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Abstract. Georeferencing historical biodiversity specimens is a difficult but necessary task to bring data accu-
mulated in the course of past scientific efforts into full currency for modern use. Textual locality descriptions 
vary widely, and are prone to error involved in interpretation of brief descriptions and often-unclear terms. 
Each type of locality description requires particular georeferencing methods to maximize precision and accu-
racy of resulting coordinates and uncertainty. Current “best practice” methods concerning textual descriptions 
referring to proximity to a locality (i.e., “near” a locality) are arbitrary, restrictive, or undefined. In this paper, I 
explore these challenges, and provide new methods for assigning geographic coordinates and uncertainty (with 
appropriate metadata) to such locality descriptions using point, line, or polygon shapes as the basis for Voronoi 
diagrams. Voronoi diagrams define the geographic space nearer to a given point than to any other point in a 
collection, making them ideally suited for determining the shape of such locality descriptions.

Key words: Voronoi diagram, best practices, geographic information system, Darwin Core, coordinate uncer-
tainty.
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Introduction
Understanding the geographic context from 

which a specimen originates is vitally important to 
understanding its ecological, environmental, and 
evolutionary history. Modern specimens are often 
collected with GPS-based geographic coordinates, 
such that their metadata document precise coor-
dinates and information on uncertainty. However, 
many historical records were collected without the 
aid of GPS technology, so geographic coordinates 
need to be assigned to them retrospectively. 

When a biodiversity specimen is collected with-
out GPS-based coordinates, textual locality descrip-
tions allow researchers to relate the specimen back to 
where it originated. This description can take a vari-
ety of forms: a city, an address, a landscape feature 
like a mountain or river, or any other geographic fea-
ture to which the specimen can be related. Although 
most specimens in natural history collections include 
some sort of associated locality description, many re-
main as textual descriptions without associated geo-
graphic coordinates necessary for many quantitative 
analyses (Murphy et al. 2004). 

Of the 215 million records in the Global Bio-
diversity Information Facility (GBIF) data portal 
that correspond to museum specimens, 41.7% (90 
million) do not have geographic coordinates asso-
ciated. Coordinate uncertainty has significant ef-
fects in quantitative analyses (Graham et al. 2007, 
Bloom et al. 2017, Marcer et al. 2022); availability 
of such information, however, is even more limited 
than geographic coordinates. More than 79.1%, or 
170 million, of specimens in the GBIF data portal 
lack information on coordinate uncertainty. In short, 
without coordinates, a locality description remains 
unwieldy, subjective, and relatively imprecise in de-
scribing the geographic context of a specimen.

The process of assigning geographic coordinates 
to a locality description, termed georeferencing, is a 
nuanced task. The point-radius method described in 
Wieczorek et al. (2004) outlines and justifies a meth-
odology behind the three numbers that correspond to 
the latitude, longitude, and coordinate uncertainty. 
Wieczorek et al. (2004) use these three numbers to 
describe a circular area that ostensibly includes all 
geographic points from where the specimen might 
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have actually originated. This interpretation has be-
come the gold standard, with leading data standards 
preferring such a point-radius representation (Dar-
win Core Maintenance Group 2023), although many 
efforts have been made to expand on the method and 
create best practices for georeferencing (Wieczorek 
2001, Frazire et al. 2004, Murphy et al. 2004, Chap-
man & Wieczorek 2006, Guo et al. 2008, van Erp 
et al. 2015, Bloom et al. 2018). The most recent of 
these efforts are those of Zermoglio et al. (2020) and 
Chapman & Wieczorek (2020). 

Georeferencing is not a purely objective task, as 
it often requires the interpretation of imperfect, inex-
act, or incomplete locality descriptions. Take, for in-
stance, a locality description that reads, “found near 
the city of Springfield,” which might be assigned a 
coordinate pair corresponding to the centroid of the 
city limits. Nonetheless, uncertainties arise immedi-
ately: how close to Springfield is “near”? Could this 
description refer to a point within the city? Although 
Zermoglio et al. (2020) and Chapman & Wieczorek 
(2020) make many aspects of georeferencing straight-
forward and reproducible, their proposed techniques 
and solutions regarding these ideas of nearness or 
proximity can certainly be improved. 

The field of quantitative geography has an 
abundance of tools for diverse spatial analyses and 
inferences. Particularly relevant to the question of 
proximity are algorithms for creating Voronoi di-
agrams (also called Thessian polygons or Dirichlet 
tessellations). A Voronoi diagram is a collection of 
polygons and points (or cells), wherein the polygons 
describe the geographic space that is closer to a par-
ticular point than to any other point in the collection 
of points. The polygons are referred to as Voronoi 
polygons, which form a tessellation of the geomet-
ric space in question (Okabe 2000; see example in 
Figure 1). In this paper, I explore the potential use of 
Voronoi diagrams to improve some georeferencing 
practices related to concepts of proximity. I use these 
methods to overcome the arbitrary or overly restric-
tive nature of existing methods, and create a method 
that addresses the characteristics of a previously un-
defined locality type.

Methods
Construction of a Voronoi Diagram 

All processing of shapes was done using the open-
source GIS platform QGIS [ver. 3.22] and its pre-
packaged optional libraries. Building collections 

of various points, lines, and polygons that describe 
localities was done based on ESRI shapefiles. 
Shapefiles for cities and states were acquired from the 
U.S. Census Bureau (2021); shapefiles summarizing 
physical geographic features (e.g., rivers) were 
acquired from the U.S. Geological Survey (2019).

Collections of localities.—To create a Voronoi 
diagram for georeferencing, I first found or assem-
bled a single shapefile that provided a collection of 
localities categorically relevant to the described lo-
cality (e.g., the rivers surrounding a described riv-
er). An individual Voronoi polygon is created in the 
context of its neighboring polygons, just as a local-
ity description in a biodiversity record is created in 
a geographic context that conveys not only where 
the record was recorded, but also where it was not. 
For instance, if an individual scrub-jay (genus Aph-
elocoma) was found in Lagos de Moreno, Mexico, 
then that individual was not found in any other city 
or country on the globe. 

As such, the first step to creating a Voronoi dia-
gram for the purpose of georeferencing is to repre-
sent the desired locality as a member of a larger col-
lection of contextually relevant localities (Fig. 2. A). 
In doing so, the specified locality describes where 
the locality is, and the rest of the collection describes 
where the locality is not. As in Figure 1, if one de-
sires to find the Voronoi polygon for Fire Station F, it 
is only possible when station F is considered relative 
to stations B and C. This problem of relativity means 
that it is important that collections be populated both 
accurately and precisely. An underpopulated collec-
tion will result in larger-than-necessary uncertainty 

Figure 1. A Voronoi diagram of hypothetical fire stations repre-
sented as points. Each unique fire station is labeled with a letter 
and has a corresponding Voronoi polygon.
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Figure 2. A general workflow for creating Voronoi diagrams for georeferencing. (A) A collection of localities relevant to X, 
all uniquely labeled. (B) An example of the necessity for densifying. The diagram on the left shows the Voronoi polygon for 
shape X encroaching on shape Y.  Point X1 is closer to parts of Line Y4,1 than either Point Y4 or Point Y1. The diagram on the 
right shows how densifying resolves this issue, by giving Line Y4,1 more representative points. (C) An intermediate Voronoi 
diagram with one Voronoi polygon per point, but several Voronoi polygons per locality. (D) A final, post-dissolve, Voronoi 
diagram. The Voronoi polygon surrounding locality X is fit to be georeferenced.



Campbell – Interpreting and georeferencing the concept of “near”

16

estimates downstream in the georeferencing process, 
and is therefore prone to type II error. This sort of sit-
uation typically stems from poor sources of GIS ref-
erence material (i.e. city boundary maps, collections 
of addresses, hydrology data, etc.). This issue can be 
ameliorated using official and comprehensive sourc-
es of data, such as national census data. An overpop-
ulated collection will result in excessively confident 
uncertainty predictions, leading to type I errors and 
exclusion of potentially relevant geographic spaces. 
This phenomenon is a consequence of indiscrimi-
nate reference locality selection (e.g., including po-
lice stations when discussing fire stations, including 
secondary roads when referencing highways, etc.). A 
safe assumption to avoid this issue is to include in 
a collection the smallest class of described locality, 
and any class larger. For example, if the described 
locality is the confluence of two permanent streams, 
it is safe to include all streams and rivers in the col-
lection, but intermittent streams and arroyos should 
be excluded, as they are smaller in magnitude. Voro-
noi polygons are tessellations of the collective land-
scape, and as such, are defined strictly relative to the 
overall collection.

Converting the collection to points.—A Voronoi 
diagram is created from a finite set of two or more 
distinct points in the Euclidean plane (Okabe 2000). 
If a collection is composed of shapes with higher 
dimensional complexity than points, then for this 
methodology the shapes should be reduced to points. 
While methods exist that can create Voronoi dia-
grams from higher-dimensional input shapes such as 
lines, curved lines, and polygons (Held 2001, Culver 
et al. 2004, Karavelas 2004), they are either depre-
cated, unnecessarily complicated, or too computa-
tionally intensive for the purposes of georeferencing. 
Although Voronoi diagrams can be created from col-
lections of lines (Okabe 2000, p. 169) or polygons 
(Okabe 2000, p. 186), for my purposes aimed at geo-
referencing, I reduced such instances to points for 
a more universal and streamlined workflow that is 
compatible with common GIS software.

Before creating points from a collection, I en-
sured that each locality targeted for georeferencing 
had a unique identifier, so that later processing stayed 
organized and traceable (Richards et al. 2011). If a 
collection has to be reduced from a 2-dimension-
al shape (i.e., lines or polygons) to 1 dimensional 
points, the products developed from those points will 
need to be reassembled to accurately represent the 
original 2-dimensional form.  

If a collection was composed of lines or poly-
gons, I densified the point-based representation of 
shapes to ensure that spaces between localities were 
assigned accurately. The geometry of 2-dimensional 
shapes is typically coded as a series of longitude and 
latitude pairs that represent vertices of the shapes. 
Densifying adds additional points to the sequen-
tial list between the vertices that comprise the ini-
tial geometry description of a shape. To ensure that 
the farthest points of a shape’s Voronoi polygon are 
accurate, the distance between the additional points 
along the shape’s line segments needs to be less than 
half the distance to the nearest foreign vertex (Fig. 
2. B). So, if the distance from shape X’s vertex to 
a line segment of shape Y is 500 m, then shape Y 
needs to have additional points no more than every 
250 m along its line segments. In QGIS, this step is 
achieved via the function “Densify by interval.”

Creating a georeferencable Voronoi diagram.—I 
used the curated or manufactured collection of points 
to seed an intermediate Voronoi diagram. The Voro-
noi tessellation algorithm in QGIS is titled Voronoi 
Polygons, although other algorithms may refer to 
these same procedures as Thiessen, Voronoi, Dir-
ichlet polygons, tessellations, or diagrams (Burrough 
et al. 2015, p.160). The QGIS algorithm has two in-
put parameters: the collection of points, and a mea-
sure of how far to expand the borders of the output 
Voronoi diagram. The intermediate Voronoi diagram 
shapefile resulting from the Voronoi Polygons algo-
rithm consists of many polygons, with each unique 
polygon corresponding to one of the input points 
(Fig. 2. C). Rather than using hundreds of individual 
Voronoi polygons to represent one original locality, 
these polygons can be grouped by their unique iden-
tifiers that they inherited from their input points, and 
merged to form one representative Voronoi polygon. 
Dissolving all the constituent/intermediate Voronoi 
polygons together creates unified Voronoi polygons 
that describe the geospatial area nearest each of the 
original input localities (Fig. 2. D). These resulting 
shapes can be georeferenced like any of the standard 
localities mentioned in Zermoglio et al. (2020); they 
can be easily described through both the point-radius 
method and in Well Known Text (WKT) format.

Case Study
To demonstrate real-world applications of Vo-

ronoi diagram-based methods, I georeferenced lo-
calities associated with a historical collection of 
tick records from Kansas, representing collections 
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assembled by the late Prof. Donald E. Mock, Kan-
sas State University. Between 1987 and 2003, Mock 
advertised across the state of Kansas, asking citizen 
scientists and KSU Extension agents to mail ticks 
to him, in an attempt to catalog and understand dis-
tributions of various tick species. Mock’s complete 
collection comprises 1551 records of a total of more 
than 6600 ticks. Given the nature of the citizen sci-
entist contributions, about 30% of the localities de-
scribed in the collection are written using vague, rel-
ative, or imprecise terms. Rather than discard these 
specimen descriptions, I sought to georeference 
them. Using Voronoi diagrams, I report on localities 
in the following categories: “near a feature,” “offset 
- heading,” “paths, roads, and rivers,” “intersections, 
confluences, junctions, and crossings” and “on/near 
the border of.” I have used different sorts of georef-
erencing challenges manifested in this dataset to ex-
emplify the utility of Voronoi diagrams, as described 
below. It should be emphasized that the goal of these 
methods is not to increase or decrease uncertainty, 
as neither outcome is indicative of a better or worse 
technique; rather, the goal is to make existing tech-
niques non-arbitrary and less assumption-laden in 
their interpretation. 

Near a feature.—Voronoi diagrams can be used 
to define geospatial areas that are more “near” to a 
given locality than to any other locality in a collec-
tion. Imprecise locality descriptions can come with 
a preface of proximity such as: near, around, off the 

coast of, etc. (Zermoglio et al. 2020). As an exam-
ple from Mock’s collection, one locality reads “...
acquired farming near [the city of] Salina…” The 
current methodology for georeferencing locality de-
scriptions including the word “near” is to arbitrarily 
inflate (i.e., buffer) the borders of a locality, and geo-
reference the result (Zermoglio et al. 2020). Rather 
than try to guess arbitrarily at the original author’s 
precision, I propose systematically defining the area 
that is nearest to the locality (Fig. 3). 

In this case, the Voronoi polygon associated 
with the city of Salina will describe the geographic 
area closer to Salina than to any other similar-sized 
or larger city in the regions around it. Interpreting 
someone else’s writing can never be 100% objective, 
and some assumptions will be necessary regarding 
the original author’s intent. Still, georeferencing the 
literal interpretation of the locality description in this 
way accommodates conservative interpretations of 
uncertainty (like within the city boundaries or the 
majority of mailing addresses), while remaining as 
objective as possible about the text to avoid being ar-
bitrary. Using Voronoi diagrams to interpret the con-
cept of “near” thus makes the process of georeferenc-
ing a vague locality description more systematic and 
the interpretation more consistent. 

Offset - heading.—Voronoi polygons can also 
provide bounds within which relative headings can 
be georeferenced, as in the case of locality descrip-
tions combining a locality and a heading. An exam-

Figure 3. Current practices vs proposed Voronoi method. (Left) A simple buffer arbitrarily made at 1km, constructed following cur-
rent standard practice vs (Right) Voronoi polygons constructed using the vertices of each city’s polygon.
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ple would be a specimen recorded as “found north of 
Salina.” Although this description is much more pre-
cise than the “near a feature” example, it still remains 
vague and imprecise. 

The locality and heading act as a pair that com-
bine to form a cone. The center of the named locality 
represents the apex of the cone, whereas the heading 
description determines the cone’s direction and arc. 
The current standard for georeferencing localities 
with a heading is to create this cone and extend it in 
the direction of the heading “...until reaching a con-
straining boundary imposed by other information in 
the locality record, or until reaching the proximity of 
another similar feature” (Zermoglio et al. 2020). 

The methodology behind the standard just 
described is similar to the Voronoi method, in that 
both rely on relevant locality neighbors to define the 
outer limits of the new representative shape being 

georeferenced. However, the current method is not 
explicit about where these limits lie. Rather than 
relying on the discretion of the interpreter, Voronoi 
polygons can define the “proximity” of neighboring 
localities objectively, and provide a constraining 
boundary. A Voronoi diagram will define all of the 
area bordering all relevant localities, not just the 
first in the path of the cone. The intersection of 
Salina’s Voronoi polygon and the northward cone 
then explicitly describes the area only found north 
of Salina, as opposed to west of New Cambria, 
southeast of Culver, or northeast of Bavaria (see 
Fig. 4). This slice of the Voronoi polygon can then 
be georeferenced using standard protocols and 
described precisely using WKT formats.

Paths, roads, and rivers.—Paths, roads, and riv-
ers can be difficult to georeference accurately owing 
to their long, thin geometry. A simple point-radius 

Figure 4. A Voronoi diagram based around the city of Salina. The purple lines show the boundaries of each nearby city’s Voro-
noi polygon. The black-dashed, purple shaded region shows the subsection of Salina’s Voronoi polygon north of the city. The 
cone used to create this region starts at Salina’s centroid (38.8147, -97.6110) and extends northward at the arc suggested in 
Wieczorek et al. (2004). The resulting polygon has a centroid at (-97.6201, 38.8993), and a coordinate uncertainty of 9420 m.
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measurement based on a centroid does not describe 
well the uncertainty surrounding the terminal ends 
of a linear path due to its strictly non-circular shape, 
such that uncertainty is likely over appreciated in the 
middle and underappreciated at the ends. Rather than 
use an arbitrary buffer to partially compensate for 
this problem at the terminal ends, a Voronoi diagram 
describes the area closer to one path than to any other 
in a collection, which includes appropriate treatment 
of the ends of the path (Fig. 5). Creating a Voro-
noi diagram for a collection of lines or polylines is 
straightforward, and follows the same process as for 
a collection of polygons as described above. While 
a Voronoi polygon can be a useful tool for georefer-
encing paths, it may still fail to overcome the inherent 
linearity of the locality at the coarsest scales. Voronoi 
polygons for exceedingly long paths (the Mississippi 
River, an interstate railroad, interstate highways, etc.) 
may still not be described well by the point-radius 
method, which may highlight the utility of the foot-
printWKT Darwin Core field. In the end, if an exces-
sive path is not described as hemmed in by some other 
type of border (e.g., found along the Kansas River in 
Douglas County), then the resulting uncertainty will 
be high no matter what metric is used.  

Intersections, confluences, junctions, and cross-
ings.—Describing the area corresponding to an in-
tersection or confluence using Voronoi polygons is a 
more accurate and realistic interpretation of a locality 
description for such crossings. Consider the locality 
description, “143rd St. and Evening Star Rd.” This 
locality description taken literally would imply that a 
specimen was found somewhere in the middle of the 
16 m2 section of pavement that makes up that par-
ticular intersection. Indeed, that is the interpretation 
that is the current best practice for georeferencing 
crossings: to measure the shape that the two paths 
create via their overlap. Although road kills represent 
a common source of specimen collections, in many 
cases, it is more reasonable to assume that a collector 
is using an intersection as a reference point and is 
collecting specimens nearby.

Using a Voronoi diagram to describe areas sur-
rounding intersections as part of a collection allows 
the georeferencer to define the area that is closest to 
each individual intersection. In effect, Voronoi dia-
grams systematically and quantitatively enlarge ar-
eas of uncertainty associated with crossings accord-
ing to the proximity of other such crossings in the 
collection under analysis. This alternative aims to err 

Figure 5. An example of a Voronoi diagram based on rivers. The red lines indicate the borders of each river’s (blue) Voronoi polygon. 
Notice the rivers only touch Voronoi polygon borders when converging with another river.
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towards overestimating uncertainty, rather than at-
tribute too much confidence to an overly narrow lo-
cality description (Fig. 6). An intersection’s Voronoi 
polygon includes the original standard pavement sec-
tion, but would also describe the greater area across 
which a collector might consider that particular inter-
section to be a reasonable reference point.

On / near the border of.—One type of locality 
without a specific method for georeferencing in Zer-
moglio et al. (2020) is a border, such as “...killed by 
a rancher on Osage/Franklin Co line.” This locality 
description effectively describes a 35 km line that 

spans the length of the border between Osage Coun-
ty and Franklin County. Treating this line as a mem-
ber of a collection made up of the remaining border 
of the two counties gives a discrete Voronoi area for 
referencing. This is possibly the most consistent use 
for Voronoi diagrams in georeferencing, as the col-
lection is typically pre-defined by two 2-dimensional 
shapes (e.g., political boundaries). The desired Vor-
onoi polygon is then a subset of the combined area 
of the two shapes, representing all geographic areas 
closer to the border of interest than to any other bor-
der (Fig. 7). 

Figure 6. A comparison of current practice vs Voronoi diagram interpretation of intersections. The orange circles indicate the current 
interpretation of an intersection, being the centroid of the two roads and the distance to the farthest corner of the intersection. The 
right panel shows how Voronoi diagrams include the original orange circle interpretation, but expand on it and accommodate the 
surrounding environment.

Figure 7. An example of how a Voronoi polygon can be used to quantify the area around a border. The solid black lines show the 
exteriors of Osage County and Franklin County. The dashed black line indicates the border adjoining the two counties, which is to be 
georeferenced. The blue polygon shows the Voronoi polygon of this border, with the exterior borders acting as relevant localities in 
the collection.
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Discussion
Assumptions

Voronoi polygons are a systematic and more ob-
jective approach to georeferencing, but it is ultimate-
ly impossible to escape some level of interpretation. 
A description that reads, “near the city of Lawrence,” 
implies that the described sample is not as near to 
any other city as it is to Lawrence. Note, however, 
that I assumed that when a locality is described as 
a city, it negates the description of other cities. But, 
what if the author would have described the locality 
as the nearby lake if the collector had known about 
the lake’s presence? In such a case, my assumption 
produces larger uncertainty areas than what the col-
lector was describing, because the collection of cities 
remains incomplete without lakes as well. A locality 
description that mentions a single specific type of lo-
cality does not inherently ignore any other category 
of locality.

There is also the issue of magnitude. In the de-
scribed process for making collections, I assume that 
all localities in a collection are of equal likelihood to 
be referenced. It is reasonable to imagine a scenario 
in which a sample is collected in Shawnee (a suburb 
of Kansas City), yet the locality might be described 
as, “near Kansas City, Kansas.” Localities of larger 
physical extent or higher population are typically 
more commonly known, and are thus more likely to 
be thought of or used in writing a locality descrip-
tion. For this reason, I suggest adding all localities of 
the referenced locality’s magnitude or larger when 
creating a collection. Put more simply, if someone 
knows about the city of Chicago, Illinois, they may 
or may not know about the neighboring city of El-
mhurst, Illinois but, if someone knows of Elmhurst, 
they almost certainly know about Chicago. 

One possible solution to this issue may be the 
use of weighted Voronoi diagrams. A weighted Vo-
ronoi diagram is created from points with an addi-
tional value that varies based on the property being 
weighted (e.g., population size, square mileage, # 
of references, Strahler stream order, etc.; Okabe p. 
119). Rather than every locality in a collection being 
territorially isolated, a weighted collection could de-
pict more commonly recognized localities as having 
significantly larger polygons that engulf much less 
recognized localities. The new weighted Voronoi 
polygons thereby simulate the “influence” that some 
localities might have over the average collector’s 
perception of the “nearest” locality. More simply, al-
though Voronoi diagrams can be helpful in systemat-

ically georeferencing past efforts, they can not fully 
remove the subjective nature of interpreting someone 
else’s work. 

Shortcomings
Voronoi diagrams rely heavily on the quality of 

the collection being used, and a sparse collection will 
make for imprecise locality data, particularly in the 
sense of being overly general. Creating a collection 
composed of scarce locality types can make it diffi-
cult to fill a collection objectively. For instance, lakes 
in the state of Kansas are relatively few. Although 
many locality descriptions are simply the name of a 
lake, like “Tuttle Creek Lake,” a tick is certainly not 
collected from the middle of the water, so the descrip-
tion must be referring to the area surrounding and 
associated with Tuttle Creek Lake. However, only 
0.6% of the land area of Kansas is covered in water, 
making it the 4th driest state in the US (U.S. Census 
Bureau 2010), so a collection of lakes in Kansas will 
be quite sparse, and the corresponding Voronoi poly-
gons will be enormous. On the other hand, Michigan, 
which is 41.5% water, might have the opposite is-
sue of magnitude, where a superabundance of small 
lakes could restrict the Voronoi polygons of larger 
lakes that would more immediately draw a reference. 

Although the methods described herein could 
be considered conceptual improvements on existing 
methods, they are still interpretations of inexact lo-
cality descriptions. The Voronoi diagram methods do 
not necessarily increase or decrease coordinate un-
certainty compared to existing methods, as the exist-
ing methods produce arbitrary uncertainty measures 
depending on explicit assumptions. A Voronoi poly-
gon could produce a larger or smaller uncertainty 
than an arbitrarily defined distance from a centroid, 
but conceptually, it has a contextual basis defined by 
the collection of localities and their spatial distribu-
tions. However, the collection on which the Voronoi 
methods are based is still an interpretation of the lo-
cality description’s intentions. Voronoi methods do 
not attempt to interpret another’s writing perfectly, 
only to make said interpretation more methodical and 
inclusive.

Future Developments
A promising opportunity for reporting infor-

mation associated with Voronoi polygons lies in 
the footprintWKT Darwin Core field (Darwin Core 
Maintenance Group 2021). This field holds an exact 
textual description of a spatial polygon that can be 
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read precisely in a GIS. Currently, most data records 
that do provide uncertainty information provide only 
the three-value combination associated with the 
point-radius method (i.e., latitude, longitude, and un-
certainty in meters), which reduces the complexity of 
a locality’s polygon down to a circle. Though highly 
reproducible and simple, such a description is often 
too cursory. 

The implication of coordinate uncertainty mea-
sures associated with the point-radius method is that 
the specimen has an equal chance of having come 
from any part of the described area. The point-radius 
method is particularly poor in describing non-circu-
lar localities, like concave shapes or lines. The foot-
printWKT field circumvents this issue by explicitly 
defining the shape in question with no reduction 
in precision. Novel methods have been developed 
around specimen polygons (Peterson et al. 2006, 
Smith et al. 2023), but without special effort of the 
investigator to create these shapefiles or footprint 
fields, the resources necessary to implement these 
methods remain unavailable. 
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