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Creating maps from herbarium records

The purpose of this exercise is to create a map showing the location of records compiled in the database. In addition, the points in the map will be colored based on time intervals to identify range expansions or range contractions. This exercise can be used in class to help students understand the colonization process of invasive species (lag phase, exponential growth, points of introduction, etc.). It can also be used to help students understand range contractions of endangered species over time. 

[bookmark: _GoBack]Methods: 

1. Go to the CCH2 website https://www.cch2.org and to the tab “Search Collections”. In the criteria input your species name, geographic region of interest. For this example, we are using Arabidopsis thaliana in the state of California (see image below).
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2. Select table display and download the data. When you click the Download Specimen data make sure you have in “File Format: Comma Delimited (CSV) (see images below). This last step is very important, otherwise R will have trouble reading the data set. 
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3. CSV files can be open in Excel in case you need to do any modification. After downloading the data, you have to unzip it (if you didn’t mark Compressed ZIP file you can skip the unzipping, note that downloading compressed files will save you download time). Once the folder is unzip you will see a set of files, the one you want is called occurrences.csv (see image)

[image: ]

If you open your file in Excel, it will look like this:
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Because we cannot choose exactly which field to download and R will complain about symbols, we have to clean the data. Remove all columns except the id, institutionCode, catalogNumber, year, month, day, decimalLatitude and decimalLongitude. Then sort based on latitude or longitude and remove all entries with no data for these two parameters. Now the data set will look like this:  
[image: ]

One last check, filter the data set and check the range of dates for “year”. In some cases when there is no collection date, curators input in the date field year 1. If you find any like this, remove the whole entry. There could also be other year entries that were typed incorrectly, remove those too. For example, for this data set there was one 1 and also this (obviously 1073 is not a correct collection date): 
[image: ]

4. Let’s move now to R. Open R studio and set your working directory (remember that when the cursor is between quotes you can use Tab to navigate folders). Then, load your data and use a name that is easy to remember so you won’t have issues invoking it later. 

setwd("Downloads/SymbOutput_2021-04-23_135723_DwC-A/")

mapDB <- read.csv("occurrences.csv")

5. Now that the data has been loaded remember to always double check that the file has properly loaded. We can do that using the command str which will show us the dataframe size and the type of data in each column. 

str(mapDB)

And it prints: 
'data.frame':	139 obs. of  8 variables:
 $ id              : int  238312 238420 306242 407398 465326 465327 465328 465329 465330 465331 ...
 $ institutionCode : chr  "UCSC" "UCSC" "UCSB" "SBBG" ...
 $ catalogNumber   : chr  "UCSC100000373" "UCSC100000372" "UCSB031776" "141894" ...
 $ year            : int  2008 2007 2001 2010 1975 2001 2008 2007 2006 2010 ...
 $ month           : int  3 3 3 4 5 3 3 4 4 4 ...
 $ day             : int  26 21 31 23 7 31 27 26 20 23 ...
 $ decimalLatitude : num  36.6 36.6 34.2 38.8 32.9 ...
 $ decimalLongitude: num  -122 -122 -118 -121 -117 ...

5. To make crating the plot easier we are going to load latitude and longitude and also year. Be careful to spell the header of the column where the data we want to load is located, after the $ you could use tab to autocomplete. 

Latitude <- mapDB$decimalLatitude

Longitude <- mapDB$decimalLongitude

Year <- as.numeric(mapDB$year) #### here we use the as.numeric because when we did str(mapDB) the data in year was int instead of numeric. 

6. Time to create the plot. First load the libraries 
library(maps)
library (RColorBrewer)

First, we create our color palette with one color for each time interval. For this part you need to know how many time intervals you want to create for your map. To figure out the range of dates you have: 
range(Year)
[1]    1914 2018

In this case it says we have from year 1914 to 2018, that is 104 years. We are going to make 4 intervals of 26 years for each interval. The intervals will be (1914-1939), (1940-1965), (1966-1991) and (1992-2018). Select the same number of colors as intervals and find colors that are different. The colors name can be found here https://www.nceas.ucsb.edu/sites/default/files/2020-04/colorPaletteCheatsheet.pdf

mypal <- colorRampPalette(c("orange", "royalblue", "palegreen4", "maroon2")) (4) ##this line creates your color palette and assigns 4 colors to 4 intervals. 

colbreak <- seq(min(Year), max(Year), length.out=5) ## this line specifies the range of values for the intervals and the number of break for such range of values (note that you need one more break than number of intervals).

mapDB$colorcolumn <- cut(Year, breaks = colbreak, labels = mypal) ## putting together the range of values and the palette

mapDB$colorcolumn <- as.character(mapDB$colorcolumn) ## variable must be a character, turning it into a character 

plot(Longitude, Latitude, col = mapDB$colorcolumn, pch=20) ## creating the latitude and longitude plot with the information for the color. 

map(add=TRUE) # adding the map layer

legend("bottomleft", legend=c("1914-1939", "1940-1965", "1966-1991", "1992-2018"), col=c("orange", "royalblue", "palegreen4", "maroon2"), cex=1, pch=20) ## adding a legend to the map 














7. And this is the result: 
In yellow we can see the first samples of Arabidopsis thaliana collected in the state of California. This species was allegedly introduced in the US. In the map we can see that it is mostly found inland and along the mountain ranges.  The fact that we have several distanced yellow dots could point out to more than one introduction event or to a lack of sampling in the region between them. Said that, Northern CA looks like an introduction point that then further spread towards the South (few yellow and blue dots that stay put for a long period -lag phase- in the north followed by green and then a much larger and farter spread in pink -exponential growth and spread- ).
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238312 UCsC Preservedspecimen ce943c07-0241-4bd9-848b-6c538b043335  UCSCL00000373 10178 Organism| Plantae| Virdiplantae|Streptophyta | Embryophyta | Tracheophyta | Spermat
238420 UCSC Preservedspecimen ceeGdbdb-b3de-4758-be58-7d543ef09(78 | UCSCL00000372 10232 Organism| Plantae| Virdiplantae | Streptophyta | Embryophyta | Tracheophyta | Spermat
306242 UCSB Preservedspecimen fe63521c 1a5d-11e3-b49f-525400a0a001 | UCSBO31776. 69555 Organism| Plantae| Virdiplantae| treptophyta| Embryophyta| Tracheophytal Spermat
407398 SBBG Preservedspecimen  33b6fd6e-ed61-44b8-920-7f47fedfc787 14189 ‘Organism| Plantae| Virdiplantae| Streptophyta| Embryophyta| Tracheophytal Spermat
465326 D PreservedSpecimen (773D350A-88A6-4ABB-AD26-4840D8BS720C) 5092907 ‘Organism| Plantae| Viridiplantae Streptophyta| Embryophyta| Tracheophytal Spermat
465327 5D Preservedspecimen (0S0BEAD?-4009-4383-8415-AOFG44DEOLEF) | SDOO18983  SDISI6SS ‘Organism| Plantae| Viridiplantae Streptophyta| Embryophyta| Tracheophytal Spermat
465328 SD Preservedspecimen (4856D968-04A5-4CF1-847C 2FFAB2142C69)  SDODO1B978  SDIE3369 ‘Organism| Plantae| Viridiplantae Streptophyta| Embryophyta| Tracheophytal Spermat
465329 D Preservedspecimen (818D3433-081F-4436-ABCB-829CFFA202A1)  SDOOO18982  SD197720 ‘Organism| Plantae| Viridiplantae Streptophyta| Embryophyta| Tracheophytal Spermat
465330 5D Preservedspecimen (EOL174FF-8DF5-4975-AB26-FFE34429C388)  SDOO18%81  SD233783 ‘Organism| Plantae| Viridiplantae Streptophyta| Embryophyta| Tracheophytal Spermat
465331 5D Preservedspecimen (71384537-900E-45F3-9C67-DFB3BSSBF365)  SDO0018980  SD237383 ‘Organism| Plantae| Viridiplantae Streptophyta| Embryophyta| Tracheophytal Spermat
465332 D Preservedspecimen (SAEBECD3-0A40-4424-8389-D1474870AF4)  SDOO018979  SD239654 Organism| Plantae| Viridiplantae Streptophyta| Embryophyta| Tracheophytal Spermat
613475 SFV. Preservedspecimen dbca3208-eba-dff2-a8ca-7034a0e8343c  SFVI0AI66 [SFV-21768 lorganism| Plantae| Virdiplantae treptophyta| Embryophyta| Tracheophytal Spermat
615407 SFV. Preservedspecimen bd82a26-275f-4bif-Bbce-F2b8516d5baa SPVIOales  sPv-22283 ‘Organism| Plantae| Virdiplantae | treptophyta| Embryophyta| Tracheophytal Spermat
656828 RSA Preservedspecimen 091637cc-7763-4461-8229-150cB1531778  RSAOI25926  RSA accession #: 748181 ‘Organism| Plantae| Virdiplantae| Streptophyta| Embryophyta| Tracheophytal Spermat
746852 RSA Preservedspecimen 33ca0597-6057-4ca0-923¢ fadbddcdfd3l  RSADL25920  RSA accession #: 674884 ‘Organism| Plantae| Virdiplantae| Streptophyta| Embryophyta| Tracheophytal Spermat
785196 RSA Preservedspecimen 45f6e302-Be2d-4leb Bab2-1fd7278003c  RSADOB77L  RSA accession #: 845029 ‘Organism| Plantae| Virdiplantae| Streptophyta| Embryophyta| Tracheophytal Spermat
800213 RsA Preservedspecimen 442006c8-7162-4e7-b52a-70cc67f37e2a  RSAOI25922  RSA accession #: 697059 ‘Organism| Plantae| Virdiplantae| Streptophyta| Embryophyta| Tracheophytal Spermat
984606 RSA Preservedspecimen 812768c3-0c7d-d6ce-8a59-b5(9b1680228  RSADI25921  RSA accession #: 682450 ‘Organism| Plantae| Virdiplantae| Streptophyta| Embryophyta| Tracheophytal Spermat
1006073 RSA Preservedspecimen 8479322.615-402-ba9%-G5a06L967365  RSADI25919  RSA accession #: 781117 ‘Organism| Plantae| Virdiplantae| Streptophyta| Embryophyta| Tracheophytal Spermat
1008246 RSA Preservedspecimen 8cSB0UES-Se6f-dbch-af62-3951acA251b8  RSAOL2SB60  RSA accession #: 614885 ‘Organism| Plantae| Virdiplantae| Streptophyta| Embryophyta| Tracheophytal Spermat
1010825 RSA Preservedspecimen 8d3230d4-4512.4607-9cf1.14b25366da67  RSAOL2SESE  RSA accession #: 762065 ‘Organism| Plantae| Virdiplantae| Streptophyta| Embryophyta| Tracheophytal Spermat
1015070 RsA Preservedspecimen 8fBddace-0426-420d-2964-4817ea2d7%a7  RSAOL25924  RSA accession #: 180038 ‘Organism| Plantae| Virdiplantae| Streptophyta| Embryophyta| Tracheophytal Spermat
1021232 RsA Preservedspecimen 9280a066-c61d-4520-9bca-badcds336af3 RSA accession #: 537721 ‘Organism| Plantae| Virdiplantae| Streptophyta| Embryophyta| Tracheophytal Spermat
1056554 RSA Preservedspecimen a364ef92-bd5S-4805-bb26-53437095697  RSAODB9B1S  RSA accession H: 844976 ‘Organism| Plantae| Virdiplantae| Streptophyta| Embryophyta| Tracheophytal Spermat
1090554 RSA Preservedspecimen b3b37ala-013¢ 4366-84fd-3c0044f730f8  RSADDG9373  RSA accession #: £35132 ‘Organism| Plantae| Virdiplantae| Streptophyta| Embryophyta| Tracheophytal Spermat
1159590 RsA Preservedspecimen d4a98757-0c5c.4666-9c0e-2b00cedf6465  RSADI25859  RSA accession #: 710757 ‘Organism| Plantae| Virdiplantae| Streptophyta| Embryophyta| Tracheophytal Spermat
1159628 RsA Preservedspecimen ddaeS6ee7deb 474b:920b 7fabdc6dd642  RSAOL2SSEL  RSA accession #: 781932 ‘Organism| Plantae| Virdiplantae| Streptophyta| Embryophyta| Tracheophytal Spermat
1314468 DAV Preservedspecimen 3c727acc-4%b2-4805-832b-700bd84bS07  DAV3007S6  DAVIS1523; UCDAES23 ‘Organism| Plantae| Virdiplantae| Streptophyta| Embryophyta| Tracheophytal Spermat
1348639 DAV. Preservedspecimen 2b675313-41db-466b-b635-903e570c0e63  DAV3007S4  DAVIS2021; UCDS4942 ‘Organism| Plantae| Virdiplantae| Streptophyta| Embryophyta| Tracheophytal Spermat
1366996 DAV Preservedspecimen dead990-3409-4d16-92ea-cal26710bb51  DAV3007S8  DAVI21670; UCD114099 ‘Organism| Plantae| Virdiplantae| Streptophyta| Embryophyta| Tracheophytal Spermat
1366998 DAV Preservedspecimen 8e42aad3-(362-4709-a73b-242697d0ed%  DAV3007S9  DAVI71387; UCD114101 ‘Organism| Plantae| Virdiplantae| Streptophyta| Embryophyta| Tracheophytal Spermat
1367002 DAV Preservedspecimen Oeaafc7c-1149-4587-8057-2c249b41250c  DAV30760  DAVI7S934; UCDL14105 ‘Organism| Plantae| Virdiplantae| Streptophyta| Embryophyta| Tracheophytal Spermat
1367004 DAV Preservedspecimen 4eab9531.4931-4738-ad0e-G6882(58b48e  DAV307E2  DAVI76304; UCDL14107 ‘Organism| Plantae| Virdiplantae| Streptophyta| Embryophyta| Tracheophytal Spermat
1367010 DAV Preservedspecimen UCD114113 DAV307SS  DAV2696; UCD114113 ‘Organism| Plantae| Virdiplantae| Streptophyta| Embryophyta| Tracheophytal Spermat
1430127 FsC Preservedspecimen 4f217a52-de5b-4662-ac1b-442625e6c5e3  FSCO006877 ‘Organism| Plantae| Virdiplantae| Streptophyta| Embryophyta| Tracheophytal Spermat
1474030 UCR Preservedspecimen_ UCR-8PS-97850 UCR97850 ‘Organism| Plantae| Virdiplantae| Streptophyta| Embryophyta| Tracheophytal Spermat
1486827 UCR Preservedspecimen UCR-8PS-116427 UCR-116427 ‘Organism| Plantae| Virdiplantae| Streptophyta| Embryophyta| Tracheophytal Spermat
1591713 UCR Preservedspecimen_ UCR-BPS-172003 UCR-172003 ‘Organism| Plantae| Virdiplantae| Streptophyta| Embryophyta| Tracheophytal Spermat
1592491 UCR Preservedspecimen UCR-8PS-172638 UCR-172638 ‘Organism| Plantae| Virdiplantae| Streptophyta| Embryophyta| Tracheophytal Spermat
1596041 UCR Preservedspecimen_ UCR-8PS-95790 UCR-957%0 ‘Organism| Plantae| Virdiplantae| Streptophyta| Embryophyta| Tracheophytal Spermat
1596831 UCR Preservedspecimen UCR-8PS-177165 UCR-177265 ‘Organism| Plantae| Virdiplantae| Streptophyta| Embryophyta| Tracheophytal Spermat
1597681 UCR Preservedspecimen UCR-8PS-178175 UCR-178175. ‘Organism| Plantae| Virdiplantae| Streptophyta| Embryophyta| Tracheophytal Spermat
1603998 UCR Preservedspecimen UCR-8PS-184931 UCR-184931 ‘Organism| Plantae| Virdiplantae| Streptophyta| Embryophyta| Tracheophytal Spermat
1607499 UCR Preservedspecimen UCR-8PS-188444 UCR-188444. ‘Organism| Plantae| Virdiplantae| Streptophyta| Embryophyta| Tracheophytal Spermat
1615793 UCR Preservedspecimen UCR-8PS-197648 UCR-197648 ‘Organism| Plantae| Virdiplantae| Streptophyta| Embryophyta| Tracheophytal Spermat
1617680 UCR Preservedspecimen UCR-8PS-200045 UCR-200045 ‘Organism| Plantae| Virdiplantae| Streptophyta| Embryophyta| Tracheophytal Spermat
1624540 UCR Preservedspecimen_ UCR-BPS-207143 UCR-207143 ‘Organism| Plantae| Virdiplantae| Streptophyta| Embryophyta| Tracheophytal Spermat
1635424 UCR Preservedspecimen UCR-8PS-217175 UcR-217175 ‘Organism| Plantae| Virdiplantae| Streptophyta| Embryophyta| Tracheophytal Spermat
1635454 UCR Preservedspecimen UCR-8PS-217911 UcR-217911 ‘Organism| Plantae| Virdiplantae| Streptophyta| Embryophyta| Tracheophytal Spermat
1635556 UCR Preservedspecimen UCR-8PS-217395 UCR-217395 ‘Organism| Plantae| Virdiplantae| Streptophyta| Embryophyta| Tracheophytal Spermat
1641481 UCR Preservedspecimen_ UCR-BPS-224233 UCR-224233 Organism| Plantae| Virdiplantae | Streptophyta| Embryophyta| Tracheophytal Spermat
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