BIEN data use cases
Use case #1

Latitudinal patterns of range size and species richness of New World woody plants
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Summary or abstract:

Relationships between range size and species richness are contentious, yet they are key to testing the various hypotheses that attempt to explain latitudinal diversity gradients. Our goal is to utilize the largest data set yet compiled for New World woody plant biogeography to describe and assess these relationships between species richness and range size.

We estimated the latitudinal extent of 12,980 species of woody plants (trees, shrubs, lianas). From these estimates we quantified latitudinal patterns of species richness and range size. We compared our observations with expectations derived from two null models.

Peak richness and the smallest- and largest-ranged species are generally found close to the equator. In contrast to prominent diversity hypotheses: (1) mean latitudinal extent of tropical species is greater than expected; (2) latitudinal extent appears to be decoupled from species richness across New World latitudes, with abrupt transitions across subtropical latitudes; and (3) mean latitudinal extents show equatorial and north temperate peaks and subtropical minima. Our results suggest that patterns of range size and richness appear to be influenced by three broadly overlapping biotic domains (biotic provinces) for New World woody plants.

Hypotheses that assume a direct relationship between range size and species richness may explain richness patterns within these domains, but cannot explain gradients in richness across the New World.
Publication:
Weiser M.D. et al. 2007 Latitudinal patterns of range size and species richness of New World woody plants. Global Ecology and Biogeography 16: 679-688.

Data source:

Downloaded from SALVIAS (www.salvias.net), in turn gleaned from 56 distinct sources of herbarium and plot data.
Raw data example:
+---------------------------+-----------+-----------+

| Species                     | Latitude  | Longitude |

+---------------------------+-----------+-----------+

| Caatinganthus harleyi     | -13.16667 | -43.21667 | 

| Caatinganthus harleyi     | -13.16667 | -43.21667 | 

| Caatinganthus rubropappus |  -6.08333 | -38.10000 | 

| Cabomba aquatica          |   4.08250 | -75.01210 | 

| Cabomba aquatica          |   4.58000 |  52.03000 | 

| Cabomba aquatica          |   6.63000 | -57.90000 | 

| Cabomba aquatica          |   6.03000 | -57.70000 | 

| Cabomba aquatica          |  -1.07000 | -46.98000 | 

| Cabomba aquatica          |   9.25000 | -60.95000 | 

| Cabomba aquatica          |   8.88000 | -64.27000 | 

Data end product needed:

Maximum and minimum latitude and longitude for large number of naturally-occurring New World Plant Species.
Data issues and manipulations:
· Latitude and longitude needed to be screened for valid values (e.g., Latitude<90 AND Latitude>-90). We did little validation for “in country” values, aside from removing point outside of the Americas or floating in the ocean. More detailed validation would have been desirable

· Total records: ~308,000.

· Species names were validated using SALVIAS TaxonScrubber (http://www.salvias.net/pages/taxonscrubber.html). Misspellings were numerous. We used only names that could be matched to published names as recorded in IPNI (www.ipni.org) or Tropicos (www.tropicos.org). 

· Validated species names were synonymized by matching to synonyms in a series of synonymized taxonomic checklists, in order from highest quality to lowest quality. Among others, we used Checklist of the Plants of Peru (Brako and Zarucchi, 1992), USDA Plants Checklist (US & Canada; http://plants.usda.gov/java/). Any synonyms found were converted to accepted names. 
· Total unique species names strings in raw data: 22,100
· Total species after validation and synonymization: 12,980

· In addition, we attempted to remove specimens of cultivated or introduced plants. Such specimens are a problem only for specimen data (not plots). Normally this would be a fairly easy task as most herbarium databases include a field used to indicated if a specimen is of a cultivated plant. However, this information was excluded from the herbarium data, which had been obtained mostly from secondary aggregators. For this reason, We excluded “potential” cultivated specimens by means of a large number of SQL queries which either (1) excluded specimens by country for a small number of known commerical species (e.g., no pines occur naturally south of Nicaragua, or (2) searching the locality and specimen description fields (not shown in the data sample shown above, but in the original raw data, to which we had access) for key words such as “cultivated”, “cultivado”, “garden”, “jardín”, etc.

Use case #2: How do we measure species ranges?
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Summary or abstract:

Range size is a fundamental property of a species that may vary by several orders of magnitude (Brown et al., 1996). It is used as one of the key criteria to determine the conservation status of species (IUCN, 2001), and for many species, we expect range size to change severely under climate and land use changes (Feeley and Silman, 2009; Laurance et al., 2001; Thomas et al., 2004). But how do we measure range size? Many different methods have been used in the literature, at times confounding range occupancy and range extent (cf. Gaston and Fuller, 2009), and in some cases leading to heated discussions, since they may lead to drastic differences in e.g. extinction risk estimates depending on the metrics and the assumptions they are based upon (Hubbell et al., 2008a; Feeley and Silman, 2008; Hubbell et al., 2008b; Feeley and Silman, 2009). However, a quantitative assessment of which methods are best has not yet been conducted. The optimal method should be able to estimate correctly both the range size and the distribution of a species without being affected by sample size or the geographic position (e.g. temperate or tropical). However, even if a metric is not suitable for estimating distribution, it may still be useful for calculating range size, especially if it is easier to compute than e.g. a species distribution model. 

In this methodological study, we compare several approaches to estimate the ranges of species, and assess how they perform in terms of accuracy of the estimate of range and of range distribution. The approaches are chosen on a continuum of metrics extending from very simple ways of estimating the size of range extent (e.g. latitudinal extent and bounding box), over methods that approximate the size of range occupied, to methods designed to estimate both the range occupied and distribution of the species in question (e.g. grid cells occupied and species distribution modeling). The different metrics are computed and compared to expert-drawn maps for a temperate group, the North American trees, and a generally tropical group, the New World palms. Finally, we produce estimates of range sizes for all species with sufficient sample size in the BIEN database for the New World, which will be available for the general public and will serve as the basis for several studies on range size determinants. 

Publication:
In prep (coauthors: John Donoghue, Naia Holme, Brian McGill, Brian Enquist, et al.)
Data source:

BIEN2 database, which in turn obtained data from a variety of sources of plot and vegetation data, both primary sources and aggregators.

Raw data example:
These examples pertain to species observations only. In addition, rasterized layers of climate for all of the Americas were also required (used bioclim).

mysql> select Latin, Latitude, Longitude from viewFullOccurrence where Latin is not null and (isCultivated=0 or isCultivated is null or isCultivatedReason='Proximity to city') and CountryError<=0 and (ProvinceError<=0 or ProvinceError is null);

+----------------+-----------+-----------+

| Latin          | Latitude  | Longitude |

+----------------+-----------+-----------+

| Aa achalensis  |   9.14000 | -79.73000 | 

| Aa argyrolepis |  -2.00000 | -78.50000 | 

| Aa argyrolepis |  18.03000 | -88.43000 | 

| Aa argyrolepis |  10.21000 | -84.16000 | 

| Aa colombiana  |  14.02000 | -87.02000 | 

| Aa colombiana  | -17.70000 | -64.72000 | 

| Aa colombiana  |   0.78000 | -77.95000 | 

| Aa colombiana  |  -0.47000 | -78.63000 | 

| Aa colombiana  |  -0.97000 | -78.95000 | 

| Aa colombiana  |  -1.15000 | -78.30000 | 

| Aa colombiana  |  -9.45000 | -77.45000 | 

| Aa denticulata |   9.17000 | -79.42000 | 

| Aa denticulata |   9.17000 | -79.42000 | 

| Aa denticulata |   9.04000 | -79.44000 | 

| Aa denticulata |  -2.83000 | -79.20000 | 

Total observations:

mysql> select count(*) from viewFullOccurrence where Latin is not null and (isCultivated=0 or isCultivated is null or isCultivatedReason='Proximity to city') and CountryError<=0 and (ProvinceError<=0 or ProvinceError is null);

+----------+

| count(*) |

+----------+

|  5572865 | 

+----------+

1 row in set (18.25 sec)

Total species (after validation & synonymization):

mysql> select count(*) from (select distinct Latin from viewFullOccurrence where Latin is not null and (isCultivated=0 or isCultivated is null or isCultivatedReason='Proximity to city') and CountryError<=0 and (ProvinceError<=0 or ProvinceError is null)) as a;

Data end product needed:

Raster estimates of distributions (presence within pixels or cells) for several hundred species of North American trees and all New World Palm species, plus estimates of total range area for each species, based on these estimates. Distributions estimated using a variety of methods, ranging from simple convex hull to Maxent niche models.
Data issues and manipulations:

Similar to Use Case #1 (“Latitudinal patterns of range size and species richness of New World woody plants”), with the following exceptions:

· The recently released TNRS (http://tnrs.iplantcollaborative.org/) was used to validate names and to synonymize according to Tropicos (www.tropicos.org), thus automating a laborious step which would have taken weeks.

· Detection of cultivated species was more elaborate. In addition to filtering by known ranges of commerical species (only a handful) and by keywords in the locality description, we also excluded any specimen collected within 3km of a herbarium, on the assumption that herbaria are either within cities or associated with botanical gardens or both. We also tried removing specimens within a certain minimum distance of a city (distance scaled by population size), but this method had an unacceptably high level of false positives, and was abandoned.
· Geovalidation was a much more elaborate process. Basically, we checked geocoordinated fell within the Country and StateProvince values accompanying each observation. This process had two steps: (1) standardize political division names of both bien observations, and political division shapefiles used for validation, (2) check that point falls within names political division using GIS. Step 1 invoved building what was essentially a geographic name resolutions service (GNRS) which corrects unconverted character codes, translates political division codes and abbreviations, and translates to a single standard English equivalent names in other languages. The GNRS currently does not do fuzzy matching, but we hope to include this capability eventually.
· The above steps required using many fields in several tables in the databases bien2 and geoscrub. 
· It would be helpful if the download could deliver full metadata on data ownership to simplify attribution in the final publication

Use case #3: Disentangling the Drivers of β Diversity Along Latitudinal and Elevational Gradients

Provided by: Brad Boyle

Summary or abstract:

Understanding spatial variation in biodiversity along environmental gradients is a central theme in ecology. Differences in species compositional turnover among sites (β diversity) occurring along gradients are often used to infer variation in the processes structuring communities. Here, we show that sampling alone predicts changes in β diversity caused simply by changes in the sizes of species pools. For example, forest inventories sampled along latitudinal and elevational gradients show the well-documented pattern that β diversity is higher in the tropics and at low elevations. However, after correcting for variation in pooled species richness (γ diversity), these differences in β diversity disappear. Therefore, there is no need to invoke differences in the mechanisms of community assembly in temperate versus tropical systems to explain these global-scale patterns of β diversity.

Publication:
Kraft, N., Comita, L., et al. 20-11. Disentangling the Drivers of β Diversity Along Latitudinal and Elevational Gradients. Science 333:1755-1758.

Data source:

SALVIAS (www.salvias.net). Two datasets: The Alwyn Gentry Transect Dataset (197 plots), Boyle Transect Dataset (Ecuador only; 8 plots).

Raw data example:
Metadata (as downloaded from SALVIAS):
	project
	PLOT_ID
	plot_code
	country
	pol1
	latitude
	longitude
	elev_m
	observation_type
	plot_methodology
	plot_area_ha

	Boyle Transects
	305
	e1250-1
	Ecuador
	Carchi
	1.03333
	-78.25
	1250
	individuals
	0.1 ha  transect, stems >= 2.5 cm dbh
	0.1

	Boyle Transects
	306
	e1750-1
	Ecuador
	Carchi
	0.866667
	-78.1833
	1750
	individuals
	0.1 ha  transect, stems >= 2.5 cm dbh
	0.1

	Boyle Transects
	307
	e1750-2
	Ecuador
	Carchi
	0.866667
	-78.1667
	1750
	individuals
	0.1 ha  transect, stems >= 2.5 cm dbh
	0.1

	Boyle Transects
	308
	e1750-3
	Ecuador
	Carchi
	0.883333
	-78.1667
	1750
	individuals
	0.1 ha  transect, stems >= 2.5 cm dbh
	0.1

	Boyle Transects
	309
	e2250-1
	Ecuador
	Carchi
	0.871
	-78.111
	2141
	individuals
	0.1 ha  transect, stems >= 2.5 cm dbh
	0.1

	Boyle Transects
	310
	e2250-2
	Ecuador
	Carchi
	0.833333
	-78.2167
	2250
	individuals
	0.1 ha  transect, stems >= 2.5 cm dbh
	0.1

	Boyle Transects
	311
	e2750-1
	Ecuador
	Carchi
	0.260556
	-78.1372
	2750
	individuals
	0.1 ha  transect, stems >= 2.5 cm dbh
	0.1


Raw Data (fields relevant to this study, as downloaded from SALVIAS):
	OBSERVATION_ID
	PLOT_ID
	plot_code
	subplot
	individual
	Is_morphospecies
	family
	genus
	specific_epithet

	6753
	305
	e1250-1
	1
	1
	0
	Moraceae
	Ficus
	caldasiana

	6754
	305
	e1250-1
	1
	2
	0
	Clusiaceae
	Clusia
	trochiformis

	6755
	305
	e1250-1
	1
	3
	0
	PTERIDOPHYTA
	Cyathea
	cystolepis

	6756
	305
	e1250-1
	1
	4
	1
	Melastomataceae
	Blakea
	sp.7

	6757
	305
	e1250-1
	1
	5
	1
	Myristicaceae
	Indet.
	sp.1

	6758
	305
	e1250-1
	1
	6
	1
	Lauraceae
	Ocotea
	sp.4

	6759
	305
	e1250-1
	1
	7
	0
	Moraceae
	Helicostylis
	tovarensis

	6760
	305
	e1250-1
	1
	8
	1
	Araceae
	Philodendron
	sp.7

	6761
	305
	e1250-1
	1
	9
	0
	Cyclanthaceae
	Asplundia
	gamotepala

	6762
	305
	e1250-1
	1
	10
	0
	Moraceae
	Helicostylis
	tovarensis


Data end product needed:

List of unique species in each subplot in each plot, accompanied either by elevation (Boyle transects) or latitude (Gentry transects).

· Data issues and manipulations:

· Selecting plot data only, collected according to 0.1 ha “gentry” methodology, and altitudinal gradient from single location (Boyle data) required information on data type (plot versus specimen), sampling methodology, dataset ownership, and descriptions of locality/methodology

· Species were validated to Tropicos (www.tropicos.org) and IPNI (www.ipni.org) using SALVIAS TaxonScrubber (http://www.salvias.net/pages/taxonscrubber.html). This had already been done in SALVIAS prior to download
· No synonym correction was done for this publication, however, Boyle dataset was in part chosen because taxonomy was consistent across entire dataset.
· These datasets were chosen in part because species not fully identified within a plot were assigned morphospecies names (e.g., Quercus sp.3) which were known to be consistent within a given plot. This enabled us to compare beta diversity (turnover in species composition) among subplots within a plot. Thus, information regarding subplots (omitted from bien2) was essential for this analysis.
