PBD
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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. 



Georeferencing PBD
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Georeferencing PBD
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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. 



Georeferencing PBD
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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 SDMs.



Data Cleaning
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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.

Georeferencing PBD
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Catching and Correcting 

Geographic, and other errors 

In 

Biodiversity Data
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Data cleaning



● Detect errors and potential errors 

● Ideally, 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
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Tauraco corythaix Wagler, 1827
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Data cleaning
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Data cleaning
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Data cleaning
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Data cleaning



Tauraco schalowi                                                                 Tauraco livingstonii                                             Tauraco corythaix
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Data cleaning



Tauraco schalowi                                                                Tauraco livingstonii                                                Tauraco corythaix

40

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
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Taxonomic checks

42

Data cleaning
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What can also go wrong?

MISIDENTIFICATIONS
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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 
And 

Error Detection
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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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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
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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
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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.



Continuous, and discrete variables
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Continuous, and discrete variables
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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


